METOC Training and Readiness Manual 

Period of Instructions

(Numerical Weather Predictions Models)


PURPOSE: 
The purpose of this period of instruction is to assist the forecaster with understanding numerical weather prediction (NWP) models and their limitations.
TERMINAL LEARNING OBJECTIVE: Without the aid of, but in accordance with the reference, the student shall be able to discuss the limitations of NWP models.

ENABLING LEARNING OBJECTIVE:  Without the use of, but in accordance with the references, the student shall be able to:

1. Identify available NWP models.

2. Explain the limitations of NWP models.

REFERENCES: a. Fleet Numerical Meteorology and Oceanography
 

  b. Center is this line a ref? (Model Performance)
     
  c. Air Force Weather Agency (About the MM5)
 

  d. Pennsylvania State University/National 
 

     Center for Atmospheric Research (PSU/NCAR) 
      
  e. Meteorological Education and Training COMET
 

     (NWP Modeling) 
 

  f. National Center for Environmental Prediction  
 


(NCEP)

     

Introduction:

 This Period of Instructions (POI) is on Numerical Weather Prediction Models (NWP). This POI was developed to assist the forecaster with understanding NWP models and their limitations. The forecaster must be aware that NWP models provide guidance and guidance alone. It should not be used as the  sole  tool for  creating a forecast. Forecasters should be aware that all models have the potential to assist or hinder the forecast. The level of assistance or hindrance is dependent upon the forecaster’s knowledge, experience, understanding of the model and its tendencies and the weather situation. Knowing such tendencies allows the forecaster to account for them when developing a forecast. 

BODY:  Numerical weather prediction (NWP) models predict the future state of the atmosphere using complex computer programs. The programs solve a set of mathematically complex dynamic equations and equations of state. Typical forecast parameters include air temperature, north to south wind component, east to west wind component, vertical wind component, air density, pressure, and water vapor.



There are 3 basic steps involved in the generation of a numerical weather prediction:



a. Data Collection.
 Many forms of observational data, having a multitude of different times of observation, are collected from around the globe. Observational data includes synoptic observations from land and sea, radiosondes, satellites (SSM/I, scatterometer, etc), aircraft reports, buoy data, and many more. NWP models are heavily reliant upon satellite data in data sparse regions, such as, over the ocean. Forecasters must use caution when using NWP model output to forecast for an area that is heavily dependent on satellite data; use of the ‘Data Coverage’ images via FNMOC’s website can provide an indication of how well the model initialized. Forecasters must keep in mind that observational data is the cornerstone of any forecast; bad observations inherently lead to bad forecasts.



b. Analysis.  Based upon the observational data at/near a particular valid time (typically 00Z/12Z), an analysis of the atmosphere from the surface, or near surface, to the top of the model domain, approximately 10mb, is prepared. Forecasters should be aware that not all data arrives at exactly the time prescribed as the analysis time; for example, the 00Z analysis may be constructed from observational data that has arrived ±3hrs from the valid time. This is necessary to ensure that a sufficient amount of valid data is ingested into the model for analysis; otherwise, the analysis could be highly erroneous. The analysis is used as the initial condition for the model forecast. For this reason, forecaster assessment of the validity and accuracy of the analysis (the model initialization) is a very important component of forecast preparation if NWP products are to be utilized.



c. Forecast.  Utilizing the initial field (the analysis), the NWP model solves the complex equations of motion and state, consecutively, in short time steps until the desired forecast period is reached. From the forecast data fields, the prognostic charts of meteorological interest are generated and broadcast to the user via a number of means including, METCAST, NODDS, AUTODIN, and .gif or .jpeg images on internet web sites.

Understanding NWP:


Numerical models usually produce accurate forecast of large-scale atmospheric features; therefore, it is not unreasonable for forecasters to rely heavily on NWP products in forecasting the future state of the atmosphere. However, with a heavy reliance on numerical products comes the need to understand and allow for model limitations; it is not acceptable to use NWP blindly. It bodes today’s forecaster to understand a number of features of any NWP model before its output can be used with any confidence. Such features for consideration are:



a. Model Initialization.
 Although covered previously, there are further points for consideration with regards to model initialization. Techniques employed for model initialization vary from one model to the next. Some typical questions a forecaster should consider are: 





 


1.  What data is used? – for example, satellite data provides far greater and higher resolution coverage than conventional observational data, particularly over the ocean.


