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“Texas is a land of perennial drought broken by the occasional 
devastating flood.” — National Weather Service, 1927

https://www.drought.gov/states/texas

https://www.drought.gov/states/texas
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The Texas Gulf Coast is on the frontlines of change
   —and the defining water issues of our time

Mouth of the Rio Grande, 2002
Image: Texas Parks & Wildlife

West Fork San Jacinto River near Humble, Texas after 
Hurricane Harvey, 2017. Image: Steve Fitzgerald, Harris County Flood Control District



Ensuring 
a secure 
water 
future for 
Texans
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Coastal data and monitoring activities
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The Texas Water 
Condition

Data Models

“The better the data, the better the science. The better the 
science, the better the policy.” — Kathleen Jackson, Previous 
TWDB Director  

Stakeholder 
Solicitation 
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TWDB’s Coastal Monitoring Buoys
Six (6) deployed

• Corpus Christi Bay
• Baffin Bay
• West Galveston Bay
• Cox Bay
• Matagorda Bay
• Trinity Bay

Five (5) waiting to be deployed
• All permits have been 

acquired
• Hardware 
• Set up



Water Data for Texas 
web portal

9



10

TWDB maintains 84 years (1941-2024) of 
freshwater inflow data

Gaged Watershed Flows

+ Modeled (Texas Rainfall-Runoff Model)

+ Returns
-  Diversions

Ungaged Watershed Flows

= Surface Inflows to Bay

coastal-data@twdb.texas.gov

Guadalupe Estuary

mailto:coastal-data@twdb.texas.gov
mailto:coastal-data@twdb.texas.gov
mailto:coastal-data@twdb.texas.gov
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ENHANCED RADAR PRECIPITATION PRODUCT 
FOR THE COASTAL TEXAS AREA 

• Improved gauge network density compared with 
other products

• Customized interpolation algorithm to the spatial 
distribution of the local gauge network within the 
coastal region

• Tailored gauge quality control algorithms to use 
as many gauges as possible. (Sometimes 
doubling the number of gauges compared to 
alternative products)



ENHANCED RADAR PRECIPITATION PRODUCT FOR THE 
COASTAL TEXAS AREA

RMSE
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TWDB and TxGIO filled critical bathymetry data gaps based 
on recommendations for priority areas

Laguna Madre      
2021

Nueces Bay 2023

Galveston 
Bay 2023

San Jacinto 
River 2023

Houston Ship 
Channel 2023



Hydrologic and hydrodynamic models
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The Texas Water 
Condition

Data Models Stakeholder 
Solicitation 
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The TWDB’s legacy coastal models are outdated, 
but simple, fast, and available for use

Texas Rainfall-Runoff 
Hydrologic Models

TxBLEND 
Hydrodynamic Models
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We’ve improved existing hydrologic and 
hydrodynamic models

Oil Spill Modeling System  
TxBLEND Automated TxBLEND Validation 

TxRR Automated Calibration
 Using Genetic 
Algorithm



We’re modernizing our modeling 
systems by developing and 
testing state-of-the-art models
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Compound Flood 
modeling to identify 

transitional zone 
using ADCIRC



HEC-HMS 2D: Study Overview

HEC-HMS 2D Example Bias-Corrected Radar Rainfall 
Product

Precip (in) Precip (in)

Original Radar Calibrated Radar

TWDB Contract #2301792723 TWDB Contract # 2401792866 






HEC-HMS 2D
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GitHub.com/schism-dev/schism

Introducing TWDB’s new coast-wide model
3D Hydrodynamics and Water Quality in SCHISM 

Semi-implicit 
Cross-scale 
Hydroscience 
Integrated 
System 
Model

https://github.com/schism-dev/schism
https://github.com/schism-dev/schism
https://github.com/schism-dev/schism


Corpus Christi Bay Galveston Bay



SCHISM: The next generation of ocean modeling

• Finite Element Model (FEM) with 188,395 
elements (118,200 nodes)

• Horizontal resolution varies from 10km in 
gulf to ~30m in shipping channels

• Vertical resolution varies, with between 10 
and 47 layers

• Two tracers (salinity and temperature)

• Fluvial inflows from 25 largest rivers (USGS 
gages)

• Open boundary forced with tidal harmonics 
and global HYCOM outputs

• Meteorology from  Global Forecast System 
(GFS)
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The New State of the Art 
for Texas

We have been working closely with 
collaborators at TAMUG for past two years to 
refine and calibrate the model.

