Exploring an Ensemble-Based Approach to Atmospheric Climate
Modeling and Testing at Scale
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ensemble-based testing framework

* Demonstrated that running short simulation ensembles is more — ~: 7'.'; ==
efficient than running a single long simulation Locstion Parameter,Precpitatin e (mn/day)
« Demonstrated that aggressive optimizations can lead to d bes-or
simulations with a statistically distinct model state. T T;%%@%”zig
. . S £ i/wv__—:l ,‘ﬁ‘“‘?ﬁ& He
+ Averaged behavior of many single year runs of the atmosphere | 2O s R N
are statistically different than one long run, demonstrating it 2 A %7
atmosphere low-frequency variability e
Diff. in Location Parameter, Precipitation Rate (mm/day)
Mahajan S., A. L. Gaddis, K. J. Evans and M. R. Norman, 2017: Exploring an ensemble- . e
based approach to atmospheric climate modeling and testing at scale, Procedia Figure showing dlfference.m preF|p|tat|on extremes
Computer Science, 108, 735-744, doi: 10.1016/j.procs.2017.05.259 between two short simulation ensembles

, U.S. DEPARTMENT OF Office of OAK RIDGE (h?,\ Cljmate Chqnge
W ENERGY  science OAK RIDGE | 24t ? Science Institte

National Laboratory | COMPUTING FACILITY




Exploring an ensemble-based approach to atmospheric climate
modeling and testing at scale

Summary

A strict throughput requirement has placed a cap on the degree to which we can depend
on the execution of single, long, fine spatial grid simulations to explore global atmospheric
climate behavior. Whereas, running an ensemble of short simulations is computationally
more efficient. We test the null hypothesis that the climate statistics of a full-complexity
atmospheric model derived from an ensemble of independent short simulation is
equivalent to that from an equilibrated long simulation. The climate of short simulation
ensembles is statistically distinguishable from that of a long simulation in terms of the
distribution of global annual means, largely due to the presence of low-frequency
atmospheric intrinsic variability in the long simulation. We also find that model climate
statistics of the simulation ensemble are sensitive to the choice of compiler optimizations.
While some answer-changing optimization choices do not effect the climate state in terms
of mean, variability and extremes, aggressive optimizations can result in significantly
different climate states.
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