PRESENTATION

2.
Aviation Weather  

c.
Given appropriate weather data, determine the accuracy of military Numerical Weather Prediction (NWP) model initialization and subsequent forecasts during the preparation of operational forecasts.



(1)
NWP Model Basics

(a)
Predicts the future state of the atmosphere using complex programs


1
Programs solve a set of mathematically complex equations


2
Typical forecast parameters






a
Air Temperature






b
North to South wind component






c
East to West wind component






d
Vertical wind component






e
Air density






f
Pressure



g
Water vapor

(b)
Three basic steps during the creation of a numerical weather prediction

1
Data Collection


a
Observations include

1
Land and sea synoptic observations



2
Radiosondes



3
Satellites (example: SSM/I, scatterometer)



4
Aircraft reports



5
Buoy data


b
Use satellite reports in data sparse regions


2
Analysis

a
From surface, or near surface, to top of model domain



b
Observational data ±3hrs from the valid time is used



c
Analysis is used as the initial conditions for the model forecast


3
Forecast



a
Utilizes the analysis



b
Solves equations of motion and state



c
Performed in short time steps until forecast period is reached



d
Prognostic products are generated from forecast data fields
(c)
Understanding NWP -- features to know that help provide model output user confidence.


1
Initialization techniques used in model


2
Basic understanding of the physics used in model


3
Learn tendencies from experience and publicized biases


4
Learn the generalities of all NWP models.



a
Forecast accuracy decrease as forecast time increases



b
Synoptic scale models are most accurate between 850-500mb



c
Mesoscale are better in lower and inaccurate in upper levels



d
A model’s resolution decides where its greatest accuracy lies



(2)
 Common Numerical Models




(a)
Navy Numerical Models





1
Navy Operational Global Analysis and Prediction System (NOGAPS) 4.0






a
Navy’s global atmospheric model.






b
Used to drive other models (EFS, GWAM, TOPS, COAMPS)






c
Based on the primitive equations and hydrostatic assumption






d
Horizontal Resolution ~81km

e
Vertical is 24 levels from SFC to 1 Mb


f
Forecasts available to T+144 hrs (6 days)






g
Uses ± 3hr observational data cut-off for the analysis






h
Uses off-time runs to support a 6hr first guess field for initialization

i
Topography is allowed for from a truncated 10-minute resolution field






j
Uses OTIS for sea surface temperatures and ice coverage

2
Documented NOGAPS model tendencies

a
Surface lows  

1
Developing oceanic lows: central pressures tend to be under-forecast (not deep enough) and slow to deepen.  Therefore, the surface wind speeds tend to be under-forecasted.  

2
Mature (filling) oceanic lows: central pressures tend to be over-forecast (too deep) and slow to fill.  As a result, the surface wind speeds tend to be over-forecasted

3
With meridional upper-level flow:  deepening oceanic lows are usually behind the analysis track (slow to move), especially at the extended forecast period. Filling oceanic lows are typically biased to the left of the analysis track (toward the upper level cold air).

4
With strong zonal upper-level flow or broad flow: deepening oceanic lows are ahead of the analysis track (fast to move), especially at the extended forecast period. Mature oceanic lows are usually to the left of the analysis track.

5
Complex lows (numerous lows in close proximity) tend to be merged into a single, usually deeper, low-pressure system, especially at the extended forecast period.

6
Surface lows associated with the formation of upper-level cut-off lows in the cool season are usually over-forecast (too deep), especially at the extended forecast period. 

7
Mature cut-off lows are slow to fill after bottoming-out

b
Tropical cyclones

1
During tropical cyclone genesis: NOGAPS tends to generate spurious tropical cyclones in the extended forecast periods (T+72 and beyond).

2
During the tropical cyclone phase: Due to the resolution of the NOGAPS global model, sizes of tropical cyclones in the NOGAPS analyses and forecasts are almost always too large in area of extent. This may result in false interaction with nearby tropical cyclones.

3
In the deepening stage, forecast tropical cyclone directional bias is behind the analysis track and slow to move.

4
After reaching maximum intensity, mature tropical cyclones continue move too slowly. 

5
During the transition and extra-tropical phase: the forecast surface low is usually over-forecast (deep), slow to fill, and slow to move. 

