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Research Motivation

4/23/2018

A Predictingstreet scale floodingespecially for low relief terrains, is a challenge.
A For these regions, we neétdgh resolutiondatasetsand2-D hydrodynamic models

A Flood predictions are needed near realtime in a form thataids decision makers

Chloe Riffle, 7, watches as she is surrounded by water on Sunday, Sept. 4, 2016 in
the Ocean View section of Norfolk, Virginia.
https://weather.com/news/climate/news/coaftaiding-globalwarminginfluence
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https://weather.com/news/climate/news/coastal-flooding-global-warming-influence

Need for an Automated, Accurate
Flood Prediction System

—
Request
Rainfall Response —=
Forecast Send Alerts .

Data

Access Current Flooded
————— Locations Information
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Objectives

A Obijective 1: Builda flood warning systembasedon modern cyberinfrastructure
usingan automated workflow for obtainingthe real-time rainfall forecastdata.

A Objective 2: Executethe model usingcloud computing resourcesto identify the
flooded roadwaysand bridgeslocation in short-time duration for warning and
emergencymnanagemenpurposes

A Obijective 3: Generateonline inundation map with the location of the flooded

roadways and bridges with the ability to send automated warning email
messages

4/23/2018 University of Virginia



Study Areas

----

TUFLOW model === Boundary Condition

HEC-HMS 11 Subwatersheds |00 15 @  NOAA Tidal Stations

+5he¢Qa 1 1FYLIW2Y w2l Ra 5Aa&idNAONorfolk Area
(Rural Area) (Urban Area)
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Modeling Work-+ 5 h ¢Hangpton Road®Pistrict

A Hampton Roads district, Virginia which is 13402 of combined watersheds
A This Study area includes about 500 VDOT bridges and culverts

A 11 subwatershedshat surround the study area are incorporated as boundary
conditions

> Elevation
Legend
e Value
| Study Area - High : 200.297
—— Streamlines .
_—
TUFLOW model - Low : -19.9022
HEC-HMS 11 Subwatersheds |
.
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Regional River Severe Storm Modeé&R

RSis adiverse, mukF dzy OG A2y RAIAGIE LA FTGF2NY GKIFIG 2FFSNE
Districts and Residencies, regional Emergency Services, and Environmental Agencies.

Interactive
Bridge
Flooding y
Flooding |&-
Atlas

9- HWR

Predictive
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Enhancinghe Model
Model main Component

Streamflow lineShapfile
Generated from the DEM

RoadShapfilefiles that
include the Road Crossing
and Elevation with
streamflow lines

DEM Rater with 10m
Resolution

al yyAyaQa [/ 2S
ShapefileBased on the
Landuse
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DEMRasterEnhancemenProgress

High resolution LIDAR data with resolution from 0.76m to 1.52m is
available in most part of the study area.

0.76m X 0.76m

1.52m X 1.52m

LIDAR 1.52m X 1.52m lntegrat(i

1m and 2m DEM

10m DEM
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DEMComparison
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1m DEM

10m DEM
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Streamline

Old VersiorFlowline

4/23/2018

New VersionFlowline

University of Virginia
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Infiltration Implementation

Soil Type
[ Clay loam
[]Loam
[]Leamy sand
[15and
[ 5andy clay loam
[]5andy learmn
[15ilt loam

[ Silty clay loam

Imprevicusness (%)
High : 100

Low:0

Soil Type Imperviousness

Very small percentage of area has a
iImperviousness ratio greater then zero.



Prepare Soil Moisturédrom SMAP toTUFLOW

n @ Earthdata Login

HDF Data Format

=] SMAP_Soil_Moisture_m3/m3.tif
Yalue

. High : 0495731

@® Back to Collections

"Low: 0.129584

SMAP L3 Radiometer Global Daily 36 km EASE-Grid Soil Moisture V004

[ G & Download Data
Start Date, Newest fist v/ Granule Search i

SMAP_L3_SM_P_ 20160914 _R14010_001.

ing 6 of 6 matching granules

SMAP_L3 SM_P_20160915_R14010_001.

SMAP_L3 SM_P 20160913 R14010 001.  SMAP_L3 SM_P_20160912 R14010_001

SMAP_L3 SM P 20160911 R14010 001.  SMAP_L3 SM_P_20160910_R14010_001
START START START START

END END END END

6 L 8 x e L o x oil&lalx

oisture V004]

.
o May Jun St

'SMAP L3 Radiometer Giobal Daily 36 km EASE-Grid Soil M
. .

