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1 INTROUCTION

This is theinterim reportfor the National Cooperative Highway Research Progfe@HRP
Project -59( 5 3 ) , AnA Framewor k for Enhanced FI ood Even
Resilience. 0 The r espasksihthespojpomar i zes t he previou
9 TechnicalMemorandum describing existing tools, methods, ,datal models for flood event
planning, response, and operations
1 Gap analysis and prioritized list of practitioner needs versus capability of existing resources to meet
those needs
1 A framework and architecture to organize existing resources
1 Recommendations for furtheegearch that can be carried:out
o Within the project timeframe
o0 In work subsequent to this project

Chapter 2 summarizes practitioner needs and research Gdpapter 3 discusses needs versus
available tools, methodand data and updates the work plan for Phase Il of this project. Chapter 4 proposes
a scope of work for additional research to follow this project. Chapter 5 provides a brief summary of
proposedproducts and research. The Technical Memorandum and a sorted, graded list of resources are
included in the appendices.

2 PRIORITIZED LISPRRCTITIONER NEEDS

In the Technical Memorandum, a numbeuafmet flood forecasting needsgere identified based
on Department of TransportatididOT) interviews, literature reviews, and the proceedings of the 2015
Annual Transportation Research Board meeting. These findings are summarized in brief Heow.
gaps are the basis for developing recommendations for Phase Il of this project, which is discussed in more
detail in the following sections.



2.1 MajorGaps

w/erysshort term events and flash flooding are harder to predict and manage
winundation estimates are more common and easier to produce at gaged, populous locations and
relatively uncommon at ungaged locations

Assets ani

Base Datz

ubata limitations: DOT asset databases may be incomplete, not entirely in geographic
information system (GIS) format, with partial or no topology enforcement

uDOTs assets may affect or contain assets (e.g., tunnels) owned by other entities or vice versa

wConnectivity and dependency between assets and other systems (e.g., power) are not
typically mapped

oFragility characteristics related to flooding, even elevation, are not always recorded or known

uSpatial coverage of national stream and tidal gages can be sparse in some areas, and could be

Information System (RWIS) or ALERT gages
uEven some of the most advanced flood systems (e.g., lowa) are nanhtegliated with asset
maps or traffic models (although the lowa Flood Information System does shotimesiraffic
conditions)

ainternal: DOT headsp displays are not typically predictive; they tend to show things like th
current weather report as opposed to potential threats

wDutgoing: Communication is not typically integrated (one system/one touch) or automate

wincoming: Data fronfield teams, public crowdsourcing (damage/incidents) are not typically
processed or posted redilme (internally, to work planning task lists, or to 511 sites)

2.2  HighPriority Requirements

The gap analysig Section2.1can beefined to thdollowing list of highpriority requirements

1. Threat assessment suppdvtodels, data, or tools that produasonable estimates of flood extent
and depththat can be crossferenced againstsset data (elevation, degthmage curves) to make
an actionablehreat assessment

2. Data

a.

b.

C.
d.

dissemination to multiple platforms:
Support for communicating with decisionaking personnel via automated early warnings,
interagencycollaboration, and personnel working in the field
Support for integrating information from cooperating entities, such as power utilities with
information about blackouts
Easy integration with traffic alert systems
Two-way communication with the public, fased on obtaining and respondifvghere
appropriate}o reattime crowdsourced situational updates, through social media

3. Datainteroperability,storageand archivalProtocok, database design, and querying functionality
to supportfloodcasting, grant applications, lessons learned and debriefings, and mitigation
prioritization

It is currently possible to achieveanyof these objectives with standard tools, methodglagy
data or modifications theredaflthough some may require new approacivajor feasibility considerations
are outlined irChapter3.



