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Introduction

Subdomain Modeling

A localized approach for storm surge simulation, subdomain modeling allows
modelers to perform repeated simulations with local variations to the original
domain, using less computational effort (Altuntas, 2012).

* Hydrodynamic models are used to assess the effects of storm surge in
hurricane-prone regions.

* Computational cost may be prohibitive when multiple engineering design
and failure scenarios are to be considered.

* The approach is an exact reanalysis technique for assessing multiple
scenarios on smaller domains, so long as the subdomain is large enough to

fully contain the altered hydrodynamics.
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Introduction

An array of possible levee failures.
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Introduction

Design process

620,089 nodes

Begin with a full domain
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Introduction

Design process

8,031 nodes

Extract a subdomain

620,089 nodes
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Introduction

Design process

8,031 nodes

620,089 nodes 5 h j
‘l

U/

Apply local changes
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Introduction

Subdomain Modeling: A one-way hand-off of boundary conditions

— Elevation Boundary Condition :

Elevations,

wet/dry states,
velocities

Water level (m)

1 i 1 I i 1
0 100000 200000 300000 400000 500000 600000 700000
Timesteps
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Workflow

Overview of the Subdomain Modeling Approach

1. Construct a subdomain

* Locate regions of interest, subdomains, within a sizable original
domain, full domain

e Perform the full domain run to generate boundary conditions
* Preprocess boundary condition files
* Perform the subdomain runs
2. Generate engineering scenarios
e Verify the subdomain
* Apply local alterations
* Perform the subdomain runs with alterations

e Verify the alterations
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Workflow

1. Construct a subdomain

@ Begin with an ADCIRC model Full

Nc STATE U N |VER S |TY 10 Developments in Subdomain Modeling



Workflow

1. Construct a subdomain

@ Begin with an ADCIRC model Full
1 | Generate a subdomain Sub
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Workflow

1. Construct a subdomain

@ Begin with an ADCIRC model

}

Generate a subdomain

P —

N

Run ADCIRC on full domain
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Workflow

1. Construct a subdomain

@ Begin with an ADCIRC model

}

Generate a subdomain

Run ADCIRC on full domain

1
2
E Extract boundary conditions
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Workflow

1. Construct a subdomain

@ Begin with an ADCIRC model Full
1 | Generate a subdomain Sub
l P ADCIRC
2 | Run ADCIRC on full domain Full ,  Gridand model |
: parameters
E Extract boundary conditions . d Sub
oundary |
1 Conditions i
P ADCIRC
4 | Run ADCIRC on subdomain Sub
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Workflow

2. Generate engineering scenarios

@ Begin with a full domain

' Construct a subdomain

@ Verify subdomaln

Stable?
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Workflow

2. Generate engineering scenarios

@ Begin with a full domain

— .
Construct a subdomain

6 | Apply local changes
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Workflow

2. Generate engineering scenarios

@ Begin with a full domain

Full |
—_— | . E
: Construct a subdomain M
v : /
_ Verify subdomain
No

lYes PR N

Apply local changes W (_Sm (_S\l@
l l l

6
l P ADCIRC p ADCIRC P ADCIRC
7

Run ADCIRC on altered subdomains Sub, Sub, Sub,
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Workflow

2. Generate engineering scenarios

@ Begin with a full domain

Full |
—_— | . E
: Construct a subdomain M
v : /
_ Verify subdomain
No

lYes PR TR

Apply local changes W (_Sm (_S\l@
l l l

6
l P ADCIRC p ADCIRC P ADCIRC
7

Run ADCIRC on altered subdomains Sub, Sub, Subs,
l V \’ V
Verify altered subdomains Sub, Sub, Sub,
Ny

Large enough?
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Workflow

2. Generate engineering scenarios

@ Begin with a full domain -

—_ | Full
> : Construct a subdomain M
v : /
_ Verify subdomain
No

Yes / ! \
_,l
6 | Apply local changes W (_Sm (_S\l@
v \’ v
P ADCIRC P ADCIRC P ADCIRC

7 | Run ADCIRC on altered subdomains Sub, Sub, Sub;,

¥ v v
\Zs Verify altered subdomains SUblv Sszv Sub3x
I

| No
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Workflow

Additional files for ADCIRC Subdomain Modeling

1. fort.015 - Subdomain modeling control file
e Configuration file for both full domain and subdomain runs.
e Contains parameters controlling the subdomain modeling approach
and options for additional output files.

2. fort.019 — Boundary conditions file
* Contains elevations, wet/dry states and velocities for subdomain
boundary nodes.
 Extracted from fort.065 files

3. fort.065 — Full domain output files
1. Contains elevation, wet/dry state and velocity outputs of specified
full domain nodes (corresponding to subdomain boundary nodes)
2. Used to generate boundary conditions files

4. py.140, py.141 — Node and Element mapping from subdomain to full
domain, respectively
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Developments

Developments in Subdomain Modeling Approach

Hotstarting feature for subsequent subdomain runs is modified.

