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Session 01: From Data to Decisions: Connecting Water Measurement with Adaptive Management 
 
Moderator: Helen Dahlke, University of California, Davis 
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Regional Water Budgets for Improved Water Management and Planning in Data-Limited 
Regions - Ahmed Mashaly, New Mexico State University - New Mexico Water Resources 
Research Institute  
 
Many arid and semi-arid regions are characterized by insufficient hydrological data. Water 
budget models offer a practical solution to this challenge by quantifying, collecting, combining, 
and generating hydrological information that supports improved water management in these 
water-scarce regions. Here, we present the New Mexico Dynamic Statewide Water Budget (NM 
DSWB) model as an example of a water budget model capable of filling data gaps in 
hydrological datasets across the state of New Mexico. The NM DSWB delivers statewide water 
resources information in a manner that serves stakeholders through an interactive online tool 
that displays the main components of the water budget across New Mexico, both historically 
and under a range of future scenarios.  The model conceptualizes the water system as 16 water 
fluxes moving between 4 stocks: land surface, surface water, human storage and distribution, 
and groundwater. It provides spatiotemporal hydrological information to support informed and 
effective water resources decision-making. The NM DSWB provides comprehensive coverage of 
all 33 counties, 16 water planning regions, and 7 river basins, and simulates water budget 
dynamics for 2 time periods: a historical period from 1975 to 2018 and a future projection 
period from 2019 to 2099. Several case studies demonstrate the model’s ability to characterize 
hydrological conditions, assess drought, and evaluate potential climate change impacts, thus 
supporting water management and planning. 
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Strategic Water Futures in Tulare County: Market Solutions and Recharge Under SGMA and 
Climate Uncertainty - Josue Medellín-Azuara, University of California, Merced (A. Escriva Bou, 
S. Papadimitropoulos, M. Tapia, J. Viers) 
 
California’s Tulare County, located in the southern San Joaquin Valley, faces intensifying water 
challenges driven by climate extremes and groundwater regulation. Rising temperatures, 
declining snowpack, and more frequent droughts and extreme precipitation events are 
increasing pressure on surface and groundwater resources. Historic infrastructure enabled the 
expansion of irrigated agriculture, but persistent groundwater overdraft and water-quality 
concerns have prompted major governance shifts, including implementation of the Sustainable 
Groundwater Management Act (SGMA). This study focuses on Tulare County and its various 
water entities, including Groundwater Sustainability Agencies (GSAs) and irrigation districts, to 
evaluate adaptive water management strategies under combined climate and regulatory 
stressors. Using a hydro-economic modeling framework, we assess scenarios that integrate 
SGMA compliance and climate change. Policy levers examined include water markets and 
managed aquifer recharge (MAR), allowing comparison of their impacts on agricultural 
production, land use, and rural communityes. The analysis captures downstream economic and 
social effects often overlooked in water policy, including implications for farm employment, 
food processing, and disadvantaged communities. Results highlight how growing system 
inflexibilities—such as permanent crops and dairy feed demands—constrain drought 
adaptation. Preliminary findings indicate that MAR can reduce drought vulnerability and flood 
damages, while water markets provide flexibility but raise distributional concerns. 
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Comparative Analysis of Irrigation Systems in Southern New Mexico: Efficiency, Productivity, 
and Resilience - Jorge Preciado, New Mexico Water Resources Research Institute (A. Fernald, R. 
Heerema) 
 
Effective water management in arid regions relies upon a comprehensive understanding of 
water balance, which provides the critical data needed to conserve resources and optimize 
supply. This project directly addresses this necessity by evaluating irrigation strategies to 
enhance sustainable crop production, using pecan orchards as a case study. Specifically, it 
quantifies and compares groundwater recharge rates and crop yields under the region’s 
predominant systems (flood, drip, and sprinkler irrigation). By integrating detailed in-orchard 
water budget measurements with analytical water balance models, the research facilitates 
direct system-wide comparisons. Analysis of irrigation data from 2020 to 2023 revealed 
substantial variability in deep percolation as a percentage of total water applied, ranging from 
0% to 52% across sites. Orchard P1 achieved both the highest recharge and yield, while P2 
recorded the lowest, a result primarily attributed to restricted irrigation. ANOVA statistical 
testing confirmed significant differences in deep percolation and yield among the orchards, 
with P1 consistently outperforming others. These findings underscore that management 
practices are a primary driver of percolation variability and emphasize that maximizing water 
productivity requires site-specific irrigation strategies. To translate these insights into practical 
gains, the project is implementing soil moisture probe networks to enable precision irrigation. 
This shift moves away from traditional, schedule-based applications toward a data-driven 
approach, ensuring water is applied only when and where needed. The results demonstrate 
that strategic irrigation management can significantly improve groundwater recharge and crop 
yields concurrently, offering a replicable framework for enhancing agricultural sustainability in 
water-scarce environments. 
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Reimagining Alfalfa as a Flexible Crop for Water Security in the Southwestern USA - Helen 
Dahlke, University of California, Davis (E. Waring, J. Abatzoglou, J. Medellín-Azuara, K. Bali, M. 
Yost, D. Putnam, J. Viers, R. Sabie, S. Kishore) 
 
 
Alfalfa (Medicago sativa) is frequently critiqued as one of the most water-intensive crops in the semi-
arid and arid southwestern United States and is often implicated in declining water supplies in the 
Colorado, Rio Grande, and San Joaquin River basins. However, alfalfa underpins a $157 billion dairy and 
beef industry, supports wildlife habitat, contributes to soil carbon and nitrogen cycling, and poses 
relatively low nitrate leaching risk compared to many annual crops. This study re-examines alfalfa’s role 
in regional water management by evaluating whether it can function as a flexible crop that enhances 
agricultural water security under increasing climate variability. 
 
We assess the potential of summer deficit irrigation, defined as suspending irrigation after July 1 and 
forgoing late-season harvests, as a strategy to conserve water while maintaining long-term crop viability. 
Using satellite-derived evapotranspiration from the OpenET ensemble, USDA Cropland Data Layer, and 
climate-based growing degree day modeling, we quantified consumptive water use (CU) for 
approximately 926,000 ha of irrigated alfalfa across six southwestern states (Arizona, California, 
Colorado, Nevada, New Mexico, and Utah) during 2019–2021. Fields were grouped into five productivity 
zones based on the number of annual cuttings to capture spatial and climatic variability. 
 
We estimate total annual alfalfa consumptive use of approximately 8,282 million cubic meters (mcm) 
across the region. Implementation of summer deficit irrigation could conserve between 1,333 and 4,157 
mcm yr⁻¹, corresponding to 16–50% of total alfalfa water use, depending on adoption scenarios and 
irrigation efficiency assumptions. Most water savings occur during July–October, when evaporative 
demand is highest and crop water use efficiency declines. Hydro-economic case studies in Tulare and 
Imperial counties, California, show that deficit irrigation combined with water sales can generate net 
economic benefits when market water prices exceed approximately $71 per 1000 m³ in Tulare County 
and $44 per 1000 m³ in Imperial County. These values fall within the range of recent western U.S. water 
market prices. Our findings demonstrate that alfalfa can serve as a strategically flexible crop capable of 
delivering large, scalable water savings with limited agronomic risk, offering a practical pathway to 
improve agricultural resilience under intensifying climate stress. 
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Session 02: Produced Water Management, Treatment, and Reuse 

Moderator: Walter Den, Texas A&M University San Antonio  
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Produced Water in Texas through 2070: Historical Reconstruction, Scenario-Based Forecasting, and 
Water Planning Implications - Matthew Kolade Ajakaiye, Texas A&M University-Kingsville (T. Das, M. 
Riazi)  
 
Produced water generated during oil and gas extraction constitutes one of the largest anthropogenic 
water streams in Texas, yet it remains largely excluded from long-term water resource planning. As 
population growth, climate variability, and increasing competition among agricultural, municipal, 
industrial, and energy sectors intensify water stress statewide, understanding the future magnitude and 
spatial distribution of produced water is critical for resilient and sustainable water management. This 
study presents a historical reconstruction and long-term forecast of produced water volumes in Texas 
from 2000 to 2070. Historical datasets compiled from state and federal sources are harmonized to 
address reporting inconsistencies and data gaps. Projections are developed using autoregressive 
integrated moving-average (ARIMA) modeling, informed by oil and gas production trends and 
technological developments relevant to water generation and management. Results indicate that 
produced water volumes remain substantial throughout the study horizon, with pronounced spatial 
heterogeneity across major producing regions. Projected produced water generation in the Permian 
Basin and portions of the Eagle Ford Shale approach or exceed local municipal and industrial water 
demands in several planning areas, underscoring both management challenges and opportunities for 
beneficial reuse. These findings highlighted Produced Water (PW) as a nontraditional water resource 
with the potential to enhance regional water supply portfolios if appropriately treated and governed. By 
providing projections of produced water availability, this work supports NIWR's priorities in resilience, 
sustainability, and integrated water resources management. The results inform policy and planning 
discussions on water supply diversification, infrastructure investment, and regulatory frameworks 
needed to incorporate produced water into Texas planning efforts. 
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Statistical Inferences of Deteriorating Surface Water Quality in the Receiving Streams of Oilfield 
Wastewater in South Texas - Walter Den, Texas A&M University San Antonio (A. Mendietta, J. Sierra, A. 
Teufel) 
 
Disposal and management of oilfield’s produced water has become an increasingly urgent matter to the 
energy industry, as the costs of disposal through permitted saltwater injection has risen and the legality 
of environmental disposal being challenged. Particularly, west of the 98th meridian, states have the 
authority to permit discharges of produced water that is of “good enough quality” into surface water for 
beneficial reuse; and the USEPA also delegated authority to Texas to permit discharge east of the 98th 
Meridian. However, its long-term impacts on the water quality of downstream waterways are poorly 
understood. This study investigated the water quality evolution for segments of the receiving streams in 
the Nueces River watershed, namely the Lower Atascosa River and the Petronila Creek. The historical 
water quality data from selected upstream and downstream locations relative to the discharge outfalls 
were analyzed to characterize the temporal and spatial trends of the key water quality parameters, 
including chloride and total dissolved solid (TDS). Correlation analyses between upstream and 
downstream water quality, as well as the hydrologic dilution effects, were also analyzed. At both sites, 
the concentrations of key constituents were consistently and significantly higher than the upstream 
counterparts. Correlation analyses suggested the influence of additional downstream processes or 
inputs rather than simple longitudinal transport. Precipitation influences solute concentrations 
episodically, whereas the dominant drivers appear to reflect longer-term changes in solute inputs rather 
than hydrologic variability alone. While the causality of the worsening downstream water quality must 
be interpreted cautiously, the analyses showed a strong influence of external inputs impacting the water 
quality of these receiving streams. 
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Parametric Studies for the Optimization of Temperature-Responsive Solvent Extraction for 
Desalinating Hypersaline Brine Water - Agyei Kyeremeh, Texas A&M University–San Antonio (H. Chen, 
S. Zhu, W. Den) 
 
Hydraulic fracturing generates substantial volumes of flowback and produced water (FPW) that often 
reach hypersaline conditions, thereby limiting the effectiveness of conventional membrane-based 
desalination and increasing disposal challenges. This study examines a temperature-responsive solvent 
extraction desalination (SED) method that separates water from salts without the use of membranes by 
utilizing the temperature-dependent miscibility of diisopropylamine (DIPA) with water. Synthetic 
produced waters (SPW) simulating FPW were prepared at four salinity levels (SPW1–SPW4; 1–4 M NaCl 
equivalent with additional salts), and SED performance was assessed as a function of brine-to-solvent 
ratio, expressed as mol Cl⁻/mol DIPA, and extraction time. Rapid phase separation and salt precipitation 
occurred within seconds during the salt-extraction step, followed by thermal demixing from 20 to 70 °C 
to recover a product-water phase. 
 
Across brine-to-solvent ratios of 0.103–0.412 mol Cl⁻/ mol DIPA (at 1:1 volumetric mixing for SPW1–
SPW4), water recovery decreased as salinity rose. At the same time, salt rejection improved. Product-
water volumes ranged from 19 mL at lower salinity to 5 mL at the highest salinity, all from an initial 60 
mL brine. Adjusting the brine-to-solvent volumetric ratio using the baseline brine revealed an 
operational tradeoff between product-water quantity and quality. The optimal window appeared near 
0.051–0.103 mol Cl⁻/ mol DIPA, achieving high recovery while maintaining low residual salt. Extending 
extraction time from 24 to 336 hours gave only modest gains in recovery, suggesting near-equilibrium 
behavior on practical timescales. Residual organic contamination in the product water, attributed to 
DIPA crossover (COD on the order of 10⁴ mg/L), shows that polishing is needed for non-oilfield reuse. 
Altogether, these findings define practical operating parameters and constraints for using temperature-
responsive SED in hypersaline FPW management. 
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Oxidative Removal of Residual Amines in Solvent-Extracted Hypersaline Brines - Shuowei Zhu, Texas 
A&M University–San Antonio (W. Den, A. Kyeremeh, H. Chen) 
 
Solvent extraction desalination (SED) has been an emerging technology for treating hypersaline brine 
waters from seawater desalination and geohydrocarbon energy productions (i.e., produced water) that 
have conventionally been deemed unusable or cost-inhibitive to treat for reuse. Amines, particularly 
highly branched secondary and tertiary containing 5 or 6 carbon atoms, have the most desirable 
properties for SED. The SED process, however, faces a persistent challenge from solvent crossover, 
where residual amine-based solvents migrate into the recovered water and require post-treatment. This 
study investigates the removal efficiency of four representative amines: diisopropylamine (DIPA), 
dipropylamine (DPA), propylamine (PA), and ethylbutylamine (EBA). These amines contain different 
chain lengths and degrees of symmetry around the nitrogen atom. The removal process is evaluated 
using ultraviolet-activated (254 nm) and heat-activated (50–70 °C) sodium persulfate (PS) systems. 
Controlled experiments were conducted at a fixed initial amine concentration of 0.01 M, with PS 
dosages ranging from 0.05 M to 0.3 M. Reaction was monitored at a 3-hour interval by measuring amine 
concentrations, residual PS, temperature, oxidation-reduction potential (ORP), and pH values. The study 
gave rise to the degradation kinetics and thermal energy for each compound under various activation 
conditions and evaluated the influence of oxidant dosage on reaction rates. Preliminary results showed 
that the reaction rates differed among the tested amines, demonstrating the effects of their chemical 
structures on the oxidation rates. Furthermore, the multi-parameter monitoring approach provides 
insights into the mechanistic behavior of persulfate-based oxidation for these specific compounds. 
These findings are expected to support the development of practical post-treatment strategies for 
managing solvent crossover in hypersaline desalination processes. 
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Pumping Time Reductions from Irrigation Water Management Practices: Evidence from Arkansas 
Irrigated Producers - Eva Stephani Caroline, University of Arkansas (Q. Huang, C. Henry) 
 

Irrigation water management (IWM) practices are promoted to reduce groundwater depletion, but 
there is limited evidence on how on-farm water use changes post-adoption. One reason is that data on 
irrigation water use at the farm level is rare. This study is unique because it provides producer-level 
evidence on changes in irrigation pumping time, which is used as a proxy for irrigation water use, after 
adopting IWM. The research focuses on six IWM practices: Computerized-Pipe-Hole-Selection (CHS), 
Surge Irrigation, soil moisture sensors, Multiple-Inlet with Poly-Pipe Rice Irrigation (MIRI), Alternate 
Wetting and Drying, and Furrow-irrigated Rice. The analysis uses data from the 2022 Arkansas Irrigated 
Producer Phone Survey, in which 274 producers reported percentage changes in irrigation pumping time 
after adopting one or more IWM practices. To mitigate producer-specific measurement error in self-
reported data, the study uses producer fixed-effects models. A two-step Heckman correction is also 
implemented to address selection bias, since the pumping time change is available only for those who 
adopted IWM. First, a full sample is used in a probit model to estimate the likelihood of adopting an 
IWM practice, and the inverse Mills ratio (IMR) is imputed. Second, only adopted IWM practices are 
included in a producer fixed-effects model that regresses pumping time changes. The IMR from the first 
step is also included as a covariate.  County fixed effects specifications are estimated as a robustness 
check. The results show that using CHS, MIRI, and sensors is associated with a larger reduction in 
pumping time, and these findings are consistent across different models. These findings provide 
guidance for producers when deciding which IWM practices to use. They also offer insights for decision 
makers on how conservation programs can achieve greater groundwater savings by prioritizing practices 
associated with larger pumping-time reductions rather than treating all practices as equally effective. 
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Adapting Irrigation Scheduling Strategies for Variable Rainfall Conditions in Mid-Southern Soybean 
Production - Dillon Russell, Mississippi State University (D. Gholson, H. Lo) 
 
The Mississippi Master Irrigator (MMI) program was developed to address critical water resource 
challenges in the Mississippi Delta by increasing awareness of the declining Mississippi River Valley Alluvial 
Aquifer (MRVAA) and promoting adoption of proven irrigation water management practices. Modeled 
after the original Texas program, the Mississippi initiative integrates a region-specific irrigation manual 
with instruction from irrigation specialists across the Mid-South. The 24-hour curriculum includes eight 
hours of self-paced online coursework followed by a two-day, in-person workshop focused on precision 
irrigation strategies and conservation practices. Over the first two program cycles (2023–2024 and 2024–
2025), a total of 98 participants from multiple Mid-South states completed the program. Participants 
demonstrated substantial knowledge gains, with average assessment scores increasing from 67% pre-
course to 97% post-course. Surveys also indicated improved confidence in irrigation decision-making and 
strong satisfaction with the balance between online learning and hands-on, in-person training. Feedback 
consistently highlighted the program’s practical relevance to on-farm management and its value as a 
continuing education resource. The third Mississippi Master Irrigator program is currently underway, with 
participants completing the online coursework portion of the curriculum. The in-person workshop is 
scheduled for February 18–19, 2026, and will continue to emphasize precision irrigation strategies, 
conservation practices, and the use of emerging irrigation technologies. The program has expanded 
through partnerships with state and federal agencies, including specialized training opportunities with 
USDA–NRCS, and continues to strengthen regional collaboration and farmer engagement. This poster will 
highlight the development, implementation, and evaluation of the Mississippi Master Irrigator program, 
emphasizing its role in improving irrigation water management, supporting aquifer sustainability, and 
building long-term resilience for agricultural production in the Mid-South. 
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Growth-Stage-Based Deficit Irrigation Strategies for Sustaining Crop Production under Declining Water 
Availability in the Texas High Plains - Srinivasulu Ale, Texas A&M AgriLife Research, Vernon, TX (S. 
Himanshu, B. Acharya, S. Samanta, B. Singh, J. Bell) 
 
Crop production in the Texas High Plains (THP) is increasingly constrained by declining Ogallala Aquifer 
water levels and frequent droughts. Because crop sensitivity to water stress varies across growth stages, 
tailoring irrigation to stage-specific water requirements offers potential to conserve water while 
sustaining yields. This study aimed to identify growth-stage-based deficit irrigation strategies for cotton, 
grain sorghum, and corn in the THP using the DSSAT Cropping System Model (CSM). Field data from 
experiments conducted at Halfway and Bushland, Texas, were used to evaluate DSSAT crop modules. The 
evaluated models were then used to run long-term simulations incorporating variable irrigation deficits 
imposed at different growth stages. A total of 256 deficit combinations were evaluated for cotton and 
sorghum, and 30 for corn. Simulated strategies were assessed for their impacts on crop water stress, yield, 
and irrigation requirements to suggest efficient strategies for contrasting climatic conditions (wet, normal, 
and dry years defined by growing-season precipitation). For cotton, applying a 10% deficit from first leaf 
to peak bloom and a 70% deficit during late bloom to boll opening in normal years reduced irrigation by 
65 mm while limiting yield loss to approximately 8% relative to a fully irrigated baseline. For grain 
sorghum, a strategy imposing a 70% deficit from emergence to panicle initiation followed by 10% deficits 
during later stages produced favorable yields in normal years. Overall, the findings demonstrate that 
growth-stage-based deficit irrigation can improve irrigation water productivity and help producers in the 
THP maintain economically viable yields while conserving limited Ogallala Aquifer resources. 
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Developing Overhead Irrigation Recommendations for the Midsouthern US - Dave Spencer, Mississippi 
State University (G. Oakley, D. Gholson) 
 
Improper irrigation applications neither effectively mitigate drought-induced yield loss nor preserve 
freshwater resources. This study was conducted to develop soil moisture sensor-based overhead 
irrigation recommendations for the humid, subtropical midsouthern US. The effects of irrigation threshold 
and application depth on corn (Zea mays L.) grain yield, water use, and net returns were investigated at 
Brooksville, MS on a Brooksville silty clay (fine, smectitic, thermic Aquic Hapluderts) and Stoneville, MS on 
a Commerce silt loam (fine-silty, mixed, superactive, nonacid, thermic Fluvaquentic Endoaquepts). In 
Brooksville, MS, corn grain yield increased 19 kg ha-1 kPa-1 for irrigation thresholds from -120 to -40 kPa. 
In Stoneville, MS, maintaining the soil water potential at either -40 or -60 kPa increased yield up to 11% 
relative to drier irrigation thresholds. At both locations, application depth had no effect on corn grain 
yield; however, decreasing application depth reduced seasonal water use when irrigations were initiated 
at wetter irrigation thresholds. In Brooksville, MS, decreasing application depth for irrigations initiated at 
-40 or -60 kPa increased irrigation water use efficiency, while in Stoneville, MS, decreasing application 
depth increased irrigation water use efficiency regardless of soil water potential. Furthermore, seasonal 
irrigation runtime is positively correlated with application depth. Thus, irrigating at wetter soil water 
potentials and reducing application depth may be an effective strategy to maximize corn grain yield and 
net returns with minimal waste of water resources in the midsouthern US.  
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Session 04: Watershed Management I 
Moderator: Greg Williams, StormTrap 
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Navigating from Targeted Sediment Control to Eco-Hydrological Resilience in Grassland Streams - 
Torsha Goswami, Kansas State University (W. Dodds, R. Keen, S. Stoodley, A. Dzialowski, B. Rogers, L. 
Lambert) 
 
My Master’s research demonstrated the successful application of the Oklahoma Hydrologic and Water 
Quality System (OK.HAWQS) modeling tool to suggest targeted Best Management Practices (BMPs) in 
the impaired Persimmon Creek, located in the rangeland dominated, Persimmon Creek Watershed, in 
Oklahoma. The research showed how targeted heavy grazing management (0.8 AU/ha) reduced 
sediment loads by up to 85.6%, reflecting BMP implementation success over short-term. However, for 
long-term watershed management, it is indispensable to address complex eco-hydrological state shifts 
and hysteresis inherent in these watershed systems. 
Extending this framework, my doctoral research aims to analyze the impact of land-use intensity and 
vegetation transitions, specifically woody encroachment on the water cycle. Previous research suggests 
that expansion of woody cover can cause an 84% decline in discharge and a 55% reduction in annual 
flow days due to increased evapotranspiration. Experimental evidence from the Konza Prairie in Kansas 
suggests a significant hysteresis in grassland-woody transition dynamics. Despite mechanical removal of 
woody vegetation, pre-encroachment grassland hydrology is often not restored as rapid shrub regrowth 
reinforces an alternative stable ecosystem state. My research will integrate OK.HAWQS modeling 
records with long-term Konza prairie hydrological records to generate a predictive modeling template 
for stream drying in a warm climate.  
 
Keywords: sediment, eco-hydrology, state shifts, woody encroachment, BMPs 
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Integrating OpenET and Soil Moisture Data to Optimize Agricultural Water Use in the Western United 
States - Masoumeh Hashemi, Utah State University (M. Yost) 
 
Water shortages in the western United States have become a complex and critical challenge, affecting a 
wide range of stakeholders. As water availability continues to decline, the need to efficiently manage 
limited water resources to meet basin-wide demands has increased, requiring dynamic and adaptive 
management systems. Two major basins in the western United States, the Colorado River and Great Salt 
Lake, are experiencing significant water stress, with agriculture representing the largest source of water 
depletion. Consequently, water conservation in the agricultural sector can play a key role in improving 
basin-scale resilience. 
However, agricultural water conservation is closely tied to farmers’ livelihoods and involves social 
pressures that must be carefully considered to minimize negative social impacts. In this study, we 
investigate these challenges by investigating how center pivot irrigation technologies impact the water 
use of major crops [alfalfa (Medicago sativa) and corn (Zea mays)] in three long-term agricultural water 
optimization sites located in major water basins of Utah, including the Colorado River and Great Salt 
Lake. To assess water management performance, machine-learning models and SHAP (SHapley Additive 
exPlanations) values were first used to identify the most important climatic drivers at each site and to 
examine their consistency across different years. Subsequently, OpenET and soil moisture data from in-
situ sensors were used to evaluate irrigation performance and water savings. The results of this study 
can support policymakers, extension specialists, and farmers by reducing on-farm water losses while 
maintaining or increasing crop yields. 
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Estimates of Water Yield in Managed Southern Pine Forests - Brett Lawrence, Raven Environmental 
Services and Stephen F. Austin State University (M. McBroom) 
 
In the Southeastern United States, native pine forests provide benefits that include water filtration, 
carbon sequestration, and recreation use on public lands. When managed strategically, forests can 
provide additional benefits, such as reducing wildfire hazards, and promoting niche biodiversity. Our 
study, based in Trinity County, Texas, focused on whether strategic management can also influence 
water resources in a beneficial manner. Specifically, we modeled soil evapotranspiration (ET) by 
measuring temporally discrete soil moisture over a vertically stratified soil profile depth ranging from 
15-120cm in different existing conditions of Southern Yellow pine. We used soil ET to generate 
estimates of water yield in monitoring areas of varying pine species composition, forest density, age, 
and understory brush and grass composition. These results support that strategic forest management 
can maintain ecosystem services provided by forested land cover, while potentially benefiting water 
resource availability. 
 
Keywords: water yield, longleaf pine, forest restoration, leaf-area-index 
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Soil Moisture Dynamics and Water Yield in Diverse Forest Stands in Longleaf Pine Restoration Site, 
Lower Trinity Watershed, Southeast Texas. - Rajan Subedi, Stephen F. Austin State University (M. 
McBroom, B. Lawrence) 
 
 
Longleaf pine (Pinus palustris) restoration is a priority for reestablishing the fire‐adapted savanna 
ecosystems that once dominated the southeastern United States and for delivering multiple ecosystem 
services, including biodiversity support, flood mitigation, groundwater recharge, and climate resilience. 
Quantifying hydrological responses to restoration interventions is essential for evidence‐based planning 
and adaptive management. This study employs near real‐time soil moisture profiling to assess the 
hydrological implications of Longleaf pine restoration across surface and root‐zone strata. 
 
