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The MM5 Forecasting Process
Using the Mesoscale Model Version 5 (MM5) as a natural part of forecasting operations in the Operational Weather Squadron (OWS) and Combat Weather Team (CWT).
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Preface

With the advent of advanced generation Numerical Weather Prediction  (NWP) models that run at mesoscale resolutions, Air Force Weather (AFW) forecasters now have a powerful tool to enhance forecasting prowess. However, as the fresh recruit must learn to use his/her weapon in preparation for battle, we, in AFW must learn how these new ‘weather weapons’ really work, and how to best make use of these sophisticated products. It is the intention of this work to help explain to the forecaster what must be done, and what must be known to best exploit mesoscale models. 

At Air Force Weather Agency (AFWA), Offutt AFB, NE, a new mesoscale model is now available. It is the MM5 – the MESOSCALE MODEL VERSION 5 (MM5), originally developed by Pennsylvania State University (PSU), and by the National Center for Atmospheric Research (NCAR) in Boulder Colorado. Currently, the MM5 runs at two different resolutions: 36 km, and 12 km. Each resolution product has different characteristics, and the forecaster must know the inherent differences. 

Some of the items discussed will refer to mesoscale models in general, while other points will refer to the specific characteristics of the MM5 as it is implemented at AFWA. The term “mesoscale models” will be used to refer to mesoscale models in general.  When referring to the MM5 version at AFWA in particular, the FYI will call this the “AFWA MM5” model or output.

In addition, the forecaster must properly place the AFWA MM5 output within the grander context of the synoptic and hemispheric scale phenomena. Without this insight, the forecaster will ultimately fail to properly interpret the output of the MM5 data. Our eventual desired outcome – at the end of this exercise – is to enable the AFW forecaster to properly interpret and use AFWA MM5 products in order to better support operational users. Along this line of reasoning, time will be spent discussing the Hemispheric and Synoptic scales of Meteorological Analysis and Forecasting. This paper will conclude with a proposed strategy for using MM5 output within the context of AFW forecasting and operations.
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Introduction - Forecasting Process

With the advent of new capabilities associated with the AFWA MM5, the AFW forecaster must make a modification in the overall forecasting process, in order to best exploit this new model output. MM5 represents a new tool, and, as such we need a systematic, scientific, and efficient approach  to implement this model output into an operational forecast. One aspect of this is the need to have the forecaster become a better mesoscale meteorologist. This means the AFW forecaster will, more so than ever, need to apply physical reasoning to the use of numerical products (through mesoscale NWP).

All too often, as forecasters, we have been developing more into “briefers” and “communicators”, less than “forecasters”. Since good communication and briefing skills are a must, we still need to relay our forecast to the operational user, but we will need to really put on the proverbial ‘thinking caps’ when we start using mesoscale model output. We will need to avoid the so-called “geometry of lines” and  “meteorological cancer” (this refers to the tendency to treat the NWP output as a magical ‘black box” solution).


Of course, at the opposite end of the spectrum, we have such an abundance of different data types to look at, including meteorological satellite (METSAT) imagery, radar displays, surface and upper air observations, PIREPS, and NWP. Just the shear volume of NWP output alone is overwhelming at times. With this in mind, we need to make optimal use of time available to the forecaster making operational forecasts. The question is: “how do we do this?”………

Our answer is a concept that is referred to as the Forecast Funnel, and it does the following things to help us in our efforts:

1. It helps forecasters avoid meteorological cancer.

2. It enables forecasters to summarize data in a systematic way.

3. It forces the forecaster to look at the different processes occurring at each meteorological scale; we start at the hemisphere scale, go to the synoptic scale, then the mesoscale (See figure I.1).

Hemispheric Scale

We need to begin by asking some diagnostic questions. Have the hemispheric scale models done a good job of tracking these features? Which model seems to be handling features best? Look for long wave troughs and ridges (analysis). How are these features moving?   Look at the recent past and future (using NWP) Are there any blocking patterns? Is there a split in the flow? This should take 5-15 minutes.
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Figure I.1:
The Forecast funnel. This figure graphically illustrates the concept of beginning the forecasting process at the hemispheric scale, then continuing  down to the synoptic scale, and finally into the mesoscale of meteorological phenomena. Features that exist at each scale must be understood by the forecaster in order to properly diagnose the weather scenario.
Synoptic Scale
This phase should take 20-30 minutes. Look for migratory short wave troughs and ridges. Look for surface. features (surface cyclones, anticyclones, and fronts). Look for jet stream locations. Explain - in your own mind - the clouds you see on meteorological satellite (METSAT) imagery, based on what we will call a “conceptual model”. A primary example of these conceptual models is just standard extratropical cyclone theory – we would expect a warm front to have certain types of clouds, like stratus (ST), nimbostratus (NS), altostratus (AS), stratocumulus (SC), perhaps some altocumulus (AC) , and  - in an unstable warm air mass - perhaps some isolated cumulonimbus (CB) with some convective, towering cumulus (TCU).

Bear in mind that some of the features here may be small enough to be depicted at the upper end of the mesoscale. This crossover is unavoidable in many circumstances (for example, a tropical cyclone may start off as a mesoscale feature, yet later develop into a synoptic scale feature). 

Mesoscale
This should take more time ~ 1 hour or more.  Here we explain METSAT and radar features that weren’t explainable at the synoptic scale, such as:

1. Precipitation bands

2. Orographic effects

3. Dry lines

4. Convergence zones

5. Jet Streaks

6. Land / sea breezes

…and others (this is not intended to be a complete list)!

Note:   Except for hemispheric scale NWP output, you haven’t looked at any NWP yet!

By now, you should have a good feel for the processes that are making the various clouds develop, move, etc. You should be able to explain the current weather pattern(s) and basic related processes.

As a quick ‘rule of thumb’, your time spent at each area scale should be inversely proportional to the size of the area. In other words, At the hemispheric scale, you should take less time studying this data than at the synoptic scale, and, similarly, you should spend more time on the mesoscale data than on the synoptic scale data. Figure I.2 (next page) demonstrates this concept:

Why use the forecast funnel? The reason is that it forces the forecaster to consider how different features interact within the context of other phenomena at different scales. This is what we refer to as Scale Interaction.
Hemispheric scale sets the stage for what happens at the synoptic scale, such as:

· Hurricane tracks can change significantly based on hemispheric scale motions.

· A baroclinic leaf pattern on METSAT could either develop into a significant low (“bomb”) or an insignificant storm based on differences in flow patterns.


· The development of a surface low-pressure center is affected by whether the surface low is developing under a long weather trough or ridge.

Similarly, the synoptic scale sets the stage for what happens at the mesoscale:

· The direction and speed of motion of an air mass over mountainous terrain will significantly affect the sensible weather, including precipitation type and amount. Flight hazards such as turbulence and icing will also be affected.

· The motion of a frontal boundary provides the needed mechanical lift that  initiates or enhances thunderstorm development.

· A spiral band of convective activity forms around the center of a mature hurricane.
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Figure I.2:
The Forecast funnel time comparison. This figure graphically illustrates the corresponding amount of time that should be employed at each point in the forecasting process at each scale.

The idea here is to keep the different phenomena in line. Don’t ask a synoptic scale product to give you mesoscale information. You may INFER that the POTENTIAL exists for a mesoscale event to occur, based on synoptic scale products, but we must exercise caution when we make conclusions about fine scale phenomena when we are looking at courser scale data.

Along these lines, we will now proceed to discuss each scale separately, then tie them together in the end as part of a grander forecasting process.

