Mesoscale Analyses and Prognoses

Mesoscale analyses, both objective and subjective, provide the means to organize the numerous observations available to the forecaster at this scale. Using such analyses gives the forecaster an efficient method of monitoring patterns in the observed weather parameters as well as producing derived fields such as equivalent potential temperature, moisture and wind convergence (see Figure 3.11), CAPE and CIN, and pressure tendencies. These analyses are extremely useful when monitoring rapidly evolving mesoscale weather events in the local forecast area.  
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Figure 3.11: Moisture Convergence and Surface Winds, Bosnia. This chart represents a combination of the surface convergence and surface moisture.

The moisture and wind convergence (see Figure 3.11) is a relatively new product.  The colorized regions indicate areas where there is a high combined value of both surface moisture and convergence in the surface wind field, giving the forecaster a possible location of unstable air. While this product is not a stability index, like Totals-Totals, is has similar applications. Remember that this product only looks at the surface, and does not take into account the upper atmospheric parameters, like inversions that would induce a stable layer (or capping). 

To determine the potential for capping, use products like the Lid Strength (Figure 3.12).  While this is not on AFWIN currently (August 1998), this new product is expected for implementation soon. Here, the higher values (4.1 and higher) represent values that are expected to possess a stable layer.  Convection is not likely here.  In regions that have a value from 2.1 to 4.0, convection is possible, but there is still a weak inversion in this area.  Careful attention should be paid here:  either a mechanical influence will be need for convection to occur, or thermal advection (in the appropriate layers) is needed to break down the inversion.  From 0 to 2.0, free convection is possible.   A value between 0-2 Lid Strength is not a guarantee of convection preparing to take place: this product must be used in conjunction with a stability parameter.

You must have an unstable air mass with a low Lid Strength to have free convection. 
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Figure 3.12: Lid Strength, Continental US. This chart represents the potential for capping in the atmosphere, thus inhibiting convection.  This does not necessarily take mechanical lifting into account, such as orographic influences.

· There are a number of stability parameters available for the AFWA MM5.  As of August 1998, the following items on AFWIN are available for operational use:

· K Index 

· Storm Relative Helicity 

· Energy Helicity Index 

· Lifted Index 

· Total Totals 

· CAPE Index 

· SWEAT Index 

· Surface Severe Dewpoints and Winds 

· Surface Moisture Convergence and Winds

Please see Appendix 2 for examples of these products.  

Soundings

Analyzing soundings, and the practice of obtaining a good prognostic sounding, are vital steps when forecasting local phenomena. Inversions, the amount of CAPE/CIN and their distribution, wind profiles and the vertical distribution of moisture can all be determined from a single sounding, making this still one of the primary tools in mesoscale forecasting (See Figure 2.4).  The conventional Skew-T diagram (or more generically, radiosonde, or raob, data) can be used to initialize the new AFWA MM5 meteograms.  This is a new  capability for forecasting upper air related information, and is available now on AFWIN (See Figure 3.13).  

· MM5 Meteograms are based on the Outer Nest window and are valid from analysis to 48 hours. Meteogram parameters include:

· Vertical-time cross section. This cross section depicts the following parameters from surface to 250mb from analysis through 48 hours. 

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

· Temperature is isoplethed in red at 4 degree Centigrade (C) intervals. The 0 degree isopleth is depicted in blue. 

· Sea level pressure 

· Surface Wind direction and speed 

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

· Lifted index

· 1000mb - 500mb thickness

· Surface temperature, dew point, heat index, and wind chill 

· AFWA MM5 Meteograms display moisture using the following criteria:

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

· Shades brighten at 80 and 90 percent. Areas with near 100 percent relative humidity are isoplethed within the 90 percent region. 

· Temperature dew point depressions of 6 degrees C or less are depicted in purple from 400mb to 250mb. 

· Cloud: 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. These algorithms work best in convective situations, but don't do as well for predicting cirrus clouds. However, temperature dew point depressions in the upper levels that are less than or equal to 6 degrees C correlate fairly well to cirrus. [image: image3.png]AFWA Forecast Meteagram
MMS Model Cycle:1998080612Z
3 i





Figure 3.13: MM5 Meteogram, Berlin, Germany. This product represents the forecast of a variety of meteorological parameters at Berlin Germany. The top graph has a display of information in the vertical layers over Berlin, including temperature, moisture, and clouds, along with precipitation, winds, and pressure.