In August 2024, we deployed monitoring stations in the Rock Creek restoration landscape, each 
equipped with ATMOS 41 all‐in‐one weather sensors, TEROS 32 soil tensiometers at 30 and 90 cm 
depth, and TEROS 54 volumetric soil moisture probes at 15‐cm intervals down to 120 cm depth. Stations 
were distributed among three forest‐stand conditions: disturbed /degraded forest stand designated for 
direct restoration (Treatment 1), mature mixed pine stand slated for gradual restoration (Treatment 2), 
and dominant loblolly‐pine stands serving as a control reference. In addition to the station, the baseline 
soil survey, an annual vegetation inventory is planned to analyze how vegetation, soil, and climate 
factors influence soil moisture regimes and, overall, quantify the contribution of longleaf pine 
restoration to water yield. 
 
Baseline results reveal divergent patterns of moisture retention and water yield across stand types, 
indicating that less dense stands exhibit lower evapotranspiration rates and higher subsurface water 
retention relative to dense loblolly controls. Further analysis of the soil–vegetation–atmosphere 
continuum is underway. Overall, this study will provide science‐based evidence for quantifying the 
hydrological outcomes of large‐scale restoration projects in Texas and across the southeastern United 
States, where longleaf pine restoration is advancing ecosystem services, biodiversity, and climate 
resilience. 
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Evaluating HAWQS as a Decision-Support Tool to Prioritize Watershed Restoration Strategies in Coastal 
Texas - Umar Javed, Texas Water Resources Institute (L. Gregory) 
 
San Fernando and Petronila Creek watersheds in coastal south Texas drain to Baffin Bay, where excess 
nutrients and chlorophyll-a threaten aquatic health. This study evaluates the effectiveness of the 
Hydrologic and Water Quality System (HAWQS), a web-based SWAT implementation, as a rapid decision-
support tool to prioritize watershed restoration strategies under changing land use and climate. The NLCD 
(2000–2024), gSSURGO and historical climate data were combined to characterize land use/land cover, 
hydrologic soil groups (HSGs) and precipitation for both watersheds. Two 20-year climate periods (1981–
1999 and 2001–2020) were simulated. For each watershed and period, a baseline scenario reflecting 
current or typical management and a restoration scenario were developed by incorporating the best 
agricultural management strategies like modified crop rotations and enhanced pasture management that 
are consistent with existing land uses. HAWQS outputs (runoff, infiltration, sediment, nutrient and 
chlorophyll-a loads) were summarized at the watershed scale and ranked to identify restoration strategies 
where their adoption yields the largest water-quality benefits. Across both watersheds, restoration 
scenarios generally increased infiltration and reduced surface runoff, sediment, nutrient and chlorophyll-
a export relative to baselines. By showing how HAWQS can leverage national datasets to simulate 
watersheds and practices implementation, this work demonstrates the practical insights to integrate 
modeling tools like HAWQS to target watershed restoration investments in coastal regions. The approach 
is transferable to other regions and informs stakeholders, including producers, policymakers and agencies, 
to use the data-limited resources for water-quality improvement and climate resilience. 
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Integrating Satellite Data and Machine Learning for Field Scale Real Time Soil Moisture Monitoring - Joy 
Brato Shil, Oklahoma State University (K. Jafarzadegan) 
 

Accurate field-scale soil moisture data is critical for enhancing agricultural water management, 
particularly for applications such as precision irrigation scheduling and drought forecasting. While the 
NASA Soil Moisture Active Passive (SMAP) mission provides invaluable global soil moisture estimates, 
its coarse 9 km spatial resolution lacks the detail needed for farm-level decision-making. This study 
presents a foundational analysis to bridge this gap by developing a rigorous downscaling framework for 
the Lugert-Altus Irrigation District (LAID) in southwest Oklahoma. We integrated SMAP L4 surface soil 
moisture data with high-quality OpenET evapotranspiration and precipitation records of 2021. These 
remote sensing datasets are compared with corresponding in-situ observations from ground truth 
sensors to characterize systematic discrepancies. We apply a novel multi-stage methodology combining 
clustering, bias correction, and machine learning models to capture irrigation effects and localized non-
linear patterns at the field scale. The results demonstrate that this hybrid approach effectively 
downscales satellite products to the field scale, significantly improving predictive accuracy during the 
growing season. This framework enables the creation of a localized, bias-corrected soil moisture 
monitoring system for the entire LAID, empowering farmers with reliable data for ungauged fields.  
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NeuralFAO56: A Physics-Guided Neural Network for Irrigation Demand Estimation - Adarsha Neupane, 
Clemson University (V. Samadi, I. Athanasiadis) 
 
Neural networks are increasingly adopted for irrigation demand forecasting, but unconstrained 
optimization often yields predictions that violate basic physical conservation principles, reducing their 
suitability for operational use. To address this limitation, this study presents a physics-guided learning 
framework that integrates the FAO-56 soil water balance formulation—commonly used in irrigation 
estimation—directly into the loss function of neural network models. Rather than enforcing physical 
consistency through hard constraints or post hoc correction, the approach introduces a differentiable, 
penalty-based loss formulation that discourages violations of water balance dynamics during 
optimization. This penalty-based formulation allows physical knowledge to influence parameter 
optimization while preserving the flexibility of data-driven models. As a result, standard neural 
architectures are transformed into gray-box learners that jointly leverage observational data and physics-
based regularization. The proposed approach is model-agnostic and applicable to a broad range of neural 
forecasting architectures, including feedforward, recurrent, and attention-based models. By treating 
irrigation demand estimation as a constrained learning problem, this framework offers a scalable and 
extensible mechanism for embedding domain physics into neural time-series forecasting without 
modifying model architectures. 
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Assessment of the Sediment Transport Regime in the Corpus Christi Bay System - Victor Garcia, Texas 
A&M University-Kingsville (J. Ren) 
 
Coastal sediments suspended by wind, waves, and currents can be carried away from critical habitats and 
barrier islands, which can weaken those ecosystems. These sediments could also carry pollutants, which 
can be released or redistributed into their new environment. Thus, sediment transport can impact a wide 
range of ecosystem services and human developments across coastal regions, impacting the economy and 
quality of life in communities. The objective of this research is to examine the extent of erosion and 
deposition and their controlling factors under varying external forcing conditions. The Nueces and Corpus 
Christi Bay system is used as a case study. Previous studies have provided valuable insights into the 
hydrodynamics of these bays; however, a distinct knowledge gap related to sediment transport exists. 
This research focuses on creating a Delft3D-Flexible Mesh (FM) model of the Nueces and Corpus Christi 
Bay. Input data, such as water levels, discharge, meteorological data, sediment concentrations, and water 
and sediment properties, are obtained from various agencies and literature. Model outputs, such as water 
levels and sediment concentration, are compared with observed data. The model performance is 
evaluated by statistical indicators such as the Coefficient of Determination (R2) and Nash-Sutcliffe 
Efficiency (NSE). Sediment transport dynamics and stratification under various freshwater inflows, winds, 
waves, and tides conditions are simulated. The results obtained will help determine hotspot areas within 
and along the shorelines of the study area that are vulnerable to sediment erosion processes to help local 
policymakers with decision making on addressing coastal erosion problems. This presentation will provide 
an overview of the project and the key findings obtained.   
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Evaluating Extension Outreach Efforts on the Adoption of Irrigation Management Practices to Address 
Groundwater Depletion in the Lower Mississippi River Basin. - Drew Gholson, Mississippi State University 
(D. Russell, A. Deason, L. Eubank, H. Lo, N. Quintana-Ashwell) 
 

The Lower Mississippi River Basin (LMRB) ranks among the most productive irrigated agricultural regions 
in the U.S., with over 90% of irrigation drawn from the Mississippi River Valley Alluvial Aquifer (MRVAA). 
Over-drafting threatens agricultural productivity, farm profitability, and ecosystem sustainability. While 
promising, fully developed technologies, such as soil moisture sensors and data-driven scheduling, often 
face slow adoption due to barriers including perceived complexity, economic risk, uncertainty, and 
differing farmer preferences. Effective outreach must therefore employ targeted, multi-method 
strategies to match knowledge products with diverse producers. 

Mississippi State University (MSU) Extension Service, in partnership with the National Center for Alluvial 
Aquifer Research (NCAAR), implements a comprehensive multi-method strategy to accelerate adoption 
of conservation technologies. This integrates the Mississippi Master Irrigator Program featuring self-
paced online modules, intensive in-person classroom instruction, hands-on field demonstrations, and 
peer-to-peer learning with season-long on-farm sensor demonstrations for real-time monitoring and 
guidance; traditional one-on-one consultations and agent-led support for personalized troubleshooting; 
the Soil Moisture Sensor Showcase at NCAAR for objective comparisons of systems, vendors, and 
telemetry; and resource/tool development. 

In its inaugural year (2023-2024), the Master Irrigator Program engaged diverse stakeholders, yielding a 
45% increase in understanding of irrigation practices and 100% of completers reporting exceeded 
expectations with improved decision-making. Subsequent cohorts show continued momentum. By 
building awareness, reducing uncertainty, facilitating trials, and leveraging peer influence, this approach 
effectively translates research into on-farm practice. 

This presentation details the conception, execution, and evaluation of these integrated efforts, 
highlighting their role in fostering the adoption of sustainable irrigation technologies to support long-
term regional sustainability. 
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Mississippi Water Stewards: Community-Based Watershed Education and Protection - Beth Baker, 
Mississippi State University (M. Hill) 
 

Consistent, long-term water-quality monitoring is often constrained by funding, personnel, and logistics. 
Community-based water monitoring (CBWM) offers a valuable complement to traditional monitoring 
networks by expanding spatial and temporal coverage and fostering public engagement. We report 
evaluation outcomes of developing and implementing the Mississippi Water Stewards program (adapted 
from Alabama Water Watch) to demonstrate innovations in Extension program delivery and community 
engagement to protect water resources. Extension education was delivered through a hybrid-model, 
which includes asynchronous online learning modules and in-person workshops that focus on skill 
mastery and experiential learning. Participants were trained to measure bacteriological indicators (E. 
coli and total coliforms), water-chemistry parameters including dissolved oxygen, alkalinity, hardness, 
pH, and turbidity, or to assess aquatic macroinvertebrate communities through biomonitoring. Certified 
volunteer monitors followed standardized data collection protocols, methodologies, data forms and 
reporting mechanisms, and quality assurance/quality control checks ensure data credibility. All data is 
housed in a public facing database. Initial program assessment indicated that the hybrid educational 
model was effective. Online education, paired with in-person workshops and opportunities for long term 
stewardship offer unique opportunities to track participant knowledge, skills, and behavior changes. 
Engaging stakeholders in stewardship activities enhances community impact, increases economic value 
through volunteer time, and strengthens place-based education, much like traditional Master Gardner 
programs. This evaluation emphasizes the value of CBWM beyond data collection, as water quality 
observations foster two-way exchange that educates and empowers participants while generating 
information at scales unattainable by professional networks alone. This dual impact—on people and 
data—demonstrates that citizen science is a scalable and credible approach to advance Extension 
programming.   
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Mailbox Marketing: Use of Direct Mail Campaigns to Fill the Extension Audience Gap in Watershed 
Outreach and Education - Audrey McCrary, Texas Water Resources Institute (A. Berthold) 
 
A core objective of watershed protection planning and implementation is to improve stakeholders’ 
knowledge, awareness, and behaviors to facilitate watershed stewardship. Classic outreach and education 
methods, such as newsletters and in-person meetings, are effective at reaching traditional Extension 
audiences. Digital media may capture additional audience segments, but still has limitations in reach and 
is vulnerable to the effects of “information overload.” To address these gaps in communication channels, 
the Texas Water Resources Institute (TWRI) has developed, applied, and studied the impacts of 
educational postcards (“mailers”) as a cost-effective alternative communication method to reach 
watershed stakeholders. Mailer topics and designs have included information about grazing management, 
cover crops, soil health testing, septic system maintenance, and technical and financial assistance 
resources. Since the first mailing campaign in 2020, TWRI has sent nearly 400,000 mailers to over 120,000 
individual stakeholders as part of watershed education and outreach efforts. This presentation will cover 
the development, application, evaluation, and potential of these mailers in watershed projects as an 
educational intervention program for Extension audiences. 
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Utilizing Artificial Intelligence Technology to Support Water Extension Specialists with Split 
Appointments: Unofficial Advice from a 0.25 Extension FTE Holder - Joseph Burke, Texas A&M AgriLife - 
Lubbock 
 
Despite serving as content matter experts for the general public, Extension Specialist positions continue 
to decline at universities across the U.S. Some universities have created split appointments between 
research, teaching, and Extension to maintain the Land Grant mission. When the appointments are split 
between different agencies, it can create competition for the specialist’s time. Advances in artificial 
intelligence provide opportunities to assist split appointees with developing Extension materials, 
evaluating programs, and measuring impacts. This presentation will focus on technologies that can be 
utilized to streamline Extension activities and improve productivity. The learner will identify available 
technologies and learn how to use them effectively to improve their productivity.  
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Microfluidic Capture-Enrichment of individualized microbes from urban wastewater reveals a reservoir 
of serum-tolerant potential pre-emergent pathogens - Siyi Zhou, Rice University (S. Seo, K. Rhatigan, M. 
Lee, A. Tran, L. Armendariz, T. Treangen, L. Stadler, Y. Shamoo) 
 
Biosurveillance is critical for pandemic preparedness, but current approaches struggle to detect unknown 
or emerging bacterial threats. Targeted assays require prior sequence knowledge, and shotgun 
metagenomics can miss low-abundance organisms and provides limited information on the viability or 
phenotype of the microorganisms detected. To move from “what is present” to “what could plausibly 
cause harm,” we developed “Capture-Enrichment,” a strain-agnostic, function-forward workflow that 
encapsulates individual wastewater bacteria in microdroplets and applies growth in 100% human serum 
as a stringent host-relevant filter. Because bloodstream infection requires survival under serum 
antimicrobial pressures (e.g., complement and nutritional immunity), serum growth provides an 
operational definition of potential pre-emergent pathogens (PEPs). We piloted Capture-Enrichment at 
two urban wastewater sites representing distinct inputs using replicated serial enrichment over multiple 
passages. We tracked the microbial community across the growth passages using 16S rRNA gene 
sequencing and recovered isolates for downstream assays. The results showed strong selectivity and 
discovery power: only a small fraction of taxa present in raw wastewater grew in serum (~4–6% of unique 
ASVs), yet enrichment revealed many taxa not detected in paired founding samples (~67–76% of post-
enrichment ASVs), demonstrating that the workflow results in substantial enrichment of rare lineages. 
Critically, we recovered serum-tolerant isolates that included multiple clinically important taxa such as 
Acinetobacter (including A. baumannii), Enterobacterales (e.g., Klebsiella pneumoniae, Enterobacter 
hormaechei, Escherichia coli, Serratia marcescens), and Pseudomonas (including P. aeruginosa), in 
addition to diverse environmental taxa. We also performed virulence-relevant phenotype screens (e.g., 
hemolysis, exoenzyme activity, biofilm, stress tolerance, antibiotic susceptibility), and whole-genome 
sequencing and functional annotation to link serum tolerance and phenotype to genomic determinants 
and prioritize high-concern PEP candidates. This work demonstrates a powerful approach to extend 
wastewater biosurveillance beyond known targets and toward viable, strain-resolved, risk-oriented 
monitoring. 
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A Wastewater-Based Mechanistic Framework to Quantify Norovirus Infection Burden and Transmission 
Dynamics - Jinze Li, The University of Texas Health Science Center at Houston (D. Parikh, T. Phan, R. Li, S. 
Brozak, B. Pell, J. Balliew, Y. Kuang, K. Mena) 
 
Norovirus is a leading cause of gastroenteritis globally, yet its true infection burden in the community 
remains poorly understood due to asymptomatic transmission and underreporting. Wastewater-based 
surveillance is a promising tool to track community-level infections, but translating viral concentrations 
into infection burden is hindered by uncertainties in viral shedding dynamics. Here, we developed a 
mechanistic SEIR-V model that incorporates symptom-stratified viral shedding profiles to quantitatively 
link wastewater norovirus concentrations to community infection dynamics. Tested using wastewater 
data from El Paso, Texas, the model successfully captured transmission dynamics and estimated up to 
13.5% of infectious population at the epidemic peak during the study period. The model demonstrated 
robust predictive performance across data from multiple wastewater treatment plants, and sensitivity 
analysis further identified transmission rate and infection duration as key parameters for infection burden 
estimates. Our study established the first quantitative mechanistic approach for estimating community 
infection levels and transmission dynamics from wastewater data, information that is largely absent in 
conventional norovirus surveillance. This framework can advance wastewater-based viral epidemiology 
for proactive public health surveillance, especially for pathogens with high asymptomatic transmission 
and limited clinical reporting. 
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Alternative Water Resources, Soil Dynamics, and Their Role in the Future of Agricultural Production - 
Katie Lewis, Texas A&M AgriLife Research  
 
Competing demands for water resources in Texas have driven agricultural producers to identify 
alternative water resources for irrigation. These resources include reclaimed, brackish, and produced 
water that can be contaminated with chemicals that can impact soil chemical, biological, and physical 
properties. Investigating these dynamics provides an opportunity to better utilize alternative water 
resources for agricultural production. Compounding these concerns is the increasing salinity of irrigation 
sources and aquifer depletion, which threatens Texas’s status as one of the agricultural production leaders 
in the United States. Texas has developed research studies to examine the impact of alternative water 
resources on soil and crop development. Here, we identify strategies to utilize alternative water 
resources, understand their potential impact on soil properties, and examine their role in maintaining 
agricultural production.  
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Soil Water Conservation in Semi-Arid Regions Using Regenerative Agricultural Practices - Christopher 
Cobos, Texas A&M AgriLife Research (N. Boogades, J. Burke, W. Keeling, K. Lewis) 
 
Water availability and sustainability are essential to the continued agricultural production of the U.S. 
Great Plains. The Southern High Plains (SHP), located in the semi-arid southern portion of the Great Plains, 
produces approximately 30% of the United States’ annual cotton production, netting over $1 billion USD. 
The continued unsustainable withdrawal of the Ogallala Aquifer for irrigation, paired with the potential 
increase in annual mean temperature due to climate change puts the future agricultural viability of the 
region at risk. Our objective was to evaluate the water dynamics of regenerative agricultural cotton 
cropping systems in semi-arid environments compared to conventional cotton agroecosystems. 
Conserving water inputs throughout the year can slightly offset the decreasing irrigation availability in 
deficit-irrigated semi-arid systems, potentially increasing the success and sustainability of regenerative 
practices. Our research was conducted at the Agricultural Complex for Advanced Research and Extension 
Systems in Lamesa, TX, USA. At this site, we evaluated three different cropping systems: continuous cotton 
with a winter fallow and conventional tillage (CT), continuous cotton with a winter rye cover crop and 
reduced tillage (CC), and a cotton-wheat rotation with an 11-month fallow between wheat harvest and 
cotton planting with reduced tillage (CW). Cropping systems were deficit-irrigated at two different 
irrigation levels, base (60% ET replacement) and low (30% ET replacement). Soil moisture measurements 
were collected every two weeks from May 2022 to September 2024 with a field-calibrated neutron probe. 
Results indicate greater soil water conservation in both CC and CW compared to CT from 2022-2024 with 
increased cotton lint yields in 2022, 2023, and 2024 with CW systems.  
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Sustainability of Beef Production Systems in the U.S. Great Plains through Assessment of Water and 
Carbon Footprints - Mary Foltz, Oklahoma State University (A. Thomas) 
 
In the United States, the Great Plains represents the largest beef-producing region, with the beef industry 
contributing substantially to the agricultural economy. Water plays a critical role in beef production, not 
only for livestock consumption but also for upstream practices, such as feed production. Most beef 
production systems involve backgrounding cattle on pasture prior to finishing in feedlots, which require 
large volumes of water and often have many environmental implications. This study aims to identify how 
crop and cattle management practices affect the water and carbon footprints over the life cycle of 
traditional beef production systems based on a case study of three beef producers in southwestern 
Kansas. We hypothesize that the producers with more frequent management and larger herd size will 
contribute most to the water and carbon footprints. Using OpenLCA as a life cycle assessment software 
tool, we compare the cradle-to-farm-gate environmental implications of three beef production systems 
with varying management practices. Data on cropping practices and cattle management from three 
producers will be used to represent the grazed stage of each system, while the feedlot stage will be 
modeled using regionally representative standard practices. Preliminary results indicate that cattle water 
consumption during the grazing period was driven primarily by grazing duration rather than herd size or 
rate of weight gain, with total water use increasing as the length of the grazing period increased. It is 
anticipated that systems utilizing higher inputs of fertilizer and pesticides with longer grazing periods will 
result in larger carbon and water footprints. Based on this case study, we seek to determine efficient 
strategies to reduce the water and carbon footprints of beef production systems, therefore improving 
their sustainability. 
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Irrigation-Induced GHG Pulses: Implications for Carbon Budgets - Nithya Rajan, Texas A&M AgriLife 
Research  
 
Agricultural practices substantially alter the physical, chemical, and biological characteristics of soils, with 
direct implications for carbon dynamics and greenhouse gas (GHG) emissions. In irrigated croplands, 
repeated water applications can rapidly stimulate microbial activity, triggering short-term pulses of GHG 
emissions that may far exceed those in dryland systems. However, the influence of irrigation on the overall 
GHG budget of agricultural soils remains insufficiently studied and poorly quantified. As agriculture moves 
toward climate-smart solutions to both mitigate and adapt to climate change, irrigation, when managed 
to minimize emissions, could emerge as a powerful climate-smart tool. Recognizing this potential opens 
the door for incentive-based adoption through emerging carbon markets. This presentation explores the 
connection between irrigation practices and GHG emissions, emphasizing strategies to align irrigation 
management with broader climate objectives. 
 
  



2026 UCOWR/NIWR Annual Water Resources Conference                                                      Session 9 

Return to Contents  San Antonio, TX | June 8-10, 2026 

Session 09: Watershed Management II 
Moderator: Torsha Goswami, Kansas State University 
  



2026 UCOWR/NIWR Annual Water Resources Conference                                                      Session 9 

Return to Contents  San Antonio, TX | June 8-10, 2026 

Accounting for Groundwater Residence Time to Assess Delayed Nutrient Reduction from Conservation 
Practices - Muhammad Raffae, Colorado State University (R. Bailey, J. Arnold, M. White) 
 
Groundwater often exhibits long mean residence times, frequently spanning decades. As a result, 
watershed-scale nutrient management and conservation practices may appear ineffective in the short 
term because improvements in stream nutrient concentrations are not immediately observable. In reality, 
the benefits of these practices are delayed, emerging years later as groundwater is gradually discharged 
to streams or tile drainage systems. Accurately evaluating the effectiveness of conservation measures 
therefore requires explicit representation of groundwater travel time. In this study, we assessed the long-
term impacts and timing of nutrient reduction from conservation practices in the Cannon River 
Watershed, Minnesota, using an integrated surface–subsurface modeling framework. The watershed is 
characterized by extensive tile drainage, widespread groundwater pumping for irrigation, and persistent 
nutrient impairment, particularly nitrate and phosphorus. We coupled SWAT+ with the gwflow 
groundwater module to explicitly incorporate groundwater flow paths and mean residence times into 
watershed simulations. The model was implemented for the period 2000–2020, with 2000–2001 used for 
warm-up, 2002–2008 for calibration, and 2009–2020 for validation. Calibration was performed against 
USGS-observed streamflow, groundwater levels from monitoring wells, and independently estimated 
mean groundwater residence times. Following satisfactory calibration and validation, a suite of nutrient 
management scenarios was simulated to evaluate both the magnitude of nutrient load reductions and 
the temporal lag between practice implementation and observable water-quality improvements. Results 
highlight the critical role of groundwater residence time in shaping delayed watershed responses and 
demonstrate the importance of integrated surface–subsurface modeling for realistic assessment of 
conservation outcomes. 
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Urbanization Dominates Watershed Scale Controls on E. coli in Mixed Land Use Sub-Watersheds - Abdul 
Saboor Rahmany, Texas A&M University (K. Ferrell Jr, A. Tague, E. Rhodes, S. Stannard) 
 
In Texas, water demand is projected to reach 23.68 billion cubic meters by 2070, an 18% increase relative 
to 2023 (while surface water impairment remains a persistent and growing challenge due to conventional 
and emerging contaminants that limit water availability). Sustaining surface water resources under 
increasing demand requires an understanding of pollutant sources and their contributions to water quality 
degradation at the watershed scale. This study evaluated drivers of water quality using a linear mixed-
effects modeling framework to quantify watershed-scale variability in E. coli while accounting for non-
independence of observations within watersheds. Log-transformed E. coli concentrations were modeled 
as a function of land use, anthropogenic pressures, seasonality, and sampling period, with a random 
intercept capturing unobserved watershed-level heterogeneity. Model performance was evaluated using 
residual diagnostics and marginal and conditional R² values. Fixed effects explained 34% of variance in E. 
coli concentrations, while inclusion of watershed-level random effects increased explained variance to 
79%, indicating strong spatial structuring of microbial water quality. Percent developed land was positively 
and significantly associated with E. coli, highlighting the influence of urbanization on bacterial impairment, 
whereas summer conditions were associated with lower concentrations relative to winter. Sampling 
period exhibited a marginal effect, suggesting potential temporal shifts in water quality. Human 
population density, non-canine animal populations, and dog abundance were not significant predictors 
after accounting for land use and watershed-scale variability, although their inclusion helped separate 
correlated anthropogenic influences. Persistent differences in baseline E. coli  among watersheds after 
controlling for fixed effects underscore the importance of unmeasured watershed characteristics in 
shaping microbial water quality. These findings emphasize the dominant role of land development and 
watershed context in structuring bacterial impairment across mixed land-use systems and highlight the 
need for watershed-scale management strategies that account for spatial heterogeneity to sustain surface 
water quality under increasing future water demand. 
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Fire on the Plains: How Wildfire Reshapes Hydrology Across a Forest–Prairie Mosaic - Sophie Roberts, 
Oklahoma State University (E. Zaimes, C. Zou) 
 
