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https://www.youtube.com/watch?v=xSDOISaGEHM
https://www.youtube.com/watch?v=IsV_DW2woHw&t=90s
https://www.youtube.com/watch?v=xSDOISaGEHM
https://www.youtube.com/watch?v=IsV_DW2woHw&t=90s
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Objective: a ‘roadmap’ for communities

TSI: Integrated Transportation 
and Stormwater Infrastructure

• Proactive vs. Reactive

• Regional “System” 
Approach

TSI Study Overview

http://www.nctcog.org/tsi


By the End of Today’s 
Session…
• You will:

• Recognize the TSI concept and its 
resources related to proactive and 
integrated regional planning

• Understand the TSI Flood Early 
Warning System (FEWS) approach, 
including application of the FEWS SOP 
and Masterplan
 

• Learn from public works professionals 
about other tools to enhance 
community resiliency

• Have the opportunity to provide input 
to impact TSI results
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www.nctcog.org/tsi 

Why TSI? A Story Map Demo

• History and Context

• What We’re Doing

• Results and Resources

February 17, 2026Flood Warning System Workshop

http://www.nctcog.org/tsi
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Presentation from NWS

Presenter: Dr. Amanda Schroeder (Senior Service 
Hydrologist)

• Discuss flood forecasting processes, uncertainties, 
limitations, and evolving products, including flash flood and 
river flood warning decision-making and the value of 
coordinated warning systems.

February 17, 2026Flood Warning System Workshop



NWS 
Hydro Operational 

Services
Dr. Amanda Schroeder

Senior Service Hydrologist
NWS Fort Worth



• Excessive Rainfall Outlook 
(ERO)

• Issued by WPC up to 5 
days before event

NWS “Pre-event” Hydro Products 

Hydro Hazard 
Simplification

(since Nov 
2021)

• Flood Watch 
• Typically issued ~ 24-48 hrs. prior to heavy rain event onset
• Can expect flash flooding AND river flooding due to excessive 

rainfall

• Flash Flood Watch 
• Reserved to cover areas immediately downstream of possible 

dam failure



• Flood Advisory
• Issued to alert the public about 

possible imminent/ongoing 
“nuisance” flooding (i.e. 
“ponding” on roadways, etc.)

• Flash Flood Warning (FFW)
• Issued to alert the public about 

expected/ongoing flash flooding 
(potentially life-threatening 
flooding)

• Can also be issued for areas 
downstream of an imminent dam 
failure (not just for flooding from 
heavy rain)

Courtesy: The Dallas Morning News

Courtesy: wchstv.com

Courtesy: wchstv.com

NWS Hydro Event Products 



• Since late 2019, flash flood warnings (FFW) can have impact-based 
warning (IBW) tags attached to them

• IBW tags automatically activate Wireless Emergency Alerts (WEA) 
to enabled cell phones when used

• FFWs w/o an IBW tag do NOT activate WEA

• FFW IBW Tag Categories:
• Considerable
• Catastrophic

Flash Flood Warnings w/IBW tags

Courtesy: The Weather Channel



IBW Tag Location in Text Product



Warning Decision Data Sources

Flood Warning Systems

Radar Data

Hydrologic Model Output Rainfall 
Observations

Reports

among others…



Flood Reports

• Are roads or structures flooded? 
• Is the road impassable?
• Are rescues being done?

• How often does it flood here? • How high is the water?
• Is it flowing? 

Flood Impacts
Flood 

Frequency
Flood 

Magnitude



What happens to the report?
• An LSR (Local Storm Report) 

is generated, which is used to 
verify the warning

• Info from LSR can be put 
directly into the warning text

• The geo-tagged report 
provides guidance to 
forecasters on possible 
impacts elsewhere based on 
data comparisons

• Reports are MOST helpful when 
received DURING the event (but 
still useful afterwards, too)



• River Flood Warning (FLW)
• Issued to show when/where flooding is 

expected/ongoing along a river reach 
near specific forecast point locations

• Flood stage categories 
(w/corresponding impact statements)

• Minor
• Moderate
• Major

• Reservoir releases are coordinated 
and included in the river forecasts

• Forecast rainfall also included but 
length of time varies

NWS River Flood Products



Putting “water on a map” to improve risk communication

Flood Inundation Maps (FIM)



• IMPORTANT!! FIM are only intended for river flooding, NOT flash 
flooding (and have some important caveats for proper use)!

