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WW3 Performance in E3SM for Global Climate Simulations

Introduction
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i i * Wind-generated waves are an important
55 e il Lh:_ﬂ interfacial process in the climate system
£l ' &= d * Important interactions include:

* Deean vertical mixing

* Spa-state dependent drag
* ‘White-capping albedo

* Sea-ice floe size

WAVEWATCHIN [WW3) spectral wave model is being fully coupled into Energy Exascale Earth
System Model (E3SM), however, it is necessary to improve the computational efficiency of WW3
in order to run the fully coupled system with waves on climate time scales.
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We are testing the impact of

several configuration i

options on the performance

of WW3 for use in global ey ﬁ-
climate-scale simulations suchas: £3

i} Unstructured, regionally refined mesh grids

ii} Appropriate spectral resolution

iii) Porting the wave action source terms to GPUs
iv) Domain Decomposition Parallelization methods
v] Implicit numerical scheme

Unstructured, Mesh Grids

Porting to GPU

Why use unstructured mesh grids?

= Deep, open ocean, accurately simulated with low resolution

= Shallow, coastal areas require higher resolution

= Varfable meshes ollow using high resolution ONLY
where it is necessory thus saving computational costs
without degrading the results.

Cicean mesh (grey polygons))

Bikm (mid latitudes) - 30km {eguetarial and polar}

Wave mesh (blde triangbes):

225km {open ooean) - 30km {coasts: matches ocean resclution)

ubraTared - 0 e gas dinenand
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What is the impact of using GPUs?
= Many supercomputer now have
heterogeneous platforms [i.e. they

Parallelization Methods

Spectral Resolution

* WWawves are modeled in a phase-averaged sense in spectral space
* Source term calculations of Wave Watch code are the
miost time consuming due to spectral loops in code
* Reducing the spectral resolution directly increases
speed/throughput of ww3 model
* Reducing from 50 to 25 frequencies increases WW3
throughput by ~1.8x and has negligible impaoct on accuracy of results

Mote: the spectral resolution is tied spatial resolution of the mash grid, L,
therafore, sensitivity testing is reguired to determine appropriate spectral 2k
resolution for any given grid.
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Does the parallelization method impact WW3 performance for our mesh grid?
* 'Domain decomposition” method groups neighboring grid cells on same processor
* ‘'Card deck decomposition’ sequentially assigns grid cells to processors
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= For our global, unstructured mesh grid, implementing domain decomposition parallelization is
computationally more expensive [performs worse) thon the defoult card deck decomposition method

* We expect these results to depend on the sire of the mesh grid used. Domain decomposition may be
maore efficient for meshes with larger numbers of grid cells {as seen in Abdolali et ol 2020)
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contain both CPU's and GPU's) e . i E

* GPUs have low energy to i it P =a '
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* GPU programming is incompatible |- [ .-
with CPU code, therefore, wm [
we facus on porting e h L o o E B
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Numerical Schemes

Can an implicit numaerical scheme with large time steps out-perform an

explicit scheme with shorter time steps? S

= |mplicit calculations are inherently more time consuming to perform
than explicit caleulations L &

* BUT they produce numerically stable results so you can use large ——

time steps to improve computational efficiency (unlike explicit
schemes which require small time steps to produce numerically
stable results)

= Implicit numerical scheme requires increasing the global time step from | _
800 seconds by over 2X [to at least 1800 seconds) before similar i

computational efficiency as the Card Deck Decomposition e

(with explicit time steps of 200 seconds) is obtained. wd WW‘J o i
= [ncreasing time step beyond 1800 seconds does not further increase ™ Sy .

efficiency
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Conclusions
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1) Unstructured mesh grids used by E35M give same accuracy as a high-
resolution structured grid with the computational efficiency as a coarse-
structured global grid.

2) Spectral resolution matters
* For our grid, reducing the number of frequency bins from 50 to 36 has

minimal impact on accuracy of results, yet increases throughput by 2X.

3) Domain decomposition slower for our mesh. May be worth it for very high
res meshes (large numbers of grid cells)

4) Porting time consuming parts of code to GPU's results in average speed up
of at least 2X

5) Implicit schemes produce numerically stable results — allowing WW3 to use
very large time steps to increase efficiency.




