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POPULATION GROWTH

Seven out of the 15 fastest-growing places in U.S. are in

Texas

Percent

City/Town State 2023 2024 growth
1 Princeton Texas 28,336 37,019
2 Fulshear Texas 43,033 54,629
3 Leesburg Florida 31,913 37,815
4 Celina Texas 43,700 51,661
5 Anna Texas 27,909 31,986
6 Haines City Florida 37,538 42,073
7 Foley Alabama 25,031 28,043
IE Fate Texas 24,666 27,467
9 Rosemount Minnesota 27,654 30,581
10 Garner North Carolina 35,654 39,345
|11 Melissa Texas 23,812 26,194
12 Sugar Hill Georgia 26,111 28,598
Ii! Hutto Texas 38,980 42,661
14 Leland North Carolina 31,495 34,451
15 Erie Colorado 35,333 38,594

Source: The Texas Tribune /U.S. Census dated 5/15/2025

North Texas is the fastest-growing area in the state

Almost all Texas cities increased their population last year, but North Texas grew the most. Just nine
Texas cities lost population.
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LONG-TERM WATER

AVAILABILITY FORECAST

An innovative data-driven based method
for estimating Net Water Availability (NWA)
NWA = Precipitation (P) — Evapotranspiration (ET)
Better than Climate Model outputs

Decadal Projection until 2070
Moderate Warming (SSP 245)
Extreme Warming (SSP 585)
Compared with TWDB Water Demand Projections
For each Regional Water Planning Areas

Li, W., Li, D., Fisher, J., and Fang, Z.N. (2023). "Evaluating future
water availability in Texas through the lens of a data-driven approach
leveraged with CMIP6 general circulation models", Science of the Total
Environment, Volume 921, 2024, 171136,
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Region C

HHHE w

Major Cities Water

Demand
Dallas Fast
Fort Worth Increasing
Municipal
Demand

67% more by
2070s

&

Water
availability

Compared
with 2020s,
12% more
(moderate
warming) and
3% less
(extreme
warming) by
2070s

Li, W., Li, D., Fisher, J., and Fang, Z.N. (2023). "Evaluating future water availability in Texas through the
lens of a data-driven approach leveraged with CMIP6 general circulation models”, Science of the Total
Environment, Volume 921,2024, 171136, https://doi.org/10.1016/.scitotenv.2024.171136.
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Region H

g
HHE
Major City

Houston

>

Water
Demand

Fast
Increasing
Municipal
Demand, high
demand of
manufacturing
and irrigation

32% more by
2070s

&

Water
availability

Compared
with 2020s,
1% more
(moderate
warming) and
4% less
(extreme
warming) by
2070s

Li, W., Li, D, Fisher, J., and Fang, Z.N. (2023). "Evaluating future water availability in Texas through the
lens of a data-driven approach leveraged with CMIP6 general circulation models", Science of the Total
Environment, Volume 921, 2024, 171136, https:/doi.org/10.1016/j.scitotenv.2024.171136.
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Water
Engineering
Research

Center

To tackle emerging challenges
related to population growth,
increased development, and

changing climate in North Texas.

To gain solid knowledge to
ensure safe, sustainable water
supplies and mitigating the
impacts of extreme events on
North Texas.

To transform challenges into
opportunities via more
performing holistic research in
collaboration with
interdisciplinary educators,
researchers, agencies,
industries, and regulators to
develop multidisciplinary
strategies and sustainable
solutions for urban waters and
energy

To help build public-private
partnerships to address pressing
needs associated with urban
water issues.

‘ Water Engineering
‘» Research Center
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WATER ENGINEERING RESEARCH CENTER

- Newly established research center focusing on developing innovative
water technologies and practical strategies that drive economic growth
and sustainable development.

- Dedicated to addressing complex challenges in water resources,
particularly in the State of Texas.

- Conducts vital projects that turn sciences and engineering into
actionable solutions for flooding, stormwater, water supply, quality, and
environmental resilience for the State of Texas and beyond.

« Recognized by the state legislators and across the nation, the WERC is
one of the pioneering research thrusts that UTA invested in recent years.