* Boundary condition modifications:
e Performance improvement in the wetting and drying component
* Minor bug fix in the velocity component

e Extensive set of tides+hurricane test cases performed.

e ADCIRC subdomain branch merged into the trunk of ADCIRC
repository.
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Developments

Hotstarting

During the runtime, the hotstarting feature can be used to make changes in the
model configuration at a specified timestep. (e.g., adding meteorological forcing)

* Hotstarting scheme of the subdomain modeling is modified to
accurately implement this approach for subsequent subdomain runs.

E.g., Tides+Hurricane Runs

Run,: Tides only

Run,: Tides+Hurricane

Run, Run,
A A . i
I’ M ! Tides —> Tides —>
o Hurricane Met. —>
Full domain: SlES A .
| I | Hstart file
: | :
| 1 |
| 1 |
Subdomain: : : :
| 1 |
| 1 |
I | \!
I | ‘ A“““
\_3‘ ‘.3‘ o‘
co\® ot e
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Developments

Hotstarting

During the runtime, the hotstarting feature can be used to make changes in the
model configuration at a specified timestep. (e.g., adding meteorological forcing)

* Hotstarting scheme of the subdomain modeling is modified to
accurately implement this approach for subsequent subdomain runs.

E.g., Tides+Hurricane Runs

Run,: Tides only

Run,: Tides+Hurricane

Run, Run,
A A
y N ! Tides = Tides =
I Hurricane Met. =
Full domain: JilES A
[ I [ . | Hstart file
| : | Py
| | |
| | |
Subdomain: | | : m
| | |
| | |
| I \!
| | ‘ /I“Q“
\_3‘ ‘.3‘ o‘
co\® ot e
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Developments

Hotstarting

During the runtime, the hotstarting feature can be used to make changes in the
model configuration at a specified timestep. (e.g., adding meteorological forcing)

* Hotstarting scheme of the subdomain modeling is modified to
accurately implement this approach for subsequent subdomain runs.

E.g., Tides+Hurricane Runs

Run,: Tides only

Run,: Tides+Hurricane

Run, Run,
A A . .
y N ) Tides —> Tides —>
I Hurricane Met. —>
Full domain: JilES A
, . . | Hstartfile |
: : : B. \1, b.u.\ll
| | |
|
Subdomain: | .| I m Met. —> m
| | | S—
: : : Hstart file
I i X \'“\‘“
\_3‘ ‘.3‘ o‘
co\® o e
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Developments

Wetting and Drying

Wetting and Drying component of the boundary conditions refined for

subdomain runs.

External

nodes g - - - -
T Node being updated

-

- - -

------------
______

N
Internal _,-:—\-\— ———_ States provided
nodes ‘/ 'J/’\i === Sy poundary
-7 "'{-\\ i
N - conditions
— 8"
= S PN

Wet /dry state of an -
p
F N S (S
element depends on:
elevations (11, 72, 173) TN SN
[ ./ N .,
v - ,\.\_ — _'/ o Boundary
Wet /dry state of ~ S
\ nodes
a node depends on: ./
elevations of itself
and adjacent nodes (n)
wet /dry states
of adjacent nodes

wet/dry states

of incident elements

Figure 3: Wetting and drying data dependencies
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Locations in the algorithm at
which wet/dry states need to be
forced determined.

Redundant wetting and drying
forcings in the algorithm
removed.

Accuracy of the algorithm for
subdomain runs verified.
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Developments

Momentum Equations

Similarly, momentum equation and its domain dependency refined for
subdomain nodes at or near the boundaries.

External
i'l‘()df“-{w‘_-’:._(—.‘- -
T~ Node being updated

....... e  Abug causing a phase difference
o Sutesprovidd between the calculated fluxes of

y
Internal ~ /
s

node{;__‘:-" ///\}( T by boundary .
- X ot subdomain boundary nodes and

St trom 8 o corresponding full domain nodes
incident elements: . .

o and y averaged p d ete Cted a n d flxed .

velocities " \\\ Ny - *

N . 7,’. B Boundary
States from N\ S .

adjacent nodes:

elevations (n)

wet /dry states
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Developments

Tides+Hurricane Runs

The accuracy of the method confirmed for simulations with combined effects of
hurricanes and tidal constituents.

Test Case: Hurricane Irene (2011)

MaXIElevalon leferenc‘e 0.05 o MeSh: NC9
0.04 * Full domain:
34.00| 0.03 #Nodes: 622946
002 #Elements: 1230430

1o e Subdomain:

#Nodes: 31500
[ #Elements: 62697
o * Tidal Constituents:
M2, S2, N2, K2, K1,

01, P1, and Q1

33.92 |
10.00

Y Location
meters

33.84+

-0.03

-0.04

33.76 t

1 Il ! ! ! . -0.05
-78.10 —-78.04 -77.98 -77.92 —-77.86

X Location
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Developments

Tides+Hurricane Runs

The accuracy of the method confirmed for simulations with combined effects of
hurricanes and tidal constituents.