6
In the re-deepening extra-tropical phase, former tropical cyclones are under-forecast (weak) and slow to move. Directional bias is usually behind and to the left of the analysis track (slow to move and toward the upper level cold air), especially in zonal flow. 

7
After filling begins, extra-tropical cyclones are over-forecast (too deep) and slow to fill with directional bias slightly ahead of the analysis track (fast to move).






c
Surface Highs

1
Western & mid-ocean high cells tend to be too strong by 48 hrs

2
Forecast central pressure of Eastern Pacific high cell is too strong.

d
Upper-level troughs

1
Upper level short-wave troughs in strong zonal and broad meridional flow are slightly weak; the associated developing surface low tends to be slow to deepen and too weak.

2
Upper level lows north of the polar jet tend to be too deep, while upper level highs south of the polar jet are slightly strong.

3
The formation of upper level cut-off lows associated with a digging trough continues to be well forecast in the transition seasons. However, the associated surface low is slightly over-forecast (too deep) throughout.

4
Wind speed forecast variability is greatest in the 300-250mb-jetstream region of the upper troposphere.





3
Coupled Ocean Atmosphere Prediction System (COAMPS 2.0)



a
Navy’s replacement for NORAPS for high resolution regional NWP.



b
Used to support regional wave forecast models (RWAM)



c  
NOGAPS is used for lateral boundary conditions



d
Once fully functional, it will couple the ocean and the atmosphere



e
It applies non-hydrostatic, compressible equations. 

1
Means there are no large assumptions made in application of the equations of motion and equation of state

2
Important for model resolutions less than approximately 10km where vertical motions (i.e. strong convection or topographic flow) become important.

f
COAMPS is a nested regional model

1
NOGAPS is at 81 km resolution so its first nest is 81 km also.



2
Nest 2 is 27 km and nest 3 is 9 km resolution  



3
The nests must be in a ration of 3:1


g

Vertical resolution is from the surface to 10 mb in 30 levels applying the sigma-z vertical co-ordinate (terrain following) system.

h

Topography is from 1 km terrain database developed from the National Imagery and Mapping Agency (NIMA) Digital  Terrain Elevation Database (DTED).

i

Clouds are forecast directly rather than diagnostically from other parameters.

j

Applies high order turbulent kinetic energy equations, allowing for accurate treatment of the boundary layer.

k

COAMPS uses a complete atmospheric data assimilation system consisting of data quality control, analysis, initialization and forecast model components.

l

COAMPS can be re-located anywhere in the world and gives the user the flexibility to orient the nest as required.

m

Documented model tendencies for COAMPS

1
As NOGAPS is the driving force for the lateral boundary conditions in COAMPS, forecasters are well advised to fully understand the NOGAPS tendencies and to verify the initialization and forecast consistency to T+48 in NOGAPS prior to using COAMPS.

2
Users should use caution when analyzing/briefing from COAMPS surface-pressure charts. COAMPS has some difficulty in reducing surface pressure to sea level over high or steep terrain. This has the effect of inducing a pressure pattern that is not in geostrophic balance when compared with the wind field. The most striking example is over mountain ranges where the analyzed pressure pattern shows an area of higher pressure; this is erroneous and due solely to the terrain/height effect.

3
Over expansive open water with wind speeds in excess of 30-35kts, COAMPS can be 3-8kts too light. However, in near-shore regions where the wind field is strongly influenced by the topography and expected to be greater than 25-30kt, COAMPS tends to over-forecast by 3-8kts.

4
COAMPS has a tendency to over extend the inland extent of sea breezes. COAMPS is likely to under forecast the strength of a sea breeze.

5
In narrow straits, the COAMPS 27km grid under-forecasts the influence of the funnel effect on wind strength by 5-15kts. This is a function of horizontal resolution, as described previously.