Water Engineering
% Research Center
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TSI Study Overview

TSI: Integrating Transportation
and Stormwater Infrastructure

' ¥ Open'Space -J-

I ""Preservation

= Proactive vs. Reactive

» Regional “System” A
. - : . 5 Infrastru@ture g
Approach :

www.nctcog.org/tsi

Objective: a “roadmap” for communities

’ “S " integrating Transportation
LN &

Stormwater Infrastructure 10



TSI Study Objectives

$10+ million comprehensive planning

study

m Proactive planning

m Stormwater, environmental, and transportation

infrastructure integration

m Safety of residents, property, and infrastructure

m State-of-the-art flood hazard area models
m Flood warning system framework

= Innovative infrastructure, nature-based solutions, and

regulatory approach resources
m Tools, literature, and data

Expected completion:
= Fall 2026

& Stormwater Infrastructure

! “S 4 integrating Transportation
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TSI Study Partners
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= Freese and Nichols, Inc. 77 cotmnot Govemmerts
= Halff Associates, Inc. SR e R J
m Highland Economics N : | ‘ US Army Corps
= Denlin of Engineers.
d North DFW ,
. S:tudy Area ot - ¢
,,,,, k‘.q;;;\_____ RS .\L—L— - O 2T
West DFW | & ! c
: Study A i
::my" raa{ T.;%::: o il | Dillas '
t ....... Wakshe Co g —
TEXAS A&M Hood HJohnncn ' Ellis — oy
AGRILIFE = ; trwas

g : s
]
\ UNIVERSITY OF I

“' TEXAS A&M
A TEXAS INSTITUTE FOR A DISASTER

ARLINGTON RESILIENT TEXAS

! “S —4 integrating Transportation

& Stormwater Infrastructure



Criticality of Transportation/Stormwater Integration

m High transportation and stormwater
infrastructure costs

m Failures disrupt access, reliability, and
system performance

m Flooding risks concentrated at road
crossings and bottlenecks

m Upstream development overwhelms
downstream systems

’ “5 4 integrating Transportation

& Stormwater Infrastructure



Enhanced Drainage Models to Optimize Alternatives

it o st e Set Up Hydrologic & Hydraulic (H&H) Distributed Detention Optimization
f Model w/ Reservoirs at Each Subbasin Example — Eagle Mountain Pilot

0 075 15 3Mes N
T R S T S

Urbanization
Changes to
Permeability and
Valley Storage

Increased Flow

. Optimize Flow Resistance and
iy -4 Storage Values Generated from — - .

~asax egen ¥ =
: - H&H Model Runs . ; .
; i e Total Storage (acre-ft) :

g -sm =

ll: s Undar Peak Outfall Discharge: 39,721 cfs

= l A consrsion Total Storage: 4,881 Acre ft

A " ‘* / "
¥ E .. . Focus on Critical Reaches and
Vary Storage Values to Best '\‘ " i Transportation Junctions for
Reduce the Peak Flow “‘i' 1 Reducing Flow to 2020 Conditions

’ ‘S integrating Transportation 3
~ 14
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EXAMPLE: Optimization Summary

= Basin Model Information

= ~75 square miles
= 41 Subbasins and 42 Reaches

» Anticipated Imperviousness Increase
= Avg: 25%
= Max: 47%
» Anticipated Reduction in Response Time
* Avg: -0.41 hr
» Max: -0.67 hr

» Downstream Peak Discharge
= 2020: 40,300 cfs
= 2070: 51,100 cfs

B G S0 %
» Theoretical Storage Required: 6,200 acre-f " (ot
> \

’ “S 4 integrating Transportation

’ & Stormwater Infrastructure 15



EXAMPLE: Optimization Results

Legend
Storage

I 750

-Scenario 1
(Local)

3 Miles

May provide ~4500
ac-ft of storage

%S7.

integrating Transportation
Stormwater Infrastructure

= Flows limited to
current levels

= Both options provide
benefit but still result
in less storage than
theoretical
requirement

= Amenu of
options is needed

Note: All results are considered preliminary
and are subject to change.