 


2.  For the model run of interest, what observational data coverage does the model have? – in data sparse regions, the model initialization may not be good; there may be limited satellite information as there was no valid satellite pass. At FNMOC, images showing data coverage for model ingestion are available via the website.



 


3.  Is a first-guess field used? – some models use a short term forecast (T+6 or T+12) from the previous model run to act as a first-guess field prior to ingestion of observational data. This allows for greater model consistency/accuracy in data sparse regions. It also allows the model to be initialized with meteorological features at the same resolution as the model itself, which is not necessarily available from purely observational data.



b. Model Physics.  Forecasters should have a basic understanding of the physics used by the NWP model used. For example, the resolution of the model may not give accurate output if the model physics uses the hydrostatic assumption; below 10km resolution, vertical motion is such that the hydrostatic assumption becomes less valid. Some models calculate cloud and precipitation by implying presence from other parameters, whereas others calculate these sensible weather parameters explicitly. If the model is a regional model or Limited Area Model (LAM), there may be problems in forecast accuracy induced by the existence of lateral boundaries. The forecaster needs to know how these may affect the forecast output and how such errors are minimized. The implications of horizontal and vertical resolution must be understood. For example an 80km horizontal resolution model is not capable of accurately forecasting small scale features such as individual thunderstorms or sea breezes. Higher resolution models are capable of depicting many mesoscale features provided the model allows for a high-resolution topography. If the topography is not dealt with accurately then model output will be suspect; accurate characterization of valleys, gaps, mountain ranges and coastal topography is very important in order to accurately forecast the airflow in such areas. However, forecasters should be fully aware that the digital terrain contained within a model is not identical to the real terrain.



c. Model Tendencies.  NWP model results are idealistic solutions to the chaos that is weather. Blind belief of model output is not advised and is potentially dangerous. All models have tendencies, or biases, that are a consequence of many features, such as physics, terrain, resolution, observational data type and ingestion, and planetary and synoptic situation. Before model output products can be used with confidence, the forecaster must have a complete knowledge and understanding of the model tendencies. This comes with forecaster experience and from publicized tendencies, for example, the documented model tendencies on FNMOC’s website. 



d. Model Generalities.  Although forecasters must have full knowledge of model specific tendencies, there are some tendencies that are applicable to all NWP models. Prior to using the output from any NWP model, the forecaster must be aware of the model’s vertical and horizontal resolution, the size of the smallest feature the model can adequately predict and the weather events that correspond to this dimension and larger. Forecasters should note that as resolution increases, model run time increases and increase in forecast run time leads to a decrease in model forecast accuracy. Some levels are more accurate than others. For example, synoptic scale models such as NOGAPS are most accurate in the region from approximately 850-500mb. Mesoscale models are more accurate at lower levels and most inaccurate at high levels where they are dominated by the synoptic and planetary scale features depicted by the parent model, especially later in the forecast period. The resolution of a model decides where its greatest accuracy lies. Consider a model with a horizontal resolution of x. It can characterize, with reasonable accuracy, features that have a dimension of 4x or larger. NOGAPS has a resolution of ~81km; therefore, features that are 324km or larger in dimension are accurately characterized, implying that small scale features, such as gap flow winds, are unlikely to be accurately forecast, hence the need for models like COAMPS. 


Available Numerical Models and their tendencies:
Navy Models:

    1.  Navy Operational Global Analysis and Prediction System (NOGAPS) 4.0.  NOGAPS is the Navy’s global atmospheric model and is the mainstay model of FNMOC. The output is used to provide forecasts to T+144, drive other models, such as, Ensemble forecasts (EFS), wave watch III (WW3) and to provide boundary conditions for regional models (COAMPS).