V1823 ~Search Time: 0.4s - NASA Official: Stephen Berrick

Request GeoTiff Format
Data Through Api

SAMP Soil Moisture (m3/m3)




Observation Data Preparation
USGS Stage Gage Data
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02053200 10/1/1985 11/14/2017

complex and flat topographic.




servation Data Preparation
Observation Gridded Rainfall Data Preparation

AThree sources we explored to obtain the gridded rainfall data:
A TRMM data
A A code have been developed to pull and process the TRMM data for any given shapefile in the USA.
HRRR archived data

A A code have been developed to pull and process the archived HRRR data from the University of Utah repository for
any given shapefile in the USA.

A NEXRAD data

A However this is the best gridded rainfall data available but sometime the rainfall data was not recorded for critical
storm events period. Also it is time consuming to order, download, and preprocess the data manual using NOAA
Weather and Climate Tool (WCT).

A All the codes are available through the project Phase Il GitHub repository.

Model Type: HRRR (operational) N NATIONAL CENTERS FOR
ENVIRONMENTAL INFORMATION
- NATIONAL OCEANIC AND ATMGSPHERIC ADMINISTRATION
. e : , Variables Field: Surface (sfc, 2D fields) N Home ConiactUs ADOULNCEI Help
Nasa S Mo | PR Y .
Date: 117292017 NCEI > Radar Data > NEXRAD Inventory > Choose Date | Product
PRECIPITATION MEASUREMENT MISSIONS o v v
Get this: GRIB2 Metadata Sample Data Access
Home KAKQ - NORFOLKI/RICH, VA
TRMM Science Applications. Meetings Data Access Resources Education “ Select By Map Site Metadata
Select ey List

Data Access

Training
Data Tutorials
Extreme Weather News
- Data Downloads &
Documentation
GPM
TRMM
Ground Validation
+ Data Visualization
Global Viewer
Precipitation and
Applications Viewer
NASA Worldview
Data Sources
Using the PPS FTP
Data News
Data FAQ
Data Citations

MM Data Downloads

TRMM Mission Comes to an End

After over 17 years of productive data gathering, the instruments on TRMM were turned off on April 8, 2015. The
spacecraft re-entered the Earth’s atmosphere on June 15, 2015, at 11:55 p.m. EDT, over the South Indian Ocean,
according to the U.5. Strategic Command’s Joint Functional Component Command for Space through the Joint Space
Operations Center (J5pOC), and most of the spacecraft was expected to burn up in the atmosphere during its
uncentrolled re-entry. The Tropical Rainfall Measuring Mission (TRMM), 3 joint mission of A and the Japan
Aerospace Exploration Agency, was launched in 1997 to study rainfall for weather and climate research. The multi-
will continue to be produced through early 2018 - learn more about the transition

from 3842 to IMERG.

Read the TRMM end of mission frequently asked questions

* Use of the PPS FTP and STORM requires you to first register your email address. Click here to register.

Data Citation Instructions

Tap to download grib2 from 2017-11-29:
Hour00 fOO f01 f02 f03 f04 f05 f06 07 fO8
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Select By County, City, Zip Code
(Climate Data Oniine)

Historical Reflectivity and
Coverage Maps

Select By Archive File (Bulk Order)

Documentation
Archive and Access Statistics
Ovenview, History
NEXRAD Product List
Network Metadata
Radar Operations Center
External Resources
NOAAINWS Current Radar
NOAA Training (WDTB)

Period of Record:
Levellll: 07/23/1994 1o 11/26/2017

10/10/2016 1071112016 10/12/2016

LVL3 - ONE HOUR PRECIPITATION
(DUAL POL) (256 LEVEL | 230 KM)

NG INVENTORY DATA PRESENT

— Clear Alr Mode — Precip Mocle — Maintenance Wods — Unknown Mode|

Enter Email Address: | ]

Start Time: | 00:00 GMT v End Time: | 24:00 GMT v

Order Data

View Actual Timestamps / Op. hMode [ VCP




Q“, Earth System Research Laboratory

Rainfall Forecast Data Automation and Preparation
for the Flood Warning System

Resolution Forecast
Dataset Data Provider Relevant Data Product Model Cycle
Spatial (km) Temporal (hrs) (hrs)
HRRR NCEP Surface total precipitation 3 1 18 24/day
RAP NCEP Surface total precipitation 13 1 18 24/day
NDFD NWS Quantitative precipitation forecast 5 6 72 8/day
NAM NCEP Surface total precipitation 12 1 36 4/day

High-Resolution Rapid Refresh (HRRR) e — Ve 01220162400 UTo

1h Total Precip (in), MSLP (mb), 1000-500 Thick (dm)

A NOAA/NCEP operational weather prediction system 4 %ﬁﬁ_ﬁ% cz@%’
A Forecasts hourly surface total precipitation a@atial resolution of ﬁ{‘ T !lﬁaﬁﬁq?‘fﬂ‘,‘ﬁ“‘
Pes Hasgui
3km AR = e

b~
o
Ay

A Comprised of a numerical forecast model and initialized by an
analysis/assimilation system

A HRRR is run every hour of the day and forecasts out 18 hours on an
hour time-step.