Tested on in-situ water level, salinity, 
temperature, and currents from multiple 
source organizations.

The result provides unprecedented spatial 
coverage and accuracy in Texas bays and 
estuaries.
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Bays and estuaries, in real time, on your computer:
The Texas BAYCAST
• In 2025, the TWDB launched the next-

generation 3D operational hydrodynamic 
model using the SCHISM software.

• Provides real-time and forecasted 
currents, water level, salinity, and 
temperature for all Texas coastal waters.

• Outputs freely available for researchers 
and first-responders during oil spill events.

• Started contract with TAMUG for Phase II 
development: Integrated 
biogeochemistry and compound 
flooding.

24https://midgewater.twdb.texas.gov/index.html



Expanding the Mesh for Flooding Applications
• In the process of adding low-

elevation land, intertidal 
wetlands, and transitional 
floodplains to the model 
mesh.

• Will improve our understanding 
of compound flood risk, 
wetland ecology, and oil spill 
trajectory modeling during 
storms.
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A Digital Chemistry Lab for the Texas Coast
• Integrating the biogeochemistry 

module ICM allows us to model 
important water quality 
constituents in near-real-time.

• Includes key nutrients like 
Nitrogen, Oxygen, Carbon, and 
Phosphorus, as well as 
phytoplankton and algae.

• Can help us better understand the 
locations and durations of coastal 
dead zones and fill a critical gap in 
ecological studies.
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Transition zones for compound flooding (ADCIRC model)
• New mesh contains 15 million finite elements
• Resolution of Texas rivers and floodplains is 30m
• 45 Major Texas rivers added
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Tracks of the selected historic Texas hurricanes
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Transition zones for compound 
flooding

W
ater Surface Elevation D

ifference 
Function (U

nitless)

𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐
= min(𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅 𝑊𝑊𝑊𝑊𝐸𝐸𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟+𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 ,𝑊𝑊𝑊𝑊𝐸𝐸𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 ,

𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅 𝑊𝑊𝑊𝑊𝐸𝐸𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟+𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 ,𝑊𝑊𝑊𝑊𝐸𝐸𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟)

Hurricane Harvey








• 84 pages and 26 Supporting Documents

TIFF Final Contract Report
• 300+ pages and 30+ Supporting Documents 

• 50+ individuals touched the report

• Overview of TIFF 2020-2025 

• Highlights significance and influence of 
Technical Advisory Team input and expertise

https://acrobat.adobe.com/id/urn:aaid:sc:US:fff8dc3b-9c1e-
414b-8f17-3a21bb143236

https://acrobat.adobe.com/id/urn:aaid:sc:US:fff8dc3b-9c1e-414b-8f17-3a21bb143236
https://acrobat.adobe.com/id/urn:aaid:sc:US:fff8dc3b-9c1e-414b-8f17-3a21bb143236
https://acrobat.adobe.com/id/urn:aaid:sc:US:fff8dc3b-9c1e-414b-8f17-3a21bb143236
https://acrobat.adobe.com/id/urn:aaid:sc:US:fff8dc3b-9c1e-414b-8f17-3a21bb143236
https://acrobat.adobe.com/id/urn:aaid:sc:US:fff8dc3b-9c1e-414b-8f17-3a21bb143236
https://acrobat.adobe.com/id/urn:aaid:sc:US:fff8dc3b-9c1e-414b-8f17-3a21bb143236
https://acrobat.adobe.com/id/urn:aaid:sc:US:fff8dc3b-9c1e-414b-8f17-3a21bb143236
https://acrobat.adobe.com/id/urn:aaid:sc:US:fff8dc3b-9c1e-414b-8f17-3a21bb143236
https://acrobat.adobe.com/id/urn:aaid:sc:US:fff8dc3b-9c1e-414b-8f17-3a21bb143236