3 CURRENT CAPABILI/NEB®IFICATIONS, AREGEARCH AND
DEVELOPMENT NEEDS

Table1l reflects the prioritiesenumeratedn the previous section, broken dota more granular
level of detailand scored according to feasibility
T ACurrentl y sat i s fquabtyd pationahdhta of adeguate spdiial tesoltipngahd
refresh rate for local planning is currently available to support the need.
f ACan be satisfi ed nrepgresents arangeoof nead®fdriwhidh dagatandaaols
exist, but either:
0 Achieve only partial national coverage
o0 Achieve full national coverage but have suboptimal resolution, or
o0 Can be obtained through standardized guidelines, but have significant heterogeneities
between states and may require significant local scale input or atioper
T Awill require new a pneesaycdhteandtools to dheéettlistnees ard nota t
yet available or require further refinement.
Each point in the table is discussed in more detail below, summarizing the research in the previous
Technical Memorandum andlding additional insights.

Table 1. Suitability of current tools and methods to meet DOT information needs

Can be
Currently satisfied

Will require
new

satisfied with minor
approaches

modification
Threat assessment support

1 Longterm and midterm weather forecasts X

2 Flash flood forecasts X

3 Forecasted timing, extent, depth at gaged locatior X

4 Forecasted timing, extent, depth at ungaged X
locations

5 Basic impact threat assessmdat well- X
characterized assets with elevation information

6 Detailed impact threat assessment using fragility X
curves for each asset

7 System model defining relationships between X
transportation assets and external dependencies

8 Analyticalcapabilities to map and anticipate X
systemlevel problems and cascading failures due
to flooding

Data dissemination to multiple platforms

9 In-house communication

10 External communication with field crews

11 External communication withartner agencies

12 External communication with other relevant entitie
(e.g, power utilities)

13 External communication with the public X

14 Smooth integration with traffic alert systems X

X X X X



Can be
Currently satisfied

Will require
new

satisfied  with minor
approaches

modification
Data storage and archival

15 Data storage andrchival protocol to support grant X
applications, lessons learned/debriefings and
mitigation prioritization

3.1

3.2

1

CurrentlySatisfied

Long-term and mid-term weather forecasts NumerousNational Oceanic and Atmospheric
Administration (NOAA)/National Weather Servic€NWS) products are readily available (as
shownint he accompanyi ng T eAppendixdaResoMeesnbablend of u moé s
appropriate resolution and refresh rate for loergn and mieterm forecasts as well as short
term/realtime veification. Further, many of these resources are readily available through
application programming interfacéaPls) andWeb Map Service(WMSSs).

CanBe Satisfied with Minor Modifications

Flash flood forecasts. The dynamics contributing to flashotids are often so smatale and
complex that missing or underpredicting flash flooding is stililmmoneven with the most
sophisticated tools and methods. Existing NWS flash flood guidance estimates a range of times
and locations at the county level, it is useful, but defining the timing, location, and extent of
flash flooding at diner level is needed to support operational decigtaking.

Forecasted timing, extentand depth at gaged locations Some NWSandNational Flood Hazard
Layer (NFHL) products exist to support this objectia¢ riverine locationsalthough spatial
coverage is limitedNational Hurricane CentéNHC) products for storm surge estimates are also
available, but vertical resolution is poorilt is possible to automate etiizg flood mapping
techniques to produce evespiecific inundation extents, but computation requirements are likely
to bea complicating factoand feasibility must be considered further to evaluate the possibility of
producing actionable statewide inuridatestimates. Additionally, run times for flash flooding

type eventsat the state level may exceed the rate at which flooding occurs, which is suboptimal
for response.
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Figure 1. Notional wireframe. Forecast and sensor datas well as information from cooperating
entities (e.g, power companies)can be collected as part of a single heads display.

9 Basic impact threat assessment for weltharacterized assets with elevation information. A
robust GlSbased asset managemeydtem is critical to the success of floodcasting efforts, and
many DOTs are working toward that goal. The guidelines described in NCHRP Report 800 are
useful, and the data model described in NCHRR2@s part of the standard for roadway GIS.
However, #&ribution assets with elevation data (ergad centerline, bridge dec&kjenecessaryo
any rigorouslbod risk analysis and plannings discussed in the Technical Memoranduemote
and mobile sensing technologies are an avenue through whachdmplish this.It is critical that
elevation attribution be added to existing data models deftaiSg fortransportatiofGIS-Ts) for
asset management.