• Types of FIM:
• Flood depth maps: show where floodwaters are located AND 

how deep the water is
• Flood extent maps: ONLY show where floodwaters are 

located
• The new dynamic NWS FIMs provide different map options (and 

only display flood extent, NOT depth)
• Accuracy and usefulness vary among FIM types
• Multiple federal agencies are producing maps (NWS, 

InFRM/USGS, USACE, etc.) and they all vary

FIM



NWS FIM Capabilities

Static maps: Developed ahead of time 
and available as static images from an 
online repository; static maps provided 
by the NWS are derived from complex 
hydraulic models that provide flood 
extent AND depth

Dynamic maps: Developed during the 
flood event and change depending on the 
initial conditions used by the model; 
dynamic maps provided by the NWS are 
derived from simplified hydrologic 
modeling and only provide extent



Improving FIM w/field surveys
Water begins to fill 
median along old 
Tampa Highway

Travel lanes could be 
impacted around 63.5 
ft



National Weather Service Contacts 
and Resource Websites

• Local NWS Office
• Fort Worth/Dallas, TX Weather 

Forecast Office
• https://www.weather.gov/fwd/
• Senior Service Hydrologist:  

Amanda Schroeder 
(amanda.schroeder@noaa.gov)

• NWS River Forecast Center
• NWS West Gulf River Forecast 

Center (WGRFC)
• https://www.weather.gov/wgrfc/
• Service Coordination Hydrologist: 

Greg Waller 
(greg.waller@noaa.gov)

• NWS – national page
• https://www.weather.gov

• NWS WPC Excessive Rainfall 
Outlook (ERO)

• https://www.wpc.ncep.noaa.gov/#pag
e=ero

• NWS River and Precipitation 
Observations, Forecasts, and FIM

• https://water.noaa.gov/
• InFRM

• www.infrm.us

https://www.weather.gov/fwd/
https://www.weather.gov/fwd/
mailto:amanda.schroeder@noaa.gov
https://www.weather.gov/wgrfc/
https://www.weather.gov/wgrfc/
mailto:greg.waller@noaa.gov
https://www.weather.gov/
https://www.weather.gov/
https://www.wpc.ncep.noaa.gov/#page=ero
https://www.wpc.ncep.noaa.gov/#page=ero
https://www.wpc.ncep.noaa.gov/#page=ero
https://water.noaa.gov/
https://water.noaa.gov/
http://www.infrm.us/
http://www.infrm.us/
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Presentation from USGS

Presenter: Kristine Blickenstaff, P.E. 
(Branch Chief - Integrated Hydrology + Data Science)

• Present a demo of the Interagency Flood Risk Management 
(InFRM) program website (www.InFRM.us).
• Includes national water data platforms and the Flood 

Decision Support Toolbox (FDST), highlighting decision-
support value, inundation mapping examples, data gaps, 
and opportunities to expand regional capability.

February 17, 2026Flood Warning System Workshop

http://www.infrm.us/


Flood Decision Support Toolbox

Collaborating Nationally, Empowering 
Locally: The Flood Decision Support 
Toolbox
Thursday, February 17, 2026 

By Kristine Blickenstaff



A Web Presence for InFRM

Estimate your base flood elevation (estBFE) Flood Decision Support Toolbox
Watershed Hydrology Assessments

WHAV Viewer

https://webapps.usgs.gov/infrm/estBFE/
https://webapps.usgs.gov/infrm/fdst/


Flood Decision Support Toolbox

Scenario Planning
 Pre-positioned map libraries
 NWS Flood Categories
 Historical Flood viewing
 Critical infrastructure
 Damage Estimates

Real-Time Event Response
 USGS Streamgaging
 NWS FIM mapping
 NWS Forecasts
 Weather Conditions
 Transportation Conditions
 Reservoir Conditions



FDST Functionality



FDST Functionality

Select anywhere in the map to view estimated water depth



FDST Functionality
Linked NWS River Forecast

Setup WaterAlert

Historical Peaks



FDST Functionality – Texas – TWDB Partnership

Reservoir Conditions

Critical Infrastructure

Road Conditions



FDST Functionality – Texas – TWDB Partnership



Uncertainty in Modeling

 “All models are wrong, 
but some are useful”

 Model Uncertainty
 Tier A/B
 Rating Curve RMSE
 Uncertainty in forecasts
 NWS FIMS

Most confidence at 
gage location

Tributary 
Inflow



National Weather Service FIMs



Kristine Blickenstaff, PE
Integrated Hydrology + 
Data Science 
Branch Chief
USGS
kblickenstaff@usgs.gov
817-614-0642

InFRM.us

webapps.usgs.gov/infrm/fdst/

http://infrm.us/
https://webapps.usgs.gov/infrm/fdst/
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Presentation from UTA

Presenter: Dr. Nick Fang, PhD, PE (Professor and Director of 
the Water Engineering Research Center (WERC))

• Present a North Texas flood early warning system in 
operation at the DFW airport and additional FEWS 
information and context