TIFF by Pages

• Deliverables
• 3 Annual Reports (Including LRGV)
• Final Report

• Total number of pages in Final Report — 
1,257

• Report — 368
• Appendices — 889

• 42 Vetted Recommendations
• Coming soon: LRGV Final Report



TIFF by 
Contracts

Type of Service Number
Total number of contracts and 

subcontracts 14

Total number of amendments 16

Total number of processed 
invoices 76



TIFF by People

People (186 +)
• 10 Steering Committee 

Members (past and present)
• 135 Technical Advisory Team 

(TAT) Members
• 4 Facilitation Team Members
• 2 Project Management 

Assistants
• Study Providers

• 8 research teams
• 35+ researchers



TIFF by Meetings
• 23 TAT Meetings

• 10 RGV TAT Meetings
• 12 Brown Bags
• 7 Workshops
• 4 TIFF SC/TDIS Quarterly 

Meetings
• 88 SC/Leadership Meetings
• 120+ contract biweekly 

meetings 



TIFF by Collaborations/Relationships
• Community Health and Resource Management (CHARM)​
• GLO Combined River Basin Flood Studies, conducted by 

various Engineering Firms
• Interagency Flood Risk Management (InFRM)
• National Oceanographic and Atmospheric Administration 

(NOAA)
• Regional Flood Planning Groups (RFPGs) or their Coastal 

Liaisons
• Texas Coastal Master Resiliency Plan
• Texas Disaster Information System (TDIS)​
• Institute for a Disaster Resilient Texas (IDRT) 
• TWDB Community Assistance Program
• Engineering Firms
• Texas Coastal Master Resiliency Plan​
• City of Philadelphia 
• Federal Highway Administration

https://www.communitycharm.org/
https://www.communitycharm.org/
https://recovery.texas.gov/planning-studies/river-basin-study/index.html
https://recovery.texas.gov/planning-studies/river-basin-study/index.html
https://webapps.usgs.gov/infrm/fdst/
https://webapps.usgs.gov/infrm/fdst/
https://webapps.usgs.gov/infrm/fdst/
https://webapps.usgs.gov/infrm/fdst/
https://www.noaa.gov/
https://www.noaa.gov/
https://www.noaa.gov/
https://www.twdb.texas.gov/flood/planning/regions/index.asp
https://www.twdb.texas.gov/flood/planning/regions/index.asp
https://www.glo.texas.gov/coast/coastal-management/coastal-resiliency/index.html
https://www.glo.texas.gov/coast/coastal-management/coastal-resiliency/index.html
https://idrt.tamug.edu/tdis/
https://idrt.tamug.edu/tdis/
https://idrt.tamug.edu/
https://idrt.tamug.edu/
https://www.twdb.texas.gov/flood/resources/index.asp
https://www.twdb.texas.gov/flood/resources/index.asp


Questions/Discussion

Amin Kiaghadi, Ph.D., P.E. | Manager, Coastal Science
Texas Water Development Board | www.twdb.texas.gov
amin.Kiaghadi@twdb.Texas.gov
512-936-0844

http://www.twdb.texas.gov/


Component 1: Recommendations for 
Improved Data & Monitoring Gap 
Analysis
1. Enhance the Coastal Data Surfer – Strengthen partnerships 

between TIFF, TDIS, and GLO’s RBFS to create a robust 
framework for coastal flood data visualization and evaluation.

2. Expand Measurement Networks – Increase coverage of 
measurement networks in under-sampled areas prioritized by 
flood frequency and severity.