1 In-house communication.Smooth operations and response during flood events requires adequate
leadtime, and automatedessaging will help meet this neeghort Message Servi¢8MS)-based
andInternetdependent text message functionalibased on geospatial informatiare examples
of technologies that can be employed for flood hazard alerts amingsr and existingrederal
Emergency Management AgendyEMA) Wireless Emergency Alertsnd NWS alerts can also
beused.



State DOT FleodCast Portal
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Figure 2. Notional wireframe. Automated alerts to DOT personnel involved in emergency
management andresponse functions, based on various forecast products.

1 External communication with DOT field crews. The technologies listed above may be enlisted,
and tablet and smart phone applications used for data collection in the field can likely interface
with floodcasting tools. Custom tailoring to account for unique systems, use cases, and work flows
at each DO would be required in many of these situations, although data standardization efforts
could ease this problem.
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Figure 3. Notional wireframe. Planned and actual road closures along with ggagged photos can
be a useful partof response, recovery, and mitigation.



9 Other external communication. Unique features of various systems may require some
customization, but reliance @pen Geospatial Consorti@GC) compliance for geospatial data
dissemination and the use of native &Rir the dissemination of alerts to social media and mobile
applications is feasibleStreamlined messaging functionality across platforms and toward different
audiences is desirabldudiences may include:

o Partner agencies

o0 Other relevant entities (e,grower utilities)
0 The public

o Traffic alert systems

State DOT FloodCast Portal
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Figure 4. Notional wireframe. Given the important of multi-platform media as an information
source, it is desirable for DOTs to share geospatial and tektrmat data with various audiences at
regular intervals.

91 Data storage and archival protocol to supportfloodcasting, grant applications, lessons
learned/debriefings and mitigation prioritization . A geospatial database can be designed to
capture relevant details from eveniscluding modeled flood extents, field information, and
damage estimates. The database can be developed to support queries related to mitigation, climate
adaptationand capital investnrmt planning. NCHRP Report 754 includesase study ofhe
Louisiana Department of Transportation and Developmshowing GIS use for flood planning,
response, and cooperation with emergency managemleiot) is particularly relevant.As noted
in the Technical Memorandurthe New York StateDOT also has some excelleexamples of
capital planning based on hazard vulnerability rankings assigned to different asset classes.
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Figure 5. Notional wireframe. Mitigation planning and the grant application process benefit from
detailed records of pastevents, including damages and high water marks. The ability to review
past events can also improve operations and response.

3.3
1

Will Require New Approaches

Forecasted timing, extent,and depth at ungaged locations. Certain states, e,glowa, have

existing models to at least develop discharges, if not inundation extents, based on forecasts
statewide, but the computational requirements are signifid@anticipantsin the National Flood
Interoperability Experiment (NF)discussed in more depth in tlhechnical Memorandungre

working on approaches to develop and provide nationwide streamflow estimatesNati@dal
Hydrography DatasetNHD) stream segments based on downscaled results from NWS WRF
Hydro and European Center for MRange Forecast emable models. Once widely available,

these models will ease the burden of translating precipitation forecast into stream discharge, but as
of this writing, a stable dissemination portal for these products does not yet exist.

Detailed impact threat assessm@ using fragility curves for each asset Fragility curves, such

as depthdamage curves for buildings and roads, may be adapted from FEMAsdatabases.
Damage estimates could therefore be produced for forecasted or actual flooding for use in planning.
However, some asset types may not be well represented by existing databases, and damage
estimates are often linked to flood return interval rather than stage, which may be somewhat
unwieldy for users. Existing methods likely requsome adaptation foefficient use in the
transportation planning process. See also NCHRP Report 777 for a brief discussion of the possible
utility of Hazusfor this purpose.