Scenario 2
(Regional)

3 Miles

May provide ~4000
ac-ft of storage

16



TSI Integration: Menu of Options

Bioretention
Systems

W
prtpeert

'

‘ ‘,'&;. & Stormwater Infrastructure

g 4 integrating Transportation

Groundwater
Recharge/Reuse

Conservation
Easement
(preserving storage
and other uses)

Smart Stormwater
Infrastructure

Infrastructure -yl ‘ W o

System
Tiered Culvert/
Bridge Designs

*

Report Perfermance

Identify Maintenance
Adapt

Valve

NN

I

, Control
Panel

Level Sensor |
| e ——
L

17




Menu of Options Examples

m Hydrology and Hydraulic Modeling Enhancements Collect and Analyze Data

m Alternatives Analysis

m Transportation and Detention/Retention Integration
m Transportation Planning Linkages

m Flood Control Prioritization

m Green Stormwater Infrastructure Implementation

m Flood Early Warning Systems Planning

m Funding Opportunities

m Policy Recommendations

,‘ ntegrating Transportatio
I&S! rmwater Infrastr ct 18



Project Example: TSI Integration

m Integrated transportation,
stormwater, and
environmental elements

m Static control structure
limiting the discharge and
generating storage
volume

’ “S 4 integrating Transportation

& Stormwater Infrastructure 19



TSI Flood Mitigation Alternatives (in progress)

@ - Potential alternative locations being considered

= Goal — Reduce current and future flows

» Considerations:
» Effective flood reduction?
Avoids negative impacts?
Downstream flooding?
Economic benefits?
» Future transportation improvements?

* Promising locations identified to-date
= Clear Fork at Sarra Ln
= Chambers Creek at Enon Ave

South Mary’s Creek at IH-20

Mountain Creek at FM 2738 and/or CR 616

Village Creek at FM 731

Little Mary’s Creek Tributary at FM 3325

’ “S 4 integrating Transportation

& Stormwater Infrastructure 20
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Project Example: Detention (Sarra Ln — Parker County)

Depth

- Reduced Flow Downstream

= DEV002y7 FUT Fiows
DET_010y_FUT Flows
— CET100y1_FUT Flows

BEFORE

SARRA ROAD

Depth lfeet]

f T T T T
01an2025 01/an2025 0800 011an2025 1600 o2san20z5 02/an2025 0800
Time

Increase » Groundwater

Storage g;Recharge

N '-'j ) T
ﬁi \\ - . ..au 2. P
nstream Key Summary Statistics — 2070
= 100-year Conditions (upstream):
o Valley Storage: + 2,000 acre-ft
o Flow Rate: - 3,000 ft3/sec

= 10-year Conditions
(downstream):

o Flow Rate: - 1,000 ft3/sec

’ ‘ ) ' i 1 1 01 |‘|ZU25 o1k nzu‘zsam o nzulzsmna 025 ‘zuzs o pz:.lzsm H H
‘S Stveater Inftcn ' ' e ) ; o Elevation Reduction: 0.5-1.0 ft

Replace _
Culvert

Depth[feet]

& Stormwater Infrastructure 21



Project Example: Buyouts

Mary’s Creek in
Benbrook

= “Flashy” watershed ¥ RS e e S e
- : . : Impacts of Valley Storage Loss

| i ke H i I | CO U ntry ‘ I‘ £s AL ) o - 20-30% increase in peak flows

. - 1.2 foot increase in 100-yr elevation (2020 to 2070)

- Shorter flood response times

u H O m e S I n th e - - within FE 'Hf s T 3 S - Deeper and more frequent roadway overtopping

(Velocities between

FEMA floodway St el W\ S

» History of flooding
and projected
increases

TSI 10

.- g

Existing FEMA 100-yr Floodplain (Purp

Existing FEMA ay (Da

»

- 4 integrating Transportation
4 : ’ & Stormwater Infrastructure 22




Project Example: Mary’s Creek Flood Control Reservoir (MICFRC)

»

'.I\I'Iary’s Gretk/
Clear:Fork '

106-';year Confluence

Floodplain; : BB () 7
- *w/o MCFCR . Y of + ZH
; PR ¥ Ig ‘

Nt 7 Structures :
‘removed by 1§
« MCFCR 3

1{ S' T a— Complementing Buyouts by Reducing System-Level Risk

& Stormwater Infrastructure




Project Status: Planned, Eligible, and Advancing

s e

Stakeholders

FORT WORTH.