The basic equations are based on the primitive equations and the hydrostatic assumption applied for global coverage at a horizontal resolution of ~81km with a vertical resolution of 24 levels from the surface to 1mb. Forecasts are available to T+144hrs from standard 00Z and 12Z model runs applying ± 3hr observational data cut-off for the analysis. Additionally, there are off-time model runs to support a 6hr first-guess field for model initialization. Topography is allowed for from a truncated 10-minute resolution field. The Ocean Thermal Interpolation System (OTIS) for sea surface temperature and ice coverage supports NOGAPS.

Documented NOGAPS tendencies include:

     a.  Surface lows.  (ACPE = average central pressure error (bias). It is defined as the forecast central pressure minus the verifying analysis central pressure for each low being tracked. Negative ACPE indicates a bias toward being overforecast (deep); positive ACPE indicates a bias toward being underforecast or weak.) 


     
1.  Developing oceanic lows tend to be slightly underforecast and slow to deepen with an ACPE near zero through 72 hours. Mature, filling oceanic lows tend to be -2 to -3 mb overforecast and slow to fill. 


     
2.  NOGAPS tendencies for land and ocean basin surface lows are: 


     

a.  Atlantic developing low ACPE is slightly weak and slow to deepen by 48 hours. Atlantic mature lows are mostly deep and slow to fill. Filling low ACPE is -3 to -4 mb by 48/72 hours.
 

     

b. Pacific developing low ACPE is slightly weak and slow to deepen by 72 hours. Pacific mature lows are -3 to -4 mb deep and slow to fill by 72 hours. 


     

c. In view of the general NOGAPS model tendency to underforecast oceanic developing SLP lows and overforecast oceanic mature, filling surface lows; associated surface wind speed forecasts also exhibit similar biases in the areas of higher wind speeds. Surface wind forecasts associated with deepening (filling) lows are underforecast (overforecast).


     
3.  Former West Pacific tropical cyclones are typically slow to move during and after transition to extra-tropical. 


     
4.  Secondary cyclogenesis continues to be underforecast. Lee cyclogenesis off Southeast Kamchatka and Greenland is underforecast. 


     
5.  NOGAPS continues to merge complex lows into one, usually deeper low pressure system, especially at the extended forecast period. 


     
6.  Surface lows forming south of the polar jet under weak synoptic-scale forcing are slow to deepen. 


     
7.  Surface lows north of the polar jet at high latitude (>50N latitude) tend to be too deep. These are usually mature lows which have bottomed-out and tend to be slow to fill. 


     
8.  Sea-level pressure analyses and forecasts over the very high terrain of Greenland, Himalayas, and Antarctica are suspect and should be used with caution. 


     
9.  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 30N-090E). This "lock-in" feature is caused by model reduction of station pressure to sea-level, and the warm season surface air temperatures.


     b.  Tropical cyclones: 


     
1.  NOGAPS exhibits several model tendencies associated with a tropical cyclone's stages of evolution: 

     

a.  Tropical cyclone genesis.  NOGAPS tends to generate spurious tropical cyclones in the extended forecast periods (tau??? 72 and beyond). This is most pronounced in the Indian and West Pacific Oceans. 

     

b.  Tropical cyclone phase.  Due to the resolution of the NOGAPS global model, sizes of tropical cyclones in the NOGAPS analysis and forecasts are almost always too large in areal extent and this may cause false interaction with nearby tropical cyclones. 

     

c.  Transition and extra-tropical phase.  For tropical cyclones undergoing transition to extra-tropical, the forecast surface low is usually overforecast (deep), slow to fill, and slow to move. In the re-deepening extra-tropical phase, former tropical cyclones are underforecast (weak) and slow to move. Directional bias is usually behind and to the left of the analysis track (slow to move and toward the U/L cold air), especially is zonal flow.


     
2.  Track errors.  On average, NOGAPS TC forecasts tend to be east and south of the verifying position in a Cartesian coordinate framework. In a storm-relative sense ("following the storm"), NOGAPS TC forecast are behind and to the left of the verifying position. 


     C.  Upper-level: 


     
1.  Forecast upper level troughs and associated surface lows moving in strong zonal flow tend to be fast to move, especially at extended forecast periods.