System model defining relationships between transportation assets and external
dependencies This step would build on a Gigased asset management database by defining and
guantifying interactions and relationships between transportation system components, moving
beyond road network analysis to capture interactions from signals, power outagaéaraielly

mapping these interactions is time consuming and benefits from expert knowledge to identify and
guantify system behavior.



1 Analytical capabilities to map and anticipate system level problems and cascading failures
due to flooding Complex systes models, particularly netwoithased models, have been
increasingly used over the past decade to model interactions between uciuastisystems.
However, this work is nascent, does not typically account for feedbacks, and has not been
successfully piltedfor state levetransportation network.

1 Smooth integration with traffic alert systems. Again, unique features of various systems may
require some customization, but reliance on OGC compliance for geospatial data dissemination and
the use of native APIfor the dissemination of alerts to social media and mobile applications is
feasible.

3.4 Recommended Phasing of Priority Requirements

A number of the items listed Bectiors 3.1and3.2can be accomplished in Phase Il of this project
The study team recommends that Phasaskgfocus orthe followingdevelopment tasks

1. Developing potocok to ingest key productddentified in the accompanying Technical
Me mor andumoé s ReSqupstistdas well &8 protocols and standards allowing DOTSs to
supplementnational datasets thi local, more complete or higher région products where
available. With respect to the latter, the team proposes developing standards for attributing GIS
Ts with elevation data armther key asset characteristics. The tedlinalsoevaluateAdvanced
Hydrologic Prediction ServicbAHPS) and USGS Flood Inundation Mapping standards for the
development and use of flood hazard information in floodcasting systems.

2. Creating a wble web platform and geodatabase for analysgprage and retrieval Both
operationsandresponse and the prar postevent mitigation planning needs will be considered in
database development.

3. Transforning data and analysis products intorfats suitable for disseminationThe prototype
will prioritize the export ofgespatialtransportatiordatawith operational significance (e,goad
closures) in an OG€ompliant format but depending on time and resources, can @ssider
vehicletraffic, Hazus SMShazardnotifications, and social media

3.5 Framework and Architegte

Interoperability isa fundamental consideration in this project &the organizing principal in the
Phase Il prototype development to meet the goals list8ekition2.2 To achieve the first objective, threat
assessmentsupparth e st udy teamds devel opers wi |ITechiicalcor por
Me mor andumbés RéspuresrhistToxdo ¥, the study team will develapstable, stadards
based geospatial framework to consume the information necessary to produce a threat assessment and to
disseminate the results of that analysis to other platforms and audiences. The third objective, data storage
and archival, will require the desigii a geodatabase, which will also support the other two objectives.

An overview of the estimated schedule to accomplish these items is shown below.

S Tesk o oos oo |
S [0 [N [0 |3 [F [M[A W]

1. Data Model

2. System Architecture Desigr
3. Implementation

4. Beta Testing

5. User Acceptance

6. Project Closeout




3.5.1 ArchitectureFrameworkandMetamodel

An overview of the system and components of the proposed Phpegtdtype follows. This
overview includes the functional goals, higlvel requirements, limitations, and major assumptions. As
noted in the previous sectiothe study team is prioritizing stable, welbased platform with ingestion,
dissemination, andtorage capabilities that incorporates existigjato support flood response and
mitigation activitiesand realtime geospatial analysis capabilitid$e primary function of the deliverable
application will be to provide a proof of concept to the indystecognizing that future implementation
would be DOTspecific. Diagrams modeling an operations and respdosgsed module as well as a

mitigation-focused module follow.

Functional goals:

1 Design system that brings flood forecasting information, DOErafonal andemergency
managementonsiderations, and mitigation planning support together in one place

1 Provide a model for flood decisiesupport usable by most state transportation agencies focusing
onpreservation of life and preventing damagaseets

1 Integrates with state traffic advisory systearsd state emergency management platfotogs
providing OGGcompliant export functionalities

1 Uses accessible products that are familiar to DOTs, such as common ESRI and open source

GIStools

Functional requirements:

1

=a =

This model will provide alerts for any precipitation events within county or more granular
boundaries where flash flood guidance, river forecasts, or NWS MAd#@ stageonditions are

met or exceeded and transportation assets will leetaf.