February 17, 2026Flood Warning System Workshop



FLOOD ALERT SYSTEM-CONCEPT

Observations
• Weather pattern
• Rainfall (satellite, 

radar and gauge)
• River stage, etc. Forecasting Algorithms/Models

• Dispatch warning 
information

• Real-time 
communications

or
H/H Modeling

Accurate Data-Driven Model

Decision Support System

Satellite

Gauge

Radar Data Fusion

Communications



NEXRAD

Data Retrieval

QPE &
Rain Gages

Flood Plain Map Library

1
2

3

4

RT Rainfall/Runoff 
Correlation

Real-Time Rainfall

Flood Prediction Core 
Engine

Real-Time Forecast Flood Map from 
2nd Display Portal, also Includes Data 

Storage and Operation Engine

Alert Levels

&
Flood Protection

Action Levels

Flood Protection & 
Emergency Actions

•Evacuations

•Flood door closure

•Recall of Personnel

•Backup Power

Warnings &
Communication

Indicator (Rainfall 
Intensity -RI)

Inundation 
depth at 
selected 
locations

COH API/Data Portal

Watershed Rainfall 
(inch)

Map ID

Brays Bayou 4 1

Huntington 
Bayou

5 3

… … …

Inundation 
maps with 

IDs

Upstream Downstream

Redundant Terminal

FLOOD ALERT SYSTEM 5



NEXT STEPS
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• Technology Framework
• Digital Twining Coupled Atmosphere/Land 

Surface/Hydrologic systems

• Hydrologic Models Development & Calibration

• Advanced Radar-based Rainfall Monitoring/Correction

• Cloud Computing and Web-based Platform Integration

• Developed for the Bear Creek Watershed, North Texas 

• Provide 2–4 hours of hydrologic lead time.

• Calibrated over the entire data time span.

• Incorporates real-time radar-based precipitation with bias 

correction.

• Enables sensor calibration and creation of virtual gages across 

the watershed.

DFW FLOOD EARLY WARNING SYSTEM



Principal Investigators

Nick Fang, PhD, PE

Grant Sponsor

Communities of Flood Early 
Warning System (FEWS)

Guidance Document of Flood Early Warning Systems

Michael Zaretsky, AIASam Brody, Ph.D.Phil Bedient, Ph.D., P.E.

COMMUNITY 
OUTREACH

PROJECT 
MANAGEMENT

PROJECT 
REPORT



Nick Fang
InFRM Academic Council Members

John Nielsen-Gammon

Philip Bedient

Sam Brody

Collaborators

Clint Dawson

Jamie Padgett

Hatim Sharif



No Single Entity Can Solve This Alone

• Role of TSI

• How does 
FEWS fit 
into it?

• Timeline 
and results

42February 17, 2026Flood Warning System Workshop



Flood Early Warning Systems
─ End to End ─

1st Mile Last Mile

February 17, 2026Flood Warning System Workshop
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Roadmap for Success
─ Master Plan ─

Fully Transferable

Kickstart FEWS Development



TSI Flood Warning Master Plan 
Standard Operating Procedure

Step-by-Step

45February 17, 2026Flood Warning System Workshop

Define 
Organization

Regional 
Characteristics

Capacity 
Analysis

Gap 
Analysis

Improvement 
Strategies



Objectives Analysis

• Objectives Analysis Memo
• Document FEWS goals, vision, and 

expectations for the TSI region.
• Key memo information includes:

• Apr 2025 Survey Results
• Jan 2026 Survey Results
• Jan 2026, Pre-Workshop Meeting 

Follow-up
• Community Site Visits
• Engagement in Masterplan Process
• Texas Examples

46February 17, 2026Flood Warning System Workshop



Regional Characteristics
• Regional Characteristics Memo

• Key information:
• Geographic Extent and Political Boundaries
• Climate
• Natural Environment
• Built Environment
• Hydrology and Watershed Response

47

Structures at Risk, Critical Infrastructure, and Low Water 
Crossings (Source: TWDB)

February 17, 2026Flood Warning System Workshop



Capacity Analysis
• Capacity Analysis Memo

• Inventory resources 

• Key information includes:
• FEWS Hardware
• FEWS Software
• FEWS Operations

48

Entity Rain Stage Rain & 
Stage

Weather 
Stations 
with Rain

Comms. Reporting 
Frequency

City of Fort Worth 
(COFW) 8 28 34 0 ALERT2 

Radio
Every 

1 to 10 minutes

City of Grand Prairie 
(COGP) 0 39 0 0 ALERT2 

Radio

Every 2 minutes to 
1 hour depending 

on weather

National Weather 
Service (NWS) 0 0 0 33 GOES? 

Satellite Hourly

Tarrant Regional 
Water District (TRWD) 12 3 22 0 Cellular; 

ALERT2
Every 5 to 15 

minutes

Texas Department of 
Transportation 

(TxDOT)
0 0 0 80 Cellular; 

IP
Every 1 to 5 

minutes

Texas Water 
Development Board 

(TWDB)
0 0 0 6 Cellular Every 5 minutes

United States 
Geological Survey 

(USGS)
0 114 0 0 GOES? 