      
2.  Upper level highs south of the polar jet are slightly strong. 


     
3.  NOGAPS wind speed forecast variability is greatest in the 300 to 250 MB jetstream region of the upper troposphere. Intense jet level winds may be underforecast due to the limited vertical resolution of the model.

     2.  The Coupled Ocean/Atmosphere Mesoscale Prediction System (COAMPStm) COAMPS 3.0.  COAMPS is the Navy’s replacement for NORAPS for regional NWP. It applies the latest theories and techniques in providing a robust, high-resolution numerical weather prediction. It has generated much interest due to its remarkably accurate forecasts. COAMPS is used to support regional wave forecast models (RWAM) and is supported for lateral boundary conditions by NOGAPS 4.0 (known as the parent model). It should be noted that there is little said about coupling between the ocean and the atmosphere; at present, work on coupling the ocean component(s) is in progress.

     COAMPS applies non-hydrostatic, compressible equations; in basic terms, this means there are no large assumptions made in application of the equations of motion and equation of state. The fact that the model is non-hydrostatic is important for model resolutions less than approximately 10km where vertical motions such as, strong convection or topographic flow, become important and, therefore, negates the applicability of the hydrostatic assumption. 

     COAMPS is a nested regional model, the parent model (NOGAPS) is at 81km resolution; therefore, the first nest of COAMPS is 81km resolution, nest 2 is 27km and nest 3 is 9km resolution – the nests must be in the ratio of 3:1. The vertical resolution is from the surface to 10mb in 30 levels, applying the sigma-z vertical co-ordinate system. This allows for better modeling of flow over irregular surfaces as the model levels follow the topography at low levels. The topography is from the 1km terrain database developed from the National Imagery and Mapping Agency (NIMA) Digital Terrain Elevation Database (DTED) level 1 data set. 

     Clouds are forecast directly rather than diagnostically from other parameters, such as, water vapor or relative humidity. The model applies high order turbulent kinetic energy equations, allowing for accurate treatment of the boundary layer. 

     For real-data simulations, COAMPS uses a complete mesoscale atmospheric data assimilation system consisting of data quality control, analysis, initialization and forecast model components. The model can deal with a large number of differing grid projections, which allows COAMPS to be re-locatable anywhere in the world and gives the user flexibility to orient the nests as required.

Documented COAMPS tendencies include:

     On the synoptic scale, COAMPS consistently performs as well as other models (NOGAPS/ECMWF) in forecasting synoptic scale events. On the mesoscale, COAMPS frequently outperforms other models in predicting mesoscale meteorological events, particularly close to land in the littoral zone. The strongest feature of the COAMPS 27-km nest is its ability to capture localized winds and small-scale effects. The Mistral, for example, is well depicted in shape, size and duration. 

     a.  COAMPS EUROPE (Nest2 27 km resolution).  Nest2 demonstrates poor skill in most narrow straits, such as the Straits of Bonifacio and Gibraltar, due to the current model spatial resolution. Specifically, Nest2 tends to under forecast the funneling effect by 5 -15 kts. 
  

     Precipitation guidance is generally good as far as shape of the precipitation area but is low on the amount. Nest2 is very good at depicting orographic induced precipitation, however remains light for lighter precipitation amounts. 

      A cold bias exists over land, in general, and specifically notable in Europe with the least being at tau??? 12 at the surface and the greatest at tau??? 48 at 250 mb. 

     COAMPS performs well through 66 hours on predicting the Mistral.  Mistral winds were almost always observed when the model predicted them, and were almost always correctly forecast when they were observed.  Winds at the eastern and western edges of the Mistral were not as well forecast, indicating that the model does not necessarily predict the exact shape of the Mistral. 


     b.  COAMPS SOUTHWEST ASIA (Nest2 27 km resolution).  Nest2 develops wind maximums in the Gulf Of Oman during the southwest monsoon. SSMI winds and coastal reports indicate light and variable winds. 


     Nest2 has a problem handling the Shamal by underestimating winds by 5 to 10 kts. It also tends to decrease wind velocities approximately 6 - 12 hours early. 


     During periods of weak pressure gradients over the Arabian Gulf, Nest2 does not handle the surface flow well, i.e. sea and land breezes. Fleet forecasters have noted that in gentle wind fields, the wind directions were off as much as 90 degrees. During these periods Nest3 should be used if available. 


