3. MESOSCALE FORECASTING

Introduction to the Mesoscale Regimes

The mesoscale spans a distance of approximately 2 to 2,000 km. The ‘mesoscale’ is often subdivided into 3 distinct regimes:

SIZE (km)
        TIME       .

(A) MESO-ALPHA ():
200-2,000
6 hours - 2 days

(B) MESO-BETA ():
20-200

30 min. - 6 hours

(C) MESO-GAMMA ():
2-20

3 min. - 30 min.

The reason why we subdivide the mesoscale into “ALPHA”, “BETA”, and “GAMMA” is that each scale has different features associated with it. For example, here’s a list of features that are associated with each:

        FEATURES       .

(A) MESO-ALPHA ():
Jet Stream (Jet streaks),

Anticyclones, small hurricanes and less intense tropical cyclones

(B) MESO-BETA ():
Some large-scale mountain winds, local winds, Mesoscale Convective Complexes (MCC’s), large thunderstorms, Land/Sea Breezes

(C) MESO-GAMMA ():
Large cumulus, many thunderstorms,





and EXTREMELY large tornadoes.

NOTE: This list is not exhaustive, but is meant only to give you a flavor for the types of features you will see at each sub-scale.

Any feature you see that is smaller in size or lasts less time than meso-gamma is considered in the MICROSCALE. Microscale features include, for example, virtually all tornadoes. 

It is critical to understand these different scales, because each scale dictates different phenomena. You can’t mix scales. If an NWP model operates at meso-alpha, then you can’t expect to obtain actual meso-gamma quality features. If a model operates at the meso-beta level, you can’t expect to see microscale features in its output. A meso-beta model can only display meteorological features like an MCC, and land/sea breeze, etc. You won’t be able to see a tornado in meso-beta model output.  However, a meso-beta model will be able to identify atmospheric conditions that are favorable for the development of a microscale feature, such as a tornado.

When you use model data from AFWA, such as the MM5, you need to know what the horizontal RESOLUTION of the model data is. The word “resolution” here refers to the grid spacing in a model.  Each NWP model computes a variety of meteorological parameters (such as temperature, pressure, and winds) at evenly spaced, distinct points over a given region. Each of these points is referred to as a model “grid point”. Figure 3.1 shows what a rough 36 kilometer (km) grid point spacing would look like over the midwestern state of Nebraska.  Now, consider a thunderstorm that passes through the

[image: image1.png]



 Figure 3.1:  Example of 36 km resolution grid spacing. This chart shows an example of what a group of grid points with 36 km spacing would look as it might be associated with an NWP model over the state of Nebraska. (NOTE: This figure is only a rough, approximate 36 km spacing).

state of Nebraska would only be about 30 km to begin with (obviously, some storms will be much bigger, some even smaller).  Let’s take the example of a storm that is 72 km in size. This is displayed in figure 3.2.  Notice that at position “A”, the storm is covered by
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Figure 3.2:  Example of an average thunderstorm moving through Nebraska. This chart shows an example of what happens when an actual thunderstorm moves over a region that a model is depicting with an approximate 36 km grid spacing).

eight grid points. That seems pretty good to the naked eye (although this will not be sufficient to see tornadoes). However, as the storm moves, it may, for example, shrink in size.  When this happens, we observe that the grid is only able to represent the storm with four grid points at position “B”.  With this in mind, we need to be careful only to look at weather events that are large enough to have sufficient grid points to provide adequate coverage.

So, how many grid points is enough?

We suggest that you will need a square area of 5 grid-spaces by 5 grid-spaces (25 square grid-spaces) to cover a weather event at any time. This means that a 36 km model will only be able to cover weather events that are 180 km by 180 km normally. This is barely inside of meso-beta level, and, after some subjective inspection, we conclude that meso-alpha phenomena will be easily covered by a 36 km resolution model. 

But what if we decreased the grid spacing?

Let’s say we improved the resolution to 12 km. In this case, we would expect to see phenomena that are 60 km by 60 km or greater.  This places our regime well into the meso-beta regime.  However, since the computer (which runs the model) only possesses a limited computing speed, we have to run the model over a smaller area (that is, of course, assuming that we want to see our model output sometime in the near future).  Thus, we see a trade-off between the resolution and the area coverage (this is also called the model’s domain).

We have provided this introduction to the mesoscale and related model resolution issues in order to provide some background information to help you make informed decisions regarding mesoscale model output. Remember to ask the following questions:

1. What is the resolution (the grid spacing) of the model?

2. What is the size of the smallest feature that the model can adequately depict (Remember to multiply the grid resolution by five)?
3. What mesoscale features correspond to the size determined in question 2?

When these questions are answered first, then you can expect to obtain reasonable conclusions from the mesoscale model output.

Mesoscale features are also known as "regional scale", and have an effective forecast period of minutes to 24 hours. The local or storm scale is a subset of mesoscale referring to a more localized area and has an effective forecast period on the order of 1 to 12 hrs. See Figure 3.3 for an example of a mesoscale area.
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Figure 3.3:  MM5 12 km resolution cloud product, Central Plains, United States. This chart represents the scope of area coverage for the mesoscale portion of the forecast process.