Test Case: Hurricane Irene (2011)

- T T

34.00

; o No. of nodes 622946 31500 5.05
: Tides+Hurr Runtime 2090 73 3.49
(CPU-hour)

33.76 L -0.05
-78.10 -78.04 -77.98 =77.92 -77.86
X Location
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Developments

Merging Subdomain Module

Subdomain branch of ADCIRC merged into the recent ADCIRC release. Several
adjustments and modifications made:

* Subdomain modeling files promoted to modules.

* Namelist subdomainModeling introduced.

* Several bugs caused by the transition to namelist implementation
diagnosed and resolved.

* Several bugs regarding the decomposition of the input files for
parallel ADCIRC runs diagnosed and resolved.

* Merged ADCIRC code tested, confirming that, when subdomain
modeling is active, the merged code works the same as the
subdomain branch.
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Developments

Merging Subdomain Module
Namelist subdomainModeling introduced. The variable subdomainOn is

required to be set to True to activate subdomain modeling features.

Quarter Annular Problem — fort.15:

@& G aaltunt@takanami:~/research/subdomain/runs/testTrunk/qa

3 ! TOTAL NUMBER OF ELEVATION RECORDING STATIONS
80668.4 12256.0 ! COORD. OF ELEVATION STATION
126205.2 10686.9
51131.1 88884.3

10.0650 3 ! NOUTV,TOUTSV, TOUTFV,NSPOOLY

3 ! TOTAL NUMBER OF VELOCITY RECORDING STATIONS
80668.

4 12256.0 ! COORD. OF VELOCITY STATION
126205.2 10686.9
51131.1 88884.3

1 0.0 5.0 3
1 60.05.03

NOUTGE , TOUTSGE , TOUTFGE ,NSPOOLGE
NOUTGV, TOUTSGV, TOUTFGY , NSPOOLGY
! NHARFR
P ! HAFNAM(I)
.0081465257 1.0 0.0 ! HAFREQ(I=1),HAFF(I=1),HAFACE(I=1)
.00 5.80 1 0.0 ! THAS, THAF , NHAINC, FMV
1111 ! NHASE ,NHASV ,NHAGE , NHAGVY
512 ! NHSTAR ,NHSINC
=z =5 ! ITITER, ISLDIA, CONVCR, ITMAX -
I&subdomainModeling subdomainOn=1 |/
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SMT

SMT: A graphical interface for ADCIRC Subdomain Modeling

SMT streamlines the pre- and post-processing requirements of the
subdomain modeling technique (Dyer, 2013).

The tool automates the workflow of constructing subdomains and
visualizing ADCIRC meshes.

Its project manager tool allows modelers to create and run a large
number of subdomains from a single full domain.
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SMT

SMT: A graphical interface for ADCIRC Subdomain Modeling

x Adcirc Subdomain Modeling Tool

File Edit Project Display ADCIRC Help
\;:Q—{ \E‘ + X B
Project Explorer

v Case Stud*

Sub Domains

Create New Subdomain
Edit Subdomain
ADCIRC

Analyze Results Nodes: 620089 Elements: 1224714 Timesteps: - X:-60.2092 Y: 26.9775 . -
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SMT

SMT: A graphical interface for ADCIRC Subdomain Modeling

File Edit Project Display ADCIRC Help
‘Q\ 1 E% NE VA=
Project Explorer

Create New Subdomain

Select Elements
Rail Ik N
Deselect Elements

+e/m/xL

Subdomain Properties
Nodes: 2818
Elements: 5459
Min Elevation: -13.0325
Max Elevation: 14.2586 |

' Create Subdomain

Edit Subdomain
ADCIRC
Analyze Results Nodes: 620089 Elements: 1224714 Timesteps: - X:-77.9045 Y:34.1397 |G| o
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SMT

SMT: A graphical interface for ADCIRC Subdomain Modeling
| ©©© Adcircsubdomain ModelingTool |

File Edit Project Display ADCIRC Help

8 (@ [+ (£ B
Project Explorer

v Case Study

» Full Domain

+ Sub Domains
» Silverlake-0.015
» Silverlake-0.041
» Silverlake-0.067
» Silverlake-0.093
» Silverlake-0.119
» Silverlake-0.145
» Silverlake-0.172
» Silverlake-0.198
» Silverlake-0.224
» Silverlake-0.250

Create New Subdomain
Edit Subdomain
ADCIRC

Analyze Results Nodes: 2818 Elements: 5459 Timesteps:- X:-77.9530 Y:34.1510 . o~
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SMT

SMT: A graphical interface for ADCIRC Subdomain Modeling

x Adcirc Subdomain Modeling Tool

File Edit Project Display ADCIRC Help
CIEEESNE
Project Explorer
Create New Subdomain

. SelectElements

-+ @)Y

L peskaEana

RallCL 1P N
Subdomain Properties

Nodes: 11282

Elements: 22300

Min Elevation: -18.7414
Max Elevation: 9.2141

' Create Subdomain

i oS AVAVAVAVAVY
Edit Subdomain A,
ADCIRC : A Y@E’g"uh PAWAW.
Analyze Results Nodes: 620089 Elements: 1224714 Timesteps: - X:-77.6468 Y: 34.1994 \§i 4

AN

ﬁVAVA7A¢v$"3‘rATA
A NS
TN NN

.4\7_‘,'“

_éi‘?
AV
Vaw o

=

28

?y :
AN
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SMT

SMT: A graphical interface for ADCIRC Subdomain Modeling

Adcirc Subdomain Modeling Tool

File Edit Project Display ADCIRC Help

# (& 4+ £ B

.