. http://ruc. .gov/hrrr/displ .CQi?i =h fi
A We automated HRRR data access using Pythoi©&eiNDAP tpifue.noza. gov T splayage. cai7image nrrrerefimag




TUFLOWVodel Boundarylnput

HECHMS model

Historical Runs

Th S

e HEEHMS model Wy,
was built to simulate 6’/:9/,@
the outlet flow rate of
each subwatershed to
be applied as
boundary input of the
2D model.

Study Area

Flood ForecaStlng Runs Current River Forecast Points (~3,600) NWM Streamflow Output Points (~2.7 mil)

Natwonal Water Model

The National Water Mode g7 -

: : : FLEla o, o PL . ————
simulation will be used as | LY ok ?igf - i e o
boundary input for flood 1 ™ #id *I'n;-.*f + W e
forecasting system. b 4 LS
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0501/201% 0O 00

S v s e

http://water.noaa.gov/about/nwm



Date/Time in UTC
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HurricaneNicole,2016
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HurricaneNicole,2016

Water Depth
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PreliminaryCalibrationfor HurricaneNicole,2016

] Test Model Water Depth Simulation for Hurricane Nicole 45:00:00.00

Water Depth (m)
Depth

H 0.000
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|
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3.000
4.000




PreliminaryCalibrationfor HurricaneNicole,2016

USGS Gage 02047500 (2016-10-07 - 2016-10-24) USGS Gage 02047783 (2016-10-07 - 2016-10-24)

&  Observation
Simulation 30m version:TM

& (Observation
Simulaticn 30m version:TM
—— Simulatien 30m wversion:Criginal Maodel

11.0 4

— Simulation 30m version:Original Maodel
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Modeling Workg Norfolk Area

A 2D hydrodynamic model needs to be developed to predict inundated roads in Norfolk Region.
The ODU storm surge model will provide the tide level boundary condition.

TUFLOW Overland Flood Model




Storm Surgeand Urban Flood models

CouplingWorkflow

@ Delft3D

Hydrodynamic Storm
Surge Model using
Delft3D

NOAA Observation
Tidal Gauges

o s

A 4

Generated Tidal Data at the
Boundary Conditions

il TUFLOVWV

Urban Flood Model using
TUFLOW-HPC

a

3

NOAA Rainfall
Forecast Data

"
‘ !
|’ 2t =

Flooding
\ Zones

A 4

(

Risk
Assessment

)

= WaterLevel

Val_1

0.079254 -
0173230 -
0233398 -
I 0.283427 -
I 0.321470 -

0173229
0.238397
0.283426
0.321469
0.346825

Storm surge model interaction with the

urban flood model




Model main Component

Forces
Storm Surge Impervious Ratio

Precipitation

Soil Type
al yyAy3aQa
Shapefile
Flowline Shapfile TUFLOW Model
Road Network Topography Mesh

1mDEM and
bathymetry




Integrating HighResolutionDEM
__ Integrated DEM
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Imperviousnessand Building Footprint

SEEERE el e A
mpreviousness G5 _ W asE gy  Building Footprint for Hague
High: 100 A Community

Low:0

Surface Imperviousness Building Footprint




Hurricanelrene, 2011

Height in feet (MLLY)

5.0

2.

i

0.0

The storm surge simulation we have so far is froad2§-2011 to 28Aug-2011. We generatedhatstartfile
at the start time of the storm surge model by running the TUFLOW model with NOAA tidal level
observation. Then, theotstartfile is feed into the model to let it run from wet condition.

NOAA/NOSICO-OPS

Observed Water Levels at 8639348, Money Point VA
From 2011/08/20 00:00 GMT to 2011/08/30 23:59 GMT

HotstartFile

00:00
820

00:00
8121

00:00
B/22

00:00
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00:00
3/24

— Predictions

Verified

00:00

B/25

— Preliminary

'
NOAS S HNOS :»Center for Jparztion

00:0p 00:00 00:00 i 'Do:00
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............................................................

Storm Surge Simulation Period
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zl Jceanographic Products and S2rwices
00:00
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Hurricanelrene, 2011

Flood Reports
® Flood Reports

Maximum Water Depth (m)

Value

- High : 16.668

- Low: 0

Maximum Water Depth (m)

Flood Reports
Number of Reports
1-4
+ 5.16
® 17-25
@ 26-35
@ 36-92



Hurricanelrene, 2011
Modeling the Hague Community

A. Using the current model domain.
B. Create a small domain for the Hague community from the current model domain.

C. Using thesmall domain along witkhe storm drainage system for the Hague community.




