
TRANSDISCIPLINARY BRIDGES TO 

WATERSHED SCIENCE AND 

HUMAN SYSTEMS IN TEXAS, USA 

T.L. Arsuffi, T. Broad, E. Seldomridge, K. 

Rainwater, T. Mclendon – TTU LLANO 

RIVER FIELD STATION 

K. Wagner - TWRI, TX A&M University 

 

 





http://citizenactionmonitor.wordpress.com/2010/06/15/is-humanity-inherently-

unsustainable-pt-6-over-populating-over-consuming-over-eating/ 

(Stapp, 1969; Roth, 1992; Sato, 2006; Erdogan, 2009) 

Environmental  

< 8B 

< 16B 



Challenges for the South Central 

Region 

 Ecosystem restoration under increased 
climate variability.  

 Fish and wildlife response to climate 
change? 

 Invasive species and fires 

 Protection of trust species 

 Wildlife diseases 

 Climate impacts on agriculture 

 Renewable resources - water 

 



  



Ecological scale 

• Refers to the spatial and temporal 

dimensions of an object, process or 

problem 

 



Vision and Change 

 

 

We can t see where the barriers 

are by only talking to ourselves  



 







As water resource problems increase in complexity, 

the present state of having uncoordinated and 

mission-driven water resources agendas within and 

between the agencies, within and between research 

components of universities, and within and between 

companies and industries in the private sector, will 

have to change to: 

1) surmount future water problems 

and 2) address the many and 

complicated water supply and water 

demand solutions. 



Two Case Study Examples 

1.  Senate Bill 3 Environmental Flows 
Nueces River/Corpus Christi Bay 
 

2. Upper Llano Watershed Protection 

Plan 

   
 



Previous Texas Water Plans 



Water Planning 
The Texas Water Development Board maintains a Water 

Resource Planning and Information  link containing the 
State water plan, regional water planning, planning data, 
water use survey, and flood mitigation planning at 

    http://www.twdb.state.tx.us/wrpi/index.htm 
 

Also the TCEQ and TWDB operate Drought Planning and 
Management sites at 

       TCEQ:  
http://www.tceq.state.tx.us/nav/util_water/drought.html 

       TWDB: 

    http://www.twdb.state.tx.us/DATA/DROUGHT/    
drought_toc.asp 

 

Additionally the TCEQ maintains a site for emergency 
response to spills and storms at 

    http://www.tceq.state.tx.us/response/ 

 

http://www.twdb.state.tx.us/wrpi/index.htm
http://www.tceq.state.tx.us/nav/util_water/drought.html
http://www.twdb.state.tx.us/DATA/DROUGHT/drought_toc.asp
http://www.twdb.state.tx.us/DATA/DROUGHT/drought_toc.asp
http://www.twdb.state.tx.us/DATA/DROUGHT/drought_toc.asp
http://www.tceq.state.tx.us/response/


Texas Water Plan 



         > 55% groundwater  

         45 to 55% groundwater and surface water  

         > 55% surface water 

 

Comparison of 

groundwater and  

surface water use by 

county 



Projected Water Supply/Demand and 

Population for Texas
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Note:  water demand exceeds water supply beginning 2010 



Texas Water Plan table of contents 

Good resource for water 

data, maps and photos 

http://www.twdb.state.tx.

us/wrpi/swp/swp.htm 

http://www.twdb.state.tx.us/wrpi/swp/swp.htm
http://www.twdb.state.tx.us/wrpi/swp/swp.htm


River Authorities 



River Authorities (cont) 

• River Authorities are created by the Texas Legislature  

• In 1929 The Legislature created the first river authority (Brazos 
River Authority). 

Fourteen Texas river authorities help protect and monitor more 

than 70 percent of the state s surface water. River authorities 

receive most of their revenue from services sold to customers, 

usually water or electricity. They also may receive federal, state 

or private grants, which are often designated for specific 

purposes such as planning, wastewater treatment or 

conservation. Some authorities also draw revenue from parks 

and recreation facilities. Authorities can levy taxes, but usually 

do not, and can issue revenue bonds — with voter approval — or 

obtain loans from the Texas Water Development Board.  

