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Il. Large-Scale Storm Tide |
Forecast using SCHISM %"

e SCHISM (Semi-implicit Cross-scale Hydroscience
Integrated System Model) is an open-source
community-supported modeling system based on
unstructured grids, designed for seamless simulation of
3D baroclinic circulation across creek-lake-river-
estuary-shelf-ocean scales.

Finite element/volume formulation

Hydrostatic & non-hydrostatic options

Unstructured mixed triangular/quadrangular grid in the
horizontal dimension

Hybrid SZ coordinates in the vertical dimension

i—-implicit time stepping (no mode splitting):
no C ility constraints — numerical efficiency




A. SCHISM Large-Scale Domain
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SCHISM Model Inputs

» Nine separate 30-hour forecast simulations

» 6-hour update intervals starting on August
25, 2011 at 18:00 GMT as new Global
Forecast Wind (GFS) products and pressure
fields became available from the National
Weather Service facility in Wakefield, VA

» Tide inputs were calculated
separately for each 30-hour pmmmmm s252011 1800 cur

forecast via Xtide harmonic BEEEEES s/26/2011  00:00 ur
) ) . 8/26/2011  06:00 GMT
estimation and utilized as  gEEs 5262011 1200 o
tidal boundary conditions  EEEEEE 8262011 18:00 Gur
- D 8/27/2011 00:00 GMT
for each unique forecast run
for: m,, s,, N, K,, O, P,, Ky, Qy, & M,

8/27/2011  06:00 GMT
DR 5/27/2011 12:00 GMT

8/27/2011 18:00 GMT




Surface and Bottom Stress

» Bottom Stress formulation

(Tbx,Tby) = PoCop \/ut? +V§ (Uys V)

» Wind Stress formulation
(Tun, Twy) = PCos IW [ (W, W,)
C,. =(0.49+0.065 |W [) x107

_(11m/s<|W [ 33m/s)




. SCHISM Time Series Results
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Hurricane Irene Forecast
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Hurricane Irene Forecast
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Hurricane Irene Forecast
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Hurricane Irene Forecast

Storm Tide Prediction (GFS Wind)
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Hurricane Irene Forecast

Storm Tide Prediction (GFS Wind)
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Hurricane Irene Forecast
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Hurricane Irene Forecast

Storm Tide Prediction (GFS Wind)
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Hurricane Irene Forecast

Storm Tide Prediction (GFS Wind)
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Hurricane Irene Forecast

Storm Tide Prediction (GFS Wind)
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Hurricane Irene Forecast

Storm Tide Prediction (GFS Wind)
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Hurricane Irene Forecast
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lIl. Street-Level Flood Forecasts
via Sub-Grid Modeling

Journal of Coastal Eesearch 3l 70 115 Coconut Creek, Flonida 2015

Using Lidar Elevation Data to Develop a Topobathymetric Digital
Elevation Model for Sub-Grid Inundation Modeling at Langley
Research Center

Jon Derdk Loftis |, Harry V. Wang ', Russell J. DeYoung *, and William B. Ball ¢

"Departmernt of Physical 3ciences, Virginia Institute of *Secience Directorate, NAZA Langley
Marine Hoience, College of William and Mary, PO B ox Fesearch Cerder, Hampton, VA 23681

wwwr, cetf-jor.org

1375, Glovcester Point, WA 23062, T3 A 'GI3 Team Leader, NASA T angley
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Fesearch Cerder, Hampton, VA 23681
ABSTRACT |

Loftiz, JD., Wang, HV., DeYoung, F.J; and Ball, W.B., 20153 Using Lidar Elewation Data to Dewelop a
Topobathymetric Digital Elewation Model for Sub-Gnod Inundation MModeling at Langley Eesearch Center. J: Brock,
JC., Parmizh, CE., Gesch, D, Wright, CW., and Fogers, J (eds)), Adwmces m Topobathpmetyic Mapping Aodels,

and Applications. Journal of Coastal Fesearch, Special Issue, Mo, 76, pp. 1-15. Coconut CreelsiFlorida), IS5 074 9-
0208.

Technological progression in light detection and ranging permits the production of lighly detailed digital elesation
models, which are useful in sub-grid hydrodynamic modeling applications. Suh-grid modeling technology 1s capable
of incorporating these high-resolution lidar-deniwed elevation measurements into the conwentional hydrodynanic
modeling framework to resolve detailed topogrmaphic features for inclusion in a hydrological transport model for
munoff sirlations. The horizontal resolution and wertical accuracy of the digital elevation model is augmented wa
inclusion of these lidar elevation values on a nested 5-m sub-grid within each coarse computational gnid cell. This
aids in resolwing ditches and ovetland drainage infia structure at Langley Fesearch Center to calculate tunoff induced
by the heawy precipitation often accompanied with tropical stortn systemns, such as Hurricane Irene (2011% and
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A. Sub-Grid Model Setup