Project Explorer

v Case Study

» Full Domain

¥ Sub Domains

» Silverlake

Silverlake-0.015
Silverlake-0.041
Silverlake-0.067
Silverlake-0.093
Silverlake-0.119
Silverlake-0.145
Silverlake-0.172
Silverlake-0.198
Silverlake-0.224
Silverlake-0.250
Masonboro-1
Masonboro-2
Masonboro-3
Masonboro-4
Masonboro-5

b ah b SR 48 b b b b &b ¢

W WP W

Create New Subdomain
Edit Subdomain
ADCIRC

Analyze Results Nodes: 11282 Elements: 22300 Timesteps: - X:-77.9035 Y: 34.3000
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Workflow

An introductory example: Quarter Annular Problem

Begin with an
ADCIRC model

NC STATE UNIVERSITY

X Adcirc Subdomain Modeling Tool

File Edit Project Display ADCIRC Help

éH/ H“‘l'

Project Explorer

v QuarterAnnular

Full Domain
fort.14
fort.15

Sub Domains

Create New Subdomain
Edit Subdomain

ADCIRC
Analyze Results Nodes: 63 Elements: 96 Timesteps: - X:-6541.1953 Y:127189.8516 “u &~

Create a new project
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Workflow

An introductory example: Quarter Annular Problem

@ Begin with an
ADCIRC model

1 Generate a
subdomain

NC STATE UNIVERSITY

X Adcirc Subdomain Modeling Tool

RS = IO
Project Explorer
Create New Subdomain

Select Elements

I
+/| @)l |4
Deselect Elements
RalC L 1P N
Subdomain Properties
Nodes: 21
Elements: 28
Min Elevation: -15.4305
Max Elevation: -4.7625

i Create Subdomain

Edit Subdomain
ADCIRC
Analyze Results

File Edit Project Display ADCIRC Help

Nodes: 63 Elements: 96 Timesteps: -

X: 120464.1875 Y: 55553.8047 |%a| o>

Select the region of interest

38
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Workflow

An introductory example: Quarter Annular Problem

@ Begin with an
ADCIRC model

1 Generate a
subdomain

Adcirc Subdomain Modeling Tool
File Edit Project Display ADCIRC Help

RS I

Project Explorer
| ¥ QuarterAnnular
v Full Domain
fort.14
fort.15
fort.015
¥ Sub Domains
¥ ga-subl
bnList.14
[ fort.015 |
py.140
py.141

Create New Subdomain
Edit Subdomain
ADCIRC

Analyze Results

Nodes: 21 Elements: 28 Timesteps: -

X:111568.1172 Y:122898.8594 “u o~

NC STATE UNIVERSITY
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Create the subdomain
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Workflow

An introductory example: Quarter Annular Problem

File Edit Project Display ADCIRC Help

@ Begin with an 6 & s E 4
ADCIRC mo d e I | Project Explorer
| Create New Subdomain
i Edit Subdomain
| ADCIRC
Generate a \ Run Full Domain
1 . |
subdomain Liagp-siot
l X Run ADCIRC
ADCIRC Executable: |/home/alper/adcirc/work/adcirc| ] Choose...
2 R un A DCI RC Run Environment:
on fUI I doma in ® Separate Shell

Subdomain Creator
{not recommended)

-OK Cancel
R

| Run Selected Subdomains

i ‘
| Analyze Results Nodes: 63 Elements: 96 Timesteps: - X:-10920.6875 Y:117805.2188 |Sa| o7 |

Run ADCIRC on full domain
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Workflow