TITLE 5. SPECIAL LAW DISTRICTS of the Texas Water Code 

contains CHAPTER 152. RIVER AUTHORITIES ENGAGED IN 

DISTRIBUTION AND SALE OF ELECTRIC ENERGY 



http://www.twdb

.state.tx.us/map

ping/ 

 

http://www.twdb.state.tx.us/mapping/
http://www.twdb.state.tx.us/mapping/
http://www.twdb.state.tx.us/mapping/


Groundwater Districts 



 

 Legislature can give special powers to districts 

to address specific water problems 

The Texas State Legislature in 1949 authorized 

the creation of Groundwater Conservation 

Districts to perform certain prescribed duties, 

functions, and hold specific powers as set forth in 

Article 7880-3c, Texas Civil Statutes, changed to 

Chapter 52 of the Texas Water Code, currently 

Chapter 36 of the Texas Water Code. 

Groundwater Districts (cont) 

Texas Alliance of Groundwater Districts 

http://www.texasgroundwater.org/ 

http://www.texasgroundwater.org/


Creation of Groundwater Conservation Districts 

Action of the Legislature 

 Petition by Property Owners 

 Initiation by the TWDB priority groundwater 

management areas 

 Adding territory to an Existing District 
 

Based on the philosophy of  

 local management of groundwater resources  

 through groundwater conservation districts 



http://www.twdb.st

ate.tx.us/mapping/ 

 

http://www.twdb.state.tx.us/mapping/
http://www.twdb.state.tx.us/mapping/
http://www.twdb.state.tx.us/mapping/


Special Districts created to protect groundwater 

 Harris-Galveston 

Subsidence District 

(1975) 

 Ft. Bend Subsidence 

District (1989) 

 Edwards Aquifer 

Authority (1993) 



Recent Water Planning 

• 1996 Texas drought 

– Governor Bush asks how much water do we have?  How 

much are we using?  How much do we need?   -- Ooops.  No 

good answers! 

• 1997 Senate Bill 1 passed by Legislature  

– Regionalizes water planning in Texas and establishes surface 

water availability modeling 

• 2001 Senate Bill 2 passed by Legislature 

– Establishes groundwater availability modeling and initiates 

instream flow assessment 

Note:  Instream flow represents the flow rate to sustain a healthy 

habitat, biology, and geomorphology in the stream 



Location of the 16 Regional Water Planning groups 

http://www.twdb.state.

tx.us/mapping/ 

http://www.twdb.state.tx.us/mapping/
http://www.twdb.state.tx.us/mapping/


 

11 Interests represented on each Planning Group 
 

» Member of the Public at Large 

» Counties 

» Municipalities  

» Industries  

» Agricultural Interests  

» Environmental Interests 

» Small Business  

» Electric Generating Utilities  

» River Authorities  

» Water Districts 

» Water Utilities 



Purpose of SB 3 Article 1 

Establish Environmental  

Flow Recommendations 

11.0235(d-6): 

The legislature finds that recommendations for state action to 

protect instream flows and freshwater inflows should be 

developed through a consensus-based, regional approach  

        involving balanced   

        representation of stakeholders 

        and that such a process should 

        be encouraged throughout the 

        state. 



Purpose Continued 

Environmental Flow Regime: 
11.002(16): 

A schedule of flow quantities that reflects  

seasonal and yearly fluctuations that  

typically would vary geographically, by  

specific location in a watershed, and  

that are shown to be adequate to  

support a sound ecological environment and to 

maintain the productivity, extent, and persistence 

of key aquatic habitats in and along the affected 

water bodies. 



Primary Roles 
Environmental Flows Advisory Group 

(EFAG) 

∙ Provide Oversight, Review and Make 
Recommendations, and Report to 

State Leadership 

Basin and Bay Area Stakeholder 

Committees (BBASC) 

 ∙ Consider Human Water Needs 
and Recommend Environmental 

Flow Standards and Strategies 

Basin and Bay Area Expert 

Science Teams (BBEST) 

∙Develop Science-based 

Environmental Flow 

Analysis and Recommend 

Environmental Flow Regime 

(without regard to other 

needs) 

Science Advisory Committee 

(SAC) 

 ∙ Provide Science-based 

Direction, Coordination, and 

Consistency 

TCEQ Rule Making 

∙ Establish Flow Standards  
and Set-asides 

TCEQ, 

TWDB, 

TPWD  

input as 

appropriate 

Public Input 



Set-Asides and Alternatives 

11.1471(a)(2) 
Establish an amount of unappropriated water, if available, 
to be set aside to satisfy the environmental flow standards 
to the maximum extent reasonable when considering 
human water needs 

 

11.0235(d-3)(2) 
In those basins in which the unappropriated water that will be 
set aside for instream flow and freshwater inflow protection 
is not sufficient to fully satisfy the environmental flow 
standards established by the commission, a variety of 
market approaches, both public and private, for filling the 
gap must be explored and pursued. 