Shifting vegetation types, climate change, and altered fire return intervals are driving more frequent and 
intense wildfires within the forest–prairie transition zone of the Southern Great Plains. Most post-wildfire 
hydrology research has focused on arid regions, steep terrain, and small-scale plot simulations. 
Consequently, it remains unclear how runoff and sediment dynamics respond in low-relief watersheds of 
the southern Great Plains, or how these responses differ between forest and grassland watersheds. Using 
a before-after study of six experimental catchments impacted by the 2025 Stillwater Wildfire, we analyzed 
post-fire alterations to runoff and sediment load in native grasslands, oak woodlands, and juniper 
woodlands in the Cross Timbers Experimental Range (CTER) near Stillwater, Oklahoma. Discharge was 
measured with USGS H-flumes, and sediment loads quantified using flow-weighted sediment 
concentrations collected by Teledyne ISCO autosamplers. Findings from this study can inform decisions – 
such as vegetation management in high-priority catchments – to protect urban water supplies in an 
increasingly fire-prone climate. Furthermore, identifying which land covers are most vulnerable to fire-
driven water quantity and quality changes will help determine the location and necessity of post-wildfire 
erosion mitigation.  
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An Interpretable, Data-Driven Machine-Learning Framework for Large-Scale BMP Prioritization - Hoda 
Razavi, Michigan State University (A. Nejadhashemi) 
 
Rising pollution pressures and shrinking financial and institutional resources increasingly challenge global 
efforts to improve water quality. Best Management Practices (BMPs) are widely applied to reduce 
pollutant loads; however, their effectiveness varies substantially across locations due to differences in 
physiographic and climatological conditions. Accurately characterizing this spatial variability typically 
requires advanced, site-specific watershed modeling, which is computationally intensive and limits the 
transferability of BMP performance knowledge across regions. As a result, the scalability of conventional 
watershed management approaches remains constrained. The primary objective of this study is to 
develop an artificial intelligence (AI)–driven, transferable framework for estimating BMP effectiveness 
under varying physiographic and climatological conditions, thereby enhancing the generalizability of BMP 
performance beyond individual study areas. The proposed methodology is demonstrated in the River 
Raisin watershed, where the Soil and Water Assessment Tool (SWAT) model is calibrated and validated 
for the period 2010–2024. A suite of applicable BMPs is first identified, followed by the selection of key 
geospatial, physiographic, and climatological parameters influencing pollutant generation and transport. 
Each BMP is then implemented individually across the watershed to quantify its average impact and the 
variability in pollutant reduction. These performance outcomes are subsequently linked to the selected 
parameters using AI-based modeling techniques to derive predictive relationships applicable at large 
spatial scales. We hypothesize that the proposed framework can effectively capture the relationships 
between BMP performance and underlying environmental conditions, enabling accurate prediction of 
pollutant reduction across heterogeneous hydrologic response units. The resulting models are expected 
to reduce reliance on repeated watershed simulations and to provide consistent, interpretable estimates 
of BMP effectiveness. Overall, this approach is anticipated to support efficient, scalable, and cost-effective 
decision-making for large-scale water quality management. 
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Session 10: Stormwater Management 
Moderator: Nima Zafarmomen, Clemson University 
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Node-Scale Flooding in Urban Drainage Networks Using a Graph Neural Network Emulator - Nima 
Zafarmomen, Clemson University (V. Samadi, E. Borgome) 
 
Urban flooding poses significant risks to infrastructure and public safety, yet traditional risk management 
approaches informed by physics-based hydrodynamic models often remain too computationally intensive 
for real-time forecasting. This study introduced a Differential Graph Transformer (DGT) emulator designed 
to rapidly predict node-scale runoff volumes across complex urban drainage networks. By integrating 
dynamic rainfall descriptors, static junction attributes, and directed pipe–junction topology, the DGT 
captured both short- and long-range spatial dependencies within the system. The methodology utilized a 
high-resolution Storm Water Management Model (SWMM) of the Rocky Branch watershed (Columbia, 
SC), which was calibrated using the Grey Wolf Optimizer (GWO) to ensure physical reliability across 
diverse hydrometeorological conditions. This calibrated model provided the training foundation for the 
DGT, which was evaluated using synthetic storm events with return periods ranging from 1 to 1000 years 
and durations spanning from 5 minutes to 24 hours. The DGT achieved exceptional predictive accuracy, 
with Nash–Sutcliffe Efficiency (NSE) values consistently exceeding 0.93. Model performance was 
particularly robust for intermediate storm durations (6-12 hours). Critically, the DGT yielded a 94.6% 
reduction in computational runtime, completing predictions in approximately 6 minutes compared to 
nearly 2 hours required by traditional simulations. This is a key advantage for decision-relevant real-time 
forecasting. Permutation importance analysis indicated that rainfall depth and intensity were the primary 
drivers of runoff, while learnable node embeddings effectively captured junction-specific heterogeneity 
without over-reliance on explicit static descriptors. By balancing hydraulic rigor with deep learning 
efficiency, this framework offered a scalable solution for near-real-time urban flood risk assessment and 
proactive emergency response management. 
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How to Train Your Model: Using  AI for Hydrodynamic Separator Design - Greg Williams, StormTrap (R. 
Moran) 
 
Hydrodynamic Separators (HDS) are designed for two primary functions: capture and retention of 
sediment.  How well HDS perform these functions is generally measured by laboratory testing.  The most 
common protocols are ASTM C1746-24 for removal performance and E3373-24 for retention 
performance, also called scour testing, or the New Jersey Department of Environmental Protection 2021 
HDS test protocol.  These are full-scale tests that are expensive and time-consuming.  This makes it 
desirable to be able to model new HDS designs prior to going into the lab.  
 
Computational Fluid Dynamics (CFD) is an excellent tool for modeling fluid flow and it is reasonably good 
at modeling particle entrainment as well.  This has led to it being used to model sediment removal with 
some success.  However, sediment retention remains a challenge to model due to the complex physics of 
entraining a particle by removing it from a bed.  
 
StormTrap modeled, built and tested 4 different configurations of an HDS with the goal of finding a 
parameter that correlated well with sediment retention performance.  This presentation describes how 
StormTrap used ChatGPT to analyze the CFD images that were generated and to compare them to 
laboratory test results in order to find a parameter that could be used to predict sediment retention.   
 
Specifically, CFD was used to model the fluid velocity in a horizontal plane just above the elevation of top 
the sediment bed and produce velocity maps in that plane.  The maps were then analyzed for different 
parameters using ChatGPT and the parameters were compared to test results.  This presentation discusses 
the “conversation” with ChatGPT that eventually resulted in useable output.  It also discussed comparing 
the results of AI analysis with the results of using Excel to analyze the numeric output of the CFD program 
that was the basis for the velocity maps. 
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A Proactive Approach to North-Central Texas Growth & Development: Integrated Transportation and 
Stormwater Infrastructure (TSI) - Aaron Hoff, TRWD  
 
The integrated Transportation and Stormwater Infrastructure (TSI) initiative utilizes proactive planning to 
address increasingly flooded roadways, neighborhoods, and critical infrastructure in the rapidly-
developing areas of North Central Texas contending with intense rainfall and escalating stormwater 
impacts. The study integrates stormwater, transportation, and environmental planning in a unique effort 
to reduce risk in a region growing by 150,000 people per year. Focusing on these ‘exurban’ areas, the 
study seeks to provide enhanced technical models and emergency management solutions to guide more 
informed development decisions. This will be accompanied by a planning menu for sustainable 
transportation design and stormwater detention that blend traditional stormwater features with nature-
based solutions. Tools that quantify the financial benefits of adopting these higher building standards will 
also be integrated into the study.  
The study also seeks to engage area communities by helping them develop key competencies: 

1) Understanding the relationship between stormwater runoff and impervious surfaces as areas 
develop. 

2) Identifying critical areas that may benefit from proactive transportation planning using both 
technical analysis and stakeholder engagement. 

3) Defining nature-based solutions and recognizing opportunities to integrate them alongside 
traditional stormwater infrastructure to create viable stormwater management solutions that 
meet community goals. 

4) Recognizing the benefits of proactive integrated transportation and stormwater management for 
developing communities and being able to confer the benefits of these improved standards to 
decision makers to inform functional solutions that communities are willing to adopt. 

This study provides a unique but slowly-closing window of opportunity for communities to proactively and 
cost-effectively address the comprehensive planning efforts required to integrate their transportation, 
environmental, and stormwater infrastructure needs. In doing so, those involved will have additional 
support to address the health and safety concerns within their communities. 
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Early Flooding Detection System using Artificial Intelligence and Machine Learning - Jamilee Juarez, 
Texas A&M University - Kingsville (D. Hicks, T. Sinha) 
 
Flooding poses a serious threat to the safety of local communities, often resulting in loss of lives, homes, 
and critical infrastructure. Traditional warning systems usually provide limited time, leaving many people 
unprepared for sudden flooding events. This project proposes the development of an early flood detection 
system using Artificial Intelligence and Machine Learning modeling to provide accurate real time 
predictions. By analyzing the streamflow data, precipitation, and weather forecasts, it serves to identify 
flood risks at an early stage and generate timely alerts. Using not only historical data from the past 50 
plus, but also the data collected during an actual rainstorm or minimal flood, will allow improved 
assessments of flood that can updated continuously and visualized via interactive websites. The system 
will analyze multiple datasets collected through various Water APIs, imagery management systems, and 
personally collected data using watershed levels for 3 watersheds located in South Texas. These datasets 
will be processed and compared using Python and Machine Learning models to identify early indicators 
of flooding. Once validated, the Real Time forecasts will be developed. The project aims to close the gap 
between modern data flood monitoring and real-world emergency response, allowing safer and more 
resilient communities and benefitting the communities that don’t have the time or move. The findings of 
this study will be useful to strengthen monitoring capabilities, improve prediction accuracy, and improve 
community preparedness for flood events. 
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Session 11: Groundwater I 
Moderator: Kelechi Igwe, Kansas State University 
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Binational Significance of Groundwater Baseflow to the Rio Grande Wild and Scenic River (Texas, USA) 
- Kevin Urbanczyk, Meadows Research Institute for West Texas Water - Sul Ross State University  
 
The Rio Grande Wild and Scenic River (RGWSR) is located in the Big Bend region of Texas and includes 
approximately 111 km within Big Bend National Park (BBNP) and an additional 204 km downstream to the 
Terrell–Val Verde County line. Much of the lower portion of this reach is classified as a Sound Ecological 
Environment, largely due to sustained inflows of fresh groundwater from several aquifers, including the 
Edwards–Trinity Plateau Aquifer (ETPA) and hydraulically connected aquifers in Mexico. These 
groundwater-derived baseflow contributions increase river discharge and improve water quality in this 
section of the RGWSR, which otherwise often experiences very low or intermittent flow as a result of 
extensive upstream diversions on both the Rio Grande and the Rio Conchos in Mexico. Such diversions 
are governed by the interstate Rio Grande Compact and the 1944 Water Treaty between the United States 
and Mexico, which collectively regulate surface-water allocations but do not explicitly account for 
groundwater-derived baseflow contributions. River discharge is gaged upstream and downstream of the 
RGWSR, providing a general indication of net baseflow gains through the reach. To better quantify the 
magnitude and spatial distribution of groundwater inputs, we conducted multiple gain–loss studies along 
the RGWSR. Results indicate a cumulative baseflow contribution of approximately 6.4 m³/s (≈225 ft3/s) 
within the RGWSR, with the largest gains occurring in the Lower Canyons reach downstream of BBNP. On 
an annual basis, this baseflow contribution is equivalent to approximately 200 million m³/ yr (≈165,000 
acre-feet/yr). Because this reach of the Rio Grande forms the international boundary, these groundwater-
derived flows are effectively shared equally between the United States and Mexico. This volume is 
substantial when compared to Mexico’s delivery obligation of 430 million m³/ yr (350,000 acre-feet/yr) 
under the 1944 Water Treaty. 
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A Critical Review of Surface Water Storage and Subsurface Recharge in Declining Portions of the 
Mississippi River Valley Alluvial Aquifer - Mohammad Iqbal, Arkansas State University (M. Reba, J. 
Nowlin, J. Massey, D. Leslie, C. Delhom) 
 
The Lower Mississippi River Basin (LMRB) is a crucial area known for its intensive agricultural production 
that is heavily dependent on the Mississippi River Valley Alluvial Aquifer (MRVAA) for irrigation. This 
region's agriculture relies extensively on this underlying aquifer to sustain its crop production needs. 
Extensive groundwater use for irrigation, coupled with regional geology, has led to significant 
groundwater decline. The LMRB includes large areas of eastern Arkansas and Louisiana, western 
Tennessee and Mississippi, and the bootheel of Missouri, with the most severe overdraft occurring in the 
Mississippi Delta region of Arkansas and Mississippi. Overdraft of the MRVAA is most notable in the 
Mississippi Delta region of Arkansas and Mississippi, which is therefore the regional focus of this paper. In 
Arkansas, the decline has been so severe that it has resulted in the designation of Critical Groundwater 
Areas. This manuscript identifies relevant literature that pinpoints key challenges and the strategies used 
in response to groundwater decline. Experimental strategies being explored to potentially increase 
groundwater levels include case studies of Managed Aquifer Recharge (MAR) using Infiltration Galleries 
(IGs), riverbank filtration coupled with groundwater transfer followed by injection wells, and repurposed 
borrow pits, all of which are techniques tailored to the region's hydrogeology. Strategies to transition 
from groundwater use to surface water use involve on-farm reservoir–tailwater recovery systems (R-
TWRS), which store and recycle irrigation runoff and excess precipitation to reduce groundwater 
dependence. Findings from this paper demonstrate how conservation strategies such as MAR and R-TWRS 
are designed to mitigate the ongoing decline of the alluvial aquifer that is crucial for the economic and 
ecological sustainability of the LMRB. 
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An Interactive Framework for Quantifying the Potential for Seasonal Water Well Conflicts in Indiana - 
Laura Bowling, Purdue University (A. Adepeju, J. Pu, K. Cherkauer) 
 
With the increasing demand for water for industrial, agricultural and public supply, there is the potential 
for future water stress even in traditionally water-abundant areas, especially during times of drought. 
Recent concerns over water use in Indiana have resulted in new legislation governing water transfers 
between basins (Senate Bill 4) and compensation for impact to significant water withdrawal facilities from 
another water user (Senate Bill 28). These initiatives have increased interest in tools to identify areas of 
future water conflicts over both short lead times (weeks to months) and long term (years to decades). At 
the heart of our water scarcity framework, the VIC Groundwater (VIC-GW) hydrologic model simulates 
the effect of groundwater storage and withdrawals on streamflow. Simulated output can be used to 
quantify changes in long-term water scarcity resulting from new significant water withdrawals, interbasin 
transfers or land use change at the scale of 12-digit hydrologic unit codes (HUCs). To improve management 
of seasonal conflicts, this presentation will address the potential for seasonal prediction of water well 
conflicts using an ensemble prediction approach. The VIC-GW model is run using observed data through 
April 1st of each year. An ensemble of groundwater levels is simulated for the growing season using NOAA 
seasonal outlooks to select years with similar weather regimes from the 110 year weather history for the 
area. The ensemble of simulated water levels is used to quantify the potential for groundwater levels to 
fall below risk thresholds in the coming season. Risk potential will be displayed in an interactive, online 
framework to inform public debate about economic development and sustainable water use in this 
historically “water-rich” part of the country.  
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Session 12: Lessons Learned in Building Partnerships to Fund Conservation 
Moderator: Lucas Gregory, Texas A&M University 
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The Texas Partnership for Forests and Water - Julia Schmidt, Texas A&M Forest Service 
 
The Texas Partnership for Forests and Water is a cooperative effort between the forest, water, and 
conservation sectors across the state of Texas. We have 45 partnering agencies and organizations to 
provide a wide network of contacts for partners, this includes but is not limited to state agencies, regional 
water districts, financial and technical assistance-based organizations, city programs and federal agencies. 
Through our bi-monthly meetings we promote our partners’ projects, learn about upcoming funding 
opportunities, internal partnership updates, and updates from the Southeaster Partnership for Forests 
and Drinking Water. We are always looking for more partners, guest presenters, and funding 
opportunities to build our network and promote boots on the ground projects. TPFW is structured through 
working groups including: project work group which aims to develop project proposals, apply for funding 
opportunities, and once funded implement said projects, connections work group which focuses on 
external communications making and spreading materials to promote the forest-water relationship and 
how different entities can make a positive influence on water quality as well as connecting with new 
potential partners, planning work group which focuses on our internal communications such as our 
strategic plan and analyzing our partners goals to make sure TPFW stays aligned with our partners, and 
the research and review work group which is a resource for partners by allowing them to request a 
research topic that will assist in current or future projects which will be reviewed and if within reason will 
be researched and shared with partners. TPFW is a large network that the more it is shared and known 
the more good it can do. We promote the work of our partners, try to provide as much information and 
opportunities as possible for our partners, and give a space to connect with organizations you may not 
otherwise connect with.  
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The Texas Partnership for Forests and Water - Julia Schmidt, Texas A&M Forest Service  
Lessons Learned in Building Partnerships to Fund Conservation - Samantha Colunga, Texas Water 
Resources Institute  
 
Securing funds for conservation activities is a key challenge to achieving soil and water resource 
conservation and restoration goals. Establishing local partnerships is a critical step to creating funding 
opportunities that support conservation practices, especially through watershed protection plan (WPP) 
frameworks. Many organizations recognize the value of natural resources and invest in activities that 
improve water quality, conserve soil and water resources, and protect local ecosystems. In the Rio Grande 
Valley (RGV), the Arroyo Colorado watershed faces water quality impairments, including elevated 
bacteria, high nutrient concentrations, and low dissolved oxygen. To address these water quality 
concerns, local stakeholders developed a voluntary, community-driven WPP to improve water quality and 
meet state water quality standards. Collaboration among watershed residents, environmental groups, 
and other local, state, and federal agencies has resulted in education and outreach events that promote 
land stewardship and support WPP implementation. 
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From Plans to Practice: Building Trust-Based Partnerships for Successful Watershed Implementation in 
the Medina River Watershed - Mary Michael Zahed, Texas Water Resources Institute  
 
Watershed-based plans are essential tools for protecting land and water resources, yet many yet many 
remain underutilized once published. In the Medina River Below Diversion Lake Watershed, successful 
implementation has depended less on technical guidance alone and more on building authentic, trust-
based relationships with local stakeholders. This presentation highlights a relationship-driven approach 
to turning a watershed protection plan into on-the-ground action. 
 
Implementation efforts have focused on listening to stakeholder needs, respecting local knowledge, and 
co-developing projects that align water quality goals with landowner priorities. As a result, innovative, 
experiential learning, such as regenerative agriculture field days, rain barrel building workshops, and new 
landowners’ programs with local relevance, have proven effective and successful. Storytelling has further 
strengthened engagement by using social media and short-form videos to elevate stakeholder voices, 
highlight local success stories, and maintain momentum beyond formal meetings. 
 
By centering personal connections and consistent presence in the community, this approach has fostered 
sustained engagement, strengthened partnerships, and supported the translation of planning documents 
into conservation outcomes. This presentation offers practical strategies for watershed practitioners 
seeking to move beyond “plans on a shelf” and build partnerships that keep implementation active, 
adaptive, and community supported. 
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Building and Sustaining Conservation Partnerships in the Baffin Bay Watershed - Athena Frasca, Harte 
Research Institute, Texas A&M University-Corpus Christi  
 
The Bringing Baffin Back initiative is a watershed- and ecosystem-scale effort to address long-standing 
water quality challenges in the Baffin Bay system of South Texas. Baffin Bay is an ecologically and culturally 
significant estuary that has experienced water quality degradation over the past four decades, with 
research pointing to excessive watershed-derived nutrient and bacterial loading as a primary cause. 
Development and ongoing implementation of a comprehensive Watershed Protection Plan, supported by 
long-term water quality monitoring and sustained stakeholder engagement, established both the 
technical foundation and the collaborative structure needed to advance conservation implementation. 
The WPP has proven instrumental in leveraging funding and in-kind support from public agencies, 
conservation organizations, corporate partners, and community stakeholders. This presentation 
highlights how strategic partnerships with conservation organizations, Extension services, local 
businesses, and community groups have expanded capacity, strengthened outreach, and filled critical 
funding gaps not addressed by many traditional grants. It also examines challenges and lessons learned in 
maintaining engagement across a large, diverse watershed, setting the stage for broader discussion on 
building durable partnerships to fund conservation efforts. 
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Lessons Learned in Building Partnerships to Fund Conservation - Lucas Gregory, Texas A&M University 
 
Funding conservation activities to protect and restore land and water resources has always and will 
continue to be a sizeable barrier to achieving protection and restoration goals. This session will highlight 
the use of partnership establishment to create funding mechanisms for conservation activities that 
support landscape and water quality/quantity conservation and restoration goals of funders and 
conservation organizations alike. Many organizations realize the importance of our natural resources for 
the vitality of their business and are thus inclined to invest in conservation activities to protect, restore, 
or enhance these resources. This session will highlight how watershed-based plans provide a framework 
for leveraging corporate (and other) funding sources to conduct local conservation activities. Overviews 
of statewide, regional, and local efforts in Texas to establish conservation funding partnerships will be 
highlighted. The session will conclude with a panel discussion on the topic with specific focus on mitigating 
challenges faced in establishing and implementing these conservation activities.  
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Lightning Talks: Transboundary Groundwater Aquifers: A Strategic and Vulnerable Resource in 
the US-Mexico Border 
Moderator: Isaac Garza, NMSU-WRRI 
 
Presenters: 

1. Isaac Garza (NMSU-WRRI) 
2. Ana Garcia (JMAS and UACJ) 
3. Rosario Sanchez (TWRI) – Groundwater Governance and Policy 
4. Sam Fernald (NM WRRI) – Transboundary Groundwater Resilience 
5. Huidae Cho (New Mexico State University, Department of Civil Engineering) – Hydrologic 

modeling, GIS, and computational methods for water resources 
6. Alfredo Granados (UACJ) – Hydrogeological Activities of the Mesilla/Conejos-Médanos Aquifer 
7. Elia María Tapia Villaseñor (University of Arizona and WRRC) – Transboundary aquifer 

assessment, binational groundwater governance, and TAAP cooperative frameworks 
8. Santosh Palmate (Texas A&M University) – Department of Biological and Agricultural 

Engineering. 

 
Transboundary aquifers along the U.S. and Mexico border are critical water resources in arid and 
semi-arid regions, but their sustainable management faces significant challenges. The 
Transboundary Aquifer Assessment Program (TAAP), together with the WRRI, represents a 
pioneering effort in binational collaboration, integrating hydrogeological science with policy 
innovation and stakeholder engagement. However, questions remain about the scalability and long-
term sustainability of these cooperative frameworks, especially in the context of climate change, 
population growth, and resource scarcity. 

The presentation explores how the TAAP leverages collaborative frameworks with Mexican 
authorities and academic research to address emerging challenges in the Southwest region and the 
border. The program relies on collaborative strategies for data sharing, stakeholder consultation, 
and scientific communication to create models that explain transboundary aquifers. TAAP 
emphasizes the importance of sustained binational commitment, adequate funding, and inclusive 
governance structures for effective transboundary groundwater management. 
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Session 14: Cultivating Collaboration and Research Insight from Testing Ag Performance Solutions and 
Irrigation Programs 
Moderator: Amy Kremen, Colorado State University 
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The Oklahoma TAPS Program: Producers' Lead Research for Efficient Crop Production  - Sumit Sharma, 
Oklahoma State University Professor (H. Singh) 
 
The Oklahoma TAPS program is part of the multi-state TAPS network across the Great Plains Region. In 
this program, producers are invited to participate in a competition for best yields, profitability and 
efficiency. We hosted the Oklahoma edition of this program for corn production at McCaull Research and 
Demonstration Farm in 2025. There were 17 participants which included 13 producers, and 2 crop 
consultants. Additionally, a check plot and a plot managed by OSU extension team was also part of the 
competition. The participants made 6 management decisions including Hybrid type, seeding rate, pre-
plant fertilizer application and post plant fertigation, irrigation, crop insurance and marketing. The crop 
was planted on June 10th, 2025, and was harvested in November 11th 2025. The yield ranged from 150 
bu/acre to 200 bu/acre. The fertilizer application ranged from 180 lbs N/ac to 270 lbs N/ac, while irrigation 
ranged from 17 inches with lowest water to 22.75 inches for highest irrigated treatment. We are in process 
of further analyzing the data, and look forward to present the results at the UCOWR meeting.   
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Water–Nitrogen Interactions Drive Nitrous Oxide Emissions in Semi-Arid Irrigated Corn Systems - 
Jashmina Pandey, Oklahoma state university (M. Foltz) 
 
Nitrous oxide (N₂O) is a potent greenhouse gas with high global warming potential, and irrigated 
agricultural systems are major sources due to the strong coupling between soil moisture and nitrogen 
availability. Understanding how irrigation and fertilizer management interact to regulate N₂O emissions is 
critical for reducing climate impacts while protecting water quality in semi-arid cropping systems. This 
study aims to quantify management-induced greenhouse gas (GHG) emissions from soil in irrigated 
cornfields and assess life cycle GHG emissions under different field treatments. Field measurements were 
conducted at the McCaull Research and Demonstration Farm during the 2025 summer season. Static 
chambers were installed within and between crop rows to measure N₂O flux, and gas samples were 
collected every two weeks and analyzed using a LI-COR system. The Denitrification–Decomposition 
(DNDC) model was parameterized with site-specific soil, climate, irrigation, and management data to 
simulate nitrogen dynamics and crop yield, and openLCA will be used to perform a life-cycle assessment 
to evaluate broader environmental impacts. Results showed strong temporal variability in N₂O emissions 
(p < 0.001). Total irrigation significantly influenced emissions (p = 0.021), while total fertilizer had a 
marginal effect (p = 0.066). A significant irrigation × fertilizer interaction (p = 0.001) indicated that N₂O 
emissions were driven by the combined availability of water and nitrogen rather than either factor alone. 
DNDC simulations reproduced general yield trends but underestimated yield at higher values, highlighting 
sensitivity to irrigation scheduling and nitrogen parameterization. This integrated field and modeling 
analysis demonstrates that N₂O emissions are strongly controlled by irrigation and its interaction with 
fertilizer inputs, suggesting that coordinated water–nitrogen management can mitigate emission peaks 
while maintaining productivity in semi-arid irrigated systems. 
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Assessing the Water Footprint of Corn Production under Central Pivot Irrigation in the Oklahoma 
Panhandle - Salma Nasrin Siddique, Oklahoma State University (S. Sharma, M. Foltz) 
 
Corn production in the semi-arid Oklahoma Panhandle depends heavily on groundwater withdrawals from 
the Ogallala Aquifer, raising concerns about long-term water availability and irrigation sustainability. This 
study aims to assess the water footprint of irrigated corn production under central pivot irrigation systems 
in the Oklahoma Panhandle. The assessment will estimate green, blue, and grey water footprint 
components by integrating climatic, agronomic, and irrigation-related data. The FAO AquaCrop model will 
be used to simulate crop water use and irrigation requirements based on local climate conditions, soil 
characteristics, and corn management practices. Crop water use will be quantified based on simulated 
evapotranspiration components. Green water contributions will be quantified from effective 
precipitation, while the blue water footprint will be calculated from irrigation demand supplied primarily 
by groundwater sources. The grey water footprint will be estimated by evaluating nitrogen application 
rates and potential nitrate leaching to groundwater. Required data have been partially collected, with 
additional data acquisition currently in progress. Water footprint components will be quantified at the 
growing-season scale, and results will be expressed per unit area and per unit crop yield. The outcomes 
of this study are expected to provide site-specific estimates of water use associated with corn production 
and to identify key drivers influencing irrigation water demand in a groundwater-dependent agricultural 
system. The findings will support future evaluations of irrigation efficiency and inform sustainable water 
management strategies aimed at reducing pressure on the Ogallala Aquifer in the Oklahoma Panhandle. 
 