@ Benbrook

TEXAS

|

—
T

v/

S TEXAS WATER

\ EVELOPMENT BOARD

Torrant [ North Central Texas
trdev?K"" CONCEPTUAL DESIGN - GROUND PERSPECTIVE ‘NICHOLS ' Council of Governments

— UPSTREAM FLOOD MITIGATION ANALYSIS E FREESE
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Project Example: Valley Storage Preservation

= Definition — The volume of water in a river's
floodplain during a flood

* Function — Flood water storage...like a
reservoir

= Regulation — FEMA NFIP

» Development allowed within Floodway Fringe

* Impacts of Valley Storage Loss
» Peak flow increases
Peak water surface elevation increases
Deeper and more frequent roadway overtopping
Shorter flood response times
Life safety threat

’ “5 4 integrating Transportation

& Stormwater Infrastructure

FLOODWAY
FRINGE

44— 100-YEAR FLOODPLAIN ——————————P

FLOODWAY

FLOODWAY
|, FRINGE _

ENCROACHMENT

CHANNEL

¢ STREAM »

L >

ENCROACHMENT

o
o%
AREA OF FLOODPLAIN THAT COULD . /
BE USED FOR DEVELOPMENT BY
RAISING GROUND

SURCHARGE

D)

S8

FLOOD BFE BEF

ORE

ENCROACHMENT ON FLOODPLAIN

Allowed
Development

Allowed
Development

Floodway Fringe

Floodway

Floodway Fringe

100-Year Floodplain
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Project Example: Flood Early Warning System (FEWS)

[ Project Management? |
8 [ Quality Control |
fl
Bh e
29 ( SOP ) A\DraftSOP Finalize SOP_) A\ Final
& sop
.—
(_Objectives ) A\[Objectives Memo_ - ~ Coordination )
J A [Region Characteristics Memo ___ Coordination_|
—Aaumf«s_m T _ Coordination )
— (A Gap Analysis Memo_ Coordination_ )
(A Draft Framework Finalize Framework | AFinal
Masterplan?
@  FEWS Stakeholder Executive
% ® Kick-Off Engagement Meetings Summary
g ® TS| Project Public

Community Meetings
1. Includes monthly status meetings with task leads and, as needed, team partners

2. Although it is not within the scope to develop a detailed implementation plan for the TSI region, it is a recommended next step

, ‘S integrating Transportation

& Stormwater Infrastructure
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How Does TSI Get Implemented?

TSI will...

= |Leverage, enhance, and/or recommend expanding existing
regulatory frameworks, such as:
» The NCTCOG integrated Stormwater Management (iSWM) Program
= The Upper Trinity River Corridor Development Certificate (CDC) Program

» |dentify and recommend TSI Flood Management Projects
(FMPs), Flood Management Evaluations (FMEs), and Flood
Management Strategies (FMSs).

= Collaboratively explore and promote other avenues for flood
resiliency.

’ “S 4 integrating Transportation ]

& Stormwater Infrastructure
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View Interactive TSI Results

TSI Website TSI Story Map

Featured Items

* January 15, 2026 Flood Warning System Pre-Workshop Meeting (Virtual)

+ January 29, 2026 Model Development Code & Floodplain Ordinances Workshop (Hybrid)
+ February 17, 2026 Flood Warning System Workshop (Hybrid)

+ December 5, 2025 Technical Advisory Group Meeting Materials

TSI Flood Warning System Planning

. Subarea Meeti Round 4, Meeting Materials

« Local Government FAQ

Avg  Sep Ot Nov  Dec Jan  Feb  Mar  Apr My dn Wl

@

L - [§ Quality Control ]
3% ) AR TGS A Fial
z sop
. o [
Events Technical Advisory Group Qutreach Documents Contract Documents ]
—— % i B (CRESEIET) A feor Carcaia e Coodiaton ]
| teammore | | teammore | teambore | | LeamMore e N e—

o A G )

