Source to Sink Numerical Modeling

of Whole Dispersal Systems

James P M Syvitski
CSDMS Integration Facility, INSTAAR, U. Colorado—Boulder

COMMUNITY SURFACE DYNAMICS MODELING SYSTEM




Source to Sink Numerical Modeling

S2S models come 1n all shapes and sizes, depending on:
1) Intended goal,

11) scale of Interest (space and time), and

111) processes & parameters being simulated

Three approaches are common:

1) LEM/SEM — Landscape Evolution Model /
Seascape or Stratigraphic Evolution Model

2) MDM — Morphodynamic Model

3) STM — Sediment Transport Model
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S2S Modeling: 1) Landscape / Seascape Evolution Models LEM/SEM

< simulate geological time and space scales.

< incorporate geophysical & geochemical feedbacks: e.g. isostasy,
eustasy, faulting, other tectonics, climate change, sea level,
post-depositional compaction & cementation.

< time-integrated fluxes, or event-based, scaled to geology

<> siliciclastic &/or carbonate; abiotic or biotic

< science domain: geomorphology & stratigraphy;? '
< time step: ~10? - 10* y; duration: ~10*- 10"y

< pixel size: ~10°m - 10" my;

<> spatial domain: ~10°m - 10" m

<> CSDMS LEMSs: CHILD, Siberia, Caesar,
Erode, GOLEM, MarsSim, WILSim

< CSDMS SEMs: SedFlux, cyclopath
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Each LEM term has

many forms & options e.g. (term 4) Mass transport by
gravitational processes
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examples:

E Species

Distance in X (cells)

Delta Models:

distributary channel dynamics, channel hydraulics, bedload dynamics
longshore transport, tidal dynamics

River Plume Models:
hypopycnal plume dynamics, hyperpycnal plume dynamics

Shelf Transport Models:
bottom boundary layer dynamics (wave, current interactions)
fluid muds, upwelling, downwelling

erosion, deposition, seafloor properties, stratigraphy
Geotechnical Models:

compaction, porosity, permeability,
excess pore pressure, plasticity, sediment viscosity

Slope Stability Models:

sediment strength, potential failure planes
earthquake loading, sediment loading

Failure volume and properties
~ @Gravity Flow Models: .
Turbidity Current dynamics, Debris flow dynamics
erosion, deposition, seafloor properties, stratigraphy

tectonics (folding, faulting), isostasy, flexural response

GeoPh sical Models:
a
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S2S Modeling: 2) Morphodynamic Models MDMs

<~ simulate the evolving transport pathway and mobile bed with
dynamical feedback to fluid transport processes.

<> may include ecodynamics.

< Advection-Diffusion Schemes, St. Venant Shallow Water Models,
Reynolds-averaged Navier Stokes (RANS) models (few LES)

<> both Newtonian to non-Newtonian fluids.
< science domains: engineering, hydraulics, sedimentology
<> time step: ~10' - 10* s;
<> duration: ~10° - 10° s
< pixel size: ~10' - 10° m;
< spatial domain: ~10° - 10° m
< CSDMS MDMs e.g.: MIDAS, CEM,
Xbeach, SedFlux, Sakura, Hyper,

Bing, & soon DelftsD, e-Parker r—r——yr
: oS
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BING: Lagrangian depth-averaged debris flow MDM model

2) Flow height (1a)
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S2S Modeling: 3) Sediment Transport Models STMs

< material fluxes along a pathway.

< may cover multiple domains,
e.g. river floods and ocean storms.

<> computational fluid dynamics include
Reynolds-averaged NS simulators,
Large-Eddy Simulators,
Direct Numerical Simulators,
Boussinesq & non-hydrostatic approximations.

<~ science domains: oceanography, hydrology, sedimentology

<-time step: ~1 - 10* s; duration: ~10° - 10% s
p

< pixel size: ~10' - 10° m; spatial domain: ~10°m - 10'° m
p p

< CSDMS STMs e.g.: WBM-BOQART, TopoFlow-Psi,
HydroTrend, QUAL2K, OTEQ, OTIS, SPARROW, GNE,
HSPE, LOADEST, RHESSys, SWAT, ROMS, ADCIRC
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STM e.g. ROMS
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STM model nesting

Application of
COAMPS/ROMS 4km Run: Northern Adriatic View: 2002/11/19 15:00 multiple model
Winds, Waves  Hydro Fluv Sed. Susp Sed. Bed Sed. nesting, including
o . HydroTrend,
ROMS, SWAN,
COAMPS,
NOGAPS,
CSTMS.

Duration 1 year

waves m salinity ppt Fluvial kgim Suspended kglm Bed kglm

-:I:l.:I-:I-:I

3 28 30 32 34 36 38

C. Sherwood & R Signell
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The CSDMS Modeling Tool, CMT, allows S2S components to be
linked to similar open-source components, with due consideration of
appropriate time & space resolution and process requirements.

CSDMS Component
Library

CCA/CSDMS Services A
OpenMI Services ... ... .l.
l.l l.l
I.I I.l I.I

CCA/CSDMS Framework

CSDMS
Driver

CSDMS
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~Component: HydroTrend

~Driver: CEM———————— =

Waves © | ~Component: Waves

® Waves !

CSDMS CMT S2S Coupling
1) LEM/SEM: CHILD + SedFlux

2) STM + MDM: HydroTrend + CEM + Waves

3) STM: GC2D + TopoFlow; HydroTrend + ROMS;
WBM + BOART/PSI

4) STM + SEM: HydroTrend + SedFlux

CSDMS models mostly used in stand alone mode, ie >8000 downloads
49 ot 164 CSDMS models are now CMT components
S2S coupled examples are being developed annually




Summary ot S2S Modeling
» Complete S2S modeling has

a distance to go

S -
» LEM/SEM coupling has s Al —
great potential with CHILD [ P S _
to SedFlux being the first y
‘type’” example, but many

components are missing ‘ Analytical

———

Grain Size (¢

MDM model coupling is 1n its infancy and the next decade will see
examples limited to couplings of 2 or 3 environments

STM model coupling also has great potential as global earth-system
modeling develops. These models however will never ofter
stratigraphy or geomorphology. Geodynamics will be missing, but
the models offer important linkages to geochemistry, and ecosystem
dynamics
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