Keywords: water footprint, corn, irrigation, AquaCrop, Oklahoma 
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Model Improvements and Challenges for Estimating Environmental Impacts from TAPS Sites in the U.S. 
Great Plains - Lizzie Booker, Oklahoma State University (M. Foltz) 
 
Nitrogen fertilizers and irrigation are extensively used in the semi-arid U.S. Great Plains. The Testing Ag 
Performance Solutions (TAPS) program provides a low-stakes opportunity for farmers to test the influence 
of these managements on crop productivity. Although economics was the primary focus for prior 
competition years, recently greenhouse gas (GHG) emissions and other environmental impacts have been 
modeled and measured. This work aims to assess how in-field management (differing N and irrigation 
application rates) affects environmental impacts from corn production. Using the Denitirification-
Decomposition (DNDC) model, six fields from Colorado State University TAPS’ 2025 sprinkler corn 
competition were modeled and calibrated using measured yields. Field measurement of GHGs (nitrous 
oxide, carbon dioxide, and methane) were done using LI-COR smart chambers and trace gas analyzers. 
Yield and GHG measurements were compared with model results. Additionally, modeled soil 
temperatures at a depth of 5 cm were compared with soil temperature measurements retrieved from the 
CoAgMET station CSU-ARDEC. Models from prior competition years at the Oklahoma and Nebraska sites 
were re-calibrated based on an improved method. Preliminary results from Colorado show that DNDC 
over-predicted the yields for half of the fields, model errors of 0.89% and 2.2%, and under-predicted the 
yields for the other half, model error 38.9-58.9%. Model nitrous oxide emissions for Field 8 were generally 
over-predicted (1.52-144.14 g N ha-1) when compared to measured emissions (-0.32-10.83 g N ha-1). 
Modeled soil temperatures match reasonably well with measured values, though some temperature 
spikes are under-predicted by DNDC.  Preliminary results from re-calibration of Nebraska models indicates 
that the model tends to under-predict yield when antecedent rainfall is lower or when N and irrigation 
rates are low.  
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Linking Irrigation Timing and Corn Yield Using NDVI Time Series and ARX-Ridge Regression - Wubengeda 
Yilma, Colorado State University (T. Martin, A. Kremen, O. Izrael, C. Hamilton) 
 
For the most part, irrigation decisions on when and how much water to apply for corn are made as a series 
of events across the growing season; however, most post-season irrigation water management 
evaluations are based on total seasonal irrigation amount. As a result, the influence of individual irrigation 
events on yield is not quantified. Therefore, this study explores a time series regression model to present 
an approach that links irrigation timing to corn yield using the Normalized Difference Vegetation Index 
(NDVI). 
 
This study used 2024 and 2025 Colorado State University Testing Ag Performance Solutions (CSU-TAPS) 
farm management competition data, where a total of 52 producer teams managed replicated corn plots 
and independently made irrigation timing and amount decisions. Irrigation application decisions made by 
the teams were collected by date and depth. NDVI time series values were extracted at the plot scale from 
weekly UAV multispectral imagery.  
 
A time series autoregressive model was used to capture NDVI dynamics and to estimate incremental 
changes in NDVI response to specific irrigation timing and amount. Ridge regression was used to model 
corn grain yield from the full NDVI trajectory, addressing strong temporal collinearity among NDVI values. 
The irrigation event impacts on NDVI were integrated with NDVI yield sensitivities to attribute yield 
increments to individual irrigation events. 
 
This approach has the potential to provide insights into irrigation timing and yield relationships. It can also 
be used to quantitatively identify irrigation windows with the highest yield leverage, whether from data 
gathered through TAPS or similar producer-engaged research involving irrigation water management 
strategies. 
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Session 15: Water Quality I 
Moderator: Shalina Shahin, Xavier University of Louisiana 
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Adapting Water and Sediment Control Basin (WASCoB) to Enhance Nitrogen and Phosphorus 
Attenuation during Runoff - Kehinde Ojeniyi, Southern Illinois University, Carbondale  
 
Water and Sediment Control Basins (WASCoBs) are primarily designed to slow runoff, intercept and retain 
sediment from agricultural runoff. However, enhancing the basins with targeted soil amendments such as 
biochar, gypsum, or woodchips and varying the runoff retention time may improve their potential to 
reduce nitrogen and phosphorus loss from runoff, thereby improving downstream water quality beyond 
sediment trapping alone. The study was set up on a 70-acre field under corn-soybean rotation 
characterized by Hosmer with 2-5 percent slopes and a history of eroding gullies. Six WASCoBs, including 
slow, normal, and fast-drain basins and 3 amendment-treated (gypsum, biochar, and sawdust) basins, are 
currently under study. Samples were collected at basin inlets and outlets across water levels (4-18 inches) 
to assess storm nutrient loads, their attenuation at the outlet, and the trapping efficiency during 
significant rainfall. Trapping efficiency for gypsum-treated basin ranges from 35-41% for total phosphorus 
(TP), total suspended solids (TSS), and NH4, but is low for DRP and nitrate-N. Biochar-treated basin vary 
between 25-38% for TSS, DRP &NH4 but is less efficient for TP and Nitrate-N. Woodchip amended basin 
was only effective for TSS (35%) and NH4-N (20%). The slow and normal drain basins achieved moderate 
efficiency (25-40%) across the studied parameters except for nitrate-N, while the fast drain basin was 
inefficient across the parameters. At 0.10 alpha level, NH4, DRP, and TP reduction were notably higher 
during periods when the field was in cover crops or soybeans, compared with a corn year, while no 
statistical difference was observed for nitrate-N.  These findings reveal the critical role of retention time 
and amendments in optimizing WASCoB performance. We are extending this dataset across seasons to 
assess long-term impacts on water quality, crop yield, and economic feasibility. 
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Tying Concentration-Based Watershed Metrics to Nutrient Loads in the Arkansas Nutrient Reduction 
Strategy - Erin Grantz, Arkansas Water Resources Center UA Division of Agriculture (B. Everett, B. Haggard) 
 
The State of Arkansas selected focus watersheds in its most recent update to the Arkansas Nutrient 
Reduction Strategy (ANRS) based on statistical analysis of statewide water quality monitoring datasets. 
The 75th percentiles of total nitrogen (TN) and total phosphorus (TP) concentration site medians within 
each hydrologic unit code 8 (HU8) watershed in Arkansas were gaged against ecoregion background levels 
and ecosystem response thresholds to show a gradient of nutrient reduction need. Trends in HU8 75th 
percentiles were analyzed, and Arkansas plans to measure future progress under the ANRS by continuing 
to track this metric. The ANRS is adaptive and is beginning a new update cycle. Arkansas stakeholders 
want to know how these concentration-based watershed metrics relate to nutrient loads. The Arkansas 
Water Resources Center (AWRC) will identify sites statewide with sufficient streamflow and nutrient data 
to estimate TN and TP annual loads using the Weighted Regression on Time, Discharge, and Season 
(WRTDS) algorithm or other load estimation techniques. Frequency distributions (5th, 10th, 25th, 50th, 75th, 
90th, and 95th percentiles) of TN and TP concentrations will also be calculated for each site-year and paired 
with annual loads. Each set of percentile-load pairs will be analyzed using linear regression to determine 
if any percentile has a stronger relationship to the nutrient load. Preliminary results for sixteen sites in 
two Northwest Arkansas watersheds suggest that temporal variability in annual loads and spatial 
variability in watershed characteristics like drainage size and land use and cover, as well as the presence 
of point-source dischargers, may outweigh variability between percentiles in the concentration-load 
relationship. 
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Evaluating the Mill Creek Watershed After Ten Years of Watershed Protection Plan Implementation - 
Annalee Epps, Texas A&M AgriLife Extension (A. Eismont, S. Postma) 
 
With 567 bacterial water quality impairments identified in the 2024 Texas Integrated Report for Clean 
Water Act, restoring Texas surface water quality is critical for the protection of human health and well-
being in the state. Mill Creek, in southeast Texas, is impaired for recreational use by elevated levels of 
Escherichia coli bacteria. The Mill Creek Watershed Protection Plan was accepted by the EPA in 2016 and 
seeks to reduce bacteria in the creek through voluntary stakeholder involvement and educational 
programming. Since 2001, more than 14,000 water quality data points have been collected in the Mill 
Creek Watershed. This provides an opportunity to examine how water quality parameters have changed 
both over time and with changes in land use, and to explore any connections with the implementation of 
the watershed protection plan. We will present an investigation of E. coli bacteria levels over time using 
a geomean, which is commonly used to assess water bodies in Texas. Trends in nitrate concentration, an 
indicator for potential non-point source nutrient pollution, will also be examined. These analyses will 
inform future work in the watershed and empower adaptive implementation for the protection and 
restoration of local water quality. 
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Session 16: Watershed Extension Efforts 
Moderator: Leanne Jackson, Texas A&M AgriLife Extension Service 
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Predicting Homeowners' Lawn Water Conservation Intentions in Texas: A Theory of Planned Behavior 
Change Analysis - Millicent Oyugi, Texas Water Resource Institute (A. Berthold, A. McCrary, G. Suchiapa 
Magdaleno) 
 
Lawn irrigation accounts for a significant share of municipal water demand, especially in water-limited 
regions of the United States. Researching the behavioral drivers of Lawn water conservation may guide 
policy and extension interventions in Texas. Using the theory of planned behavior change (TPB; Ajzen, 
1991), the study examined how attitudes, subjective norms, perceived behavioral control, and socio-
demographic and residential factors predict homeowners’ intentions to conserve lawn water. Survey data 
were collected through Qualtrics from 500 homeowners and analyzed using hierarchical multiple linear 
regression. TPB constructs were entered in sequence, followed by demographics (age, sex, gender, 
ethnicity, and income) and contextual variables (residential setting, homeownership, HOA membership, 
and lawn service payment). Model assumptions were all met. The results show that perceived behavioral 
control—comfort with implementing lawn water conservation practices—strongly and significantly 
predicted conservation intentions across all models. Subjective norms positively predicted intentions, 
whereas aesthetic norms favoring greener lawns negatively predicted conservation intentions. Attitude 
toward water conservation was not significant when controlling for other TPB variables. Demographic and 
contextual variables added minimal explanatory power, with younger respondents and those living in 
more urbanized settings reporting higher conservation intentions. Housing characteristics and lawn 
service payment were not statistically significant. Overall, the final model with all the predictors, including 
attitude, subjective norms, perceived behavioral control, and socio-demographic and residential factors, 
was statistically significant, R2 = .258, F(12, 463) = 13.43, p < .001, adjusted R2 = .239, and explained 26% 
of the variance in lawn water conservation intentions. Policies and extension programs focused on skill-
building and perceived feasibility, as well as on social norm reinforcement, could promote greater lawn 
water conservation compared to information-only or attitude-based approaches. 
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Empowering Watershed Groups by Engaging Undergraduates in Volunteer Collected Data Analysis - W. 
Adam Sigler, Montana State University (A. Ebert, G. Jawer, B. Warrenfeltz, R. Malison) 
 
Montana has over 30 monitoring programs that engage volunteers in water quality data collection. Most 
of these programs are led by local watershed groups with sampling and analysis plans (SAPs) to facilitate 
high quality data collection. However, most groups lack technical expertise to accomplish the data analysis 
they have laid out in their SAPs. Montana State University Extension Water Quality (MSUEWQ) partners 
with the Montana Department of Environmental Quality (MDEQ), and the Flathead Lake Biological Station 
Monitoring Montana Waters (MMW) program to provide technical assistance to monitoring groups across 
the state. MSUEWQ has been providing technical assistance to volunteer programs for over 15 years 
including: field trainings, an interactive web database, WQX data upload tutorials, data analysis, and more. 
For the past two years, Dr. Sigler has led a pilot of small cohort independent study courses, guiding 
undergraduate students through analyzing volunteer program data. We meet with students, volunteer 
monitoring partners, and representatives from MDEQ and MMW three times during the semester to share 
progress and discuss results. The semester culminates with a final presentation meeting and a website is 
created to host all materials including: a written report, data analysis files (Excel and R), a recorded results 
presentation, and an interactive map of sample sites. The course has been well received by the students 
who indicate high knowledge gain and that working with real world data and partnering with local groups 
is very rewarding. Volunteer monitoring partners have been very appreciative of outcomes and additional 
public engagement and program outcomes continue to emerge from this work. Course development has 
made this project relatively time intensive during the first two years but now with a structured course 
shell built in the CANVAS learning platform, we are optimistic for continued high value outcomes with 
lower demands on our team.  
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Empowering the Tennessee Stream Team to Implement Bioengineering Approaches to Restore 
Riverbanks in Helene-Affected Watersheds of East Tennessee - Andrea Ludwig, University of Tennessee 
(F. Walker, E. Fidan, S. Hawkins, B. Pedreira, D. McIntosh, A. Wszelaki, S. Rampold, A. Smith) 
 
It’s been over a year since the remnants of Hurricane Helene dumped two feet of rain in the Western 
North Carolina mountains, creating devastating floods downstream in East Tennessee along the 
Nolichucky, Pigeon, and French Broad Rivers. The generational event was a significant ecological and 
geomorphological reset for the rivers. While much work has been accomplished towards addressing 
human infrastructure issues (e.g. structures, roads), relatively little has been done to address the ongoing 
issues related to sediment erosion, riparian area degradation, and loss of productive farmland.   A multi-
organization effort is underway to test and demonstrate bioengineering approaches to stabilize 
riverbanks, restore riparian vegetation, and reestablish agricultural productivity to riverside farms. 
Bioengineering approaches to stabilize depositional material and reestablish vegetation are being applied 
in novel conditions. Furthermore, the event produced large amounts of woody debris that was gathered, 
chipped, and piled for storage. These wood chips are now being utilized in novel ways as soil amendments 
and in erosion prevention practices. There remains an enormous need for a trained workforce to 
implement riparian restoration work. The Tennessee Stream Team is a result of a collaborative effort to 
empower volunteers, landowners, and community members to implement bioengineering practices in 
prioritized areas. This presentation will describe how Tennessee Stream Team volunteers are being 
engaged to restore agriculture productivity and ecosystem services in a landscape devastated by an 
extreme weather event.    
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Assessing Homeowner Perspectives and Barriers to Maintenance of On-Lot Septic Systems in 
Pennsylvania - Faith Kibuye, Penn State University (A. Yencha, S. Boser) 
 
A survey of septic system users was conducted to characterize current maintenance practices and the 
factors hindering proper maintenance across Pennsylvania. The survey was completed by 656 people, 
with 56 and 44 percent of the respondents located in rural and urban counties, respectively. Sixty-five 
percent of septic systems are over 20 years old, raising concerns about potential environmental impacts 
from aging infrastructure. Over 75 percent of the respondents pump their septic tanks at a one- to five-
year interval, while only 30 percent keep up with routine system inspection. Less than 30 percent of 
respondents indicated that their municipalities require proof of septic system maintenance. While some 
municipalities have enforced routine septic system maintenance, others have published vague, non-
specific ordinances. These varying local approaches can result in inconsistent maintenance practices and 
can prevent early detection and management of septic system issues. While survey data indicated 
moderate to high levels of awareness regarding certain best practices, identified challenges include 
repairing and replacing old failing systems (43 percent) and the cost of routine system maintenance (33 
percent). One hundred twenty-five private water sources were tested, and 53, 10, and 3 percent of the 
samples failed to meet federal drinking water safety standards for coliform bacteria, E. coli, and nitrate, 
respectively. Identified outreach and educational needs are around the purpose and benefits of routine 
complete septic system maintenance and source water monitoring.  
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Session 17: Lock, Key, and Flow: Communicating Water 
Moderator: Kelsey Stremel, Kansas State University 
 
Panelists: 

• Kelsey Stremel, Kansas State University 
• Melissa Harvey, Kansas State University 
• Susan Metzger, Kansas State University 

 
Water challenges span agriculture, communities, ecosystems, and policy and require communication that 
builds access, alignment, and shared understanding rather than simply transmitting information. This 
moderated panel examines water communication as strategic infrastructure, functioning as a lock-and-
key system that allows information, relationships, and trust to move across disciplines, institutions, and 
audiences at the right scale and time. Using examples from communication practice across research, 
education, outreach, and leadership contexts, the panel explores how coordinated communication 
strategies move water conversations from local engagement to broader impact through targeted social 
media campaigns, recurring engagement platforms, and network-building efforts that create micro-
communities such as interdisciplinary teams, water-focused forums, and producer-centered programs. 
Drawing on descriptive, quantitative, and qualitative communication analytics, panelists representing 
institutional leadership, research, Extension, applied communications, media, and emerging professionals 
will show how aligned communication pathways reduce friction and strengthen collaboration. Attendees 
will gain insight into how communication design influences the flow of water knowledge and supports 
sustained engagement. 
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Session 18: Water Quality II 
Moderator: Laura Krueger, Kansas State University 
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Evaluating the Effects of Water Use Efficiency and Conservation on Wastewater Quality across 
California Municipal Treatment Facilities - Hope Hauptman, UC ANR - CIWR  
 
Water use efficiency and conservation can reduce wastewater flows and concentrate pollutants, making 
wastewater more difficult and costly to treat. Understanding how declining flows affect wastewater 
quality is important for reliable operations, regulatory compliance, and system planning. More data is 
needed to characterize these relationships using advanced analysis techniques. In this study, we use a 
uniquely large regulatory monitoring dataset with 205 facilities across California to evaluate flow–
concentration relationships at municipal wastewater treatment facilities. Understanding these 
relationships is especially important given ongoing gains in water use efficiency, particularly in drought-
prone regions. We analyze key constituents—biochemical oxygen demand (BOD), total suspended solids 
(TSS), ammonia as nitrogen, and total dissolved solids (TDS)—using ordinary least squares (OLS) 
multivariate regression. Facility-level log–log models are combined with pooled fixed-effects regressions 
to estimate effects at specific facilities and statewide trends. Monthly data from 2011–2019 are used, 
with drought and wet/dry month indicators, plus facility and time fixed effects, to account for rainfall-
driven infiltration and temporal variation. Declining flows are commonly associated with higher 
concentrations: about 75% of facilities show increases in key constituents as flows decrease. Based on 
initial model estimates, a 10% flow reduction corresponds to roughly 5% higher BOD and 4% higher TSS, 
with some facilities showing 12–15% increases per 10% reduction. Ammonia and TDS show smaller but 
generally positive effects. Substantial differences across facilities reflect how local system design, 
operations, and management practices shape wastewater responses. An initial conclusion is that 
improved standardization of monitoring data and consistent recordkeeping would strengthen future 
statewide analyses. Ongoing work will extend these models to include residential and commercial water 
use, irrigated area, drought periods, and conservation policy phases to better isolate conservation impacts 
and support planning under future conservation scenarios. 
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Multivariate Assessment of HAB Risk Across Three Midwestern U.S. Reservoirs - Nileshwari Yewle, 
Purdue University (I. Bradford, K. Cherkauer) 
 
This study presents an integrated statistical framework to evaluate water quality and harmful algal bloom 
(HAB) risks across three Midwestern U.S. reservoirs: Mississinewa Lake, Salamonie Lake, and Lake Shafer. 
Chlorophyll-a, microcystins, nutrients, and physicochemical variables were analyzed along longitudinal 
transects and across seasons using PCA and two-way ANOVA. Upstream zones generally showed higher 
chlorophyll-a (>35- 45 µg/L), while microcystins remained low (<1 µg/L) and showed weak relationships 
with biomass. Chlorophyll-a generally peaked early in the season, while toxin concentrations rose later, 
revealing a persistent mismatch between algal biomass and toxin risk. PCA identified nutrients, and 
longitudinal position as major drivers of variability, with microcystins varying more independently. These 
findings highlight that algal biomass alone cannot reliably predict toxin risk and that HAB monitoring 
should incorporate both temporal dynamics and spatial heterogeneity to improve adaptive water quality 
management. 
 
Keywords: Harmful algal blooms (HABs), Chlorophyll-a, Microcystis, Spatial and seasonal variability, Water 
quality risk assessment 
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Spatiotemporal Occurrence of Per- and Polyfluoroalkyl Substances (PFAS) in a Gulf Coast Watershed - 
Chloe Rodriguez, Texas A&M University - College Station (S. Postma, A. Tague, M. Schramm, X. Ma) 
 
Per- and polyfluoroalkyl substances (PFAS) are a class of persistent organic compounds characterized by 
the abundant C-F bonds in their molecular structures. PFAS have become a major environmental concern 
due to their widespread detection, persistence in the environment, and potential risks to human and 
ecosystem health. Numerous studies have reported the detection of PFAS in drinking water systems and 
urban watersheds impacted by known point sources such as industry, airports, military bases, and 
wastewater treatment systems. However, less attention has been given to rural watersheds. To address 
this gap, the PFAS occurrence, distribution, and spatio-temporal variability in the Lavaca Bay system on 
the Texas Gulf Coast was monitored for over a year starting in January 2025. Twelve surface water and six 
sediment samples were collected monthly from sites throughout Lavaca Bay and the contributing 
watershed. Samples were analyzed for 40 PFAS through EPA Method 1633A. Findings from year-round 
PFAS monitoring reveal sporadic detections of both long and short-chain PFAS in surface waters with more 
consistent detections in sediments. Short-chain (C4-C6) and ultra-short-chain (C3) analytes were detected 
in surface waters while long-chain analytes, specifically perfluorooctanoic acid (PFOA) and 
perfluorooctanesulfonic acid (PFOS) were detected in sediments. Upstream and downstream sites had 
higher detection frequencies of PFAS than midstream sites, indicating a relationship with flow conditions. 
There were significant temporal variations of PFAS detection. Perfluorobutanesulfonic acid (PFBS), a 
short-chain PFAS, was the most detected analyte, spatially and temporally, as PFBS was detected 
throughout the watershed during multiple sampling events, suggesting frequent inputs of PFBS in the 
system. These findings provide the first annual baseline of PFAS concentrations linking a Gulf Coast bay 
and its upstream watershed. 
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Enumerating Escherichia coli (E. coli) Concentrations and Evaluating Optical Brighteners as a Potential 
Indicator of Human Wastewater Contamination in La Nana Bayou, Banita Creek, and Their Tributarie - 
Matthew W McBroom, Stephen F Austin State University (S. Acharya) 
 
La Nana Bayou was added to the Texas 303(d) list in 2000 after it failed to meet water quality standards 
set by the Texas Commission on Environmental Quality (TCEQ) for primary contact recreation due to 
elevated Escherichia coli (E. coli) levels. E. coli serves as an indicator of fecal contamination in freshwater, 
though its presence alone cannot necessarily identify the contamination source. Optical brighteners (OBs) 
are chemicals found in laundry detergents, cleaning agents, toilet papers, and clothing and are unique to 
human wastewater. This study quantified E. coli concentrations and water quality in La Nana Creek, Banita 
Creek and their tributaries along with OBs to evaluate this indicator for potential human wastewater 
contamination. Monthly samples were collected from 20 monitoring sites in the watershed from March 
2024 to February 2025. The geometric mean of E. coli exceeded the primary contact recreation threshold 
of 126 MPN/100 mL at all sites. Twelve of the twenty sites exceeded the 126 MPN/100 mL criterion in 
every sample. Elevated E. coli levels were recorded in April and May across all the sites in both creeks 
during periods of higher runoff, suggesting that rainfall may be playing a role in mobilizing fecal 
contamination. A weak correlation was found between E. coli and OBs in the overall watershed with a 
strong correlation in five of the sub-watersheds. This suggests that OBs served as a useful, yet site-
dependent, indicator of wastewater contamination. This research identified sites at higher risk for E. coli 
contamination that could affect recreational safety and screened for likely human wastewater sources, 
providing a foundation for more targeted management and remediation efforts. 
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Predicting In-Lake Turbidity Using Satellite Data: A Comparison of Spatial Models - Nicholas Taylor, 
Baylor University (A. Hering, S. Powers, M. Macleod) 
 
Turbidity is commonly used to quantify water clarity and quality, but measuring turbidity with sensors 
directly is time-consuming and impractical to implement across an entire lake or reservoir. In this work, 
we use satellite-derived Normalized Difference Turbidity Index (NDTI) data obtained from the Google 
Earth Engine data catalog to predict in-lake sensor turbidity measurements. Multiple linear regression 
models that both include and exclude spatial location are built along with spatial statistical models. The 
spatial models include kriging with external drift, integrated nested Laplace approximation (INLA) with 
stochastic partial differential equations, and barrier INLA models. These models are fit with data collected 
by Powers et al. (2023) on Lake Arrowhead, TX. Cross-validation is performed to compare the predictive 
performance of the models. Our best regression model that incorporates NDTI and spatial locations 
reduces the RMSE and MAE by 20% relative to a baseline regression model that only uses NDTI as a 
predictor. All three spatial statistical models perform even better. Predictions of in-lake turbidity across 
the entire lake are then calculated using satellite data from the nearest cloud-free day. Visual assessment 
of these predictions suggest that our best regression model most accurately captures the overall gradient 
of turbidity across the lake. 
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Session 19: Hydrology I 
Moderator: Hafiz Ahmad, Florida State University-Panama City 
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Evapotranspiration or Precipitation: Which Dominates  Groundwater Table Dynamics? - Hafiz Ahmad, 
Florida State University-Panama City (B. McCormick, W. Vickers) 
 
Understanding whether evapotranspiration (ET) or precipitation primarily controls groundwater table 
dynamics remains a central challenge in humid, shallow aquifer systems. This study evaluates their relative 
influence using long-term hydroclimatic analysis and integrated surface–groundwater modeling in Bay 
County, Florida, following large-scale vegetation loss from Hurricane Michael. Historical trends and daily 
correlations reveal a strong inverse relationship between ET and groundwater levels, exceeding 
precipitation–groundwater associations at short time scales. Scenario-based modeling further isolates 
process controls by holding precipitation constant while varying vegetation-driven ET demand. Results 
show that reduced ET consistently produces higher groundwater tables and increased recharge, whereas 
precipitation variability dominates interannual responses under observed conditions. These findings 
demonstrate that ET governs short-term and seasonal groundwater fluctuations, while precipitation 
controls annual recharge magnitude, highlighting the need for ET-explicit modeling in post-disturbance 
groundwater assessments. 
 
