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Simulation of Coastal Inundation Instigated by Storm Surge and River Discharge

in the Chesapeake Bay Using Sub-grid Modeling Coupled with Lidar Data

VIMS | Ve Jon Derek Loftis and Harry V. Wang MTS =

VIRGINIA INSTITUTE OF MARINE SCIENCE Virginia Institute of Marine Science, The College of William & Mary

INTRODUCTION ABSTRACT DISCUSSION

Coastal flooding initiated by storm surge and river discharge

durine hurri 9 ) | H : Sub-grid modeling is a novel method by which water level elevations on the sub-grid level can be obtained through the combination of water levels and velocities efficiently calculated at the Great Flood of 1936 in Washington, DC
uring hurricanes and Nor'easters along the U.5. East Coast Is coarse computational grid, the discretized bathymetric depths, and local friction parameters without resorting to solve the full set of equations. Sub-grid technology essentially allows velocity to - The sub-grid modeling approach readily replicated the results of a
a substantial threat to residential properties, community be determined rationally and efficiently at the sub-grid level. This salient feature enables coastal flooding to be addressed in a single cross-scale model from the ocean to the upstream river

. - . , , , \ _ . : , _ e , likewise-resolution true grid model (R>=99.98), indicating:
infrastructure, and human life. Very high-resolution, accurate channel without overly refining the grid resolution. To this end, high-resolution DEMs will be developed using GIS from Lidar-derived topography for incorporation into a sub-grid model, for

research into two case studies related to inundation: (1) The Great Flood of 1936 was utilized as a test for sub-grid modeling in Washington, DC. It demonstrated that the sub-grid model can LSS O GRUEMILENITE accurecy inthe su.b-grld approech, ang

- _ _ _ achieve accurate results upon comparison with NOAA observation data and replicate the results of a likewise-resolution true grid model, indicating that there is minimal loss of quantitative 2) both methods match the observation at Washlngto.n, DC.(F|gures 1&3)
traditional methods for universally decreasing the size of a accuracy in the sub-grid approach (R? = 99.98). (2) Spatial comparison of GPS wrack line data with model results for 2011 Hurricane Irene demonstrated that sub-grid model results accurately * All runs were conducted on a Dell T3500 PC Workstation with Windows
model grid to achieve street-level resolution is constrained by predicted the water level observed at Langley Research Center. XP Professional (64-bit edition); an Intel Xeon Quad Core X5570

the computational limitations. As an ideal alternative, the sub- Processoni2.33Ghiz); with 6 GB RAM runningiUnTRIMS(ilable 2ibelow)

flooding prediction at the street-level is highly desirable. The

grid modeling approach enables the model to cover a large METHODS AND MATERIALS Sub-Grid  (200mBaseGridwith |1 cid (10m Resolution Grid)
: : : : - 10m Sub-Grid)
dﬁma_': :;']'th Lea.:%n:\blre rTSOIUtEn \INh]'cIe tsLmuIt:\feeo:;Iy The sub-grid modeling approach was applied to the Chesapeake Bay for simulating two flooding cases (Table 1): 1,294 Elements 451,500 Elements
E OW: 5 i S,u % | 9 ,O tﬁeo \éedsu G etl'eadubef SHTICISALY: 1. The Great Flood of 1936, which occurred in Washington, DC, was caused by the sudden increase of spring fresh water flow derived from heavy 1,466 Nodes 454,967 Nodes
egloe e.r:en.ts;]l:.vcr? \r/eesol'rl,on'f_jal: d&elr?reed?jg ,t';eto Oer:“r:' —_— snowmelt in the upper Potomac River, resulting in a flood stage of 9 feet and widespread inundation of the entire capital mall area. 2,759 Sides 906,466 Sides
& Uuplil WiI 1€N- Uuti I - AY) 1€1 |
sub-i;ridgofthe n?odel e lincronse .. ofginund:tifn sFi)myuIations 2. The second case is for Back River in Poquoson near Langley Air Force Base for Hurrlcane Irene where heavy preC|p|tat|on |n|t|ated a flash floodlng 3 hours to run 22.5 days to run
. Developing a general purpose wetting-and-drying scheme using an event in 2011 for a large area of Poquoson. | ’ e B . oo 30 day simulation 30 day simulation
innovative nonlinear solver (Casulli, 2009; Casulli and Stelling, 2011). e Bathymetry data were verified with 2001 USACE published transect
* Sub-grid modeling is an efficient method based on the formulation by .mm 1 sofn gasd aria data near Roosevelt Island and the Arlington Mem. Bridge (Figure 2)
which velocities on the sub-grid level can be obtained through Base Grid  Sub-Grid = Fsmisub- * UnTRIM? result at Washington Naval Yard in Google Earth 3D (Figure 5)
combination of velocities calculated at the coarse computational grid, | R — i * Spatial extent of flood damage was verified from historic records, and is
the discretized bathymetric depths, and local friction parameters B e T Urban Flooding i consistent with observations from USACE shown in Figures 4 & 6.
without resorting to solve the full set of equations for model outputs. o . : .
SR e e fre e = floodir?g et oy apsmgle H 011 Hurrcane rene. Langley AFBVA s sm  Precipitation Storm Surge = 2011 Hurricane Irene at Langley Research Center, VA
. i : : : . g Fasi | S 1o e Good time series comparison for observed results vs. sub-grid results
resialy modls] el HENegeen iRl iee (el Cirie Table 1. Scenarios associated with Washington, DC, . /= irzie Navalfvard: B 5 N - i | . > Ry - &t
without overly refining the grid resolution. : _ ) A ! i 2 e TR 2 yields R% = 89.43; slightly over-predicting the peak at 1.71m (Figure 7)
and Langley Research Center with grid resolutions Aftermath: Great FIood of 1936 Lidar for Langley Research Center Sub-Grid for Langley in UnTRII\/I2 « Comparison of with and without precipitation inputs (Figure 8) specifies