4
Ensemble Forecast System (EFS)

a
An attempt to improve upon the unpredictable nature of medium and long-range weather forecasts.

b

Ensemble-forecasting techniques are applied using 10 initial NOGAPS fields

1
Changes the initial conditions to provide a range of possible future states of atmosphere.

2
The ensemble mean is calculated along with probability fields for precipitation and gale force winds.

c
Provides a 10 day forecast.

d
This approach extends the usefulness of the NOGAPS medium range forecast by 12-24 hours.

5
Global Wave Model and Regional Wave Model (GWAM & RWAM)

a
WAM is based on the spectral energy balance equation, which equates the evolution of the wave spectrum to the sum of the local wind input, wave dissipation, nonlinear wave-wave interaction and the propagation of waves from non-local sources (swell). 

b
GWAM is driven by NOGAPS derived surface wind stress fields and is at 81km resolution. 

c
RWAM is driven by the COAMPS derived surface wind and is at 27km resolution.

d
Both GWAM and RWAM are run in forecast mode, twice per day, starting from 00Z and 12Z

e
GWAM goes out to 5 days

f
RWAM is the same forecast time as the COAMPS area. (T+48 except for Europe which runs to T+72)

g
No observational wave data is assimilated into the model runs at present. 

h
Both models includes the directional wave spectra at each grid point, from which significant wave height, peak period and peak direction are derived.

(3)
 Other Models


(a)
National Center for Environmental Prediction (NCEP)

1
NCEP runs a numerous operational and research models

2
Global Spectral Model (GSM) is their main model.

a
It is used to provide output from the Aviation Model (AVN) and the Medium Range Forecast Model (MRF). 

b
The GSM, and therefore, the AVN and MRF, are run twice daily. AVN to T+72hrs and the MRF to T+240hrs. 

c
Horizontal resolution is approximately 1 deg x 1 deg, 

d
Vertical resolution is 28 vertical levels from the surface to ~0.25mb. 

3
NCEP runs 2 regional models. 

a
Nested Grid Model (NGM)

1
Centered over the United States and runs to T+48hrs, twice daily. 

2
Horizontal resolution is approximately 85km

3
Vertical resolution is 16 vertical levels from the surface to 50mb

4
One of its strengths is that it uses a 6hr forecast for its first-guess field. 

b
ETA model

1
Named for the vertical co-ordinate system that it applies (based upon pressure levels)

2
Runs twice daily over the continental United States to T+48hrs 

3
Specifically designed for mesoscale applications

4
Horizontal resolution is ~29km

5
Vertical resolution is 50 levels from the surface to 25mb. 

6
This model is under continual development.

 (b)
Air Force Weather Agency (AFWA)





1
Uses Mesoscale Model Version 5 (MM5).

a
Resolution varies from 48km to 4km. 

b
At present, AFWA runs MM5 at resolutions of 36km, 12km, and 4km 

c
MM5 uses sigma-z vertical co-ordinate system with 30 vertical levels 

d
Difference between MM5 run by AFWA and COAMPS

1
No first-guess field used in MM5 

2
Model can take 6-12hrs to ‘spin-up’ depending upon the synoptic situation -- called a ‘cold start’

e
Model statistics and tendencies are available via AFWA’s website.




(c)  Rapid Update Cycle (RUC)





1
Model used heavily in the research community

2
Model resolutions vary markedly

3
Most output is in the 10-40km horizontal resolution

4
Advantages of the RUC

a
Short time steps for calculations

1
Typically 60 seconds 

2
Other models approximately 200 seconds

b
Finer detail and a better handle on difficult to calculate parameters such as precipitation and cloud.




(d)
European Center for Medium Range Weather Forecasting (ECMWF)

1
The most accurate forecasting model in the world

2
The global model is run at ~50km horizontal resolution with 63 vertical level out to 7 days.




(e)
United Kingdom Meteorology Office (UKMO)

1
Runs an in-house developed model known as the Unified Model (UM). 

2
The global version is run at approximately 60km horizontal resolution with 30 vertical levels, twice daily out to 6 days. 

3
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.




(f)
Japanese Meteorological Agency (JMA)


1
Runs both global and regional models

2
The regional model, centered over Japan, has a horizontal resolution of 20km with 36 vertical levels. It is run twice daily to T+51hrs.

3
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.
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