     Precipitation guidance is generally good as far as shape of the precipitation area but is low on the amount. 

Synoptic lows which develop over interior Saudi Arabia and which subsequently track eastward are usually forecast to have southeasterly flow followed by an increasing northwesterly flow after system passage. However, many of the systems affecting the Gulf region have not shown that particular wind pattern. Prior to passage, winds are generally light and variable. After passage, winds become northwesterly. 


     c. COAMPS EASTERN PACIFIC (Nest2 27 km resolution).

Strong prefrontal wind events associated with Pacific cyclones tend to be overforecast particularly for forecasts beyond 24 hours.  However, when a prefrontal wind event is actually observed the model does a good job with both the position and magnitude of the event.  Post-frontal northerlies show similar but less severe tendencies.  There is a modest overprediction of northerly wind events, but again, when a wind event actually exists, the model handles it well through most of the forecast.  The northerlies exhibited very little phase error. 


Since most EPAC cyclones are in the filling stage, the wind overpredictions suggest the same "slow to fill" trend exhibited by NOGAPS. If the storm is weakening more rapidly than is predicted, the associated wind maxima will likely be stronger than what is observed.  Also, since northerlies are more anchored to the coast by the synoptic gradient, phase errors are less likely to occur for these winds.

     3.  Ensemble Forecast System (EFS).  Ensemble forecasting is an innovative methodology used to attempt to improve upon the unpredictable nature of medium and long-range weather forecasts. At FNMOC, ensemble-forecasting techniques are applied using 10 initial NOGAPS fields and running the model out to 10 days. This, at best, improves forecast reliability and, at worst, provides guidance on forecast reliability. The basics of the ensemble method are to run NOGAPS with slightly different initial conditions to provide a range of possible future states of the atmosphere. The ensemble mean is calculated along with probability fields for such meteorological events as precipitation and gale force winds. It is believed this approach extends the usefulness of NOGAPS medium range forecasts by 12-24hrs.

     4.  Wavewatch III (WW3 1.18):  The Global implementation of WW3 became operational at FNMOC in August 2001, replacing the third-generation Wave Model (WAM).  Global WW3 is forced by surface winds provided by the Navy Operational Global Atmospheric Prediction System (NOGAPS).  Global WW3 runs twice per day, producing wave forecasts out to 144 hours from 0000 GMT and 1200 GMT.   The model is initialized from the directional wave spectra, at time 0, of the previous run and integrating forward in time.  This ensures the wave model is using the most accurate wind fields possible. The wave model updates the ice edge at the beginning of every run from a remotely sensed ice analysis.

     Regional WW3 implementations obtain lateral boundary conditions from Global WW3 and are forced by the surface winds provided by the Coupled Ocean/Atmosphere Mesoscale Prediction System (COAMPS).  Regional WW3 runs twice per day in conjunction with each corresponding COAMPS area.  The model usually produces wave forecasts out to 48 hours from 0000 GMT and 1200 GMT on a grid matched to the resolution of the COAMPS Nest 2 grid, which usually has 27 km spacing.  The advanced formulation, high spatial resolution and detailed terrain database of COAMPS allow it to represent the wind field much more accurately than global models in coastal areas where terrain has a significant impact on the winds. 


Documented WW3 tendencies include:
     Many of the tendencies observed in WW3 can be directly related to the tendencies associated with NOGAPS surface wind speeds. For example, NOGAPS has a tendency to fill decaying cyclones too slow. The resultant forecast surface winds are too strong which produces a positive bias in WW3 wave heights for filling low situations. 


     NOGAPS 10 meter analysis and forecast wind speed (m/s) is verified using Moored Buoy observed wind speed (m/s) in the North Pacific, and Atlantic. Verification indicates NOGAPS slightly underanalyzes and underforecasts 10-meter wind speeds stronger than 10 m/s, especially in coastal, nearshore locations. The NOGAPS 10 meter wind speed negative bias above 10 m/s increases with increasing observed wind speed and forecast time. 