  



2026 UCOWR/NIWR Annual Water Resources Conference                                                   Session 19 
 

Return to Contents  San Antonio, TX | June 8-10, 2026 

Simulating Rainfall-Runoff Processes in the Rio Grande Basin Using the VIC Model - Simon Teklay, New 
Mexico State University (H. Geli, V. Mishra, V. Martin) 
 
Existing conditions and future projections indicate growing risks to the sustainability of regional water 
resources as the gap between water supply and demand continues to expand. The Rio Grande Basin is 
increasingly experiencing complexity water management due to extended drought periods, climate 
variability, hydrological behavior of the watershed, and rising reliance on groundwater as surface water 
becomes less reliable. Predictive models to forecast surface water availability at extended lead times are 
critical in planning and sustainability. The study aims explicitly to: (1) simulate continuous rainfall-runoff 
process at a 5km spatial resolution for the period 1981-2025, (2) simulate these processes at 1km spatial 
resolution; and (3) compare the model performance at these two spatial scales. The Regional Hydrological 
Extremes Assessment System (RHEAS) modeling framework, coupled with the variable infiltration capacity 
(VIC) model and routing model, was applied to simulate distributed hydrologic processes and route 
streamflow at USGS gauge locations. Post-processing and spatial analysis are performed using Python-
based geospatial tools. The expected results include VIC simulations covering 45-year historical 
streamflow across the upper and middle Rio Grande Basin, spatially distributed hydrologic variables at 
both 5 km and 1 km resolutions, and inflows to Elephant Butte Reservoir. Model performance was 
evaluated against observed streamflow and other existing products including SMAP soil moisture and 
ALEXI evapotranspiration. The findings of this analysis are expected to enhance streamflow prediction for 
effective water resource management. 
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Toward a District-Level Agricultural Water Supply and Diversion Database for California’s Central Valley 
 - Mohammad Yunus Naseri, UC Davis (A. Escriva Bou) 
 
Water availability at the local level in California is not solely a function of hydroclimatic conditions – it also 
depends critically on water rights seniority, infrastructure access, and management decisions. Each 
irrigation district in California’s Central Valley holds a distinct water supply portfolio, drawing from one or 
some combination of federal Central Valley Project (CVP) deliveries, State Water Project (SWP) 
allocations, local surface diversions, and groundwater. This heterogeneity contributes to similar climatic 
conditions producing drastically different water availability outcomes for neighboring districts. Despite 
the Central Valley’s outsized role in U.S. food production, no consistent water supply dataset at the local 
level (e.g., at the district or individual user level) exists to study these disparities. This study presents a 
harmonized agricultural water supply and diversion database for California’s Central Valley spanning 1998 
– 2022. The database integrates two data streams: reported supply records from USBR (CVP), CA DWR 
(SWP), and eWRIMS (local surface diversions), alongside spatially disaggregated Cal-SIMETAW simulated 
demand downscaled from sub-county DAUCO units to irrigation district boundaries using crop-cover-
weighted spatial intersection. Reported data from eWRIMS required a multi-step cleaning pipeline 
addressing record duplication, over-reporting, face-value and acreage-based volume capping, and user 
name standardization. Simulated Cal-SIMETAW outputs, available only at the sub-county DAUCO level, 
were disaggregated to irrigation district boundaries using crop-area-weighted spatial intersection with 
Cropscape land use data. Preliminary analysis reveals that most districts rely predominantly (defined as 
50% threshold) on a single source, with portfolio composition highly spatially structured: CVP-dominant 
districts concentrated in the Sacramento Valley, groundwater dependence increasing southward, and 
unorganized “white areas” almost entirely dependent on groundwater. District-level comparison of 
reported and simulated supply reveals relative agreement for CVP and SWP but divergence for local 
surface water, with overall overestimation of simulated data in the Sacramento Valley and 
underestimation in the San Joaquin Valley compared to reported data. Simulated data further captures a 
groundwater–surface water substitution pattern during drought years that is largely invisible in the 
reported record due to absent groundwater tracking. This database forms the foundation for a 
subsequent analysis linking hydroclimatic and water management factors – including precipitation, 
snowpack, reservoir levels, water rights seniority, and infrastructure access – to observed variation in 
district-level water availability, with the goal of developing tools to anticipate and explain local water 
supply outcomes across California’s agricultural regions. 
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Characterizing Groundwater Recharge Potential through Inefficient Irrigation in Montana - Raeya 
Gordon, Montana State University (W. Sigler, T. Blythe, J. Knowles, J. Lunzer, B. Thomas) 
 
Irrigation is critical for food production and accounts for 42% of all freshwater withdrawals in the United 
States. In watersheds with snowmelt dominated hydrographs, irrigation is one mechanism for capturing 
seasonally high stream flows and storing water in soil or groundwater. In water limited systems, irrigation 
efficiency (the fraction of diverted water consumed by the crop) is typically maximized to sustain crop 
yield and reduce water use. However, management to increase irrigation efficiency commonly leads to 
reduced groundwater recharge. We investigated interactions among irrigation, soil moisture storage, and 
groundwater recharge by monitoring irrigation application and modeling soil water flux. We collected 
data from three pivot irrigated fields in western Montana with different target irrigation efficiencies and 
soil types ranging from clay loam to sandy loam. In each field, two monitoring locations measured soil 
water tension, soil volumetric water content, and lysimeter-based deep percolation in addition to 
irrigation application, precipitation, and actual evapotranspiration (ET). Hydrus-1D models were 
calibrated with field data and used to assess one-dimensional water flux under various irrigation 
scenarios. Field observations showed a deep percolation response to irrigation events, with the monthly 
irrigation recharge ratio ranging from 0 for frequent, low intensity events to 0.57 for less frequent, high 
intensity events. Preliminary model results indicate that models calibrated with observed soil water 
potential overestimated groundwater recharge, while models calibrated with observed volumetric water 
content underestimated groundwater recharge relative to observed deep percolation. Additionally, 
calibration using field data produced saturated hydraulic conductivity values up to 6.8 times higher than 
predicted based on soil texture assuming single porosity. Our results indicate that groundwater recharge 
is minimal in high efficiency center pivot irrigation, but that recharge does occur with higher application 
rates and that center pivot irrigation has potential to play an important role in groundwater recharge. 
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Session 20: Policy and People 
Moderator: John Fear, NC WRRI / NC State University 
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Leveraged Local Knowledge in Water Resources Research - John Fear, NC WRRI/ NC State University (K. 
Tucker)  
 
Over the past decade, the NC-Water Resources Research Institute (NC-WRRI) in partnership with NC-Sea 
Grant and the Kenan Institute for Engineering, Technology, and Science, all hosted at NC State University, 
have collaborated to sponsor the Community Collaborative Research Grants (CCRG) program.  The CCRG 
requires research approaches that couple local knowledge with scientific expertise.  While members of 
the public often have local knowledge of their own communities and environments, they sometimes do 
not have the scientific, technical, or policy expertise to craft science-based solutions.  Conversely, scientific 
experts are knowledgeable about scientific principles and potential solutions required to mitigate 
problems but often lack the social and historical perspective that will aid in crafting solutions to meet the 
expectations of community members.  This type of collaborative research — requiring the linkage of local 
knowledge expertise with scientific researchers — has a proven track record in developing new solutions 
in resource management.  This presentation will provide a brief overview of the CCRG program and 
showcase a few model projects that have been tremendously successful over its decade of service to the 
state of NC. 
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Understanding Water Security in the United States: A Scoping Review - Abdul Saboor Rahmany, Texas 
A&M University (F. Choudhury, T. Chen, Z. Xu, A. Berthold, K. Dooley, G. Piccinni) 
 
Water security is not a new concept in technical fields, policymaking, or academic research; however, its 
meaning and importance remain unclear to many. As a real-world condition, a policy concern, and a 
research topic, water security continues to be characterized by inconsistent understanding. At the 
foundation of the global water security hierarchy are individuals, families, and communities, whose 
awareness and actions play a key role in the sustainable and efficient use of water resources. To explore 
what is known about water security in the United States, especially following the 2011–2014 drought that 
affected much of the country, a scoping review was conducted. A comprehensive search strategy was 
developed and applied across six databases: AGRICOLA, CAB Abstracts, Environment Abstracts, ProQuest 
Dissertations & Theses Global, Water Resources Abstracts, and Web of Science, covering publications 
from January 2010 through June 2025. The initial search yielded 10,711 results, of which 4,862 duplicates 
were removed. Two coders independently screened titles and abstracts, excluding 4,511 irrelevant studies 
that did not meet the inclusion criteria. Following geographic exclusions, 161 articles were reviewed in 
full by three coders using a shared codebook. Pairwise coder-intercoder reliability ranged from moderate 
to high (κ = 0.38–1.00). The results indicate that the majority of articles (86.9%, n=140) were journal 
articles. National-level studies accounted for 22.36% (n=36) of the literature, followed by state-level 
studies focusing on California (13.66%, n=22), and Arizona, Florida, and Texas (each 6.83%, n=11). Thirteen 
states were not explicitly addressed in the reviewed literature. The studies reflected a wide range of 
research methods, socio-economic settings, and dimensions of water security. Notably, public 
perceptions of water security varied substantially across studies, underscoring the need for targeted 
educational efforts. Raising public-awareness is essential for informing inclusive and effective policies and 
for strengthening water security across communities in the United States. 
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The Great Lakes Example- A Structure for Cooperative Water Management across State and 
International Borders - Peter Johnson, Great Lakes St. Lawrence Governors & Premiers  
 
The Great Lakes-St. Lawrence River Basin of North America stretches across eight U.S. States and two 
Canadian Provinces.  Containing about 21 percent of the world's surface fresh water and 90 percent of 
North America's, they provide drinking water for more than 40 million people.  The Lakes represent the 
world’s largest inland waterway system, extending 3,800 km and containing more than 100 commercial 
ports.  Recognizing the importance of the Lakes to the region's economy, environment and citizens, in the 
early 2000s the Great Lakes St. Lawrence Governors & Premiers came together to develop new 
agreements, systems and laws to work together to manage the this critically important resource.  Through 
a process that then U.S. Environmental Protection Agency Administrator Michael Leavitt called "... a 
textbook example of collaboration—two nations, multiple jurisdictions, NGOs, agriculture and industry—
all working together for the greater good of the Lakes," the Governors and Premiers created two 
complementary sets of agreements that would ensure cooperation across the international border at the 
sub-national level while providing legal enforceability within the U.S. States and Canada Provinces.  These 
agreements are the Great Lakes St. Lawrence River Basin Sustainable Water Resources Agreement and 
the Great Lakes St. Lawrence River Basin Water Resources Compact.   The presentation will focus on:  1) 
the process used to develop the multi-jurisdictional water management agreements between the States 
and Provinces; 2) the details of the two agreements and how they have been implemented; 3) how 
commitments have been fulfilled on such issues as water use data gathering using a common and 
consistent set of reporting protocols; 4) how water use decisions are made; and, 5) how the States and 
Provinces work with indigenous nations and stakeholders to ensure that there is broad public support for 
the agreements and their ongoing implementation. 
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Regulating Nonpoint Source Pollution: Evidence from the Municipal Separate Storm Sewer System 
Program - Rachel Judd, Texas A&M University (M. Rouhi Rad) 
 
Nonpoint source pollution is one of the major contributors of water impairment in the United States. 
Command-and control regulations have been the main policy tools in controlling nonpoint source 
pollution by setting standards and enforcement mechanisms. The Clean Water Act provides a framework 
for regulating pollutants, both point and nonpoint, through National Pollution Discharge Elimination 
System Permits. A key component of this framework is the Municipal Separate Storm Sewer System (MS4) 
program, which mandates metropolitan statistical and urbanized areas to obtain National Pollutant 
Discharge Elimination System permits and develop Storm Water Management Programs.  The program’s 
goal is to improve urban water quality by reducing pollutants conveyed in stormwater discharges. This 
study employs a Regression Discontinuity Design, leveraging the population thresholds that trigger 
National Pollutant Discharge Elimination System permit requirements as a natural experiment to evaluate 
the effectiveness of the MS4 program in enhancing water quality in regulated areas. Our analysis 
demonstrates that the MS4 program has improved water quality in urban areas, decreasing total 
suspended solids by 68% in regulated areas. Our analysis of mechanisms suggests that an increase in the 
number of NPDES construction permits was a potential reason for this improvement. The strategic 
placement of monitoring stations could also provide another potential explanation. These findings 
indicate that regulatory efforts targeting nonpoint source pollution can yield improvements in urban 
water quality. 
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CUAHSI: Advancing Water Science Through Collaboration, Infrastructure, and Education - Jordan Read, 
CUAHSI (L. Mucciacito, A. Bogan, E. Clark) 
 
The Consortium of Universities for the Advancement of Hydrologic Science, Inc. (CUAHSI) is a nonprofit 
organization whose mission is to advance water science through collaboration, infrastructure, and 
education. CUAHSI fulfills this mission by 1) operating data infrastructure to support reliable and FAIR data 
publishing, 2) delivering training and community convening opportunities that strengthen the water 
science workforce and launch collaborations, and 3) advancing cyberinfrastructure and data innovation 
to address common data management challenges and enable new approaches. This presentation will 
highlight key CUAHSI programs, services, and opportunities for engagement. We will share how CUAHSI’s 
data tools, such as HydroShare, enable scientists to increase the reproducibility of their work and publish 
data, models, and code as citable research products to meet funder and journal data sharing 
requirements.  We will also discuss CUAHSI’s hands-on and virtual training and skill building programs that 
provide unique learning opportunities and community-sourced expertise. In addition, 2026 marks 
CUAHSI’s 25th anniversary. As we celebrate this milestone, we will reflect on our progress, share our vision 
for future direction, and seek opportunities to engage with the water science community to continue to 
improve our services. 
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Session 21: Groundwater II 
Moderator: Kevin Urbanczyk, Meadows Research Institute for West Texas Water - Sul Ross State 
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Hydrologic Analysis of the Deep Observation Wells in the Northern Guam Lens Aquifer - Mary Clare 
Snaer, University of Guam/Water and Environmental Research Institute of the Western Pacific  
 
The Northern Guam Lens Aquifer (NGLA) is Guam’s primary water source, with a freshwater lens that 
dynamically responds to climatic, meteoric, and tidal influences. Conductivity, temperature, and depth 
(CTD) data (2000 to 2024) from nine Deep Observation Wells (DOWs) will be examined to evaluate the 
aquifer’s spatial differences in freshwater replenishment, as well as its resilience and vulnerability to 
drought and recharge. This study expands the phreatic zone analysis by Dougher et al. (2019) to include 
the Tomhom, Machanao, and Hagåtña aquifer basins. Hydrographs will align the ENSO Oceanic Niño Index 
(ONI), seasonal and annual rainfall, sea level, and DOW historic phreatic profiles to illustrate changes in 
freshwater lens thickness. Geologic cross sections through select DOWs will demonstrate the influence of 
local geology and hydrogeology on the lens’ response to recharge. A temperature-conductivity analysis 
was conducted to refine the specific conductance value (µS/cm) corresponding to 250 mg/L Cl-, defined 
as the Bottom of the Freshwater Lens (BoFL). The findings will provide valuable insights into the aquifer’s 
capacity, suggest future strategies to safeguard Guam's water resources, and improve groundwater 
modeling parameters. 
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Evaluating the Efficacy of Mitigation Strategies for Edwards Aquifer Sustainability - Ali Mirchi, Oklahoma 
State University (C. Sharma, H. Basagaoglu, I. Yoosefdoost, A. Wootten, D. Chakraborty-Reddy, F. Bertetti, 
D. Chakraborty) 
 
Groundwater systems are fundamental to food and water security and to the maintenance of essential 
ecosystem functions. However, widespread depletion of aquifers worldwide has raised serious concerns 
about the long-term sustainability of groundwater withdrawals and the preservation of environmental 
flows. Although various mitigation measures have been implemented to address these declines, clear 
evidence demonstrating their effectiveness remains limited. This study focuses on the karstic Edwards 
Aquifer system in Texas to evaluate how effectively existing mitigation strategies protect groundwater 
levels and spring flows that are critical for biodiversity and water security under current and future climate 
conditions. Employing a counterfactual artificial intelligence framework, we address the key question: 
“What would have happened in the absence of these mitigation measures?” By simulating conditions 
without mitigation, our analysis offers a rigorous assessment of the real-world benefits of groundwater 
management strategies implemented in the Edwards Aquifer Region, emphasizing their importance in 
strengthening climate resilience and ensuring long-term aquifer sustainability. 
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Land Cover Change in the Finegayan Basin, Guam (early 2000s - present) Using Seasonally Calibrated 
Supervised Classification Workflows  - Nicole Mathews, Water and Environmental Research Institute - 
University of Guam (Y. Wen) 
 
Guam, the largest and southernmost island of the Mariana Archipelago, relies on the Northern Guam Lens 
Aquifer (NGLA) to provide approximately 90% of the drinking water consumed by residents and visitors. 
The high permeability and porous nature of the northern plateau’s limestone render the NGLA particularly 
susceptible to land-use impacts. Given this vulnerability and the potential for population increase on the 
island, continuous monitoring and maintenance of this vital resource is imperative. Due to military 
buildup activities in Guam, particularly in the Finegayan Basin, it is crucial to evaluate the land cover 
affected by military buildup activities and its impacts on water resources, especially water quality in the 
basin. To address this concern, the research will utilize remote sensing and Geographic Information 
Systems (GIS) to conduct land cover classification by analyzing LANDSAT imagery classified according to 
Guam’s distinct wet (July through December) and dry (January through June) seasons from the early 
2000s to present day.  These classified maps will then be used to analyze land cover classifications spatially 
within the specific radii of several Finegayan basin production wells to determine correlations between 
LCC and observed chloride levels.  
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Enhancing Satellite-Based Estimation of Irrigation Water-Use Across Kansas Using High-Resolution Soil 
Moisture Data Integrated with Machine Learning - Kelechi Igwe, Kansas State University (V. Sharda) 
 
Soil moisture plays a pivotal role in the hydrological cycle, yet it remains underutilized in satellite-based 
estimates of irrigation water use, largely because of the lack of high-resolution soil moisture datasets. This 
study leverages recent advances in soil moisture monitoring to enhance county-scale irrigation water-use 
estimates across Kansas, a critical agricultural region in the midwestern United States. We integrated 
multi-source high-resolution soil moisture data, including surface and root-zone products from the North 
American Land Data Assimilation System and downscaled observations from the Soil Moisture Active 
Passive mission, with precipitation from Gridded Meteorological datasets and satellite-based actual 
evapotranspiration from OpenET for 2015–2019 period. These variables, extracted from irrigated areas, 
served as predictors in a random forest model to estimate annual county-level irrigation water use 
reported by the Kansas Water Information Management System. Model evaluation highlights the added 
value of soil moisture information, which consistently reduced prediction errors by up to 20%, particularly 
in intensively irrigated western counties. Surface soil moisture emerged as a more influential predictor 
than root-zone moisture, reflecting its higher sensitivity to irrigation events. Variable importance analysis 
revealed spatial heterogeneity in the dominant drivers of irrigation water use: actual evapotranspiration 
was most influential in arid western regions, whereas soil moisture played a greater role in the more 
humid east. By integrating recent advances in soil moisture, this study provides a scalable framework for 
improving irrigation water-use estimation and advancing data-driven water management in water-limited 
agricultural systems. 
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Impacts of Crop Rotation and Cover Cropping on Soil Water Dynamics of Irrigated Corn and Cotton: 
Depth Profile Fluctuations and Mixed-Effects Driver Analysis - Menard Soni, Kansas State University  
 
Declining groundwater levels in the Ogallala Aquifer have increased the need to improve water-use 
efficiency in western Kansas through better cropping-system design. This study quantified soil-profile 
water dynamics and major water-balance components under four crop rotation patterns: continuous 
corn (CONCOR), continuous cotton (CONCOT), corn-cotton (CORFCOT), and cotton-corn (COTFCOR). 
Precipitation and irrigation were measured using rain gauges, weekly neutron-probe observations were 
used to quantify root-zone water storage, deep drainage was estimated from neutron-probe 
measurements below the root zone, runoff was estimated from infiltration capacity and water inputs, 
and actual evapotranspiration (ETa) was obtained by water-balance closure. Seasonal totals were 
analyzed using a completely randomized design with plot-level data. Among the measured water-
balance components, only seasonal change in root-zone water storage differed significantly among 
rotations (p < 0.05). Rotations ending in cotton (CONCOT and COTFCOR) had more negative storage 
change, indicating drier soil profiles at the common measurement end date, whereas rotations ending in 
corn (CONCOR and CORFCOT) retained more water. Seasonal ETa, runoff, and deep drainage did not 
differ significantly among rotations. Given the similarity in water inputs and non-productive losses, the 
observed storage contrast was attributed to differences in late-season crop water use. Cotton 
maintained transpiration later into the season, whereas corn senesced earlier and left more water in the 
soil profile. Building on these findings, the weekly soil water data were further analyzed across eight 
one-foot depth layers to identify where within the profile fluctuations were greatest under each 
rotation and cover treatment. A linear mixed-effects model was used to determine which depths 
experienced the largest week-to-week changes and how precipitation, irrigation, runoff, and reference 
evapotranspiration drove those changes across rotation and cover cropping combinations. 
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Session 22: Building Connections and Capacity: Effective Extension Water Programs- Ginger Paige, 
University of Wyoming (A. Ludwig, J. Burke, J. Larson, J. Ekins) 
 
 
Facilitators: Ginger Paige, University of Wyoming; Andrea Ludwig, University of Tennessee 
 
Extension and outreach programs play a critical role in addressing on-the-ground water resource issues 
at a range of scales, local to national. It is estimated that about a quarter of UCOWR’s membership holds 
responsibilities related to outreach education, and that number is growing. This special session workshop 
will showcase and share extension and outreach projects and successes among UCOWR member 
institutions. This session will build on the workshop that we held at the UCOWR 2025 annual meeting. The 
overall goal of the workshop will be to build connections and capacity within UCOWR to support 
extension, outreach, and engagement professionals as they address critical water resource issues across 
the nation. In the workshop, we will focus on identifying needs and support structures for extension and 
outreach programs. We will also highlight successful extension/outreach projects focused on “water 
resources” across the NIWR regions.  
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Session 23: AI & Emerging Tools for Integrated Insights: Water Measurement, Management, and 
Markets and the Future of Adaptive Water Governance 
Moderator: Katherine Hegewisch, University of California Merced 
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A Water-Optimized Crop Selection Model to Maintain Agricultural Yields with Less Water in the 
Western United States  - Robert Sabie, New Mexico State University (M. Buenemann, S. Bawazir, C. Steele, 
A. Fernald) 
 
Agricultural producers in the western United States face increasing pressure to make difficult water 
management decisions as water scarcity intensifies due to changes in policy and environmental 
conditions. Among many management decisions, producers are faced with considering whether to reduce 
water use by decreasing agricultural production through land and water rights retirement or shift to 
cropping patterns that maintain agricultural lands with less water. Multiple economic models select crops 
for the purpose of optimizing profits but are seldom fit for envisioning future crop scenarios with both 
policy-driven and climate-driven reductions in water availability. The goal of this research was to develop 
a new Regional Water-Optimized Crop Selection (RWOCS) model to answer: (1) whether statistically 
significant differences in crop water use exist under the current cropping pattern across four Shared 
Socioeconomic Pathway (SSP) scenarios, and (2) whether crop water use differs significantly between 
current and modeled cropping patterns. The Lower Rio Grande agricultural region of New Mexico was 
used as a case study for model development because it is representative of agriculture in arid and drying 
regions and because of the urgent need to inform forthcoming policy decisions following the settlement 
of the Texas v. New Mexico Supreme Court case. The RWOCS model adopts an innovative, applied 
approach by combining published crop coefficients with temperature and projected reference 
evapotranspiration data from the Coupled Model Intercomparison Project Phase 6 (CMIP6) within a 
Monte Carlo simulation framework. The anticipated results will identify multiple cropping patterns that 
preserve the existing agricultural footprint under both policy-driven and environmental change while 
achieving meaningful reductions in water use, as demonstrated by model outputs and statistical 
comparisons. The model outcomes will provide actionable insights for farmers, policymakers, and 
economists to evaluate tradeoffs among retiring agricultural water rights, maintaining production, and 
regionally subsidizing alternative crops. 
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Understanding Agricultural Water: Experiences and Challenges in Implementing Water Balance for Utah 
Canal Companies - Alfonso Torres-Rua, Utah State University (K. Osorio) 
 
As water availability in arid states such as those in the Western U.S. continues to decline, documenting 
and quantifying the use and distribution of agricultural water has become critical. Agriculture accounts 
for approximately 75% of available surface water, creating significant pressure to balance environmental 
and urban water needs. In Utah, a predominantly rural state where hay and pasture dominate agricultural 
production—factors such as the acreage, technological capacity, climate and socioeconomic 
characteristics of canal companies strongly influence water management. This presentation highlights 
activities, experiences, and findings from implementing a remote sensing-based water balance across 
several irrigation canal companies in the state. Interactions with producers, canal managers, and water 
agencies, along with observed variability and uncertainty in data sources, documentation, and historical 
records, underscore the challenges of accurately quantifying current and future water use in Utah 
agriculture. 
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Usable Tools for Accessing Climate Change Projections across North America in the Climate Toolbox - 
Katherine Hegewisch, University of California Merced (J. Abatzoglou) 
 