Sub-Grid Hydrodynamic Pre-Processing Model Simulation Post-Processing
Modeling Data Usage
Flow Chart /-'— Model Sub-Grid Hydrodynamic
{5 m Resolution) Model Grid

(50 m Resolution)

(T Digital Surface Model )
NASA Lidar Point Cloud Lidar-Derived DEM
(~0.5 m Point Spacing) {5 m Resolution)

Building Footprints Watar Laval Data
h\._ __,.ﬁ“ (BROH TideWalch, VIMS)

Wind & Pressure Data
(Sawalls Point, MOOA)

VA Beach TBDEM S
(Taylor ef al, 2008 Precipitation Data

Maodel Inputs

"-1Dﬂ"|HHﬂI.|‘|inﬂ} Wiliamsburg Alrport, NOAA NCDC]
Land Use Data /f-_ Model Verificatinn—‘\
Shoreline Polygon {far Infiliration, Fry of al , 2011)
by ! Temporal
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\- -'/ \\- --'"‘) Tide Gauge Records
* (NASA Tide01, NASA)

Model Outputs
Water Levels

Flood Heights fMeasurements
Water Velocities (NASA Langiey GIS Team) _/
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Norfolk and Chesapeake
Sub-Grid Model Domain

Open Boundary Condition
Sewells Point (NOAA)
Forecast: SCHISM model
for Storm Surge - or -
VIMS TideWatch for tidal

S he Hague at Pedes ' i AT .
Rte? ‘U? g 146887 / - A ﬂOOd I ng)
Ports ut‘h USGS) ' v Bt _

Southern Flux Boundary
Princess Anne (USGS)
Forecast: Empirical
relationship with Sewells
Point water level gauge

Wind and Atm. Pressure
Forecast: GFS or RAMS -
or - NWS Prediction for

Sewells Point
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Model Grid Development ..
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with Lidar-Derived DEM ™
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Sub-Grid Modeling

x ThlS approaCh A. Linear Water Level Increase
enables coastal

flooding to be E -
addressed in a
single cross-scale
model from:the
ocean to upstream
river channels
without overly
refining the grid
resolution!

B. Nonlinear Water Level Increase
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Forecast Model Forcing

RMSE=5.3 cm

Norfolk Recreation Center

| ——Norfalk Observation
——Model Results

Water Level above NAVDEE (m)

28
Day in August 2011

Norfolk Colonial Place

——Morfolk Observation
——Model Results

| == Morfolk Observation
——Model Results

‘Water Level ahove NAVDEE{m)
Water Level abhove NAVDES (m)
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IV. Future Applications and
Model Validation Methods
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Validating Maximum Flooding Extents
via GPS using Sea Level Rise App
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https://itunes.apple.com/us/app/sea-level-rise/id890125312?mt=8&ign-mpt=uo=4
https://play.google.com/store/apps/details?id=com.concursive.sealevelrise

Animation of Forecast Modeled Extents on September 27, 2015 in The Hague
Plotted with Maximum Inundation Extents from Sea Level Rise App
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https://itunes.apple.com/us/app/sea-level-rise/id890125312?mt=8&ign-mpt=uo=4
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Animation of Forecast Modeled Extents on September 27, 2015 on ODU Campus
Plotted with Maximum Inundation Extents from Sea Level Rise App
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Animation of Hindcast Modeled Extents on August 28, 2011 in
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Chesterfleld Helghts and Grandy Village |n Google Earth
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Modeled Inundatlon from Hurricane Irene on August 28 201 l in Chesterfleld Helghts
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Modeled Inundatlon from Fall TldaI Flooding on Oct. 4, 201 5 in Chesterfleld Helghts
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http://www.norfolk.gov/AgendaCenter/ViewFile/Item/1731?fileID=2346

V. Conclusions

1. The VIMS sub-grid hydrodynamic model has demonstrated
that it is not only capable of resolving streets and
buildings within the model grid, but it also considers
variable friction parameters for the transition of fluid flow
over river beds to flow over streets and through vegetation
during inundation.

2. The street-level model was developed using a digital
surface model built from lidar-derived elevation data with
buildings added, and thus, should compute water level,
momentum and volume of water movement with
considerable accuracy.

3. The sub-grid model incorporates a non-linear solver to
address the complex relationship between water level and

i ss—-section area of rivers, creeks, and streets that
serve as its for fluid flow during inundation periods.




Conclusions (cont’d)

4. The model forecasted flood heights and extents during
Hurricane Irene with considerable accuracy when
compared with verified water level gauge observations

collected by the USGS and NOAA with an average RMSE of
4.4 cm.

5. The sub-grid model forecasted tidal flooding in
September 2015 and was validated via tide gauges and

‘Sea Level Rise’ App GPS extent data:
Vertical Accuracy: aggregate RMSE of 3.19 cm (n=3; 432 ts each)

Horizontal Accuracy: distance diff. of 9.35 m (n=1263 GPS pts)
6. In the future, these data validations may also serve as a

platform where GPS flooding extent data entered by

tralned registered users can be used for inter-

arison between different inundation models for the
better all.
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