     Approximately seventy-two moored buoys are clustered into twelve regions (7 EPAC/Hawaii and 5 GulfMex/WATL/ England) for verification. In general, NOGAPS 0 hour wind speed shows slight under-analysis bias for open-ocean buoy regions (GulfAk, NEPac, Hawaii, FlaCapeHat and England). Negative wind speed bias is greatest at 0 hour in the near-shore and coastal buoy regions (BCCan, OreWash, NorCal, SouCal and GulfMex). 


     WW3 H1/3 negative bias is related to under-analysis, propagation and forecast of long period swell energy that has moved into a buoy cluster region. Long-period swell-wave diffusion has been noted in several WW3 research studies and publications as being responsible for under propagating and underforecasting long-period swell-wave energy. 


     H1/3 negative bias is minimum in the open-ocean buoy cluster regions where wind-wave energy is usually greater than swell-wave energy. H1/3 negative bias is greatest in swell dominated regions such as the West Coast (BCCan, WashOre, NorCal and SouCal) and Tropics (Hawaii).  

National Center for Environmental Prediction (NCEP):

     NCEP runs a number of different models, some operationally, some under development for future operational consideration. The mainstay model for NCEP is the Global Spectral Model (GSM); it is used to provide output from the Aviation Model (AVN) and the Medium Range Forecast Model (MRF). The GSM, and therefore, the AVN and MRF, are run twice daily. AVN  out to 72hrs and the MRF  out to 240hrs. The horizontal resolution is approximately 1 deg x 1 deg, the vertical resolution is 28 vertical levels from the surface to ~0.25mb. 

     In addition, NCEP runs 2 regional models: 

     
a.  Nested Grid Model (NGM).  The Nested Grid Model (NGM) is centered over the United States and runs twice daily. This model gives forecast information out to 48 hours and plots are sorted 48 hour 4 panel plots where each plot has a panel for the 12, 24, 36 and 48 hour forecast and individual forecast times from initialization to 60 hours in 6 hour increments. The horizontal resolution is approximately 85km, the vertical resolution is 16 vertical levels from the surface to 50mb. One of its strengths is that it uses a 6hr forecast for its first-guess field. 

     
b.  Eta Model.  The ETA model is named for the vertical co-ordinate system that it applies (based upon pressure levels); it runs twice daily over the continental United States and is specifically designed for mesoscale applications. This model gives forecast information out to 48 hours and plots are sorted 48 hour 4 panel plots where each plot has a panel for the 12, 24, 36 and 48 hour forecast and individual forecast times from initialization to 60 hours in 6 hour increments. The horizontal resolution is ~32-km/45 levels, the vertical resolution is 45 vertical eta layers from the surface to 25mb. 


Documented ETA (32) tendencies include:

This model is under continual development. Refer to the NCEP web site for the latest tendencies. 

     a.  The following is a list of documented weaknesses of the ETA model:

     
1.  Regional:
  
 
 

- Little to no convective precipitation over 
 


  mountains

 


- Low level wind field too weak and too
 


  smooth

 
 

- 850 hPa winds associated with low level 
  


  jet often too strong

- Poorly analyzes marine boundary layer
 

- Does not resolve temperature gradients 
 


  well

 


- Terrain resolution still insufficient to 
 


  accurately forecast orographic 
 


  precipitation placement and amounts

 


- Tends to hold onto low-level moisture in
 


  mountains after frontal passage in the 
 


  East and West
 


- Soundings sometimes appear unrealistic

 


- Inversions, especially mountain/valley 
 


  influences, not properly modeled

 

- Moisture fields underdone in the low-
 
   

  levels

 


- Problems initializing tropical systems

 


- Over forecasts strength of anticyclones

 


- Sometimes overdevelops low-level jet


 

2. East: 




– Sometimes tracks lows too far west along
 


  East Coast when closed upper low 
 


  approaches the coast
 
 

– Sometimes develops coastal front too 
 


  quickly

 
 

– High precipitation bias for heavy amounts 
 

    
  during cold season


 

3. Rockies and West: 

      


– Sometimes too far south with leeside
 

  
  cyclogenesis

– High precipitation bias for light amounts
  
  during cold season
– Low precipitation bias during warm season

 