An introductory example: Quarter Annular Problem

File Edit Project Display ADCIRC Help
@ Begin with an €esH
ADClRC mOdeI Project Explorer
Create New Subdomain
Edit Subdomain
ADCIRC
O ® & Terminal
1 Generate a ELMAX = -5.0037E-001 AT NODE SPEEDMAX = 1.4732E-001 AT NODE
. ¥| ga-subl 0
subdomain 4 TIME STEP 1149 ITERATIONS 7 TIME = ©0.28067974E+06
ELMAX = -5.0878E-001 AT NODE SPEEDMAX = 1.4304E-001 AT NODE
]
l TIME STEP 1150 ITERATIONS 7 TIME = 0.20085440E+06
ELMAX = -5.1695E-001 AT NODE SPEEDMAX = 1.3864E-001 AT NODE
0
2 Run ADCIRC TIME STEP 1151 ITERATIONS 7 TIME = 0.20102906E+06
. ELMAX = -5.2487E-001 AT NODE SPEEDMAX = 1.3411E-001 AT NODE
on full domain 0
TIME STEP 1152 ITERATIONS 7 TIME = ©0.20120371E+06
ELMAX = -5.3255E-001 AT NODE SPEEDMAX = 1.2947E-001 AT NODE
0
TIME STEP = 1153 ITERATIONS 7 TIME = 0.20137837E+06
ELMAX = -5.3996E-001 AT NODE SPEEDMAX = 1.2470E-001 AT NODE
0
TIME STEP = 1154 ITERATIONS 7 TIME = 0.20155302E+06
ELMAX = -5.4711E-001 AT NODE SPEEDMAX = 1.1981E-001 AT NODE
TIME STEP = 1155 ITERATIONS 7 TIME 0.20172768E+06
Run' ELMAX = -5.5399E-001 AT NODE SPEEDMAX = 1.1479E-001 AT NODE
PO TIME STEP 1156 1Tel]

Run ADCIRC on full domain
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Workflow

An introductory example: Quarter Annular Problem

File
Begin with an e sH
ADCIRC model Project Explorer

Create Mew Subdomain
Edit Subdomain

Edit Project Display ADCIRC Help

l ADCIRC
O™ Terminal
1 Generate a ELMAX = -5.0037E-001 AT NODE SPEEDMAX = 1.4732E-001 AT NODE
. ¥| ga-subl 0
subdomain 4 TIME STEP 1149 ITERATIONS 7 TIME 0.20067974E+06
ELMAX = -5.0878E-001 AT NODE SPEEDMAX = 1.4304E-001 AT NODE
]
l TIME STEP = 1150 ITERATIONS 7 TIME 0.20085440E+06
ELMAX = -5.1695E-001 AT NODE SPEEDMAX = 1.3864E-001 AT NODE
0
2 Run ADCIRC TIME STEP = 1151 ITERATIONS 7 TIME 0.20102906E+06
. ELMAX = -5.2487E-001 AT NODE SPEEDMAX = 1.3411E-001 AT NODE
on full domain 0
TIME STEP = 1152 ITERATIONS 7 TIME 0.20120371E+06
ELMAX = -5.3255E-001 AT NODE SPEEDMAX = 1.2947E-001 AT NODE
0
TIME STEP 1153 ITERATIONS 7 TIME 0.20137837E+06
E Extract boundary . ELMAX = -5.3996E-001 AT NODE SPEEDMAX = 1.2470E-001 AT NODE
Y TIME STEP 1154 ITERATIONS 7 TIME ©.20155302E+06
conditions ELMAX = -5.4711E-001 AT NODE SPEEDMAX = 1.1981E-001 AT NODE

TIME STEP 1155 ITERATIONS 7 TIME 0.20172768E+06
! ELMAX = -5.5399E-801 AT NODE SPEEDMAX = 1.1479E-001 AT NODE

Analyze ResiIBLISRY I 1156 ITEI

Extract boundary conditions

NC STATE UNIVERSITY



Workflow

An introductory example: Quarter Annular Problem

Begin with an
ADCIRC model

Generate a
subdomain

Run ADCIRC
on full domain

Extract boundary
conditions

Run ADCIRC
on subdomain

p<——@<—~<——p<—@

NC STATE UNIVERSITY

&

0.
5.
2.
i]
1.
0.
i]
i]
0.
i]
4
1

! NTIP

! NWS

! NRAMP - RAMP FUNCTION OPTION

! G - ACCELERATION DUE TO GRAVITY - DETERMIME<
! TAU® - WEIGHTING FACTOR TH _cli-o

| bT___TIag cTE” and removse
' data linés

.35 0.30 0.35
i} !
0 0.0 ! SLAMO,SFEAO
.0025 FFACTOR

.0

(6]

¢ ANulniw . INNER ANGLE THRESHOLD
! NOUTE,TOUTSE,TOUTFE,NSPOOLE:ELEV STATION OUTPUT INFO (

! TOTAL NUMBER OF ELEVATION RECORDING STATIONS
! NOUTV,TOUTSV,TOUTFV,NSPOOLV
| TOTAL NUMBER OF WELOCITY RECORDING STATIONS
5.0 3 I NOUTGE, TOUTSGE, TOUTFGE , NSPOOLGE
5.0 3 NOUTGV, TOUTSGV, TOUTFGV,N5POO