The Climate Toolbox is a collection of over 20 different interactive web tools that provide map and graph 
summaries of climate and hydrology for past, present, and the future. Tools in the toolbox can be used to 
monitor real-time water conditions in many different flavors of drought (meteorological, hydrological, 
agricultural, ecological, snow) with additional abilities to explore past conditions, subseasonal-to-seasonal 
forecasts, and future climate projections. The toolbox grows each year with the addition of new datasets, 
new derived metrics and new tools by leveraging the infrastructure, common datasets, and partnerships. 
Meeting the demand for accessible climate change projections, we have added usable summaries from a 
new downscaled database to the Climate Toolbox. These projections consider four future Shared Socio-
Economic Pathways (SSP 1-2.6, 2-4.5, 3-7.0 and 5-8.5) from the sixth Coupled Model Intercomparison 
Project (CMIP6). We statistically downscaled climate model output using version 3 of the Multivariate 
Adaptive Constructed Analogs (MACAv3) with ERA5-Land to a 1/10-degree resolution covering North 
America. These projections are now available in the tools that display visuals of maps, time series, boxplots 
and scatterplots of future climate projections anywhere across North America.  
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A Deep Learning Framework for Predicting Soil Burn Severity to Bridge Post-Fire Hydrologic Modeling 
Gaps - Amirhossein Montazeri, Boise State University (M. Sadegh, J. Abatzoglou) 
 
Soil burn severity (SBS) is a dominant control on post-wildfire hydrologic response by regulating 
infiltration loss, runoff generation, erosion, and debris-flow initiation, yet it remains sparsely mapped 
across large regions due to its dependence on labor-intensive and delayed field assessments. This 
limitation is especially critical as extreme rainfall events increasingly occur within weeks of wildfire 
containment, when timely hydrologic intelligence is most needed. In contrast, vegetation burn severity 
products derived from satellite imagery are widely available but do not adequately capture soil-level 
alterations that govern post-fire hydrologic hazards. To address this gap, we develop a scalable, data-
driven framework for rapid, nationwide estimation of soil burn severity across the contiguous United 
States. We compile a comprehensive raster dataset covering all burned areas from 2012–2024 by 
integrating more than 230 hydrologic, climatic, soil, topographic, vegetation, and fire-related variables 
derived from 11 independent satellite and geospatial data sources. These attributes are explicitly selected 
to represent the physical processes controlling post-fire hydrologic response rather than vegetation 
effects alone. Using this dataset, we develop a convolutional neural network–based segmentation model 
to predict spatially explicit soil burn severity classes at high resolution and continental scale. The modeling 
framework leverages multi-source remote sensing and environmental information to learn burn severity 
patterns that are not directly observable from satellite derived vegetation indices. The resulting SBS maps 
provide consistent, timely estimates suitable for operational hydrologic risk assessment, including post-
fire flooding, debris-flow forecasting, and erosion modeling. By shifting post-wildfire hazard 
characterization from vegetation-centric proxies toward soil-driven processes, this work enables more 
effective emergency response and mitigation planning, reduces reliance on costly and delayed field 
surveys, and advances scalable hydrologic assessment in a rapidly warming climate. 
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Advancing Large-Scale Stream Temperature Modeling Across Diverse Hydrological Regions - Md Abu 
Bakar Siddik, Oak Ridge National Laboratory (S. Turner, S. Kao) 
 
Accurate prediction of stream temperature is critical for protecting aquatic ecosystems, optimizing 
thermoelectric power operations, and managing water–energy infrastructure. While our recently 
developed large-sample LSTM framework achieved strong national performance for stream temperature 
prediction (median NSE ≈ 0.95; MAE ≈ 1.1 °C) using readily available CONUS-scale inputs, systematic biases 
persisted in snow-dominated and groundwater-influenced watersheds where process complexity and 
data scarcity limit predictive capacity. We introduce the River Temperature Time Series for Hydrothermal 
Modeling and Analysis (RiTHyMS) framework, which addresses these challenges through three integrated 
advances: (1) expanded observational networks and enhanced meteorological-hydrological inputs 
targeting previously data-sparse regions, (2) refined deep learning architectures designed to explicitly 
capture delayed snowmelt responses and subsurface thermal buffering, and (3) process-informed training 
strategies that improve transferability to ungauged basins. Together, these innovations substantially 
reduce regional prediction biases and enhance model reliability for water resources decision-making 
across diverse hydrologic settings. RiTHyMS delivers spatially explicit daily stream temperature 
predictions for all 2.7 million stream reaches in the NHDPlus v2 network, spanning historical baseline 
conditions and 28 future climate scenarios. The framework is being deployed through an interactive web 
platform to support exploration of stream thermal regimes and water-infrastructure sensitivities across a 
range of plausible future conditions. By integrating enhanced observational data, process-aware model 
design, and accessible visualization tools, RiTHyMS provides a more transferable and decision-relevant 
framework for stream temperature prediction across the conterminous United States. 
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Session 24: Solar Farms and Watersheds: Implications for Management 
Moderator: Ed Rhodes, Texas Water Resources Institute 
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Balancing Renewable Energy and Land Conversion: Urban and Rural Patterns of Solar Driven Land Use 
Change in Texas - Amanda R Tague, Texas Water Resources Institute (S. Vidhya Kuduvaa Sankarbabu, E. 
Rhodes) 
 
Reducing carbon emissions and strengthening increasingly strained electric grids will require substantial 
development of renewable energy, including utility-scale solar farms. These facilities produce low-carbon 
electricity; however, they require substantial land area, raising concerns about the long-term tradeoffs of 
converting existing land uses to support solar development. Texas is expected to remain one of the fastest 
growing states for utility-scale solar development in the United States, and most of these new projects 
are built in rural areas on former cropland, rangeland, and forested areas. Using existing annual land use 
and land cover data from 2007 to 2024, this study examines how solar farms influence land conversion 
over time. It will also assess how the burden of land conversion is distributed between urban and rural 
areas. Understanding how solar expansion reshapes land use and land cover patterns is essential for 
evaluating environmental and social implications of the energy transition and will inform future land use 
planning and renewable energy policy. 
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Runoff and Water Quality Outcomes of Solar Land Conversion: Field-Based Insights from Virginia - Luis 
Mier-Valderrama, Virginia Tech University  
 
Utility-scale solar (USS) is rapidly expanding in Virginia, with hundreds of thousands of acres projected to 
be converted from agriculture and forests to paneled landscapes. A key management question is how this 
transition alters storm runoff, sediment transport, and nutrient loading at the watershed scale. This 
proposed presentation summarizes the first two and a half years of a six-year project that measures 
stormwater quantity and quality within paneled catchments and compares it to that of conventional land 
uses in the region. 
 
We established a replicated monitoring network across six USS sites; at present, three sites are fully 
instrumented with paired panels and reference catchments. Site-specific weather stations provide 5-
minute rainfall time series that are paired with continuous 5-minute flow records at H-flumes and flow-
weighted composite samples analyzed for TSS and multiple forms of N and P. Parallel catchment 
characterization field work measures surface infiltration (single-ring infiltrometer), subsurface saturated 
hydraulic conductivity (borehole permeameter), bulk density, texture, soil profile characteristics, 
vegetation structure, and soil nutrient pools. 
 
Preliminary analyses show event runoff depths (Q) versus rainfall (P), timing metrics including time of 
concentration, storm-based nutrient concentrations and loads, and best-fit curve numbers back-
calculated from observed P–Q relationships. Together, these results quantify how panel coverage, soil 
disturbance, and revegetation influence runoff generation and water-quality response. The management 
value of this work is its direct use in testing and refining runoff prediction tools commonly applied in USS 
design and permitting, including the Virginia Runoff Reduction Method (VRRM) and NRCS TR-55, and in 
guiding site-level practices and siting considerations that minimize downstream impacts. 
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Stream Channel Response to Energy-Driven Land Use Intensification in a Rural Agricultural Watershed, 
Texas, USA - Benjamin Turner, Texas A & M University-Kingsville (L. Mier-Valderrama, A. Anoruo) 
 
The Pond Creek watershed (PCW) is a tributary to the Brazos River, Texas, spans the Blackland Prairie/Post 
Oak Savana ecoregions and supports a mix of native plant communities, cool and warm season grain 
production, and introduced forages for cow-calf ranching. Landscapes like PCW have become “hot spots” 
for renewable energy investments due to the ability to secure large tracts within close proximity to energy 
grid transmission lines. In 2021, several industrial-scale solar energy projects (“solar farms”) to be located 
in PCW were announced. Whereas soil and hydrologic research has been done over decades where 
agriculture is the main environmental concern, less is known about the effects of solar farm 
intensification, especially at watershed-scales. A monitoring protocol using Stream Visual Assessment 
Protocol (SVAP) with several quantitative indicators was administered to evaluate PCW conditions at two 
cross-sections over time – one low stream order segment near the top of the catchment and one high 
stream order segment near the catchment outlet. Surveys were completed pre- (2022-2024) and post-
solar farm installation (2025). Aerial imagery was used to evaluate PCW indicators relative to a 
neighboring watershed with similar soil/hydrologic and land use features but without solar farm 
intensification. Preliminary results indicate that bankfull width has increased and bank vegetative cover 
has decreased at both sites. Bank soil microaggregate stability ratings were similar pre- and post- 
installation at both sites, while pool depths became shallower in the upland site and deeper at the 
downstream site. Turbidity ratings were similar across years in both sites, except for a turbidity “spike” in 
the downstream site the year of solar farm construction. Relative to the comparison watershed, PCW 
experienced more rapid increases in stream channel width and sinuosity. Continued solar energy 
expansion warrants attention from scientific communities to better understand watershed dynamics and 
guide policy development longer-term. 
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Analysis of Metals in Stormwater Runoff from a Photovoltaic Facility in Central Texas - Ed Rhodes, Texas 
Water Resources Institute (L. Gregory) 
 
Photovoltaic power plants, or solar farms, have been rapidly expanding globally in recent years. In the 
United States, Utility-scale photovoltaic capacity is expected to expand over six-fold by 2050. However, 
solar farms are very land-intensive and represent a long-term investment in land-use/land-cover change. 
While there are numerous benefits to solar energy production, most notably a reduced carbon footprint 
per kW of electricity generated, many questions remain regarding potential environmental and 
hydrological effects. In this study, we analyzed metals (cadmium, chromium, copper, lead, nickel, zinc, 
and tellurium) and total suspended solids (TSS) in an intermittent, solar-impacted agricultural watershed 
in central Texas. Automated water samplers were installed upstream and downstream of a photovoltaic 
solar facility to test for differences in metals and TSS from storm flows. Monthly grab samples were taken 
as well to measure baseflow conditions. A total of 11 storm events, 8 upstream baseflow, and 6 
downstream baseflow samples were collected from February through November 2025. Data were 
analyzed using the Mann-Whitney U Test, finding no significant difference in metals or TSS during storm 
or base flows (p > 0.1). Pearson correlations show a strong correlation between all metals (except 
chromium) and TSS for the upstream site, and moderate correlations for the downstream site, suggesting 
metals may be carried by sediment from agricultural runoff in the upper portion of the watershed. This 
project represents the short-term impacts of a new photovoltaic facility may be minimal. More data will 
be needed to understand the long-term effects of this land-use change. 
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Assessing Land and Water Quality Implications of Large-Scale Solar Energy Developments in Central 
Texas - Emeka Orji, Baylor University (R. McManamay, J. Jatko, M. Bowman) 
 
Solar energy is a fast-growing source of renewable energy, and large utility-scale installations, i.e., solar 
farms, are quickly springing up. Solar farms, however, if not managed effectively, can negatively impact 
land and water management because they cover significant acreage and alter the land surface. Therefore, 
there is a need to ensure environmental sustainability practices to preserve natural ecology in renewable 
energy installation, expansion, and operation. The study assesses the impact of three solar farm 
developments of varying size on the water quality and hydrological process in several watersheds across 
Blackland Prairie and Cross Timbers Ecoregions in Texas. Our research objectives were to understand how 
land management and land cover are impacted and how these changes are influencing runoff and 
turbidity in streams. A solar panel land cover classification was developed to understand the nature and 
land alteration of solar farm development, including natural or vegetation impacts. Event-based turbidity 
data, water level, and rainfall data were collected to determine the relationship between precipitation 
characteristics, hydrology, and water quality. Findings from the study provide valuable information for 
sustainable land management, especially for natural land resources and vegetation management, as well 
as sustaining water quality in regions impacted by rapid solar farm development. 
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Rangeland Solar Farming: Weighing the Benefits and Challenges of Agrivoltaics in the Southern Great 
Plains - Xavier Jaime, Texas A&M AgriLife Research (H. Perotto-Baldivieso, A. Cibils, X. Wu) 
 
Rangelands of the Southern Great Plains are vital for livestock production, biodiversity conservation, clean 
air and water, and numerous ecosystem services. These landscapes are increasingly shaped by climate 
variability, land-use change, and expanding renewable energy development. Agrivoltaics—the co-location 
of solar photovoltaic infrastructure with agricultural or grazing land uses—has emerged as a potential 
land-sharing strategy that may support energy transitions while maintaining grazing-dominated rangeland 
systems. This review synthesizes current literature on agrivoltaics in the Southern Great Plains to evaluate 
technological development, feasibility, socio-economic dimensions, and ecological trade-offs. We address 
four guiding questions: (1) how agrivoltaic configurations influence microclimate, forage productivity, and 
livestock welfare; (2) the suitability of agrivoltaic systems under semi-arid rangeland climates; (3) land-
use planning, public perception, and policy challenges shaping adoption; and (4) how technological and 
operational constraints affect future deployment. Across studies, agrivoltaics modify microclimatic 
conditions through reduced soil temperatures, enhanced soil moisture retention, and lower vapor 
pressure deficits, contributing to improved drought resilience. Elevated photovoltaic arrays (≥2.4 m) 
support cattle grazing, while standard utility-scale designs support sheep grazing without substantial 
losses in forage productivity. Qualitative evidence suggests agrivoltaics can alter landowner perceptions 
of land-use trade-offs by providing income diversification while maintaining cultural ties to ranchers’ 
livestock production. Despite these advantages, several barriers must be overcome to promote broader 
agrivoltaics adoption. Challenges include land-zoning conflicts, policy uncertainties, high initial costs, end-
of-life expectations, and public concerns regarding land-use trade-offs. The operational complexities of 
maintaining dual-use systems in semi-arid rangelands require further exploration. Future research should 
refine agrivoltaic designs for rangeland ecosystems, assess long-term ecological impacts, and develop 
economic frameworks to support ranchers in integrating agrivoltaics. Advancing adoption in the Southern 
Great Plains will require targeted research, careful setting, adaptive management, and governance 
frameworks that balance renewable energy development with long-term rangeland and water-resource 
stewardship. 
 
  



2026 UCOWR/NIWR Annual Water Resources Conference                                                   Session 25 
 

Return to Contents  San Antonio, TX | June 8-10, 2026 

Session 25: Lightning Talks I 
Moderator: Mary Foltz, Oklahoma State University 
 
  



2026 UCOWR/NIWR Annual Water Resources Conference                                                   Session 25 
 

Return to Contents  San Antonio, TX | June 8-10, 2026 

A Systematic Review of Ecosystem Services in the Rabanal Paramo (Colombia) - Paulina Alejandra 
Vergara Buitrago, UMN  
 
Colombian páramos, strategic ecosystems of the northern Andes, provide a broad range of ecosystem 
services such as carbon sequestration, water regulation, and soil protection. The department of Boyacá 
in Colombia contains the largest area of páramo ecosystems, with the Rabanal Páramo serving as the 
primary water source for the capital city of Tunja. Despite scientific studies on the diversity of flora and 
fauna, páramos remain among the least studied ecosystems regarding their services. No study has yet 
addressed a detailed systematic review assessing the range of ecosystem services in the Rabanal páramo. 
I reviewed 162 documents published between 1992 and 2022 to assess the progress of ecosystem services 
knowledge, identify biases, and define research priorities. Most of the studies (60%) focused on regulating 
services, followed by cultural services (24%) and provisioning services (16%). In the category of regulating 
services, biodiversity maintenance is the most studied service with 60 studies (37%), followed by 
vegetation cover with 22 studies (14%). In the provisioning services, freshwater has the most studies, 18 
(11%), and environmental education, with 16 studies (10%), is the cultural service with more publications. 
Likewise, I identified 21 different research methods in the documents; the most employed was 
environmental assessment (23%), followed by stakeholder engagement and environmental planning 
(10%), and inventory (7%). I conclude that there is a significant research gap in prioritizing the 
understanding of cultural services and the impacts of conservation initiatives on páramo communities. 
This unique ecosystem, which is not only a source of livelihood for local farmers but also deeply connected 
with their cultural identity and heritage, underscores the need to address these gaps to sustain the 
Rabanal páramo ecosystem. 
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Controls on Terrestrial Arthropod Inputs and Impacts to Benthic Macroinvertebrate Communities in 
Ephemeral Streams of the San Antonio Region - Cidney Williams, University of Texas at San Antonio  
 
Ephemeral and intermittent streams comprise a large proportion of river networks in semi-arid and 
rapidly urbanizing regions, yet they remain underrepresented in water resource research and 
management. These systems are highly sensitive to land-use change and riparian degradation, and their 
short hydroperiods increase reliance on terrestrial energy subsidies to sustain aquatic food webs. 
However, the magnitude and ecological role of terrestrial invertebrate inputs in urbanizing ephemeral 
streams remain poorly quantified, particularly in subtropical regions. This study investigated how riparian 
vegetation structure and watershed urbanization influence terrestrial arthropod inputs and benthic 
macroinvertebrate communities in ephemeral pools of the San Antonio River Basin, Texas. We sampled 
isolated pools across a gradient of land use, including protected sites within the Cibolo Creek Natural Area 
and urbanized reaches of Leon Creek, Salado Creek, and Culebra Creek. Terrestrial invertebrate inputs 
were measured using floating-fall traps deployed for 24 hours. Benthic macroinvertebrates were sampled 
using 5-gallon bucket colonization traps. Riparian structure was characterized according to canopy cover, 
woody stem density, and woody basal area using standardized transects. Watershed percent impervious 
cover was quantified using land use data from the 2024 National Land Cover Database. We evaluated 
whether riparian vegetation enhances terrestrial invertebrate subsidies and whether these inputs 
influence benthic community diversity, functional feeding group composition, and tolerance structure. 
We hypothesized that pools with intact riparian buffers receive higher terrestrial input fluxes and support 
more diverse and sensitive benthic assemblages, while urbanized pools exhibit reduced inputs and 
dominance by tolerant taxa. By linking riparian condition, terrestrial subsidies, and aquatic community 
structure, this research provides new insight into the functioning of ephemeral stream ecosystems in 
urbanizing watersheds. The findings will inform riparian buffer protection, green infrastructure planning, 
and watershed-scale management strategies to sustain ecological functions and biodiversity in ephemeral 
stream networks. 
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The Impact of Pollutant Discharge Permits on Nutrient Pollution: A Facility-Level Analysis of NPDES 
Enforcement Effectiveness - Saesol Kang, Michigan State University (M. Sears) 
 
Nutrient pollution from excess nitrogen and phosphorus remains a persistent threat to the ecological 
integrity of U.S. surface waters. While dominant nutrient sources are from nonpoint sources, these diffuse 
sources remain difficult to monitor and control. Evaluating the effectiveness of the National Pollutant 
Discharge Elimination System (NPDES) enforcement is therefore essential for understanding the broader 
capacity of the Clean Water Act to mitigate nutrient impairment. Although extensive research has 
examined compliance and enforcement of the NPDES program, few studies directly evaluate the impact 
on nutrient discharge mass across diverse industries or distinguish between the behavioral responses of 
persistent and occasional violators. This paper links 2009–2023 discharge records from 25 states with 
enforcement data to estimate how varying regulatory intensities influence nutrient releases. By classifying 
facilities into four cohorts based on their violation frequency, this research addresses the methodological 
challenges associated with multiple treatment switches and heterogeneous treatment effects, as chronic 
violators may face different operational constraints or strategic considerations than occasional offenders. 
Analyzing three progressive regulatory actions through a staggered difference-in-differences 
framework—automatic violation alerts, formal noncompliance designations, and monetary penalties—
preliminary findings reveal that the effectiveness of enforcement varies by cohort. While automatic alerts 
produce no measurable reduction in nutrient discharges for any group, monetary penalties trigger 
significant and immediate reductions across all four cohorts. In contrast, formal noncompliance 
designations effectively deter occasional and chronic violators but have little impact on moderate 
offenders. Ongoing analysis will examine how penalty magnitudes and other non-monetary actions 
influence discharge behavior, and whether enforcement targeting one nutrient induces cross-pollutant 
spillovers for other nutrients within the same facility. These findings will help identify cost-effective 
enforcement strategies and clarify the specific contribution of regulated point sources to the nutrient 
pollution landscape in U.S. waterways. 
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Rooted in Remediation: Native Wetland Plants as Nutrient Filters in Floating Treatment Wetlands  - 
Vicktoria Holdaway, Oklahoma State University (M. Foltz) 
 
Agricultural and urban runoff contributes to nutrient pollution in water bodies which leads to 
eutrophication and degraded water quality. Best management practices (BMPs) are implemented in 
urban areas to mitigate polluted runoff through retention ponds. Retention ponds capture stormwater 
and sediments; however, are less effective at removing dissolved nutrients such as nitrate and phosphate. 
To capture these dissolved nutrients floating treatment wetlands (FTW) are deployed on existing 
retention ponds. FTW are a low-cost and sustainable approach to nutrient management and removal that 
relies on plant uptake and microbial processes. This study aims to compare and evaluate the nutrient 
removal efficiency of two Oklahoma native wetland macrophyte species, rough horsetail (Equisetum 
hyemale) and common rush (Juncus effusus), in FTW mesocosms. We hypothesize that common rush will 
remove more nutrients from the water column and improve water quality more effectively than rough 
horsetail due to a greater above mat biomass. However, rough horsetail is expected to establish more 
successfully due to greater below mat biomass and, silica-rich tissues, which may increase resistance to 
environmental variability. To test this hypothesis, we will compare each species based on nutrient uptake, 
physiochemical parameters, and overall plant growth in mesocosm systems in Spring 2026. There will be 
three replicates for each treatment: common rush, rough horsetail, and a mat only control. Mesocosms 
will consist of a 144L tub, a hydroponic mat, and aerated pot inserts containing lightweight expandable 
clay aggregates and plants. Stormwater from a nearby retention pond will be spiked with nutrients and 
used as influent water for nine mesocosms operated as batch systems with a 7-day hydraulic retention 
time. Physiochemical parameters, plant growth, nutrient concentrations, and gas emissions will be 
measured in each batch. This work will promote the use of native plants, sustainable materials, and 
remediation of pre-existing urban retention ponds. 
 
Key words: stormwater runoff, eutrophication, best management practices, floating treatment wetlands, 
hydroponics, retention ponds 
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Co-designing with Women in Kathmandu’s Informal Settlements for Community Resilience - Kaylie 
Treskin, University of Washington  
 
In Kathmandu, the highly channelized and polluted Bagmati River corridor is lined with informal 
settlements housing over 17,000 residents, including many women displaced from rural farming 
communities. These communities flood yearly and women gain little support for flood recovery, all while 
facing the ongoing threat of eviction by the Kathmandu municipality. In collaboration with the non-profit 
Nepal Mahila Ekata Samaj (NMES) and the University of Washington Department of Landscape 
Architecture, the present project works to address this ongoing crisis by engaging local women in flood 
emergency management and preparation, continuing past student design work to redesign the Bagmati 
riverfront. This project uses past student projects’ community engagement frameworks and design 
precedents, combined with theory on multi-scale development and feminist design, and applies it to one 
informal settlement. I employ multi-scale planning, through both immediate emergency preparedness 
skills and long-term landscape design planning. Through a series of hybrid workshops in partnership with 
NMES, women from Bansighat, Jagritinagar, Thapathali and Shankhamul learned short-term flood-
preparedness training and participated in long-term planning of their communities to begin imagining 
alternative river designs to displacing informal settlements, which is the current governmental plan. I 
developed these ideas into a set of official design drawings, which I passed along to key organizations 
which can present them to the government and other decision-makers as strong alternatives. Engaging 
women as the key decision-makers in this process will ensure an equitable Bagmati riverfront in the 
future, as I posit that designing for women supports all. This study exemplifies the necessary phases of 
community-based design to better understand how to support communities vulnerable to floods, 
emphasizing the importance of intersectional perspectives and collaboration in flood restoration. 
Conference attendees will learn how to partner with community organizations and successfully employ 
intersectional frameworks to land planning projects. 
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Assessing the Environmental Impacts of Septic Tank Irrigation Systems in Oklahoma - Pravin Kumar 
Arumugavel, Oklahoma State University (M. Krzmarzick, M. Foltz) 
 
Septic tank irrigation systems are widely used for localized wastewater management in Oklahoma, but 
the environmental impacts are unknown. The objective of this research was to quantify the impact of 
septic tank irrigation on soil greenhouse gas emissions and microbial activity. Field greenhouse gas fluxes 
– carbon dioxide (CO2), nitrous oxide (N2O), and methane (CH4) were recorded along with soil moisture, 
conductivity, weather data, followed by microbial activity assays, gene sequencing and abundance 
determination through Quantitative Polymerase Chain Reaction (qPCR) to relate field findings with 
associated microbial processes. From January to June 2024, these gases were measured periodically in 
plot divided between untreated and septic irrigation zones. During that time, the mean CO2, N2O, and CH4 
fluxes all increased with septic irrigation, but notably CH4 emissions were always negative signalling a net 
sink rather than source. Invitro enzymatic assays namely the denitrification, N2O production and 
methanogenic assays concluded with higher denitrification and methanogenic potential for irrigated soil. 
The observed mean values of the critical parameters in water quality analysis of pH, ammonium, ortho 
phosphate, hardness were 7.8, 54 ppm, 5.4 ppm, 191 ppm, respectively, which denotes surge in nutrient 
leaching into the environment and doesn’t comply with the Environment Protection Agency (EPA) 
standards. Preliminary qPCR results with nosZ OTU1, pmoA clusters showed significant gene abundance 
in treated zones. Furthermore, quantifying the abundance of genes nosZ, mcrA and amoA clusters to 
identify the influence of nutrients would provide overall biochemical cycle of the distinguished bionic 
regions in addition to abundance taxa accounted with prominent weather patterns. Overall, this research 
is important to identify drivers for nutrient cycling under septic irrigation systems and determine solutions 
to combat climate change.  
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Immersive Modeling for Water Banking: Engaging Stakeholders to Generate Strategies to Shepherd 
Water to the Great Salt Lake - Hadia Akbar, Utah State University (D. Rosenberg) 
 
The decline of Great Salt Lake (GSL) poses imminent economic, ecological, and public health threats. The 
state of Utah is seeking to stabilize and recover lake levels. Shepherding water to GSL remains a challenge 
as strategies must balance complex water rights, competing water needs, differing stakeholder priorities, 
historical legacies, variable hydrology, and infrastructure limitations. Traditional approaches in water 
modeling answer the questions what happens if? and what is best? Basin partners typically lack access to 
these models. Thus, there is limited understanding and adoption of modeled alternatives.  
 