Longer range meteograms are also available on AFWIN for the next 16 days and are based on the Medium Range Forecast (MRF) model from NCEP. 

Future Plans for meteograms include new locations: MM5 and MRF Meteograms are currently available for over 200 locations. We continue to implement weekly, and expect to reach over 400 locations soon. Eventually most DoD sites will have a respective Meteogram. The MM5 vertical-time cross section will soon be enhanced to depict parameters from the surface to 100mb.  Also, a second type of MRF Meteogram to be named "MRF Upper Air" will provide a 16 day vertical-time cross section for each location.

Wind Profiler Data

Since these data are available at hourly intervals, the wind information provided by a growing network of profilers can be very useful when following the development and/or progression of mesoscale weather systems. Changes in the local vertical wind shear profile, as it relates to changing static stability and the possibility of severe convection, can also be effectively monitored with this tool.  Wind profiler data can also be used (in conjunction with raob data) to validate the performance of the MM5 meteogram(s) that you are using to produce operational forecasts, since the meteogram gives a time series display of forecast winds.  This comparison between the meteogram and the wind profiler information can be a quick and easy way of determining the accuracy of the model with respect to its handling of the dynamic state of the atmosphere.

Local Topography

Knowledge of the local topography and its effects on sensible weather under various meteorological conditions is an important part of mesoscale forecasting. Proximity to mountains, hills, river valleys, deserts, and various bodies of water all have important consequences relevant to making a local forecast. Although topography is not a tool, it is

 an important consideration when forecasting due to the dramatic effect it can have on the evolution of mesoscale weather events.

When considering topography, the forecaster needs to look at both the horizontal and vertical aspects of  topography.  See figure 3.14 first. This drawing demonstrates the impact of mountainous topography on surface wind flow in Puget Sound in Washington.  The effect of the mountains causes the wind to become south – southeasterly near Whidbey Island.  In the vertical, mountains can cause radical variations in precipitation over short distances. Look at figure 3.15 over the same area as the previous figure. On the

windward side of the Olympic mountains, we see high relative humidity and precipitation, whereas the leeward side has drier air.  This is due to the upward mechanical lift induced by the flow as it climbs the mountain-side.  Clearly,  a good knowledge of topography is a key towards a proper forecast at the mesoscale.
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Figure 3.14:  Surface wind flow, Puget Sound, Washington. This chart represents a conceptual streamline pattern over the Puget sound / Olympic Peninsula region under a prevailing southwesterly wind regime (Courtesy Angove, 1998).

It is also important that the topographical database in the mesoscale model is accurate.  For example, a model can be run at 12 km resolution, yet only use a 36 km topographical database.  If this is the case, then the model may likely fail to pick up on a key feature in the flow at the 12 km scale.  Initially, AFWA ran it’s initial MM5 12 km version with a 36 km topographical resolution.  It is expected that the AFWA MM5 12 km database will be updated soon.  However, the forecaster must be careful to ask these questions up front.  Otherwise, incorrect conclusions will be drawn from the MM5 output.
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Model Biases and Trends
Knowledge of the performance of the mesoscale model is critical to proper use in an operational forecasting environment.  If the AFWA MM5 tends to have low-level temperature bias (for example, the model may produce forecasts at 850 mb where the temperatures that are too cold), then this will affect the accuracy of a variety of products.  An inaccurate 850 mb temperature can significantly affect the estimation of stability parameters, like K-index, Lifted Index, Totals-Totals, and others.  It will likely affect the location of fronts, precipitation, and other key parameters.  In Appendix 3, we have included the bias and RMSE graphics for the MM5 as of July 1998.   

To better assist your understanding of these products in Appendix 3, we will now include a discussion of three key concepts:  Residual, RMSE, and Bias. 

RESIDUAL: This is the difference between real-life values and model forecast values.  If the temperature is actually 32 deg F and the model forecast 29 deg F, then the residual is 32-29=+3 degrees F.