.0001405257 1.0 0.0
.00 5.80 1 0.0
111

512

® 1.E-5 25
ubdomainModeling subdomainOn=1 IE

Edit subdomain fort.15 file manually



Workflow

An introductory example: Quarter Annular Problem

File Edit Project Display ADCIRC Help
@ Begin with an fo .M
ADClRC mOdeI Project Explorer
Create Mew Subdomain
Edit Subdgsaais
T @& Terminal
Generate a TIME STEP 1350 ITERATIONS = 5 TIME = 0.23578560E+06
1 . v qa-su ELMAX = 1.6272E-001 AT NODE SPEEDMAX = .8923E-001 AT NODE
subdomain
TIME STEP 1351 ITERATIONS 5 TIME 0.23596026E+06
ELMAX = 1.4934E-001 AT NODE SPEEDMAX = .8963E-001 AT NODE
TIME STEP 1352 ITERATIONS 5 TIME 0.23613491E+06
ELMAX = 1.3596E-001 AT NODE SPEEDMAX = .8986E-001 AT NODE
Run ADCIRC
2 . TIME STEP 1353 ITERATIONS 5 TIME 0.23630957E+06
on full domain ELMAX = 1.2256E-801 AT NODE SPEEDMAX = 2.8992E-001 AT NODE
TIME STEP 1354 ITERATIONS 5 TIME 0.23648422E+06
ELMAX = 1.0917E-001 AT NODE SPEEDMAX = .8982E-001 AT NODE
TIME STEP 1355 ITERATIONS 5 TIME 0.23665888E+06
E EXtraCt boundary ELMAX = .5779E-002 AT NODE SPEEDMAX = .8955E-001 AT NODE
Condltlons TIME STEP 1356 ITERATIONS 5 TIME 0.23683354E+06
ELMAX = .0976E-002 AT NODE ] SPEEDMAX = .8912E-001 AT NODE
{ TIME STEP 1357 ITERATIONS 5 TIME 0.23700819E+06
F_ ELMAX = .9326E-002 AT NODE
Analyze Results Nodes: 21 Elements: 28 Timesteps: - X:36312.4922 Y: 127802.7344
4 Run ADCIRC

on subdomain

Run ADCIRC on subdomain

NC STATE UNIVERSITY



Workflow

An introductory example: Quarter Annular Problem

Begin with an

ADCIRC model Max Elevation Difference
l T T T T
| Constructa 120000 |
| subdomain
v
105000
<:> Verify
subdomain <
"FE 90000 |-
5
>
75000 F
60000 -
30000 45000 60000 75000 90000
X Location

1 1 1 1
—0.010 -0.008 —0.006 —0.004 —0.002 0.000 0.002 0.004 0.006 0.008 0.010
meters

Check if subdomain is stable
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Workflow

An introductory example: Quarter Annular Problem

Begin with an

Adcirc Subdomain Modeling Tool
ADCIRC model File Edit Project Display ADCIRC Help
— | RS
I Construct a ;
i Project Explorer
| S Ubdom ain Create New Subdomain
v Edit Subdomain
. Subdomains
Verify
No subdomain
lYes
6 Apply local (+]
changes —
Node #: | \
x:[s9268.4 |
Y: |88701.1 \
Z: 10.0 [
i AP,,P‘),'*WE \ Reset \
\ Reset All \
\ Save Changes \
ADCIRC
Analyze Results Nodes: 21 Elements: 28 Timesteps: - X: 111568.1172 Y: 41607.6992 | o~

Modify subdomain locally
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Workflow

An introductory example: Quarter Annular Problem

Begin with an

ADCIRC model File Edit Project Display ADCIRC Help
| Construct a -
i Project Explorer
| SUdemCHn Create New Subdomain

v Edit Subdgsaais
T @& Terminal
Verlfy TIME STEP 1350 ITERATIONS = 5 TIME = ©.23578560E+06
No subdomaln v qa-suf ELMAX = 1.6272E-001 AT NODE 29 SPEEDMAX = .8923E-001 AT NODE
Y TIME STEP 1351 ITERATIONS = 5 TIME 0.23596026E+06
es ELMAX = 1.4934E-001 AT NODE 29 SPEEDMAX = .8963E-001 AT NODE
TIME STEP 1352 ITERATIONS = 5 TIME 0.23613491E+06
ELMAX = 1.3596E-001 AT NODE 29 SPEEDMAX = .8986E-001 AT NODE
Apply local i _ i ) )
6 TIME STEP 1353 ITERATIONS = 5 TIME 0.23630957E+06
Cha nges ELMAX = 1.2256E-001 AT NODE 29 SPEEDMAX = .8992E-001 AT NODE
TIME STEP 1354 ITERATIONS = 5 TIME 0.23648422E+06
ELMAX = 1.0917E-001 AT NODE 29 SPEEDMAX = .8982E-001 AT NODE
TIME STEP 1355 ITERATIONS = 5 TIME 0.23665888E+06
Run ADCIRC on ELMAX = .5779E-002 AT NODE 29 SPEEDMAX = .8955E-001 AT NODE
7 : TIME STEP 1356 ITERATIONS = 5 TIME 0.23683354E+06
altered SUbdomalnS ELMAX = .0976E-002 AT NODE ] SPEEDMAX = .8912E-001 AT NODE
{ TIME STEP 1357 ITERATIONS TIME 0.23700819E+06
F_ ELMAX = .9326E-002 AT NODE

