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CES Case Study: Meteorology Final Project


First of all, I want to mention that I had terribly hard time running the codes with truncated set of data on my Pentium 3.  Each run took about 20-25 minutes, which made debugging the code very hard and trying different scenarios almost impossible.  I tried to keep unchanging variables in my workspace, so that they are not recalculated every time it was run, but doing this gave me errors of insufficient memory.

1. The first part is to incorporate your understanding of Assignment 1 to define some of the parts of the template program that have been left undefined.

1. I changed the code so that sigo and sigb are input from command line.  
2. Also, I added the part to decorrelate errors with differences in elevation as well as horizontal distance. 
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3. And I plotted the following plot so that observation and analysis are side by side for comparison.
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As seen, where the abs(observation-3dvar) is highest, the background has been corrected by biggest amount.

Part 2: Using the updated version of the code used in Assignment 1 (example_3dvar.m), compute a 3DVAR analysis using the conjugate gradient method for the truncated domain. Use a background error decorrelation scale of 50 km and a ratio of the background error variance to the observation error variance equal to 2.
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The effect sigo and sigb has on the final analysis is minimal, whereas the effect of background error decorrelation scale is significant.
3. Generate an analysis for the entire domain (it'll take a bit of computer time). Discuss differences between the background and final analysis as a function of the observations.


My machine simply could not handle this part of the exercise.  I left the solver running overnight, and it wasn’t finished.  When I tried to cancel it, matlab didn’t respond and the process needed to be killed.

4. Adapt the existing code to use another significantly different linear system solver (quasi-Newton, steepest descent, etc.). 

I tried to solve the linear system with gmres matlab function.  Measuring the time it took to solve via cgs, it took about 120 seconds to complete.  With gmres, about 90 seconds.

5. Read the two papers assigned (MM5 3DVAR and RUC) and discuss briefly in a few paragraphs how the data assimilation is done in each. What are the strengths and weaknesses of the two approaches as described by the authors?

Rapid update cycle, also dubbed RUC, is different from the traditional method in two ways: 1. update cycle is 1hour and 2. it uses “hybrid isentropic terrain terrain following vertical coordinate.”  Also short range forecast is improved by incorporating into analysis, observations updated every hour.


Nonhydrostatic fifth generation Pennsylvania State University-National Center for Atmospheric Research Mesoscale Mode, also called MM5, “uses a sigma-type vertical coordinate based on reference pressure.”  By using atmospheric variables, 3dvar analysis is improved.  Because atmospheric observations are both incomplete and imperfect, essential is the characterization of both background errors and accuracy of observations.

