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[bookmark: _GoBack]SO441 Lab 2:  Upper-level analysis and numerical weather prediction

Objectives:
· Familiarity with web sites that show upper-air data
· Interpret upper-air observation (decode the station plot, e.g.)
· Hand analysis of geopotential height at 250 mb, 500 mb, 700 mb, and 850 mb
· Identifying important features on the hand-analyzed upper-air map (i.e., troughs, ridges, and their “tilt” with height)
· Interpretation of the upper-air analysis describing the country’s weather based on the position of the features in the hand analysis
· An interpretation of the evolution of numerical model forecast positions of the trough and ridge features from 120 h before the event through 24 h before the event.

General tasks / introduction.

1.  Visit http://weather.rap.ucar.edu/upper/ .  This web site offers two options to plotting upper-level charts:  with or without the (computer-generated) contours.  Click on several of the pressure levels, including both the rawinsonde plots without and with the contours.  Note the structure of these charts.  They plot upper-level station models that quickly display important weather observations.  Two brief introductions to the upper-level station model are given in http://mapmaker.meteor.wisc.edu/~jbrunner/ackerman/upperair/upperairbkgrnd.html and http://www.theweatherprediction.com/basic/obs/ (the latter web site also reviews surface observations).

2.  One of the most important repositories for weather data we will use in this class comes from Plymouth State University in Plymouth, New Hampshire.  Their faculty and students have taken great care to create a reasonably user-friendly web interface to view archived weather data for the world over the last 50+ years.  It is my experience that this kind of access to weather data is unparalleled anywhere else in the world.  The home page of the Plymouth State Weather Center is http://vortex.plymouth.edu/.  

In Lab 1, you spent time clicking around on the links.  Visit the web site again and try to build upper-level charts, particularly at 850 mb, 700 mb, 500 mb, and 250 mb.  Note that the Plymouth State archive also allows for just the raw observations or also the (computer-generated) contours.  

Now under the “Make Your Own…” link on the left-hand panel, scroll down to find Upper Air Maps.  Choose the first link: “Plotted Maps”.  Spend a few minutes playing with this interface.  Change the region, the variable, the time, the density, the scaling, the map size, and the time zone label, and see what results you get.  Perhaps the most important difference here is between “Composite Plot” and “Composite Plot (dm)”.  The first option will code the geopotential height differently than the second.  It is important to know the reasonable geopotential heights (i.e., that 700 mb will have heights close to 3000 m) to then know how to decode and contour the plotted value.

3.  The first 2/3 of this lab will introduce you to upper-level manual analysis.  The final 1/3 of the lab requires you to compare your own upper-level manual analyses to predictions from one of NOAA’s premier numerical weather prediction models: the Global Forecast System.  The GFS, as it is known, solves the governing equations over a 3-D grid that spans the globe (hence the “global” in the name of the model).  It uses robust parameterizations to handle sub-grid scale processes, and this, combined with relatively small grid boxes and frequent solving of the differential equations – allow the GFS model to produce superior forecasts out to 10+ days (currently the model is integrated forward in time out to 384 hours, or 16 days).
On the course web site is a document containing a series of GFS forecasts for 00Z Sunday 09 September 2012.  The source, www.twisterdata.com, while having a cheesy-sounding name, was created by two scientists at the Oklahoma Climatological Survey in response to a felt need to provide the U.S. meteorological community with timely, visually-appealing graphics that display an array of products.  The images on the SO441 web site are only geopotential height and wind speed at 850 mb, 700 mb, 500 mb, and 250 mb, for the 120-h forecast, 96-h forecast, 72-h forecast, and 24-h forecast (curiously, the web site did not produce images at the 48-h forecast).
Take a few minutes and familiarize yourself with these images, which represent the GFS model forecasts for 5 days before, out to 1 day before, the weather event we will study for this lab.

Questions (100 pts)

1.  Load http://weather.rap.ucar.edu/upper/.  Load the 500 mb rawinsonde plot without contours.  

2.  (5 points).  What weather information does the upper-level station model include?




3.  (5 points)  Find Denver, CO, and reproduce the upper-level station model below.  Interpret it (i.e., write a few sentences about the current surface conditions at Cape Hatteras based on the station model you see).  Be sure to include the time and date.









4.  Now visit the Plymouth State Weather Center http://vortex.plymouth.edu/  Under the archived Surface Data, create 4 upper-level charts of the Contiguous U.S. for 00Z 09 September 2012 using the following guidelines:

1. Choose Contiguous US as the region, 0.7 as the Scaling, and 1024x768 as the Map Size.
2. For 250 mb, choose Composite Plot. 
3. For 500 mb, choose Composite Plot (dm).
4. For 700 mb, choose Composite Plot.
5. For 850 mb, choose Composite Plot (dm).

For each chart, take a few minutes and think about the geopotential height.  What values are being shown?  If “200” is the geopotential height reported at a station at 700 mb, what does that mean?  200 m?  2000 m?  3200 m?  Something else?  Note that each data source and web site can employ a slightly different coding method to report the height.  That is why it is important to think about it.

(15 points each) Hand-analyze the geopotential height field at all 4 levels.  Remember the contour spacing for each pressure level, as noted in Chapter 2 notes:  250 mb: 60 m.  500 mb: 60 m.  700 mb: 30 m.  850 mb: 30 m.  Also remember that the upper-levels are nearly entirely geostrophic, so the height contours should be (a) parallel to the wind barbs, and (b) parallel to each other. Once you have hand-analyzed the height field, use a dashed line to indicate the position of the trough axes on each chart.  Note the relationship between the height gradients (the spacing of the contours) and the wind field.  

(5 points) On the 850 mb manual analysis, draw (using a dashed line) and label the position of the 700 mb, 500 mb, and 250 mb trough axes.

5.  Using the images on the SO441 course web site and your manual analysis charts, compare the observed height and wind field to the GFS model forecasts of the same height and wind field, from 5 days prior up to 24 hours prior.  Note similarities and differences between the GFS model forecasts and what actually happened.  Did the shape of the trough evolve from 120 hours out?  What about its placement?  Which pressure level seemed to see the most change in the GFS predictions from 120 hours to present?  What were those changes?  Which pressure level did the GFS model best predict?

(25 points).  Write a 3/4 page (single-spaced) discussion of the upper-level height field.  Start with your manually-analyzed charts:  what do you notice about the relationship between the wind field and the height gradient?  Does this relationship seem to be more valid at one pressure level over another?  Discuss the relative positions of the upper-level trough axes at each pressure level (250 mb, 500 mb, 700 mb, and 850 mb).  What do you notice?

Once you have written about your analysis, turn to answering the questions posed above about the evolution of the GFS model predictions as well as the differences between your manual analyses and the model forecasts.