 

4. Plains:

    



– Often underplays precipitation associated 
 
  

  with MCCs; predicts rainfall max too far 
 


  north because it cannot handle outflow 
 


  boundaries 
 


– High precipitation bias for light amounts 
 


  over upslope area east of Rockies and over 
 


  Central Plains

 


– Low precipitation bias during warm season
 

    
  for heavier amounts
 


- 
South
–Particularly wet in Florida

 


- Model first guess can sometimes overwhelm
 


  actual data
 

- First guess may result in observations
 
  

  being ignored

     b.  The following is a list of documented Strengths of the ETA:
1.  Regional:

 

- Best model for QPF except for convective 
 
  
  precipitation over complex terrain in the 
 

  West
- Provides excellent reflection of 
 
  divergent/convergent heat transport 
 
  through the boundary layer when accurately
   
  predicts precipitation (Not true if
 
  precipitation forecast wrong)

 


- Better skill in forecasting surface
 


  features and low-level boundaries during 
 


  cool season 

- Handles wind shifts better than other
 
  models
 
- Captures some of the weaker, more ill-
 
  defined summer events better than other 
 
  models

2. East:
 
 

– Provides best forecast of cold air damming 
 


  and over-water flow off the Atlantic Coast

 

 

3. West Coast: 
 
 



– Usually correctly develops cut-off lows 
  
  

  but possibly too far north and ejected too
  
   

  quickly

– Catches some of the Catalina Eddies over
 
  southern California
 
– Does a reasonable job on placement and
 
  amount of orographic precipitation

 

 

4.  Plains and Rockies:

  


- Handles timing of Arctic air masses 
 


  surging southward better than other models
 


– Best handle on penetration of cold air 
 


  west of the Texas/New Mexico plains

– Best placement of Lee cyclogenesis 
  
  (perhaps a bit too far south)

Air Force Weather Agency (AFWA):
     AFWA has been making use of the Mesoscale Model Version 5 (MM5) for mesoscale applications. Additionally, MM5 is used as a research model by a number of Universities in the United States and abroad. As a consequence, the resolution applied by the various centers varies from 48km to 4km. 

     At present, AFWA runs MM5 at resolutions of 36km, 12km, and 4km for a number of areas throughout the world. MM5 is similar in many respects to COAMPS. For example, sigma-z vertical co-ordinate system with 30 vertical levels. However, a significant difference between MM5 run by AFWA and COAMPS is that there is no first-guess field used in MM5, this is called a ‘cold start’. Users should be aware of this fact and its implications; the model can take 6-12hrs to ‘spin-up’ depending upon the synoptic situation. 

     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.  Several factors contribute to MM5’s ability to make a good forecast.  Of greatest importance is AFWA’s ability to generate the best initial conditions and lateral boundary conditions possible.  Model statistics and tendencies are available via AFWA’s website.
Rapid Update Cycle (RUC):

     The RUC is another model that is heavily used in the research community, as such, model resolutions vary markedly. This model gives forecast information out to 12 hours and plots are sorted into 5 directories for the initial observed fields, 3, 6, 9, and 12 hour forecast fields. Most output is in the 10-40km horizontal resolution range. A big advantage of the RUC, as suggested by the name, is that the time step used for consecutive calculations are short, typically 60 seconds (as opposed to approx 200 seconds for most other models). This allows for finer detail and a better handle on difficult to calculate parameters such as precipitation and cloud.

European Centre for Medium Range Weather Forecasting (ECMWF):


     ECMWF runs the most accurate forecasting model in the world today. They are continually improving model resolution both horizontally and vertically. At present, the global model is run at ~50km horizontal resolution with 63 vertical levels. They produce accurate forecasts for up to 7 days.

United Kingdom Meteorology Office (UKMO):

     The UKMO runs an in-house developed model known as the Unified Model (UM). The global version of this model is run at approximately 60km horizontal resolution with 30 vertical levels, twice daily out to 6 days. A mesoscale version of the UM centered over the UK is run 4 times per day. It has a horizontal resolution of ~11km and vertical resolution of 38 levels.