3. Establish Nearshore Wave Data Collection Network – Build 
a nearshore wave monitoring system to improve forecasting 
and coastal risk assessment.

4. Develop and Maintain a Centralized Subsidence 
Monitoring Dashboard – Create a user-friendly platform to 
consolidate and analyze subsidence data for coastal 
planning.

5. Collect, Process, and Integrate High-Resolution Land 
Cover Data to Enhance Flood Models – Incorporate 1-meter 
resolution land cover data into Texas coastal flood modeling 
systems.

6. Collect Bathymetric Data for Priority Areas – Gather 
bathymetric data in critical coastal zones to strengthen flood 
modeling and forecasting.

7. Operate Testing Sites for Water Monitoring Devices – 
Establish coastal testing sites to ensure reliability and 
compliance of water monitoring technologies.

8. Assess Extent of High-Frequency Radar Accuracy for Wave 
Measurements – Evaluate HF radar systems for improving 
wave and current measurement accuracy.



Component 2: Recommendations for 
Improved Data Management & Visualization
9. Study User Interactions with Flood Risk Visualizations 

– Research how different visualization tools affect user 
understanding of flood risk. 

10. Assess Public Evacuation Decision-Making – Examine 
how local knowledge shapes evacuation choices during 
flood events. 

11. Replace Frequency-Based Terminology in Flood 
Communication – Develop clearer language alternatives 
to terms like “100-year flood” for better public 
understanding. 

12. Implement TIFF Guidelines for Coastal Flood 
Information Design and Communication – Apply 
standardized guidelines to improve clarity and effectiveness 
of flood risk communication. 

13. Create Flood Risk Reduction Planning Cards – Develop 
concise planning cards to assist communities in flood risk 
reduction strategies. 

14. Share Lessons of Texas’ Flood History – Provide public 
resources on historical floods to inform future 
preparedness. 

15. Standardize Grantee Shapefiles – Require funded 
projects to submit standardized shapefiles for consistency 
in data management. 

16. Study and Develop Alternatives to Menu-Driven 
Dashboards – Explore new approaches to make flood risk 
information more accessible to target users. 



Component 3: Recommendations for 
Improved Integrated Flood Modeling 
Framework
17. Advance Hydraulic Modeling Simulations with HEC-

RAS Distributed-Memory Parallelization – Enhance 
computational efficiency for large-scale hydraulic 
simulations. 

18. Establish Guidelines for Nature-based Features to 
Reduce Flood Risk – Develop best practices for 
implementing natural solutions to mitigate coastal flooding. 

19. Develop Rapid Predictions of Flooding Hazards – 
Create tools for quick flood hazard forecasting to support 
emergency response. 

20. Develop Database of Flood Modeling Studies – Compile 
a comprehensive database of modeling studies and 
datasets for improved risk assessment. 

21. Enhance Wave Models and Data to Improve Accuracy 
in Populated Areas – Upgrade wave modeling to better 
represent coastal flooding in urban zones. 

22. Automate Topography and Bathymetry Data 
Processing – Build automation tools for efficient 
processing of high-resolution coastal data. 

23. Evaluate the Analysis of Record for Calibration – 
Assess AORC data for its suitability in flood hazard 
analysis.

24. Advance Artificial Intelligence/Machine Learning 
Techniques for Flood Modeling – Apply AI/ML to improve 
predictive accuracy and modeling efficiency. 



Component 3: Recommendations for 
Improved Integrated Flood Modeling 
Framework
25. Integrate Urban Stormwater and Flood Hazard 

Hydrodynamics Model Applications – Combine 
stormwater and flood models for holistic urban flood risk 
analysis. 

26. Quantify the Impacts of Erosion on Storm Surge – 
Investigate how erosion influences storm surge dynamics. 

27. Quantify Wind-Driven Inland Flows to Enhance 
Flooding Models – Address gaps in inland flooding 
models by incorporating wind-driven flow physics. 