We used an immersive online model of a water bank to generate strategies to get more water to GSL. In 
a model session, collaborators immersed in and personified agriculture, urban, and ecosystem users. They 
articulated a strategy for their user to consume or bank water. The model allocated water to each user 
based on historic water use. Each collaborator chose to consume, sell to, or buy from the bank. Prices 
were negotiated with the bank. Collaborators then adapted their strategies in response to their available 
water, others’ choices, and the real-time discussion of choices. At the end of the irrigation season, the 
bank decided how much water to leave in reservoirs and to release to GSL. We then asked why 
collaborators made choices, what new insights they had, and how to improve water banking and its 
representation in a model. 
 
The study yielded two novel strategies for delivering water to GSL: (1) bank water in an upstream reservoir 
during summer months, then release water in the winter; and (2) combine small volumes of banked water 
into larger, short-duration pulse releases for measurable downstream delivery. Immersive modeling 
increased engagement, social learning, and empathy among users. Banking created "win-win" outcomes 
where agricultural users retained water rights, generated income, and supported environmental goals. 
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Managing Water Depletion Caused by Invasive Phragmites Around the Great Lakes Salt Lake - 
Masoumeh Hashemi, Brigham young university (R. Wood) 
 
Prolonged drought, climate change, and long-term water management practices have contributed to the 
significant decline of Great Salt Lake. Addressing climate change impacts and reallocating water to reduce 
basin-wide depletion have been identified as top policy priorities by agencies and stakeholders. However, 
restoring Great Salt Lake cannot be achieved through a single action; it requires coordinated, cross-sector 
efforts and sustained long-term commitments. Current targets, such as a basin-wide 10% water-use 
reduction by 2035, require meaningful contributions from all sectors. One underexplored opportunity for 
water conservation is the management of invasive Phragmites australis in Great Salt Lake wetlands. 
Invasive Phragmites forms dense monocultures, consumes large volumes of water through high 
evapotranspiration, alters wetland hydrology, and may be more tractable to manage in the near term 
than large-scale changes to agricultural or municipal water use. Targeted Phragmites management, 
therefore, represents a potentially high-impact, low-disruption strategy for improving water retention 
and wetland function. In this study, we examined how herbicide treatments and their timing affect plant 
density, biomass, and evapotranspiration. We use eddy covariance measurements and open-source 
evapotranspiration products (OpenET) to quantify reductions in water loss following treatment. By 
estimating water savings associated with invasive species control, this work assesses the potential 
contribution of Phragmites management to increasing water availability for Great Salt Lake and improving 
wetland resilience under continued drought conditions. 
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A Resource Assessment of Low-Impact Hydropower in Texas - Ryan McManamay, Baylor University (F. 
Stover, K. Garrett, L. Roswell, N. Carpenter, D. Allred, B. Thomas, A. Yokochi) 
 
Unlike intermittent renewables such as wind and solar, hydropower provides a reliable and flexible energy 
source; however, the construction of dams and reservoirs come at high environmental costs to river 
systems. In the US, hydropower contributes 6% of total energy, whereas in Texas, there are only 26 
hydropower facilities, contributing to only 0.1% of power in the ERCOT market. While this might not come 
as a surprise to many, Texas boasts over 43,000 lentic waterbodies (more than any other state), the vast 
majority of which are manmade. Of these, almost 200 are considered large with at least 5,000 acre-feet 
of storage capacity.  In addition, 23 new reservoirs have been proposed to address water supply demands 
across the state. The vast majority of these dams are not used for power, termed “non-powered dams” 
(NPDs). One option for increasing hydropower capacity is retrofitting NPDs for power production, such as 
the addition of low-head turbines. Because the dam and reservoir are already in place, much of the 
environmental burden has already been incurred; hence retrofitting comes at little additional impact and 
far less cost than new hydropower construction.  A recent example is the R.C. Thomas Hydroelectric 
Project (26.7 MW) installed on Lake Livingston. One underappreciated component of powering NPDs is 
the exposure of facilities to new environmental regulations via Federal Energy Regulatory Commission 
that would otherwise be unavailable (e.g., fish passage). In addition to NPDs, micro-scale power 
production from conduits as well as pumped storage solutions are available. Here, we present a resource 
assessment of low-impact hydropower opportunities in Texas.  We also discuss the challenges, including 
climate uncertainty, as well as lack of public cognizance and investment.  We also present a case study of 
a student-led initiative to examine the potential for low-impact hydropower for an NPD proximate to the 
Baylor University Campus.  
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Rethinking Onsite Nutrient Removal Through Climate-Adaptive Microbial Pathways - Zhiyue Wang, 
University of Hawaii - Manoa  
 
Onsite wastewater treatment systems (OWTS) serve nearly 25% of U.S. households and represent a critical 
yet under-recognized component of national water infrastructure. Climate change intensifies stressors 
such as sea-level rise, groundwater intrusion, extreme rainfall, and temperature variability. Conventional 
OWTS largely depends on carbon-intensive nitrification–denitrification pathways and faces increasing 
performance and environmental challenges. This presentation introduces a new conceptual framework, 
RENEW (Redox-Enabled Nitrogen Elimination and Water recovery), which evaluates alternative microbial 
electron acceptors as a pathway to redesign OWTS for enhanced resilience, sustainability, and climate 
adaptability. Drawing from recent thermodynamic, stoichiometric, and engineering analyses, we assessed 
the feasibility of Feammox, Mnammox, Sulfammox, and Anammox processes under realistic onsite 
conditions. We highlight how these unconventional pathways can reduce oxygen demand, lower 
greenhouse gas emissions, and expand treatment options in settings where carbon availability, energy, 
and footprint are constrained. Particular attention is given to the implications of pH and temperature 
fluctuations, chemical demand per unit nitrogen removed, and the potential for integrating iron–sulfur 
cycling to mitigate H₂S and recover valuable materials. Beyond process-level evaluation, the talk outlines 
a broader vision for modular, above-ground, climate-adaptive OWTS that leverage RENEW processes 
alongside sensor networks and AI-enabled monitoring. Such systems could provide early failure detection, 
anticipate groundwater rise during extreme events, and support water reuse for drought-prone or 
wildfire-vulnerable communities. By reframing nitrogen removal around alternative electron acceptors, 
this work identifies key research gaps, engineering opportunities, and policy considerations necessary to 
transition from legacy septic designs to next-generation distributed treatment systems.  
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Public Awareness and Perceptions of Smart Water Infrastructure in Texas Metropolitan Statistical Areas 
- Euijin Yang, Sam Houston State University (M. Suh) 
 
Smart water technologies, including smart meters and real-time monitoring systems, are increasingly 
deployed to improve the operational efficiency, reliability, and sustainability of urban water 
infrastructure. While these technologies enable data-driven system management, their effectiveness also 
depends on how end users interact with and respond to smart infrastructure systems. This study examines 
public awareness and user perceptions of smart water infrastructure systems in major Metropolitan 
Statistical Areas (MSA) of Texas. A cross-sectional survey will be conducted among residents living in six 
Texas MSAs: Austin, Dallas–Fort Worth, Houston, San Antonio, El Paso, and McAllen. The survey collects 
information on awareness of smart water technologies (e.g., smart meters, SCADA systems, online usage 
dashboards), perceptions of system performance and reliability, behavioral outcomes related to water 
usage, and trust in water utilities, along with demographic characteristics. The analysis will focus on 
characterizing levels of public awareness of smart water technologies and their perceptions of water 
infrastructure performance and utility management The study will examine how residents understand 
and interact with deployed smart technologies, including perceptions of data use, monitoring capabilities, 
and utility communication. Variation across metropolitan areas and user groups will be explored to 
identify potential gaps between technical system deployment and user engagement. By focusing on the 
human dimensions of smart water infrastructure, this research aims to support more effective 
deployment, operation, and communication strategies for data-enabled water system, ultimately 
enhancing system performance and resilience. 
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Configuration Matters: A Technoeconomic and Life Cycle Assessment of Brackish Water Desalination - 
Arianna Tariqi, University of Arizona (R. Shinh, V. Felix, V. Karanikola, K. Hickenbottom) 
 
Decisions about the future of our water investments are shaped by complex trade-offs among costs, 
energy consumption, and environmental burdens. Without access to seawater, inland regions face water 
management challenges, making brackish groundwater desalination a necessary but energy-intensive 
approach with limited brine-disposal options. Typical desalination processes include Reverse Osmosis 
(RO), a highly selective, pressure-driven membrane process. However, conventional RO desalination 
configurations can face challenges, including high energy requirements and high costs due to membrane 
scaling, which reduces performance and lifetime. Thus, there is a need for low-energy, low-cost, high-
water-recovery treatment technologies. Compared with RO, Nanofiltration (NF) has lower salt rejection; 
however, NF can reject scale-forming ions while maintaining higher water flux and requires lower 
pressures than RO, owing to the membrane's selective design. This study explores hybrid NF-RO treatment 
trains in which NF is used as a pre-treatment (NF270-RO) or as a brine recovery and recirculation (RO-
NF270) step to mitigate adverse effects on RO membranes. Comparative techno-economic (TEA) and life-
cycle analyses (LCA) were performed to evaluate the costs and environmental impacts of hybrid treatment 
trains across varying recovery and feed concentrations. The different scenarios yielded various results, 
including 10% lower energy requirements, 20% higher water recovery, and, consequently, 50% lower 
operating costs when NF270 was used as a brine recovery step. Furthermore, the NF270-RO system 
reduces scaling on RO membranes, thereby decreasing membrane replacement, energy consumption, and 
chemical use, resulting in lower environmental impact scores than conventional RO configurations. 
Results of this study demonstrate the validity of hybrid NF-RO configurations for reducing costs and 
energy use in brackish water desalination, thereby securing and augmenting water supplies in inland 
regions.  
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Session 27: Using OpenET to Reduce Over-Appropriation of the Ogallala Aquifer I 
Moderator: Kevin Wagner, Oklahoma State University 
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Evaluating Seasonal Cotton Water Requirement in Western Kansas Using OpenET and Water Balance 
Models - Jonathan Aguilar, Kansas State University (A. Sheshukov, K. Koudahe, F. Moghbel) 
 
Groundwater in Western Kansas is a valuable resource that is depleting faster than it is recharged.  
Farmers are looking for cropping options that are less water intensive than what is currently being grown, 
and that is where cotton comes in.  Cotton (Gossypium sp.), while generally drought resistant, is 
vulnerable to water stress during some critical growth stages and timely irrigation improves the fiber yield 
and quality. Timely irrigation scheduling requires information on water requirements. The objective of 
this study was to identify the best cotton evapotranspiration (ET) estimate model in Western Kansas. Field 
experiments were conducted during 2020 and 2021 growing seasons at Southwest Research and 
Extension Center (SWREC), Garden City, KS. Crop evapotranspiration values estimated by the water 
balance method were compared to the satellite-based models used in OpenET. Out of the six OpenET 
models, eeMetric ET and SIMS ET approximated the water balance ET model in 2021 with a relative error 
of 1% and 6%, respectively. If the right time scale becomes available, irrigation scheduling based on 
estimates of eeMetric ET and SIMS ET from OpenET could help meet the cotton water requirement in 
Western Kansas. 
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Estimation of Seasonal Irrigation At Place of Use Using OpenET - Sumon Datta, Oklahoma State University 
(A. Pandit, S. Taghvaeian) 
 
Accurate estimation of seasonal irrigation water abstraction is essential for effective agricultural water 
resources management, particularly in water-limited regions dominated by irrigated cropping systems. 
Flow meters are among the most commonly used tools for estimating irrigation abstraction; however, 
their operation and maintenance are labor-intensive. In addition, reliable estimation requires installation 
across numerous irrigated fields, making widespread deployment costly and resource demanding. 
Consequently, there is a need for a cost-effective, less labor-intensive, and publicly accessible approach 
to estimate seasonal irrigation water abstraction that can support state water managers and policymakers 
in developing informed water allocation strategies. Advances in satellite-derived crop water use and 
evapotranspiration (ET) products, along with readily available weather data from web-based platforms 
such as OpenET, offer a promising alternative for estimating irrigation abstraction. The objective of this 
study was to estimate seasonal irrigation water abstraction using ET and weather variables and to validate 
the estimates across 14 irrigated fields located in a major irrigated region of Oklahoma with varying soil 
properties, crop types, water availability, and climatic conditions. Irrigation was estimated using a simple 
soil water balance approach and the USDA SCS method. Preliminary results indicate that the soil water 
balance method achieved a root mean square error (RMSE) of 127 mm and a mean bias error (MBE) of 1 
mm when compared with measured irrigation data. Ongoing work will evaluate the applicability of 
OpenET for estimating irrigation events at finer temporal scales. Overall, this study demonstrates the 
potential of publicly available, satellite-derived ET datasets such as OpenET to provide a simple and cost-
effective solution for estimating seasonal irrigation water abstraction to support efficient agricultural 
water resources management – especially in regions such as Ogallala Aquifer. 
 
Keywords: irrigation, water resources management, OpenET, evapotranspiration 
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The Importance of Irrigation Water Use Efficiency in the Economic Modeling of Reduced Water 
Availability - Bridget Guerrero, West Texas A&M University (B. Golden, D. Lambert, L. Lambert, D. 
McCallister)  

The Ogallala Aquifer is experiencing significant impacts from declining saturated thickness. To decelerate 
declines and approach aquifer sustainability, producers must reduce groundwater withdrawal and 
enhance system-level water use efficiency. When groundwater use is restricted, economists often 
estimate the economic impacts associated with the groundwater use restriction. However, there is little 
empirical data to guide economists on what levels of water use reductions are appropriate and what levels 
of system-level water use efficiency is achievable. The objective of this research is to calculate the metrics 
of water use efficiency (WUE) and Water Productivity (WP) to guide the generation of crop production 
functions. These data can be used to set a reasonable upper limit on water use efficiencies under well-
managed production practices which are needed for accurate modeling of the impact of groundwater use 
restrictions. These metrics will be used along with available ET data to develop and improve intertemporal 
groundwater use models to predict policy impacts to the aquifer, producer income, and the regional 
economy. 
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Analyzing the Economic Value of Irrigation to Producers and the Regional Economy - Donna McCallister, 
Texas Tech University (B. Guerrero) 

Agriculture accounts for more than 90% of water use from the Ogallala Aquifer in the Texas High Plains. 
Thus, many water conservation strategies focus on the agricultural sector. At the same time, agriculture 
is an economic driver, especially for rural communities. As water resources from the Ogallala Aquifer 
continue to decline, crop yields will be reduced as production shifts from irrigated agriculture to dryland 
cropping systems or rangeland at the field level (Mitchell-McCallister et al, 2021). The objective of this 
study is to evaluate the economic outcomes of a forced transition out of irrigation into dryland and 
rangeland for the Texas High Plains.  

This analysis will focus on 31 counties in the Texas High Plains. Separate models will be created for District 
1 (Northern High Plains) and District 2 (Southern High Plains). Data for average hydrologic parameters, 
historical crop production, and economic returns will be collected across each region. This data will be 
used to parameterize a dynamic, non-linear optimization model to maximize producer profit over a 50-
year time horizon with the following objective function. 

The optimization model will be used to create a baseline model to represent the status quo, assuming no 
policy changes. After the baseline model is validated scenarios representing varying levels of withdrawal 
restrictions will be analyzed that illustrate policy influence, which will increase the rate of transition out 
of irrigated agriculture and into more dryland crop production and/or rangeland.  

Input-output analysis will be the method used to evaluate the value of irrigation to the regional economy. 
This type of analysis utilizes extensive economic datasets and portrays the economy in terms of a circular 
flow of income between producers and consumers. The income results of the optimization model baseline 
and scenarios will be input into IMPLAN to analyze the economic impacts that would arise due to changes 
in the agricultural production in the region. 
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Session 28: Addressing Water Uncertainty in the Upper Colorado River Basin 
Moderator: Ginger Paige, University of Wyoming 
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Modelling and Measurement of Conserved Consumptive Use as Wyoming Tests Water Saving Measures 
in the Upper Colorado River Basin. - Joseph Cook, University of Wyoming (G. Paige) 
 

As prolonged drought reshapes the Upper Colorado River Basin water budget, the Upper Basin States 
may be required to reduce consumptive use to avoid depletion of natural flows at Lee Ferry and 
maintain compact compliance. A suite of novel approaches is being tested to reduce consumptive use by 
agricultural producers, who hold the majority of senior water rights, including full and partial fallowing, 
crop switching, and irrigation method changes. Wyoming is considering implementing these practices 
through a voluntary payment-for-savings program aimed at reducing consumptive use while maintaining 
agricultural viability. However, quantifying these potential changes in consumptive use is challenging 
due to limited historical data and limited monitoring of these adaptations of long-held practices. We 
have been assessing multiple approaches to understand and quantify these changes at the field and 
reach scales, including bucket-accounting models (RiverWare), process-based modeling using coupled 
surface–subsurface frameworks (MODFLOW+, HYDRUS, MIKE SHE), and remote-sensing–based analyses 
using OpenET eeMETRIC. Where possible, these analyses are compared with field observations to 
evaluate process-level changes resulting from the implementation of these practices. We present 
preliminary findings and an initial assessment of the benefits and limitations of these approaches. 
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Spatial Distribution of Economic Impacts in the Green River Basin - Mahdi Asgari, University of Wyoming 
(R. Coupal, K. Hansen) 
 
The key documents that govern Colorado River operations are set to expire at the end of 2026. Upper 
Colorado River Basin states including Wyoming must devise a plan to balance current water needs, dry 
hydrology, and obligations specified in the 1922 Colorado River Compact. Under the current water law, a 
forced water consumption reduction scheme, i.e., curtailment, is more imminent than ever for the Green 
River Basin. The extent of the curtailment is dictated by future hydrology. As an alternative to curtailment, 
policymakers are suggesting a multi-year voluntary and temporary reduction in water use. Unlike 
curtailment, any voluntary reduction in consumptive water use is compensated. Whether policymakers 
should decide to pursue curtailment or voluntary options to fulfill the Compact obligations, stakeholder 
responses depend in part on the economic impact of each policy. This study quantifies the impact that 
each alternative policy might have on water users at the water district level in the Green River Basin. Our 
focus is on agricultural and urban water users’ choice of conservation strategy under different levels of 
water conservation, climate scenarios, and compensation payments. Using the results from the water 
district level, we then link the outcome of the hydroeconomic model to a regional IMPLAN model to 
estimate the economic impacts in terms of changes in jobs and revenue at the county level. Preliminary 
results indicate that under each policy, different quantities of water will be transferred from senior rights 
holders (generally agricultural users) with relatively low economic water value to junior rights holders 
(generally municipal and industrial users) with relatively high economic water value. Districts that 
predominantly produce flood-irrigated native grass hay are more heavily impacted than those with larger 
acreage of pivot-irrigated alfalfa hay. Also, districts with more senior water rights holders fare better 
under curtailment than more junior districts. 
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Advancing Water Resource Management in the Colorado River Basin with OpenET - Sara Larsen, OpenET, 
Inc. 
 
OpenET is a fully automated system for field-scale (30 m), satellite-based mapping of evapotranspiration 
(ET) at daily, monthly, and annual timesteps. It provides low-latency, near real-time ET data and multi-
year timeseries from October 1999 to the present, most recently expanded to cover the contiguous U.S. 
OpenET enables improved water resource management by delivering open, consistent, and accessible ET 
data for a wide range of applications. From its inception, the OpenET endeavor was developed in close 
partnership with agricultural producers and water resource managers who helped to define user 
requirements and shape system design. This easy-to-use platform, combined with open data/open 
science principles, has supported widespread adoption and use of ET data across sectors. 
 
Applications of OpenET data include ET-based irrigation optimization, the development of field- to basin-
scale water budgets, support for groundwater management programs, and improved monitoring of non-
cropland landscapes. This presentation summarizes how OpenET data are being utilized at field and basin 
scales within the Colorado River Basin, with some specific case studies of data support in the Upper Basin. 
The use cases highlight how open, satellite-based ET data can play a pivotal role in meeting water policy 
objectives and water conservation goals. 
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Session 29: Return to Compliance: Assisting Communities with Technical Managerial and Financial 
Capacity Approaches to Improve Compliance 
Moderator: Heather Himmelberger, Southwest EFC 
 
Panelists: 

• Heather Himmelberger, Southwest EFC 
• Jason Barrett, Mississippi State University / Water Resources Research Institute 
• Tonya Bronleewe, Wichita State University 
• Eric Williams, Mississippi State University 

 
Regulatory compliance is one methodology to keep our communities safe and healthy. When water 
systems (drinking water, wastewater, or stormwater) move out of compliance, the reasons may be 
complex. They can be in any of the capacity areas: technical, managerial, or financial or a combination of 
some or all of them. Especially for small communities, it is difficult to achieve and maintain compliance 
on their own. They often require assistance from a technical assistance provider to help them understand 
the underlying regulations, how they apply to them, why they are out of compliance (all the reasons), and 
what they can do to return to compliance. They may require help all along the way towards compliance. 
Another common issue is mistrust between the water system/community and the regulatory agency. Both 
may feel the other is “out to get them” or purposely evading them. An outside, neutral entity can be an 
important team member to dial down the mistrust, help both sides understand common goals, interpret 
information from both sides to the other, and communicate the importance of timely, open 
communication with the regulatory body.The four speakers have been working together for many years 
in various parts of the country assisting communities in return to compliance. This panel will include a 
short presentation from each of the speakers regarding examples of work with communities to assist with 
the return to compliance, a discussion of the importance of partnerships between TA providers, and the 
benefit of a “mediator” or neutral entity to work between the community and regulatory agency. 
Following the presentations, there will be a panel discussion. Preferably the audience will have questions 
for the panel, but if that does not happen, we will have prepared questions to cover to fill the discussion. 
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Session 30: Water Quality III  
Moderator: Hope Hauptman, UC ANR - CIWR 
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Wastewater-Based Assessment of Chemical Contaminants and Potential Health Risks in Louisiana’s 
Cancer Alley. - Shalina Shahin, Xavier University of Louisiana  
 
Communities in Louisiana Cancer Alley, particularly St. James and Ascension Parishes, experience 
persistent environmental health risks associated with extensive petrochemical industrial activity. 
Although air emissions and ambient pollution in this region have been widely studied, chemical 
contamination in wastewater and drinking-water systems yet understudied exposure pathways remain 
poorly characterized. Emerging evidence indicates the presence of heavy metals, volatile organic 
compounds, per and polyfluoroalkyl substances, and petrochemical byproducts in regional waterways; 
however, systematic evaluation of these contaminants across wastewater treatment stages and their 
implications for potential household-level exposure is limited. This study will employ an integrated, mixed-
methods approach to evaluate wastewater surveillance as an underutilized early-warning system for 
identifying chemical hazards, treatment inefficiencies, and infrastructure vulnerabilities in highly 
industrialized communities. The central hypothesis is that wastewater treatment systems serving Cancer 
Alley parishes exhibit higher cumulative chemical burdens, reduced contaminant removal efficiency 
across treatment stages, and greater system vulnerabilities compared with a lower industrial burden 
reference parish, and that these characteristics correspond with community-reported water concerns and 
population-level health patterns. Aim 1 will conduct a systematic environmental assessment by collecting 
and analyzing 54 wastewater samples over six months from wastewater treatment facilities in St. James 
and Ascension Parishes, with Jefferson Parish serving as a comparative reference site. Samples collected 
at influent, secondary, and effluent stages will be analyzed for heavy metals, VOCs, PFAS, industrial 
byproducts, and microbial indicators to assess contaminant persistence, treatment performance, and 
infrastructure vulnerabilities. Aim 2 will integrate a community-based participatory research framework 
to contextualize environmental findings with community health patterns. Structured surveys 
administered to approximately 60 residents will be integrated with publicly available health data, and 
community stakeholders will co-develop risk communication tools and preliminary mitigation strategies. 
This study will generate an integrated dataset linking wastewater contamination, infrastructure 
performance, and community health indicators in Louisiana’s Cancer Alley, for future research. 
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Microcystin Dynamics from Water to Air: Insights from Preliminary Monitoring Data - Debrabata Sahoo, 
Clemson University (R. Ye, A. Metcalf, S. White, I. Busari, A. Badrudeen, J. Henry, B. Parajuli) 
 
Microcystin, a toxin produced by cyanobacteria in aquatic environments, has deleterious effects on 
ecosystems, livestock, wildlife, pets, and humans. Microcystin production is influenced by various factors, 
including environmental and physicochemical changes, competition among organisms, watershed inputs, 
and atmospheric conditions. Microcystin released from cyanobacteria can move downstream, mix and 
migrate in the water column, and have the potential to be aerosolized. The current study instrumented a 
pond in the low country region of South Carolina and gathered data on microcystin dynamics, water 
quality (e.g., nitrogen, phosphorus, temperature, turbidity, dissolved oxygen), and meteorological 
conditions (air temperature, wind speed) to quantify microcystin dynamics in the sediment, water column, 
and air in contrasting seasons. The study also evaluated the impact of microcystin dynamics on microbial 
diversity. Water samples were collected from the surface, and sediment samples were collected in close 
proximity to the water samples from the top few inches of the sediment compartment. Samples were 
stored on ice and then at 4º C until analyses were completed. Preliminary data suggest differences in 
water quality and microcystin concentrations across distinct seasons. Microbial diversity also varied 
seasonally for bacteria, archaea, and fungi, while little difference in microcystin concentrations was 
observed in the air samples. This pond case study enabled visualization of microcystin dynamics in all 
compartments of an aquatic ecosystem. This case study will aid in developing computational models that 
enhance our understanding of microcystin management.  
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Assessing Spatial and Temporal Dynamics of Harmful Algal Blooms Using Integrated Monitoring Across 
Indiana Reservoirs - Keith Cherkauer, Purdue University (N. Yewle, I. Bradford, N. Van Pham, P. Parande, 
M. Ahrbecker, C. Troy, M. Crawford, Z. Zhou) 
 