Updates incorporating new forecast data, asset data, and field/sensor verification will be.possible
Time-stamped incident tracking will be supported: flood location, estimated depyhlation
impacted, assets impacted

The event database wilerve as a centralized location for pegent field data collection and
damage assessment

Assumptions: County or better granularity is a meaningful resolution for flood prediction. Only
currently available (e.gAHPS) information will be used to shdmod prediction and to perform
impact analysis to the asset and neighborhood.level

Systemlimitations:

T
T
T
T

= =

FloodCast provides nadvisoriesagainst eventthatoccur at less than the data refresh.rate

FloodCast only provideadvisoriesvhen the systension andadvisoryfunctionality is enabled
FloodCast cannot provide advisories where terrain, asset, or other critical data are missing, and
advisories are limited by the quality of that data

FloodCast accounts for flooding due to precipitation fallisgan and will not consider storm
surge, snowmelt, water main breakage, dam breach, or other sources of flooding

During power outage, FloodCast functionality is limited by power availability and battery backups
FloodCast cannot provide advisorie$aifecast source is offline

10



Safety constraints:
1 FloodCast advisories do not supersede established DOT workplace safety.policies

1 FloodCast advisories are estimates and do not take the place of sensor and field verification
1 FloodCast displays can hbminimized so as not to disrupt in emergency situations involving
1

life safety
Assumption: The minimizatiofeature will only be used when heags display would interfere

with life-safety relatedctivities.

Standby Mode Forecasted precipitation event detected
* FloodCast on and standing by

Event closed out/ Discontinue

event info capture ,
Threat Evaluation Re-read precipitation or

Recovery Mode Mode flood forecast/ Re-
evaluate threat

* Damage assessment and field

activities * Recognition of flash

flood/longer-term/coastal
flooding warnings

Field verification that all streams are

below near-bankfull / Discontinue \ Full Alert Mode

inundation mapping module * Incoming field or sensor Alert DOT staff
updates used 10 adjust map

Flooding expected/

* High levels of external
communication

Incoming field or sensor
updates/ Adjust map

Figure 6. Phasell prototype functionalities desired to support operations/flood response.

Review Mode

* Records of past events are
viewable/sortable

Prioritization Damages Assignment
Mode

Mode
* Damages are associated with
* High/Med/Low vulnerability assets and past events
assignments are made (monetary amounts)

Vulnerability
Mode

* Assets with past impacts and
damages are shown

Figure 7. Phase Il prototype functionalities desiredo support mitigation planning.
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3.5.2 Methodologies

Phase Il priorities are constrained by implementation challenges. Implementation challenges are
briefly noted in thdollowing list. These challenges will inform the methodologgesployed to develop
the prototype A variety of solutions, including open source tools, will be considered to address
thesechallenges.
1 Varying data formats. Data will be obtained from heterogeneous sources and in various formats.
Tools with extract, transfornand load (ETL) function@ly will be selected and used to store data
in proper format.

L] 99e 2015070221 tar 10.0 kB 7/2/15. 7:30:00 PM
L7 99e 2015070309 tar 10.0 kB 7/3/15. 5:41:00 AM
L] 99 2015070321 tar 10.0 kB 7/3/15. 8:09:00 PM
L7 99e 2015070400 tar 10.0 kB 7/4/15. 7-30-00 AM
[ 99e 2015070421 tar 10.0 kB 7/4/15. 8:26:00 PM
| ] EXCESSIVERAIN Dayl latesttar  10.0 kB 7/5/14. 1:02:00 AM
|| EXCESSIVERAIN Dayl _latest.zip 1.2 kB 7/5/14. 1:02:00 AM
|| EXCESSIVERAIN Day2 latesttar  10.0 kB 7/4/15. 8:21:00 PM
|| EXCESSIVERAIN Day?2_latest zip 1.1kB 7/4/15.8:21:00 PM
] EXCESSIVERAIN Day3 latesttar  10.0 kB 7/4/15. 8:26:00 PM
|| EXCESSIVERAIN Day3 _latest zip 1.1kB 7/4/15. 8:26:00 PM

1 Not all desired dataare universally available via APIs or WMS. Data available througRile
Transfer ProtocofFTP) or other web formats will be accessed through subroutines developed by
the study team.