28. Advance Use of the Joint Probability Method in 
Compound Hazard Assessment – Improve compound 
hazard analysis using joint probability approaches. 

29. Develop a Tropical Cyclone Rainfall Generator – Create 
a high-resolution tool for simulating tropical cyclone rainfall 
across Texas. 

30. Quantify Sensitivities of Existing Models – Analyze how 
uncertainties in key parameters affect flood model outputs. 

31. Conduct Retrospective Modeling of Historic 
Landfalling Hurricanes – Perform detailed modeling of 
past hurricanes to refine predictive capabilities. 

32. Texas Coastal Flood Framework (TxCFF) Development 
– Build a comprehensive framework for compound flood 
assessment and emergency planning. 



Component 4: Recommendations for 
Improved Flood Communications
33. Incorporate Flood Literacy in K-12 Education – Integrate 

flood preparedness and education into school curricula to build 
resilience among students and families. 

34. Establish TDIS Online Learning Center – Create a publicly 
accessible learning hub to organize and share flood-related 
educational resources. 

35. How to Use Flood Risk Maps for Preparedness – Promote 
community engagement by teaching effective use of flood risk 
maps for planning and preparedness. 

36. Establish State Flood Communication Officer – Appoint a 
dedicated officer to coordinate flood-related communications 
across agencies and organizations. 

37. Enhance Texas Coastal Structures Inventory – Improve the 
inventory of coastal structures to support better planning and 
disaster mitigation efforts. 

38. Develop a Framework for Hazard and Loss Assessments – 
Design a standardized framework for evaluating hazards and 
losses to aid insurance, planning, and prediction. 

39. Target Selected TIFF Target Users with Specialized 
Graphics – Update and tailor flood communication graphics for 
key user groups, including property owners, renters, and those 
with limited English proficiency. 

40. TexasFlood.org Branding Campaign – Launch a branding and 
outreach campaign to increase awareness and usage of 
TexasFlood.org resources. 

41. Better Understand Stakeholder Social Norms as Related to 
Flood Decision-Making – Conduct research on social norms to 
inform strategies for influencing flood-related decisions. 



The population in Texas is expected to increase 73 percent 
over the next 50 years
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Texans face a potential water shortage of 7 million acre-feet in 2070 
in drought of record conditions
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Freshwater inflows 
to Texas estuaries 
are driven by the 
precipitation 
gradient across the 
state.
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Standardized Precipitation Index (SPI) Streamflow Drought Index (SDI)

12-Month Drought Indices in Galveston Estuary

“Texas is a land of perennial drought broken by the occasional 
devastating flood.” — What about the Estuarine Systems?



Standardized Drought Indices

• Standardized Precipitation Index (SPI)
• Measures precipitation deficit
• 4-km monthly precipitation rasters by 
• PRISM group (1980 to present)

• Standardized Streamflow Index (SSI)
• Captures flow deficit
• TxRR monthly freshwater inflow (1941 to present)

• Evaporative Demand Drought Index (EDDI)
• Reflects atmospheric water demand
• 4-km EDDI rasters
• GRIDMET (Gridded Surface Meteorological) dataset (1980 to present)

• Coastal Salinity Index (CSI)
• Indicates salinity variations
• Monthly salinity rasters from SCHISM (2000 to 2019)

The values can be interpreted as the 
number of standard deviations by which the 
observed anomaly deviates from the long-

term mean. 

A standardized index quantifies observed 
parameter (e.g., precipitation) as a 

standardized departure from a probability 
distribution (e.g., gamma) that models the 

raw data.



Characterizing sedimentation 
patterns with hyperspectral 

remote sensing

• Monitoring sediment in Texas 
bays using field samples, satellites, 
and drones to better understand water 
quality.

• Studying how sediment moves and 
settles to improve predictions and 
guide future monitoring efforts.

• Informs the frequency of Bathymetry 
Acquisition 

PACE Hyperspectral

Sentinel-2 Spectral
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