As of August 1998, AFWA MM5 runs at two different resolutions: 36 km and 12 km grid-spaces.  AFWA has tested the capability to run at 4 km, which will further enhance support to operational field units.  Take some time now to reflect on what this means in terms of the models ability to identify different meteorological parameters.  Figure 3.4 shows what a 12 km grid field looks like when compared to 1 degree data from NOGAPS,  and 36 km MM5 fields.

Remember the following for the AFWA MM5: 

· 36 km is essentially a detailed meso-alpha product

· 12 km is a reasonable meso-beta product

· 4 km (future operational capability) will be on the border between meso-beta and meso-gamma. Large sized meso-gamma features may be resolvable here.

· Any future version of MM5 with a grid space that is smaller than 4 km is solidly in meso-gamma.

· To get into the MICROSCALE, we would need a resolution of 400 meters (note this well: meters vs. kilometers) or less per grid space.  Don’t confuse the microscale with the mesoscale!

[image: image4.png]M5 12km

50000

MMM5 36k
1.0° Global

500
o0
350
00
50
000
1500
100

-3
126° 128°

130°

5004

FEast





Figure 3.4:  MM5 12 km Resolution Example, Korea. This chart represents the scope of area coverage for the 12 km grid resolution.  For comparison, the black dots are the 12 km grid points, the greenish-blue dots are the MM5 36 km grid points, and the red dots are the 1 degree NOGAPS points.  On the right, the diagram shows the vertical resolution of the MM5 model for all MM5 windows, whether the window is at 36, 12, or 4 km.  The red lines show the actual model levels, which reflect a terrain following surface (called a SIGMA level).  The blue lines show the height above Mean Sea Level (MSL).

Remember that each sub-scale will have the ability to resolve only a certain level of detail.  With this in mind, use AFWA MM5 model output accordingly. 

Mesoscale Questions
The primary question at the mesoscale level is this: How does the mesoscale affect my problem of the day?

In order to determine if precipitation is in the local forecast, the forecaster must ask two questions:


-  What is the direction and magnitude of the vertical motion?


-  Is the local airmass going to be wet or dry?

Finally, it is important to fill in the details of the forecast by asking:

        -  
How extreme or benign (strong or weak) will the weather in my forecast area be?

Direction and Magnitude of the Vertical Motion

To determine whether there will be mesoscale ascent or descent and its strength, there are many tools and factors a meteorologist can consider. Examples include: consulting Doppler radar data to look for mesoscale convergence zones, examining isentropic data to look for vertical motions associated with any frontal boundaries in the region, and, if applicable, determining how the synoptic scale flow will interact with local topography.

Another tool is the MM5 12 km Vertical Velocity Product off of AFWIN (See Figure 3.5), which can help you identify the potential for upward vertical motion.  This product shows isopleths of upward vertical motion (in red lines).  Downward vertical motion lines are not displayed to reduce clutter. This serves as a valuable tool in identifying those mesoscale locations where convection has the potential to develop.
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Figure 3.5:  MM5 12 km Resolution Vertical Velocity Product, Korea. This chart represents the 700 mb geopotential heights (in yellow),  Average Relative Humidity in the layer between 1000 through 500 mb (in the colored scale), and Upward Vertical Velocities (in red).

This tool demonstrates a new capability in the AFWA MM5 that most other models simply do not have – true upward and downward vertical motion.  Other models (like NCEP’s NGM) attempt to calculate vertical motion indirectly. For advanced information on this topic, see Appendix I.

Wet or Dry?

Once the anticipated direction and strength of the vertical motion has been determined, the forecaster must then forecast the local static stability and the extent of the available moisture in order to determine the likelihood of precipitation. There are many ways to accomplish these tasks. Extensive analyses of sounding data upstream of the forecast area provide insight into both moisture supply and stability. Consulting precipitable water charts and analyzing regional satellite imagery for areas with high water vapor content and/or areas of active cloud growth and decay can also be very useful. Again, using objective mesoscale analyses (of moisture parameters in this case) can be advantageous.

Again, the MM5 12 km Vertical Velocity Product off of AFWIN (Figure 3.5), can also help you identify the areas that possess moisture.  This product shows colorized isopleths of relative humidity, averaged between 1000 – 500 mb.  AFWA MM5 products on AFWIN also include relative humidity output at a number of levels, such as at Surface 1,000 (1K) feet above ground level (AGL), 2K feet AGL, 3K feet AGL, in addition to Absolute Humidity from the surface to 5K feet AGL.  All these are value added products that can aid you in your detection of moist vs. dry areas.

Severity and Type of Local Weather

· Following the funnel approach, the mesoscale level is usually the step when the details of the problem of the day are determined. Here are some of the questions relevant at this step: 

· If there are going to be thunderstorms, are they going to be severe and is a watch or warning necessary? 

· Will there be significant temperature extremes or will the wind speed be of consequence? 

· Will it be clear and dry? 

· If precipitation is in the forecast, is it going to be a garden variety event, or are significant amounts worthy of a watch or warning situation possible?

· If flight hazards are being forecast, what is the type, intensity, and the forecast levels / layers (for example, moderate mixed Icing between 10,000 and 13,000 feet).

Asking these types of questions, after having taken an organized approach to assimilate all of the available information, will help in making the best forecast possible.