2USGS Flood Inundation Mapper *

Available Layers

M % Natonal Weather Servies Radas

M B Floed Watches/Warnirgs

M B AHPS Forecast Stes

B Major floading (8)
Moderate flooding (14)
Mincr flooding (71)
Actien stage (108
Ne floeding (1886)

Observation » 24 hrs old

USGS FIM sites (NWS forecast
category

o forecast Infermation
A availavle

A Maperficosing

........

Figure 8. US Geological Survey(USGS) brings three useful flood impact datasets together in one
location in its Flood Inundation Mapper.
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9 Varying refresh rates between datasets, or manual updates triggered by extal events for
some datasetge.g, NHC data) For those datasets unavailable through WMS, data will be updated
regularly using subroutines developed by the study te@he study team will also ensure that
missing source data or access errors are hamdth appropriate error or notification messages.

T

Atlantic 2-Day Graphical Tropical Weather Outlook

Archived Outlooks

GIS Shapefiles

Eastern Pacific Atlantic

Disturbances: None
@\ Two-Day Graphical Tropical Weather Outlook

2 WG . }
Current Disturbances and 2-Day Cyclone Formation Chance: £3 < 40% $8 40-60%
Tropical or Sub-Tropical Cyclone: O Depression © Storm @ Hurricane

© Post-Tropical Cyclone > Remnants

View 5-Day Graphical Tropical Weather Outlook

8 =60%

Incomplete spatial coverage for hazard datasetsand insufficiently granular resolution
(temporal, spatial, and/or vertical) of some readily available data products for local level decision
making, e.g, AHPS inundation extent@and depth grids and NHC storm surge estimates.
Developing the data needfor reattime flood forecast prediction is an ongoing endeavor in the

US. For the time being, the best available datasets, which are AHPS and NHKCtgrwill be

used, and NFHL extents will be used as a secondary source of flood extent estimates. Further work

to close this significant data gap is discussedhiapter4.
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Figure 9. AHPS coverage in the US is not yet comprehensivéreasin Bergen County, New

Jersey,that have data showing flood extent and depth estimates for NW&HPS flood stagesare

shown inorange. The NHD, whichis a comprehensive network ofthédat i on’ s str eams anc
bodies, isshown inblue. This is a region of the US with dense AHPS coverage compared to the rest

of the Nation.

Hurricane X

Charlotte Harbor

~ ,{"N‘!c_‘

1™ .Nongfon MW

—~ ‘\4 -
. K

§ s;r‘-' Cl}ioe Park
o ‘.

Potential Storm Surge Flooding* |

Through 2 AM Friday August 24th - Advisory #X
I Up to 3 feet above ground

Greater than 3 feet above ground

Greater than 6 feet above ground

| I Greater than 9 feet above ground

* Displayed floading values indicate the water depth that has
about 8 cne-in-3an (10%) chance of being exceed

Figure 10. The best available national data is not always well suited to local level response and
planning activities. The3-foot increments shown in this NHC estimate illustrate this problem.
Source: http://www.nhc.noaa.gov/surge/PotentialStormSurgeTipsem.pdf
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1 Incomplete transportation asset catalogueand asset catalogues without elevation and fragility
attributes. This issue is discussed in greater detail iffébbBnicalMemorandumand the study
team believes this issue can be best handled using a stabhdaeds approach incorporating
elevation data into the GI% for asset management data modehe study team plans to engage
with this issue during the prototyping proces
themodel.