Analyze Results Nodes: 21 Elements: 28 Timesteps: - X:36312.4922 Y: 127802.7344

Run ADCIRC on altered subdomain
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Workflow

An introductory example: Quarter Annular Problem

Begin with an

ADCIRC model
—_— |
I Construct a
| subdomain
v
Verify
I\I_o subdomain
Yes
—>
Apply local
changes

Run ADCIRC on
altered subdomains

N | €&— O

l

Verify altered
Yes Q subdomains

| No

NC STATE UNIVERSITY

Y Location

Max Elevation Difference

120000 -
105000 -
90000 -
75000 +
60000 +
30(I}DO 45600 60600 ?5(I)OO 90600
X Location

1 1 1 1
—0.010 -0.008 —0.006 —0.004 —0.002 0.000 0.002 0.004 0.006 0.008 0.010
meters

Check if altered hydrodynamics reach to the boundary
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Adaptive Subdomain Modeling

Adaptive Subdomain Modeling: A New Approach

The subdomain sizes are determined automatically and the boundaries are
moved adaptively depending on the response of the model, thus ensuring that
the technique is both efficient and accurate.

* Subdomain meshes are expanded if altered hydrodynamics reach to the
boundaries, to ensure that the enforced boundary conditions are still valid.

* Subdomain meshes are contracted if altered hydrodynamics are far enough
from the boundaries, to provide better computational performance.

* Subdomain geometries need not be contiguous.
* Full domain and subdomain runs are performed concurrently.

* A new software framework is being designed with the aim of serving as a
base for adaptive/dynamic ocean models.

NC STATE UNIVERSITY



Adaptive Subdomain Modeling

A software framework for adaptive/dynamic ocean models

Contrary to most numerical models using procedural programming languages,
our software framework is based on object-oriented programming languages,
mainly; C++ & Python.

With the help of recent advances in compilers and optimization tools, efficient
models can be constructed using OOP languages.

* OOP Mechanisms: encapsulation, polymorphism, abstraction and class
inheritance

* Data Structures: Efficient and flexible containers and an effective system
design

* GUI & OpenGL Visualization

* Various Parallelism strategies: Message Passing, Multithreading, GPU
Programming, Hybrid strategies

boost @ python [Qi. penGL —_‘J—j)
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Adaptive Subdomain Modeling

ASMFV: Adaptive Subdomain Modeling — Finite Volume

An experimental finite volume code written in C++, based on our new
software framework

* Adaptive Subdomain Modeling feature included

e Original full-domain run and locally-modified subdomain runs performed
concurrently

* Solves 1D/2D Shallow Water Equations, using HR-FVM (LeVeque, 2004)

* An embedded GUI created using Qt, and an OpenGL 3D visualization tool
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Adaptive Subdomain Modeling

Adaptive Subdomain Modeling

A 1D example: Submerged beach nourishment

Initial Conditions

4l Beachl bathymetry | |
T — Beachl surface
=~ 3t o BeachO bathymetry [
_5 5 \ “'\»(_'\a\ p\)\ \te(a{\oﬂ — Beacho surface
® 4T AQ \ 2 — .
2 -
£ AR |
@ ;
g 0 oo
= -
7 1) _
g e
_3 _______ - i
0 5[|]0 1[]'00 15:00
X (m)
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Adaptive Subdomain Modeling
Adaptive Subdomain Modeling

A 1D example: Submerged beach nourishment

Timestep 0 (0.0 seconds)

all Beachl bathymetry \76-0\ z—differencg oa
‘E‘ — Beachl elevation {\0“ — elevation-difference
- 34 BeachO bathymetry \ 2 ‘\_e"a 0.3 =
o — Beacho elevation P\\OCa r)
B2t {02 ¥
3 Z
- 1F 401 @
a
: /\ :
LY - 0.0 -
= n o
a ~1p 1-0.1 §
. e
£ -2t e 1-02 3
= =T .
Y — m) ——— @ Subdomain 1-0.3
0 500 1000 1500 2000
X (m)
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Adaptive Subdomain Modeling

Adaptive Subdomain Modeling

A 1D example: Submerged beach nourishment

Timestep 0 (0.0 seconds)

all Beachl bathymetry Z-difference 0.4
= — Beachl elevation — elevation-difference ||
"*C" 3Y BeachO bathymetry 0.3 =
o — Beacho elevation r)
B2t 0.2 ¢
2 Z
E 1t 0.1 g
9 0 0.0 -
= n o
a —1t -0.17%
. I >
£ -2t e 1-02 3
= J—
=3 - 4-0.3
0 500 1000 1500 2000
X (m)
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Adaptive Subdomain Modeling

Adaptive Subdomain Modeling

A 1D example: Submerged beach nourishment

water surface elevation (m)

Timestep 500 (50.0 seconds)

all Beachl bathymetry Z-difference 0.4
— Beachl elevation — elevation-difference '
IH Beach0 bathymetry 0.3
—  Beacho0 elevation
20 0.2
1+ 0.1
-1} -0.1
-2}t ~0.2
~3f—- S ~0.3
0 500 1000 1500 2000
X (m)
55
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Adaptive Subdomain Modeling