that rainfall (46 mm/hr) is critical for modeling inland flooding (Figure 10)
* Favorable spatial comparison for maximum extent of inundation using
GPS-recorded wrack line data at Langley Research Center (Figure 9)

HYPOTHESES

* Embedding Lidar topography into the model sub-grid via

The Great Potomac River Flood of 1936 in Washington, DC| | 2011 Hurricane Irene in NASA Langley

Geographic Information Systems (GIS) will increase
resolution and resolve small creeks and streams > 2" order.

CONCLUSION

* The partial wetting and drying inundation scheme utilized . Hesinaten 52 Ideal Test Cases for Precnpltatlon InPUt * Comparison between with and without the use of the sub-
in the model inundation algorithm will be verified as both 2 / \ Open Flow Basin with Rainfall Closed Flow Basin with Rainfall B tadkthat the sUb e e
accurate and robust upon Comparison Wlth ObservationS. _ / \ *  Flux Boundary Input: 0.5 m/sec at left * No Flux Boundary Forcing at left 5 - 5 ) PP i Y

. . . . ; . T * No Open Boundary Forcing at right * No Open Boundary Forcing at right very similar results to that of the true grid-- especially for
¢ SUb'grld mOdellng will repllcate the results of a likewise- ' /\-/ \ A\ T oms Dbervaten * Input Rainfall at constant 25 mm/hr * Input Rainfall at constant 25 mm/hr ) - . :
, : s : / \/ \ T e « Run for 3.0 Days + Run for 3.0 Days water level calculation, making the sub-grid approach ideal
resolution true grid model, indicating that there is minimal A/ R P TN e p— —— — tor inundation modelin
loss of quantitative accuracy in the sub-grid approach. D \J | | | \’\ ~ ] ol e L b e i Y O B . : i - . .
\J M = - ‘ L A B = * Inclusion of river discharge and precipitation as inputs is vital
. . 8 . o o—" AR RN ; - 1 doy HEEESEREREE 'W in the continuing effort to determine flooding extent and
STU DY SITES Figure 1. Great Flood of 1936 comparison of Sub-Grid and True Grid with observation data depicting quantitatively similar results; R2=99.98 / duratlon Of major Storm events In hlnd Cast and forecast.
Washmgton DC, Potomac River Estuary, VA Trr " SN - ; o, NI QU gl m(.)de"ng.’ ia= S pOt.ent'al L t.’e e
2 T L e e _ accurately simulating coastal flooding, which is concurrently
Washington DC to Colonial Beach Open Boundary Condition /

subjected to large-scale storm surge and due to precipitation.

* Hydrodynamic modeling of major inundation events is vital
to improving preventative measures that can potentially
mitigate the loss of property and loss of human life.

200m Base Grid 10m Sub-Grid
b . at Colonial Beach (NOAA)

Ly R ; 18,259 Elements 7,298,782 Elements
A P 37,629 Sides 683,529 Sides FIUX Boundary COndition
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NOAA Observation

Figure 8. Precipitation input data from Williamsburg/Newport News Airport
shown for 2011 Hurricane Irene with a peak of 46 mm/hr
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Williamsburg s - of the model’s inundation algori i i i
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: / Newport , ~‘g,,"_. : , Wl n d a n d At mos p h e rl C Figure 3. Great Flood of 1936 30-day calibration comparison of NOAA observation at Washington, DC, with Sub-Grid results; R2=92.76 UnTRIM2 model results at right (NCPC Report, 2008)
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Figure 9. Maximum extent of 2011 Hurricane Irene flooding at Langley Figure 10. Comparison of with and without precipitation shown at bottom and on
Figure 4. Great Flood of 1936 inundation displayed in Google Earth with depth-averaged velocities at 5 different times leading up to the peak of maximum inundation (12:00 on 3/17, 18:00 on 3/18, 06:00 on 3/19, 12:00 on 3/19, and 18:00 on 3/19) Research Center with GPS-recorded wrack line (blue dots) for comparison top, respectively, for 2011 Hurricane Irene at Langley Research Center in Hampton
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