4 RECOMMENDATIONS FORTHE RESEARCH

In the previous section, the data challenge of obtaining comprehensive flood hazard information
was noted. Spatial coveragef existing hazard datasetis limited for riverine applicationsand NHC
products may be oinsufficient granular resation for local level decisioimaking The study team
proposes working closely with NFIE participants to resolve these is§hesstudy team suggegteusing
on the following tasks.

4.1 ForecasBased Riverine Flood Extents and Depth Grids

NFIE participans areadvancing research that will, within the next year, be integrated into NWS.

The research products wilhclude forecastbased discharge estimates for all NHD stream segments,
resolving some of the issues with ungaged streaifisle these productg@not available through a federal
agencyobds dissemination portal at this ti me, bet a
which has a close relationship with several NFIE leadeFbe study teans alsocomposed of national
experts m floodplain mapping with the following competencies:

a. Contribution to the mapping standards and floodplain estimates for the NWS AHPS

b. Development of Gl$hased mapping tools to increase mapping efficiency

c. Automation capabilities to develop floodplain exseand depth grids based on discharge estimates

The study team proposes using beta versions of the stream discharges to develop mapping
automation tools and guidelines for replicating them, ensuring that DOTs will be able to take full advantage
of nationwde, forecasbased stream discharge estimates once they do become available.

4.2 HigherResolution Storm Surge Products

Study team members include former members of
aware of the techniques needed to produce hurricane and extratropical storm surge products of sufficient
resolution for local planningStudy team members would ube same approach as the NHC team, relying
on theSea, Lake and Overland Surges from Hurricanes (SLOSH) nmgebduce a higiguality coastal
inundation estimatelhe study team proposesing these methods to developastal mapping tookhat
canprodice realtime extent and depth estimatékhese estimates will be granular enofagtuse byDOTs
for operations and response during flooding caused by storm surge.
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4.3 Workload Estimate

Tazk Name 2016 2017
2Znd Quarter 3rd Quarter 4th Quarter 15t Quarter 2nd Quarter 3rd Quarter 4th Quarter 15t Quarter 2Znd Quarter
Apr [May [ Jun | Jul [Aug|Sep| Oct[Nov|Dec|Jan [Feb| Mar [ Apr [May | Jun | Jul [Aug|Sep| Oct [Nov|[Dec| Jan [Feb[ Mar [ Apr [May [ Jun

W e | SN N d| LI M=

Develop river mapping tools

Develop coastal mapping tools

Prepare interim report

Panel review meeting

Incerporate mapping preducts into prototype model
Beta test and revise extended prototype

Develop guidebook and document evaluation

Final report

Project closeout

=_
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5 CONCLUSION

The work to date omhis project has identified numerous resources (tools, methods,atalta
models) that can help support flood forecasting for the state transportation agency context. Many of these
tools can be readily integrated into a framework to support DOTs in ptarfoi, responding to, and
operating during floods. Others require modification before being integrated into a floodcasting framework.
An architecture and framework for those reaolyise and easily modified toadsediscussed in Chapter 3.
High-priority research needing additional rasces is described in Chapter 4. Together, Phase Il products
and subsequent research will incorporate effective information into a single framework to support
transportation floodcasting needs, and the framework willilleto anticipate updates from both the NFIE
and local datasets.
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6 ABBREVIATIONS AMIRONYMS

AHPS
API
DOT
FEMA
GIS
GIST
NCHRP
NFHL
NFIE
NHC
NHD
NWS
OoGC
SMS
USGS
WMS

Advanced Hydologic Prediction Service
Application programming interface
Department of Transportation
FederaEmergency Management Agency
Geographic information system

Geographic information systefor transportation
National Coopeative Highway Research Program
National Flood Hazard Layer

National Flad Interoperability Experiment
National Hurricane Center

National Hydrography Dataset

National Weather Service

Open Geospatial Consortium

Short Message Service

United States Geological Survey

Web Map Service
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