Japanese Meteorological Agency (JMA):

     The JMA runs both global and regional models, the regional model being centered over Japan. The global model has a horizontal resolution of ~60km with 30 vertical levels from the surface to 10mb. It is run twice per day, to T+84hrs at 00Z and to T+192hrs at 12Z. The regional model has a horizontal resolution of 20km with 36 vertical levels. It is run twice daily to T+51hrs.

FOUS Bulletins:

     ETA and NGM model analyses and forecasts for specific points. FOUS data is point specific numerical model data. It is a code that gives a station's expected precipitation, relative humidity, synoptic lift, instability, surface wind, standard 1000-500 mb thickness and low level temperature profile from the current time period to later time periods given in time increments.

     The following example gives a sample FOUS bulletin followed by an explanation of each code.  These bulletins contain the initial numerical model analyses and forecasts for points in the United States, Canada, and over the adjacent waters.

The general format:

FOXXII KWBC DDTTTT

TTPTT R1R2R3 VVVLI PSDDFF HHT1T3T5

----------------------------------

NNN// R1R2R3 VVVLI PSDDFF HHT1T3T5

06PTT R1R2R3 VVVLI PSDDFF HHT1T3T5

12PTT R1R2R3 VVVLI PSDDFF HHT1T3T5

18PTT R1R2R3 VVVLI PSDDFF HHT1T3T5

24PTT R1R2R3 VVVLI PSDDFF HHT1T3T5

30PTT R1R2R3 VVVLI PSDDFF HHT1T3T5

36PTT R1R2R3 VVVLI PSDDFF HHT1T3T5

42PTT R1R2R3 VVVLI PSDDFF HHT1T3T5

48PTT R1R2R3 VVVLI PSDDFF HHT1T3T4

CODE    EXPLANATION

06, etc Forecast valid time.  (Add this number to forecast
  
   run time).

XX      Region identifier.

II      Station group number.

DD      Day of the month forecast was issued.

TTTT    Greenwich time of forecast cycle on which the data
    
   is based.

NNN     Forecast station three-letter identifier.

PTT     6 hour accumulated precipitation in hundredths of
 
   inches.

R1      Mean relative humidity of the lowest model layer
  
  (lowest 35 mb), in percent.

R2      Mean relative humidity of model layers 2 through 9
  
  (up to 500 mb), in percent.

R3      Mean relative humidity of model layers 10 through
  
   13 (500 to 200mb), in percent.


VVV     Vertical velocity at 700mb, in tenths of a microbar 
 
   per second, weighted average of three hourly values   
   at forecast time, one hour before, and one hour 
 
   after (double weighted at forecast time).  Minus 
        sign represents downward motion.

LI      Lifted index in degrees Celsius.  Negative values
        are designated by subtracting from 100; e.g. -4= 
 
   96.  Taken from the lowest (most unstable) of four 
        possible values.  The values derived from lifting
  
   parcels from the four lowest model layers up to 500 
        mb.

PS      Sea level pressure calculated from lowest sigma
        level (based on the contour base map).

DD      Direction in tens of degrees of the mean wind in
  
   the lowest model layer (35 mb).

FF      Wind speed in knots of the lowest model layer 
 
   (lowest 35 mb).

HH      1000-500 mb thickness in decameters with the first 
 
   digit omitted.

T1      Temperature in model layer 1 (lowest 35 mb) in 
 
   degrees Celsius. Negative temperatures are 
 
   subtracted from 100, so 98 means '-2'

T3      Temperature in model layer 3 (approximately 900
   
   mb).

T5      Temperature in model layer 5 (approximately 800 
 
   mb).

----------------------------------------------------------

Reference Web Sites for Model Training


FNMOC - https://www.fnmoc.navy.mil/  


COMET - http://meted.ucar.edu/nwp/pcu2/index.htm
AFWA –  https://weather.afwa.af.mil/HOST_HOME/DNXM/ABOUTMM5/index.html 

NCEP - http://www.hpc.ncep.noaa.gov/html/model2.shtml#biases
UCAR MM5 - http://www.mmm.ucar.edu/mm5/mm5-home.html 