RMSE: This is the Root Mean Square Error, and it is similar to the Standard Deviation. RMSE only tells you roughly how close the  model is to forecasting the real-life number (such as temperature)  on the average. IT DOES NOT tell you if the model is too warm or cold (etc.) the model might be.  It is the  positive square root of the mean-square error (the Mean square error is the mean square of any residual). In simpler terms, you take any parameter, such as temperature, and determine what the actual (real life) temperature is. Then you subtract what the model forecast the temperature to be. This difference between real-life and model forecast value is called a RESIDUAL. Then, you take and square the residual. After that, you average all the residuals for each point in the models’ domain (horizontal and some vertical coverage), and you take the square root of that number. This final number is the RMSE, and it serves as a measure of how close the model is coming to real life. The bigger the RMSE, the less accurate the model is in forecasting. 

BIAS:  Using TEMPERATURE as an example, the BIAS is a number that shows how hot or cold a model is in forecasting. The BIAS is computed by taking the sum of all residuals over the model (but including the positive and negative values), then taking the average of this number. This final number is the BIAS, and it is either positive or negative. Thus, in the case of temperature, BIAS tells you how warm or cold the model is in forecasting a parameter. The bigger the BIAS, the greater the warm or cold BIAS is. 

It is also important to understand how the model is performing from season to season.  Does MM5 have a warm bias is winter, vs. a cold bias in summer?  In order to do this, we will need at least a few years to develop a database of trends for the AFWA MM5.  Since we have only started operational production of MM5 back in October 1997, AFWA does not yet have a complete database of  statistics for the MM5 to assess seasonal biases.  Once we have this information, we will provide this to operational users via our MM5 training and information web page. To access this page, go to AFWIN, then select any theater, such as “CONUS”.  Then you need to select “Model Charts” in the blue field/frame on the left.  After this, select “MM5 Fine Scale Model Output” in the main hypertext field on the left. Finally, select the next hyperlink, which is entitled “About the MM5 (strengths, weaknesses, resolution, products, etc.)”. This is the location for the MM5 information and training page.  Be sure to check this site often, since AFWA will be moving this site to a new location (in the future) to support increased user bandwidth  needs.  For additional information, see appendix 3, or contact us on email at: mm5info@afwa.af.mil.

Mesoscale Conceptual Models

Numerous useful conceptual models exist at the mesoscale level. Some of the more common ones include


- Various Thunderstorm Structure Models


- Sea Breeze Circulations


- Topographically Forced Flows and Circulations


- Mesoscale Jets


- Banded Precipitation


- Local Studies

Thunderstorm Structures

Conceptually, meteorologists classify thunderstorms as either single cell, multicell, or supercell type structures. Each of these classifications implies certain characteristics, including the typical life cycle and the degree of severe weather likely to accompany the storm.

Sea Breeze Circulations

The sea breeze and associated land breeze are common phenomena that often play a significant part in the daily weather along coastlines and near large bodies of water. Grasping the conceptual models of onshore and offshore flows and their associated rising and sinking motions is vital to making a good forecast in such areas.

Topographically Forced Flows and Circulations

Many different conceptual models relate to the effects mountains have on local weather. Examples include: mountain waves, chinooks, boras, canyons, and slope and valley winds. Associated with each of these models at a given location are specific patterns of wind, clouds, and precipitation.

Precipitation Bands

Banded mesoscale precipitation features are often observed in association with extratropical cyclones. Examples of such phenomena include: both cold-frontal and warm-frontal bands, warm-sector bands, and  pre-frontal and post-frontal bands. Each of these precipitation band types can be related to the detailed conceptual models of the forcings and instabilities associated with extratropical cyclones. Significant rain bands are also observed with tropical features such as hurricanes. 

Mesoscale Jets

Two examples of mesoscale jets are the low level jet that develops in the Great Plains, and barrier jets that develop along mountain ranges. The low level jet is often instrumental in thunderstorm initiation in the Great Plains, and barrier jets can play a 

significant role in the distribution of precipitation -- especially snow.

Local Studies

Insight into local weather phenomena can be obtained from on-station research projects. These studies can lead to the development of useful conceptual models pertaining to local forecast problems. One example of this might be studying the effects of different wind directions on ceilings and visiblities at a particular site.

Figure 3.15: Example of vertical orographic variations. Schematic depiction of the lee-trough and rainshadow effect of the Olympic Mountains during southwesterly low-level saturated wind flow.  Gridded fields depict two-dimensional wind vectors, potential temperature and relative humidity.  Shaded areas represent precipitation. Horizontal extent of the cross-section is shown in the insert immediately at left (Courtesy Angove, 1998)..
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