Satellite 15 minutes

Wise County 0 16 0 0 Cellular Every 5 minutes

Appropriate for Flash 
Flood Warning? Yes TBD No

February 17, 2026Flood Warning System Workshop



Gap Analysis
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Where 
we are…

Where 
we want 
to be…

Identify flood risk. 
Are key flood hazards and related threats identified?

Summarize what's known about geographical extent, magnitude, intensity, historical data, 
future risks.
What are the watershed response times at key locations of significant flood impact?
What flood hazard maps are available?

Are flood risks and vulnerabilities identified?
Critical facilities mapped (e.g., hospitals, water treatment, fire/police stations, etc.)
Impacts to critical infrastructure evaluated. 

Are roles and responsibilities of stakeholders identified?
Who are the key agencies. (e.g. Host agency, NWS, NWSRFC, USGS, USACE, etc.)? 
Describe roles.
Hazard identification and risk information coordination. Who is responsible?
Available experts to assess quality of risk data and information. (e.g., PW Engineer, 
Consultant, etc.)
Process in place to engage rural and urban communities in risk assessment.

Is risk information consolidated?
Is there a centralized database of events, disasters, and risk information, including GIS. 
Where? Who is responsible?
Is process in place for systematic collection, sharing, and assessment of risk data?
Process in place for regular review and updating of risk information, including new or 
emerging vulnerabilities.



Improvement Strategy

50

Where 
we are…

Where 
we want 
to be…

Threat 
Detection

Modeling & 
Forecasting

Warning
Dissemination

Decision 
Support

Response 
to Warnings

February 17, 2026Flood Warning System Workshop



TSI Flood Warning Master Plan 

51February 17, 2026Flood Warning System Workshop

Objective 
Analysis

Memo

Regional 
Characteristics 

Memo

Capacity 
Analysis

Memo

Improvement 
Strategies

Memo

Implementation 
Plan

Gap Analysis 
Memo



Local Perspective
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Questions and Feedback

53February 17, 2026Flood Warning System Workshop

1. Where are the biggest flood risk blind spots in your community today? 
(Geographic areas, vulnerable populations, infrastructure gaps.)

2. When a warning is issued, what most often slows action (operationally or 
behaviorally)?

3. What’s the biggest gap between the tools presented today and what your 
community currently has in place?

4. Does your current approach to flood response feel more reactive or 
proactive? Why?

5. If you could advance one element of a FEWS (implementation or enhancement) 
in the next 12 months, what would you prioritize?



Takeaways and Next Steps
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What We Know
• Flood risk is local and dynamic: Blind spots exist and there’s not a single solution.

• Early warning only works when it triggers action: Integration, clarity, and coordination are 
essential.

• Proactive, integrated systems reduce risk: A FEWS strengthens resilience when paired with 
planning and partnership.

What’s Next
• Explore the TSI results and resources at www.nctcog.org/TSI 

• Leverage TSI FEWS Masterplan coming soon.

• Regional FEWS implementation through the NCTCOG Flooded Roads Information System project.

• We must work together and use our menu of tools to reduce flood risk.

http://www.nctcog.org/TSI


Please Complete Our Survey
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Contact

56

NCTCOG
Amanda Everly | Sr Emergency 
Preparadness Technical Specialist
817.608.2318 | aeverly@nctcog.org  

NCTCOG
Jeff Neal, PTP | Sr Projects Manager
817.608.2345 | jneal@nctcog.org  

NCTCOG
Erin Blackman, CFM | Sr E&D Planner
817.608.2360 | eblackman@nctcog.org  

NCTCOG PSA
Matt Lepinski, PE | Water Resources 
Engineer
817.761.4880 | 
matt.lepinski@gmail.com  

Freese and Nichols, Inc.
Jeremy Dixon, PE, CFM | Associate
214.217.2280 | 
jeremy.dixon@freese.com  

Halff Associates
Sam Sarkar, PE, PH | Associate VP
214.346.6368 | 
ssarkar@halff.com 

UTA WERC
Dr. Nick Fang, PhD, PE | Director and 
Robert S. Gooch Endowed Professor
817.272.5334 | nickfang@uta.edu 

UTA WERC
Jerry Cotter, PE | WERC Program 
Director
817.789.2004 | jerry.cotter@uta.edu 

National Weather Service
Amanda Schroeder, PhD | Senior 
Service Hydrologist | 
amanda.schroeder@noaa.gov 

USGS Integrated Hydrology + Data 
Science
Kristine Blickenstaff, PE | Branch 
Chief | kblickenstaff@usgs.gov 

WEST Consultants
David Curtis, PhD, PH, F.EWRI | 
Senior Technical Advisor
916.932.7402 | 
dcurtis@westconsultants.com 

February 17, 2026Flood Warning System Workshop
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