Characterizing Differences in Model Output
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Introduction Divergence of Model Forecasts Characterizing Model Output Differences

Scientists and their collaborators often need to use multiple High Performance  Computations of differences in model output is a complex problem. To keep things simple ~ The differences in model output that arise for our runs on various platforms and test
Computing (HPC) systems to conduct their research and perform numerical modeling  for our initial investigation, we restricted our examination of model results to the 2m  cases appear to have roughly the same magnitude for a given forecast lead time.
experiments. These various HPC systems are usually hosted by different institutions  temperature field and calculated difference fields by computing point-wise differences. In  Interestingly, the relative positions and shapes of the differences also appear to be
and may be comprised of vastly different hardware and software development our analyses we computed 2m temperature difference fields for all permutations of roughly the same. Plots for all our other initialization times look very similar to the ones
environments. Because simulations generally do not produce identical results on  platforms. This was done for each case that was run and for each forecast lead time. shown. We also collected statistics to further characterize the resulting differences.
different HPC platforms, many scientists question the validity of simulation experiments Aggregate Maximum Magnitude of Pointwise Differences Aggregate Mean Magnitude of Pointwise Differences

and comparisons of model results that span multiple HPC systems. To address this TvDi : ’ 12 0.08
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A Forecast Gone Bad
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oot Jet. The plot on the right shows the differences for that same case after a problem with
missing boundary conditions was corrected. The bad runs are easily identified by
looking at the entire set of plots. Plots of the aggregate maximum and mean point-wise
differences also show a huge difference between the bad Gaea results and the other
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Divergence of Output With a Double Pendulum .
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The differential equations of motion for a double pendulum
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. j:iiig‘f‘}u; | j:iiigtpp‘ixf 0.100 The differences in model output induced by changes in HPC platform for our test cases
R Je el - Gaca G A T I . Jot Inds! - Gaea Gy 0.010 appear to be quite consistent in magnitude, position, and shape for each individual
5 2 Lol ol i (.- 0.001 model. Although the maximum point-wise differences for WRF NMM are larger than
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t(s) t(s) SN o Sl AT S SR s The most pressing question we would like to investigate is how changes in HPC
soon | 5.000 platform impact the differences in output when a model is cycled. We plan to use
U I -+ HWRF to investigate that question. We also plan to look at other fields to see if, and
The plots above demonstrate that simulations of non-linear physical systems can 1.000 how, the magnitude of differences changes, and to see if differences of fields are
indeed yield wildly different results when run on different hardware, or even when o 0.100 correlated.
compiled with different compilers on the same hardware. The solutions diverge at o 0.010
different times during the simulation, depending on the platforms being compared. 0N ' Acknowledgments
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