TCEQ, TWDB, and TPWD  

Agency Roles 

All resource agencies provide technical 
assistance as appropriate 

TCEQ 
– Overall coordination and facilitation 

 

 

 

TWDB 
– Budget and contracting 

www.tceq.state.tx.us/permitting/water_supply/water_rights/eflows/group.html 



Duties of Basin and Bay Area 

Stakeholders Committees 

• Appoint the Expert Science Team for their 

river and bay system 

 

• Review the flow regime recommendation of 

the Expert Science Team  

 

• Provide comments and recommendations 

regarding flow regime to the TCEQ (TCEQ 

will consider comments and develop flow 

standard by May 1, 2011) 



Overall Duties and 

Responsibilities 

• Primary Charge to the Texas Environmental 
Flows Basin and Bay Expert Science Team 
(BBEST) is found in SB3, Section 11.02362 
(m) 

– Each basin and bay expert science team shall 
develop environmental flow analyses and a 
recommended environmental flow regime for 
the river basin and bay system for which the 
team is established through a collaborative 
process designed to achieve a consensus.  



Overall Duties and 

Responsibilities, Continued 

• In developing the analyses and 

recommendations, the science team must 

consider all reasonably available science, 

without regard to the need for the water 

for other uses, and the science team s 

recommendations must be based solely on 

the best science available. 



Resources Available to the 

BBESTs 

• The Science Advisory Committee (SAC) is 

developing guidance for: 

– Hydrology 

– Geomorphology 

– Biology 

– Water Quality 

• Staff from TCEQ, TPWD, and TWDB are 

available to provide technical assistance to 

each BBEST. 

 



Environmental Flow Regime 

Recommendations 

• Submit to 

– Basin and Bay Stakeholders Committee 

– Environmental Flows Advisory Group 

– Texas Commission on Environmental Quality 

• By 

– Date specific to each river/bay 



Environmental Flows 

Recommendations Report 

Nueces River and Corpus Christi and Baffin Bays 

Basin and Bay Expert Science Team (Nueces BBEST) 



41 

Nueces BBEST 

Recommendations Report 

1) Preamble – Sound Ecological Environment 

2) Overview of Watersheds & Bays 

3) Instream Flow Analyses 

4) Freshwater Inflow Analyses 

5) Integration of Instream Flow & Estuary Inflow Regimes 

6) Environmental Flow Regime Recommendations 

7) Adaptive Management  

8) References    



             Adaptive Management  

 Establish a periodic review (at least once 

every 10 yrs) of environmental flow 

recommendations, standards, and strategies 
 

 Prescribe specific monitoring, studies, and 

activities 
 

 Establish a schedule for continuing the 

validation or refinement of environmental 

flow recommendations, standards, and the 

strategies to achieve those standards 



EDWARDS AQUIFER REGION 
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       Hill Country/Upper Llano Natural 

Resource Issues 

• Water Management  

• Water Resources 

• Natural Threats 

•      Floods 

•      Droughts 

• Water Resource Impairments due to Development 

•      Groundwater Quantity  

•      Groundwater Quality      

•      Surface Water Quality 

• Invasive Species 

• Wildlife Management 

• Range Management 

            
46 



Upper Llano River Watershed 

Healthy & Notable 

• 1) Hill Country - last great   

 ecosystems,  

• 2) 10 Waters to Watch,  

• 3) Ecologically Significant 

 Stream, TPWD 

• 4) Important, here & 

 downstream 
47 



  



EPA Healthy Watersheds 

Approach 

I. EPA HW Approach 

• Maintenance of aquatic ecological integrity by protecting 
our highest quality watersheds or those intact 
components of watersheds 