Adaptive Subdomain Modeling

A 1D example: Submerged beach nourishment

Timestep 1000 (100.0 seconds)

all Beachl bathymetry Z-difference o4
= — Beachl elevation — elevation-difference ||
“*C" 3 Beach0 bathymetry 03 =
o — Beacho elevation r)
.E; 2 | | - 02 g
2 Z
E 1t 40.1 g
g O *“"ﬂ 0.0 ¢
= === o
a —1t 1-01 %
. I >
£ -2t 1-027
g [
=3 - 4-0.3
0 500 1000 1500 2000
X (m)
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Adaptive Subdomain Modeling
Adaptive Subdomain Modeling

A 1D example: Submerged beach nourishment

Timestep 2000 (200.0 seconds)

all Beachl bathymetry Z-difference o4
= — Beachl elevation — elevation-difference ||
"*C" 34 BeachO bathymetry E
o — Beacho elevation r)
g 2f :
3 g
@ 1 £
b o
g O c
= =
2 -1} 8
o —
@ T @
= 2L __’J_r_,-w’ 1=0.2 @
S [
3L - 4-0.3
o 500 1000 1500 2000

X (m)
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Resources

Publications

An exact reanalysis technique for storm surge and tides in a geographic
region of interest
Baugh et al., March 2015, Coastal Engineering, Vol 97, p.60-77

=

Consial "
. . I_!rllnn-rllﬂ.l
Coastal Engineering -

journal homepeage: www.elsevier.com/locate/coastaleng i J

An exact reanalysis technique for storm surge and tides in a geographic @Cmmrk
region of interest

Contents lists available at ScienceDirect |

John Baugh **, Alper Altuntas®, Tristan Dyer ®, Jason Simon

* Dvepa rimmient af

jil, Coviata ction, and Esvironianental Enginesring, Nonth Garoling Shate University, Raleigh NC U5A
b Depariment af

il and Emviranmental Engineering, University of Calibwn io, Berkelky, O, U5A

ARTICLE INFO ABSTRACT
Articke histary: Understanding t he eflects of storm surge in humicane-prone regions is necessary for protecting public and lifeline
Received 2 July 2014 services and improving resilience. While coastal acean hydmdynamic models like ADCIRC may be used to assess

Received in révised larm | Decenber 2014
Accepled 3 Decamber 2014
Avzilable anline 7 | anusry 2015

the extent af inundation, the computational cost may be prohibitive since many local changes comesponding
to design and failure scenarios would ideally be considered. We present an exact reanalysis technigue and
comresponding implementation that enable the assesment of local subdamain changes with less comput ational

Kieywards: effort than would be required by a complete resimulation of the full domain. 5o long as the subdomain is large
Hurricane enough to fully contain the altered hydrodynamics, changes may be made and simulations performed within
Starm sirge it without the need tocalculate new boundary values. Accurate results are obtained even when subdomain
Subdamai nmodeling boundarny conditions are forced only intermittently, and comvergence is demonstrated by progressively increas-
ADQRC ing the frequency at which they are applied. Descriptions of the overall methodology, performance results, and

accuracy, as well as case studies, are presented.

D 201 4 Elsevier BV, All rights resenved.
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Resources

Publications

Subdomain ADCIRC v.50 User Guide
Technical Report CE-308-13

Subdomain ADCIRC v.50
User Guide

Technical Report CE-308-13

Developed by
Alper Altuntas and Jason Simon

Under the direction of

John Baugh

Department of
Civil, Construction, and Environmental Engineering
North Carolina State University
Raleigh, NC 27695

NC STATE UNIVERSITY
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Resources

Subdomain Modeling in ADCIRC — Web Page:

www4.ncsu.edu/~jwb/subdomain/

[ subdomain Modeling x

- &[4 wwwd.ncsu.edu/~jwb/subdomain

Subdomain Modeling in ADCIRC

« ADCIRC NCSU branch: https:/adcirc.renci.org/svn/adcirc/branches/ncsu-subdomain/
(based on v. 51.14)

« Python scripts: scripts.tar.gz
« User manual: manual.tar.gz
« SMT graphical user interface
¢ Documentation and source: https://github.com/atdyer/SMT
o Windows version: http://www4.ncsu.edu/~atdyer/smt-windows/

For more information about subdomain modeling in ADCIRC, contact John Baugh at NC State
University.

NC STATE UNIVERSITY 60

Developments in Subdomain Modeling



Remarks

 Subdomain branch merged into ADCIRC trunk

* SMT is available online at https://github.com/atdyer/SMT/

* Hotstarting feature for subsequent subdomain runs refined

e Several adjustments for boundary conditions made

* Extensive set of tides+hurricane test cases performed

* A new technique, called “Adaptive Subdomain Modeling” is being
developed.

Thanks...
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