[CFamewet ) (0w framework Finalze Framewark | A Final

[ ccenss [

Masterplan’|
| I _, « FEws stakeholder Acecive
@ — * Kick-Off Engagement Meetings ‘Summary
= # 751 Project Public
s Community Meetings
Map Your Watershed! StoryMap Stakeholder Engagement
Learn More | Learn Mare ‘ Learn More

INCLUDES:

= History and Context

= What We’re Doing

* Results and Resources

nctcogqg.orqg/tsi

7 f | ) . .
g ’ integrating Transportation
‘ 5 & Stormwater Infrastructure
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KERR COUNTY FLOOD
(7/4/2025)
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FLOOD ALERT SYSTEM-CONCEPT
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Satellite

Weather pattern

Rainfall (satellite,
radar and gauge)

River stage, etc. /

Data Fusion

\Accurate‘ Data-Driven Mody

Forecasting Algorithms/Models

Decision Support System
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FLOOD ALERT SYSTEM 5

-

Data Retrieval

NEXRAD

~

Flood Prediction Core
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COH API/Data Portal
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DFW FLOOD EARLY WARNING SYSTEM

INIVA T o,
T
LI VY jasyom

+ 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.

Engineering

2arch Center
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» CSV
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Runoff Time Series

!

Bear Creek @ Shady Grove Hydrograph - Sun Aug 31 07:00 pm COT 2025




Guidance Document of Flood Early Warning Systems
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Flood Early Warning Systems (FEWS)

COMMUNITY| Guidance Document
OUTREACH for Texas
Contract Number 2101792481
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Nick Fang, PhD, PE Sam Brody, Ph.D. Michael Zaretsky, AIA
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Texas Storm Study AIHFRM
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STATEWIDE RAINFALL REANALYSIS ESTIMATION

Spatial Gage Density Comparison:
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JOINT HEARING - SENATE AND HOUSE
SELECT COMMITTEES ON DISASTER PREPAREDNESS AND FLOODING

KERRVILLE, TEXAS

Hatim Sharif ...

{= Jamie Padgett

RICE

LIVE: Joint Hearing: Senate and House Select Committees on Disaster Preparedness and Flooding
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TEXAS WEATHER MEASUREMENT &

TEXAS TECH’
PREDICTION SYSTEM

Existing Measurement Texas Weather Prediction % Custom Product % River Authorities
Sources System Generation & Data ! =, |

» Regional weather stations » Dataintegration Streams UTA m,.mmn& *\'y\
» Regional rain gauges Quality control »  Basin rainfall V2 N

Calibration

>
» NWS WSR-88D radar Lg

» Comprehensive real-time analysis
> |, Ensemble forecasts =

»  Probability statistics
»  Custom data formats
>

Direct data feeds

| — U Y@
5

GBRA 115 e

v Avthorty DEVELOPMENT BOARD

TDEM/EM Planning &
Response

Kerr County, Texas
< Tom- @

=+ Code RED Alert. *=*

This is a CodeRed message issuad by the Kerr County
Sheriff's Office.

The Weather Prediction Center Excessive Rainfall
Outlook for the rest of tonight into Sunday morning has
been updated to reflect a moderate (Level 3 of 4) risk
of excessive rainfall across the southern Edwards
Plateau and Hill Country.

New rainfall estimates are 2 to 4 inches with isolated 9
inches possible across the Flood Watch area.

Rapid river rises are possible across the Rio Grande,
southern Edwards Plateau, and Hill Country.

Public Websites Flood Models, Mapping
> TTUWTM & Waming Other Agencies &
NWS Forecasting & » TWDB >  Probabilistic flow/stage Users
i » UTA/RICE Flood forecast with stream sensors
Enhanced Weather % 'Warnlngs Bleehinrard L v inundakion & wamimg
Measurements v Oihers dispatc

s
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»  Mesonet weather stations
» Fast response rain gauges

> High-resolution radar = R e .
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