• A systems approach that includes landscape condition 
(eco green infrastructure), water chemistry, biotic 
condition, and critical watershed functional attributes 
(hydroecology, geomorphology, & natural disturbance 
patterns) 

• Identification of Healthy Watersheds state-wide 

• Implementation of state-wide strategic protection 
priorities that leverage programs and resources across 
state agencies 

• Inform priorities for ecological restoration 



Benefits of Healthy Watersheds Approach 

• Reduces costs to communities by minimizing 
vulnerability to floods, fires, and other natural 
disasters   

• Reduces or eliminates costs of water treatment for 
drinking water by protecting aquifer recharge zones 
and surface water  

• Ecosystems store carbon which can help offset 
carbon emissions 

• Minimizes ecological impacts of future land use 

• Facilitates ecological restoration downstream  

• Helps target and prioritize ecological restoration 
opportunities 

• Reduces vulnerability to invasive species 

• Sustains future generations 

 
I. EPA HW Approach 

 



Major Tasks 
• Identify watershed/water resource issues 

• Gather data/information & identify gaps 

• Set Goals and Objectives 

• Identify BMPs that could be implemented to 

address issues 

• Identify Outreach and Education that is 

needed 

• Develop an Implementation Plan & Schedule 

51 



• Landowners benefit because they are 

part of the process and their desires are 

incorporated into the WPP 

• Partnerships 

– South Llano Watershed Alliance, TTU, and 

TWRI 

• Voluntary community stakeholder 

meetings 

Empowering stakeholders 



Roles of Stakeholder Group 

and Work Groups 
• Responsible for coming up with recommended 

implementation strategies to include in the Watershed 

Protection Plan 
 

• Stakeholder Group/Steering Committee – Focus on 

developing management measures for entire Plan 
 

• Work Groups – focus on work group specific issues 

– Ex. Natural Resources group focuses on solutions to 

agriculture, habitat, and wildlife related E. coli loading 

• Work with LRFS, TWRI to draft ideas into Plan 

53 



Working Group Membership 
 Invasive species 

 Fred Gregg 

 Andrew Murr/Billy Braswell) 

 Brady Richardson/Daryl 

Stanley 

 Riparian protection and 

management 

 Melissa Parker/Gary Garrett 

 Znobia Wootan 

 Art Mudge 

 Water quality and conservation 

 Marty Graham 

 Jerry Kirby 

 Marvin Ivy/Raymond 

McDonald 

Water supply 
enhancement 
Marty Graham 

Tom Vandivier 

Souli Shanklin 

Brady Richardson/Daryl 
Stanley 

Ward Whitworth 

Upland management 
Dandy Kothmann 

Souli Shanklin 

Sam Silvers/Marvin 
Ensor 

 



Example Workgroup: Aquatic 

Invasives 

1. Identify concern 
• Invasive, non-native elephant ear located within Upper Llano 

watershed  

2. Identify region(s) of concern 
• Elephant ear has been documented along South and North Llano 

rivers 
• Found mostly on the SLR above 1st crossing to CR150 

• Patches found along NLR near Roosevelt 

3. Methods of management 
• Manual removal; herbicide (glyphosate); mechanical cutting; 

combination 

4. Informed decision making 
• Through experiences and previous studies: hand-painting herbicide 

with multiple treatments best 

5. Implementation 
• Technical and financial assistance through TPWD  

• Education and outreach through SLWA 

6. Make set of recommendations to Coordination Committee 



Current Market System: 

How we value ecosystem services 

• Healthy watersheds provide ecosystem services 

at little to no cost 

• Systems are under valued, their role not 

understood 

• Services provided by intact watersheds are 

costly to replicate (if possible)  

• Conservation of healthy watersheds can not only 

serve as a wise investment, but can also provide 

a variety of monetary and non-monetary benefits 

II. Background Information 



Benefits of Protecting Healthy Watersheds 

II. Background Information 



Scientists must find new ways to engage 

with the public. One cannot just exhort 

we all agree you should agree with us.  

It s a much more interactive process 

that s involved. It s time consuming and 

can be tedious. But it s very important.  

 

Alan I. Leshner,  

American Association for the Advancement 

of Science 







Bridging the Gap 

Society Environment 
Sustainable Sustainable 

Public Health 

Economy 

Agriculture 


