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1. Multiscale Barotropic/Baroclinic Coupling 2. Subgrid Scale Approaches for Inundation

Standard resolution OGCM .- UAPPROACH . _
4 MOTIVATION | 7 . Single layer MPAS-Ocean semi-discrete scheme: In MPAS-O, as usual:
» Coastal water levels are influenced by a number of Grid resolution is too coarse H; = n; + b;
regional and global processes. Barotropic =—— > upeHele . .
. . N 0 Subgrid scale correction for mass
 Due to the disparate scales involved, these processes
i dupe 1 ; S gf_lu i o (precomputed lookup table):
have traditionally been modeled separately. e e e,ifli — Z5 |UelUn,e 1
] ] ] ] ie € 2
- This has limited our understanding of how coastal water Baroclinic ) i Hi(ni) = — [ max(ni+b(x),0)dx
. : : : : — Fn,e + TRSK_adv_scheme + - - - A,‘ Ao V
level processes interact in a changing climate. _ _ _ ; He '
Coastal barotropic High resolution|: Bathymetry data from
C(;xreeenléagd Glaciers Acr;tarcgg - -
s | 'm(o'srﬁ) . ot T model OGCM . O VERIFICATION high resolution DEM
N o B Y Gwenim | Not appropriate for Prohibitively | Standard Subgrid Analytical
X o  \ 7 ’ -‘ use W|th|n E SMS expen S|Ve 600 | 600 | 000
Mgltt)water . ' Currents Surface melt
- _ River runoff Eggslggﬁmahon/ 400 400 400 1.673
e ¢ l i St A . 200 . - Iy
= Extreme sea level E 0 ;é o E b :z::i E
I Global drivers Level of Time scale Q ‘ ' e @90 e :(1):1::1
Regional drivers ~ understanding of adjustment ++ s
I Coastal drivers +++ High >>> Fast o —-400 —400 —400
- Ice processes ++ Medium >> Medium —2.000
General terms + Low > Slow +* y . —600 ~600 —600
IPCC Special Report on the Ocean and = . E -600 —-400 -200 O 200 400 600 -600 —-400 -200 O 200 400 600
et s et \/ Coupled, high resolution « tkm oo 0 200 o a0 a0 o - -
o _ . . i i ost vs. Accuracy in
Coastal-urban flooding affects large portions of the global barotropic/standard resolution E it (6.0, 0.0 it (0.0, 0.0) or0 o
. "~ 2.5 _ 24 0.16 ¢t M —@— subgrid 5
population. 500 \/\/\/\/\/\/ 1] \/\/\/\/\/\/ o —
* Understanding risks from both extreme and “nuisance” oo o5 1o 15 2o 25 30 . G0 a5 1o 15 20 25 30
: : : . , Captu re coastal 3 Point (610.0, 0.0) T £ 008 |
flooding is essential to adaptation strategies. . z 22 g |
High resolution models (O(10-100 tical t water levels with P NNANNNN AN NSNS\
* High resolution models -100m)) are critical to . "0l - - - - - — B L . . . . . . |
g t I d t ( E I t I)) I t I t ConneCt|OnS to global 0.0 0.5 1.0 t(;.asys) 2.0 2.5 3.0 0.0 0.5 1.0 t(;_asys) 2.0 25 3.0 sl
accurately predicting coastal water levels at relevan . . _ - _ _
y p g CerUIHthn 20km 10km 5km exact . .. .
O ereeeereeeeeseeeeseeeeeseemeememmm———————r T, e
J APPROACH imiti ions:
o Primitive equations: 0 SIMULATION OF STORM TIDE DURING HURRICANE SANDY (2012)
Extend the temporal mode splitting U.udt ow g
methods, which are commonly 0z
: Ju Ou T p(©,5)— po ,
used in OGCMs to separate fast 5+ (u-V)u+ o+ fk xu=—gV |n+ ; dz' | +D
barotropic and slow baroclinic _ _ : g - . ¥ Lo | ] .58 4
modes, with a multiscale spatial Velocity Separation: e B > - =
-, p : u —@ . g : o, o . S el s
coupllng. Baroclinic  Barotropic 5
Mode Split Equations:
o - ™
Remap from ot +V-(uH) =0 Remap from
high resolution -y I G fézg?ue}[irgn "
to standard U —— +fkXUu=— . .
resolution \8t T % U gvn + 6 high resolution
lon
oy’ 5u , " p(0.5) = po ., A - Global domain with 1km resolution in Delaware Bay
T VRS T IRE =gV ( P ) azFd—=G » Apply subgrid corrections in the US East coast from the coast of SC to ME
- g * Employ Coastal Relief Model (3 arc-seconds) for the high resolution subgrid bathymetry
2 - ¥ 4 | . 1 VALIDTATION OF SEA SURFACE HEIGHT: HURRICANE SANDY
iy NOAA853886 Standard Subgrid
“y  Mimetic Edge G o- AR RTATATAY \
Interpolation Integration Qa_g . . . S . o oo = T e o
& —r’ | =} USGS-SSS-VAACC-003WL N -
. v_‘ gasmtatnb L\ \ 0.889 E - - = =
The goal is to resolve coastal Basis functions : 47701
water level variability with satisfy: _ .
connections to the larger scale / Pe - dx = der e 77 A %,
. e/ 0.333 0 - i i i i ; i ' ' ' y ' .
dyn amic sea |level o 10-25 10-27 1029 1031 1101 11-03 10-25 10-27 G-I 11-03
3 —— Observed —— MPAS-O
S M This project is funded by the Earth System Model For additional information, contact: Argonne National Laboratory 2 U.S. DEPARTMENT OF
Development Program Are.a of the US | O Steven Brus (630) 252 3652 [
Energy Exascale Department of Energy, Office of Science, Office of Assistant Computational Scientist sbrus@anl.gov NN A
e3sm.org Earth System Model Biological and Environmental Research as a part : DVITES oo

of the Early Career Research Program.