Harmful algal blooms (HABs) continue to reduce water quality, harm aquatic ecosystems, and limit 
recreational activities in Midwestern reservoirs, but when and where these blooms occur in inland lakes 
is still not well understood. During the summers of 2024 and 2025, multiple cyanobacterial blooms were 
observed across three Indiana reservoirs Mississinewa Lake, Salamonie Lake, and Lake Shafer with greater 
intensity and persistence generally occurring in upstream regions compared to areas near the dams. This 
study evaluates an integrated monitoring framework for HAB detection and tracking across multiple flow-
regulated reservoirs in the North Central United States. Water samples were collected across the study 
lakes to measure chlorophyll-a, nutrients, and microcystin concentrations, supported by in situ YSI and 
RBR sensor measurements of temperature, pH, dissolved oxygen, and turbidity. These observations were 
integrated with PlanetScope and Sentinel-2 satellite imagery to assess relationships between spectral 
indices and in-lake bloom indicators. Preliminary results show strong correlations between chlorophyll-a 
and microcystin concentrations, indicating that remote sensing can reliably identify bloom-prone regions 
and characterize spatiotemporal variability across lakes. Integrating high-frequency field measurements 
with satellite observations improved early bloom detection and enhanced understanding of seasonal 
bloom drivers. This multi-lake approach provides a transferable framework for improving HAB monitoring, 
management, and forecasting across Indiana and the broader North Central Region. 
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Got Blue-Green Algae? Is it Toxic? – Assessing the Reliability and Accuracy of Rapid Cyanotoxin Test Kits 
- Laura Krueger, Kansas State University (T. Moore, A. Sheshukov) 
 
Excessive growth of cyanobacteria (also called Blue-Green Algae) can lead to Harmful Algal Blooms (HABs) 
that may produce harmful cyanotoxins, posing health risks to humans and animals. Bloom toxicity cannot 
be visually determined. Thus, quick and reliable detection methods are essential for minimizing toxin 
exposure. In Kansas, the Department of Health and Environment (KDHE) operates a complaint-based 
response program that monitors public recreational waterbodies for cyanobacteria and the cyanotoxin 
microcystin. Private waterbodies are not included in the statewide program, leaving HAB monitoring and 
testing up to waterbody owners or managers’ discretion. Conventional cyanotoxin testing involves 
sending water samples to a diagnostic laboratory for analyses such as the Enzyme Linked Immunosorbent 
Assay (ELISA). This process is costly and can take several days, delaying management responses. 
Commercially-available rapid test kits offer potential alternatives, though their application and accuracy 
are not well studied. This study evaluated the reliability and accuracy of two microcystin rapid test kits, 5 
Strands and Eurofins-Abraxis. The variability in rapid kit application was explored, and kit results were 
compared to conventional cyanotoxin ELISA results. Additional 5 Strands test kits were analyzed to 
examine the toxin detection performance and better understand the 5 Strands Toxin or No Toxin result. 
A confusion matrix analysis was utilized by grouping ELISA results into similar Toxin or No Toxin 
classifications by defining various toxin thresholds. At each defined toxin threshold, the performance was 
evaluated comparing the number of samples correctly and incorrectly classified. Overall, the study 
findings demonstrate that rapid test kits are practical tools for field detection of microcystin, offering 
quick qualitative results. However, interpretation can vary with user experience and sample conditions, 
and management decisions may still require conventional laboratory confirmation and quantification of 
toxin levels. 
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Estimating Salinity Fate and Transport in a Highly Managed Agro-Natural Watershed using a Newly 
Developed Salinity Module - Kenneth Laffite, Colorado State University (R. Bailey) 
 
Reduced water availability and rising salinity in agricultural areas pose significant threats to long-term, 
sustainable irrigation and water quality in rivers across the western United States. Irrigation-induced 
salinization has been well documented in heavily irrigated river basins. Therefore, identifying the sources 
of salt ions and their movement is crucial for understanding historical patterns and developing effective 
management strategies. In this study, we constructed a Soil and Water Assessment Tool (SWAT+) 
hydrologic model along with its newly developed salinity module for the Middle South Platte Sterling 
Watershed (MSPSW) (7,725 km2) within the South Platte River Basin of Colorado, USA. The module was 
used to simulate the fate and transport of eight major salt ions (SO4

2-, Cl-, CO3
2-, HCO3

-, Ca2+, Na+, Mg2+, K+) 
in the watershed. The MSPSW primarily comprises agricultural and grassland areas, with a relatively small 
urban footprint. The model runs from 2011 to 2024 and is validated against streamflow, groundwater 
head, and salt ion concentrations along the South Platte River. Expected results include the percentage of 
salt originating from different sources, including salt mineral dissolution, which is often the dominant 
source in highly irrigated areas. The method used in this study can serve as a foundation for future 
applications in highly managed watersheds with similar salinity challenges in the western United States.  
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Session 31: From State Programs to a National Network: Strengthening Household Well Testing Efforts 
Across the U.S. 
Moderator: Nicole Colston, Oklahoma State University 
 
Panelists:  

• Jason Barrett, Mississippi State University / Water Resources Research Institute 
• Joel Pigg, Texas A&M 
• Jeff Sadler, Oklahoma State University 
• Alec Janis, University of Connecticut 
• Jessica Curl, Auburn University 
• Brenna Finley, University of Minnesota 

 
Private well owners represent a large but often overlooked population that depends on unregulated 
groundwater sources. Across the United States, household well testing programs—typically led by land-
grant universities, Extension specialists, and citizen science initiatives—fill this critical gap by promoting 
education, testing, and data collection in rural and peri-urban communities. This panel brings together 
leaders from well testing programs in multiple states to explore both the opportunities and challenges 
that arise when advancing these efforts toward a national scale. Panelists will reflect on program 
partnerships, the pressures of emerging contaminants and emergency response, and the possibilities of 
coordinated data collection to inform policy and practice. By comparing lessons learned across regions, 
the session aims to highlight innovations, identify common barriers, and inspire collaborative strategies 
for strengthening the collective impact of household well testing across the United States. 
 
 



2026 UCOWR/NIWR Annual Water Resources Conference                                                   Session 32 
 

Return to Contents  San Antonio, TX | June 8-10, 2026 

Session 32: Market-based Strategies for Water Management: Bridging Theory and Practice 
Moderator: Ellen Bruno, UC Berkeley 
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The Benefits of Water Trading and Expanded Water Supplies in the Transition to Sustainable Water Use 
for California’s Agriculture - Alvar Escriva Bou, UC Davis (J. Medellín-Azuara, J. Viers, J. Abatzoglou) 
 
California’s agricultural sector—the largest in the United States—generates over $60 billion annually and 
employs more than 420,000 workers. However, agricultural water availability is expected to decline due 
to three converging pressures: (i) implementation of the Sustainable Groundwater Management Act 
(SGMA) to address chronic groundwater overdraft; (ii) requirements to increase environmental flows to 
protect and restore freshwater ecosystems; and (iii) climate change impacts on water supply and 
agricultural demand. Our goal is to assess the socio-economic impacts of declining agricultural water 
availability and the potential benefits of water trading and expanded water supplies, focusing on 
California’s Central Valley, which contains roughly three-quarters of the state’s irrigated acreage. We first 
quantify likely reductions in agricultural water supplies arising from SGMA, environmental flow 
requirements, and climate change by integrating hydrologic water balance models—which capture 
changes at reservoirs and aquifers—with water system models that allocate supplies to agricultural users 
who typically rely on multiple sources. We then use the agricultural production model openAG to estimate 
optimal crop allocations and associated socio-economic outcomes, including crop revenues and 
employment, by maximizing farm profits under alternative water constraints. Finally, we assess how water 
trading and expanded supplies through managed aquifer recharge can mitigate projected impacts on 
agricultural production. Our results indicate that localized water trading within groundwater basins can 
reduce the economic costs of future water shortages significantly. Expanded water supplies further 
attenuate these impacts, particularly when combined with interregional water trading from the 
Sacramento Valley to the San Joaquin Valley. However, the effectiveness of this strategy is currently 
constrained by infrastructure limitations and environmental regulations in the Sacramento–San Joaquin 
Delta. 
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Do Water Markets Drive Ownership Consolidation? Evidence from California’s Mojave Desert - Andrew 
Ayres, University of Nevada, Reno (E. Bruno) 
 
Concerns about ownership consolidation and sectoral reallocation resulting from the privatization and 
trade of water are predominant barriers that inhibit the adoption of water markets. However, systematic 
empirical evaluation of these processes is lacking. We study trends in ownership shares and trading 
behavior in one of the world’s largest and most liquid groundwater markets, located in California’s Mojave 
Desert. Adoption of volumetric property rights allowed for trading to begin in the mid 1990s. Previous 
open-access water use and the initial allocation were both highly unequal, with the top 10% of water 
rights holders extracting more than half of pumpable water. We document that trading in the Mojave 
market over the course of 25 years mildly increased ownership consolidation and that top ownership 
shares were influenced by differential application of pumping ramp-down policies designed to achieve 
long-term sustainability. A few public water supply systems are prominent on the buyer’s side of the 
market, but a test for market power finds no evidence of anti-competitive behavior. While many smaller 
agricultural users sold out of the market completely, we find that they received payouts in line with 
prevailing market prices. 
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The Value of Groundwater Storage: Evidence from California’s Kern Water Bank - Ellen Bruno, UC 
Berkeley (R. Lachhab) 
 
Water banking has gained increasing policy attention as a means to mitigate drought risk and enhance 
long-term water security, yet assessing its economic value remains challenging. We estimate the value of 
groundwater storage with a hedonic analysis of the Kern Water Bank in California, which created spatial 
variation in access to storage based on whether a parcel was located within a participating water district. 
Using a dataset of agricultural land transactions from Kern County, CA and surrounding areas spanning 
1984 to 2021, we find that access to the Kern Water Bank significantly increased land values, with an 
almost 50% rise in the per-acre price of parcels within participating water districts relative to those outside 
following the start of the bank. These findings underscore the substantial economic benefits of water 
banking infrastructure and suggest important implications for water policy in regions facing growing water 
scarcity and climate variability. 
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Can Water Markets Help Mitigate Water Stress in the Colorado River Basin? - Daniel Crespo, Arizona 
State University (A. Dinar, M. Nemati) 
 
At the end of 2026, several cornerstone agreements governing the Colorado River Basin (CRB)—including 
the 2007 Interim Guidelines, the 2019 Drought Contingency Plan, and U.S.–Mexico agreements, are set 
to expire. Their replacements will shape water allocation, economic outcomes, and regional development 
for decades under increasing climate-driven scarcity. Existing allocation rules, rooted in early twentieth-
century hydrology and the doctrine of prior appropriation, are designed to manage shortages but largely 
ignore evolving hydrological realities, long-term system reliability, and economic efficiency. As a result, 
the basin remains locked in a cycle of chronic stress, where conservation and infrastructure investments 
alone may be insufficient under prolonged scarcity. 
 
This paper evaluates whether water markets can help mitigate water stress in the CRB by reallocating 
scarce water to higher-value uses while reducing basin-wide welfare losses. We use the Hydro-Economic 
Model of the Colorado River Basin (HEM-CRB) to simulate a cap-and-trade system under increasing water 
scarcity over a 20-year horizon. The model integrates hydrological processes, institutional allocation rules, 
and economic behavior across irrigated agriculture, urban water use, hydropower production, 
environmental flows, and Tribal water uses. Water allocations are triggered by reservoir conditions at 
Lake Powell and Lake Mead and sequentially distributed across basins, states, and sectors. 
 
We construct five future inflow scenarios based on an ensemble of climate projections to assess economic 
outcomes with and without water trading. Results show that water markets generate substantial 
efficiency gains by reallocating water from low-value agricultural uses to high-value urban uses, 
particularly during severe shortages. Irrigation districts reduce acreage of lower-value crops and sell water 
to urban users, mitigating the disproportionately large economic impacts of urban curtailments. The 
findings suggest that well-designed basin-wide water markets can complement existing allocation rules, 
reduce the economic costs of scarcity, and enhance system resilience under climate change. 
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The Economics of Sustainable Groundwater Recharge across Space and over Time - Leslie Sanchez, UC 
Davis (E. Edwards) 
 
California’s Groundwater Sustainability Agencies (GSAs) face statutory deadlines under the Sustainable 
Groundwater Management Act (SGMA) to set sustainable pumping levels and implement corrective 
policies. In over drafted basins, these include demand management measures such as pumping limits and 
supply-side actions such as managed aquifer recharge. GSAs, however, often lack information on how the 
costs of pumping reductions vary across users and may underestimate hydrologic delays associated with 
recharge. Using the Turlock Groundwater Basin as a case study, we combine data on surface water 
deliveries, remotely sensed evapotranspiration, field-level crop characteristics, and aquifer properties to 
estimate field-level marginal values of groundwater, and calculate per-unit costs of pumping reductions 
and managed recharge based on GSA sustainability targets. First, we use these estimates to analyze 
potential gains from trade in groundwater pumping rights under a simplified aquifer model with 
instantaneous transmission. We then compare these results with outcomes under models that 
incorporate directional groundwater flow and transmission lags. The study aims to quantify heterogeneity 
in groundwater values across pumpers, assess efficiency gains from reallocating pumping rights and 
spatially targeted recharge under simplified hydrologic assumptions, and examine how those gains change 
when realistic aquifer dynamics are taken into account. 
 
  



2026 UCOWR/NIWR Annual Water Resources Conference                                                   Session 32 
 

Return to Contents  San Antonio, TX | June 8-10, 2026 

Can Environmental Water Markets Sustain Utah’s Great Salt Lake? - Sarah Null, Utah State University (G. 
Sancho Juarez, S. Pineda) 
 
Market-based approaches to environmental water allocation are widespread across the American West, 
yet most ecosystems do not have sufficient and reliable flows. This tension is especially visible in Utah, 
where the Great Salt Lake faces long-term lake level decline that threatens its ecological, economic, and 
cultural functions. Current science indicates that sustaining the lake requires roughly 800 thousand 
acre-feet of inflow each year, a benchmark that far exceeds approximately 500 thousand acre-feet of 
water that was dedicated to the lake between 2021 and 2025. This talk synthesizes the co-production of 
knowledge between researchers, decision-makers, water agencies, growers, and ecosystem managers to 
evaluate how environmental water markets can meaningfully contribute to long-term GSL sustainability. 
It examines the volume of non-dedicated water currently reaching the lake, the implications of future 
Bear River dam development, and the additional water market activity that would be required if these 
supplies diminish. Stress-testing the lake under projected climate change and evolving consumptive uses 
suggests that GSL’s water needs are likely to grow, not shrink, in coming decades. These findings 
underscore a central conclusion: without robust, well-designed water markets or comparable reallocation 
mechanisms, Utah will struggle to deliver the sustained environmental flows necessary to preserve the 
Great Salt Lake. 
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Session 33: Hydrology II 
Moderator: Kwabena Opoku, Colorado State University 
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Development of an Integrated Forecast-Based Framework for Streamflow and Soil Moisture Modeling 
to Support Agricultural Water Management - Eniola Olakanmi, Tuskegee University (J. Quansah, R. Doria 
Garcia, S. Fall) 
 
Understanding the spatiotemporal dynamics of water availability is essential for optimizing agricultural 
water use and irrigation management. However, integrating tools that use streamflow forecasts and 
depth-specific moisture data to make data-driven decisions remains limited. The research aims to develop 
a forecast-driven system that integrates two decision support tools: Agricultural Water Risk Indicator 
(AWRI) and the Soil Moisture Insight and Irrigation Scheduling Tool (Soil-MIIST), to enhance agricultural 
water use and management. AWRI utilizes National Water Model (NWM) streamflow forecasts and crop 
sensitivity metrics to assess weekly hydrologic threats to crop productivity. An evaluation of 26 USGS 
streamflow gages across the Alabama Black Belt Region demonstrated strong performance of the NWM 
model, with 20 sites achieving Nash-Sutcliffe Efficiency (NSE) values between 0.75 and 0.86. AWRI 
integrates hydrologic hazard (B1), crop growth-stage sensitivity (B2), and adaptive infrastructure (B3) to 
generate AWRI risk scores, which predict crop sensitivity to future streamflow conditions for 8 to 30 days, 
and recommendations for irrigation and drainage management. Soil-MIIST predicts depth-specific soil 
moisture at 15-30 cm depths using NOAA Global Ensemble Forecast System (GEFS) forecast data, satellite-
derived indices, and in-situ sensor observations. NDMI and MSI were computed from Landsat 8/9 and 
Sentinel-2 imagery, while extracted pixel values at sensor locations were correlated with in-situ soil 
moisture data. Regression analysis showed the satellite-derived indices had the strongest correlations at 
30 cm depth. GEFS forecast layers were downscaled using the XGBoost machine learning algorithm. 
Results show that using dual-depth GEFS inputs (10cm and 40cm layers) enables accurate prediction of all 
four sensor depths, achieving R² values of 0.5-0.7 in site models across depths. Together, these tools 
provide an integrated system for predicting hydrologic threats and estimating spatial moisture dynamics 
to support irrigation and agricultural water management. 
 
Keywords: Water risk assessment, NWM, Streamflow Forecasts, Irrigation Management, Soil Moisture 
Forecasts, Machine learning 
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The Hydrologic Impact of Land Cover on Stormwater Detention Basins in Harris County, Texas - Matthew 
W McBroom, Stephen F Austin State University (A. Castro, J. Stovall, Y. Zhang) 
 
Forest cover can be an important component of managing stormwater runoff in detention basins. Forests 
enhance soil infiltration rates and result in greater amounts of evapotranspiration which can help reduce 
flood peaks, along with being an important component of urban green infrastructure. Detention basins 
were instrumented with soil moisture monitoring and moisture depletion probes in forested and non-
forested basins. Weather stations were also installed to provide estimates of evapotranspiration in 
forested and non-forested areas. Soil infiltration rates were also compared. Differences in canopy 
interception accounted for about 60 cm in annual precipitation. Differences in soil moisture in the growing 
and non-growing season were also evaluated between the forested and non-forested areas, 
demonstrating the importance of forest cover for reducing runoff potential. 
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Tracking Global Reservoir-Based Droughts from Space - Deep Shah, Texas A&M University, College 
Station (H. Gao) 
 
Reservoirs play a central role in regulating water availability and supporting global water, food, and energy 
security. They are critical tools for drought mitigation, yet they themselves are highly vulnerable to water 
shortages, referred to here as reservoir-based droughts (RBD). Despite their importance, global 
assessments of RBD remain limited because in situ reservoir data are often unavailable, particularly in 
transboundary basins, due to monitoring limitations and geopolitical constraints. Satellite remote sensing 
offers a unique and consistent means to monitor reservoirs globally. This abstract comprises three studies 
from my Ph.D. dissertation that introduce global remotely sensed reservoir datasets and investigate RBD 
and associated natural and human drivers. The first study presents a satellite-based Global Water 
Reservoir (GWR) product that estimates reservoir area, elevation, storage, evaporation rate, and 
evaporation loss for 164 large reservoirs worldwide, at 8-day and monthly resolutions. The second study 
introduces an Integrated Reservoir Drought Index (IRDI) that combines reservoir storage and evaporation 
using a Frank copula. Applied to GWR data from 2000–2021, IRDI reveals longer RBD durations in Africa, 
South America, and Australia, and higher intensities in Asia and Africa. Among reservoirs with significant 
declining trends, 71% of RBD are climate-driven, and 29% are primarily influenced by human activities. 
The third study expands the analysis to 1203 global reservoirs using a Landsat-based storage dataset from 
1999–2018. We evaluate drought propagation time, recovery time, and severity to identify reservoirs at 
high risk of water shortages. Nearly 20% of all reservoirs are identified as high risk, with irrigation 
reservoirs representing the highest proportion. Notably, 834 of the 1,203 reservoirs exhibit a linkage 
probability greater than 80% between RBD and upstream Meteorological Droughts (MD), indicating that 
climate is the dominant driver of RBD. Overall, our studies provide valuable observational insights that 
can guide targeted management strategies and contribute to sustainable, long-term water governance. 
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Modeling Sub-Watershed Scale Agro-Hydrological Impacts of Regenerative Agricultural Practices in the 
North Fork Red River Basin, USA - Ali Mirchi, Oklahoma State University (N. Saasan, A. Kaghazchi, S. Alian, 
K. Wagner, S. Ale, A. Wootten) 
 
The semi-arid Southern Great Plains of the United States faces ongoing water scarcity challenges due to 
climate variability and agricultural water demand. Regenerative agricultural practices (RAPs) are a 
potential way to address these challenges and support agricultural production, while offering soil health 
benefits. This study investigates sub-watershed-scale effects of field-tested RAPs, such as no-till and 
winter wheat cover crop in irrigated and dryland cotton systems, using the Agricultural 
Policy/Environmental eXtender (APEX) model. The North Fork Red River Basin will be examined, 
accounting for differences in soils, land use, and slope, and management inputs (e.g., planting, tillage, 
irrigation, and harvest). The APEX model parametrization will be guided by field-scale simulations using 
an Environmental Policy Integrated Climate (EPIC) model calibrated based on data from 12 experimental 
plots near Altus, Oklahoma. APEX model inputs will include soils data from SSURGO, 30-m resolution 
digital elevation model, historical weather, and statistically downscaled future climate data. Sensitivity 
analysis will identify key parameters controlling runoff, evapotranspiration, percolation, and soil water 
storage. Scenario simulations will quantify how RAPs change water-balance components and crop water 
availability across wet, normal, and dry years, supporting sub-watershed-scale water and soil conservation 
planning. 
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Natural and Anthropogenic Controls on Streamflow, Evapotranspiration, and Groundwater Return 
Flows in a Managed Semi-Arid River Basin - Kwabena Opoku, Colorado State University (R. Bailey) 
 
Accurate representation of surface–subsurface interactions is essential for managing water resources in 
highly irrigated, semi-arid river basins, where streamflow, evapotranspiration (ET), and groundwater 
return flows are strongly influenced by both natural processes and human interventions. Key hydrologic 
processes include river diversions to canals, canal seepage, groundwater- and surface-water–based 
irrigation, diversion to and seepage from artificial recharge ponds, soil water dynamics (percolation and 
crop ET), riparian ET, and groundwater–river exchange. While existing watershed models represent 
subsets of these processes, few capture their combined influence on streamflow, ET, and groundwater 
return flows at the basin scale. In this study, we enhance the coupled SWAT+gwflow model to 
comprehensively simulate major hydrologic fluxes in a highly managed irrigated river basin, including 
groundwater–channel exchanges, recharge pond infiltration, canal seepage, and riparian ET. The model is 
applied to the 7,440 km² South Platte–Middle Cherry Creek watershed in Colorado, USA, encompassing 
urban areas of Denver and downstream agricultural regions. Model calibration uses a multi-objective 
approach incorporating groundwater return flow estimates for five river reaches, streamflow 
observations at six gaging stations, and groundwater head data from over 100 monitoring wells, 
implemented using PEST++. A Morris sensitivity analysis is conducted to identify the dominant 
anthropogenic and natural controls on streamflow, ET, recharge, and groundwater–surface water 
exchanges. In addition, scenario simulations are performed to evaluate how changes in hydrologic drivers 
and management practices influence key fluxes across the watershed. Results demonstrate that explicitly 
representing groundwater return flows and ET processes improves model performance and confidence in 
basin-scale water balance estimates. The enhanced modeling framework provides a robust tool for 
diagnosing system behavior and evaluating management, climate, land use, and irrigation scenarios in 
highly managed irrigated basins. 
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Session 34: Human Dimensions 
Moderator: Karen Schlatter, Colorado State University 
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From Source to Body: Disparities in Arsenic Exposure from Texas Water Systems to National 
Biomonitoring - Zachary Kobs, Texas A&M University School of Public Health (T. Roh) 
 
Arsenic is a naturally occurring groundwater contaminant and a recognized human toxicant associated 
with multiple adverse health outcomes. Although regulatory efforts have reduced arsenic levels in 
drinking water, it remains unclear whether these improvements have equitably reduced human exposure. 
This study integrates environmental monitoring data from Texas public water systems (PWS) with national 
biomonitoring data to evaluate temporal trends and disparities in arsenic exposure from source to body. 
Arsenic concentration data from 4,681 residential PWS in Texas from 2007–2023 were obtained from the 
Texas Commission on Environmental Quality. Descriptive statistics, geospatial analyses, and logistic 
regression were used to assess temporal trends and disparities by system size, water source, urbanicity, 
and Social Vulnerability Index (SVI). Separately, urinary inorganic arsenic concentrations among U.S. 
women aged 20–44 years were evaluated using six cycles of the National Health and Nutrition 
Examination Survey (2007–2020). Survey-weighted linear regression estimated adjusted geometric means 
and percent change per cycle, adjusting for sociodemographic, dietary, and behavioral factors, including 
urinary creatinine and serum cotinine. In Texas, arsenic violations declined from 9.04% of PWS in 2007–
2011 to 2.76% in 2020–2023, with mean concentrations decreasing from 3.20 µg/L to 1.75 µg/L. However, 
violations remained concentrated in small, groundwater-reliant, and high-SVI systems, with increasing 
odds in non-metropolitan (OR = 2.15) and high-SVI (OR = 4.82) areas. In NHANES, urinary inorganic arsenic 
declined by approximately 3% per cycle overall, but reductions were smaller among Mexican American 
women and low-income groups. Consumers of arsenic-associated foods exhibited higher levels and slower 
declines, while trends among private well users were variable. Despite regulatory progress, integrated 
environmental and biomonitoring data reveal persistent and widening disparities in arsenic exposure. 
These findings emphasize the need for enhanced surveillance, targeted exposure reduction, and equitable 
policy interventions to address structural determinants of arsenic-related health risk. 
 
  



2026 UCOWR/NIWR Annual Water Resources Conference                                                   Session 34 
 

Return to Contents  San Antonio, TX | June 8-10, 2026 

Finding Common Water Through Immersive Experience  - Lauren Parker, UC Merced (J. Viers) 
 
Water management issues are often approached through scientific or regulatory frameworks, which can 
overlook the fundamentally social, perceptual, and relational nature of our shared challenges. 
Relationships are central to the kind of durable collaboration necessary to address our most complex and 
entrenched problems, and immersive gatherings can provide an opportunity to shift the paradigm of 
professional interaction to facilitate relationship building. The Finding Common Water experience is one 
such gathering that takes professionals outside of boardrooms and into shared landscapes. Through 
facilitated dialogue over a multi-day wilderness experience, individuals from state and federal agencies, 
tribal communities, water districts, agriculture, and nonprofits build trust, empathy, and understanding 
while engaging as people first rather than representatives of institutions. Participants reflect on lived 
experience, share personal narratives, and explore common values, creating space for open conversation 
and mutual learning as they grapple with some of California’s most wicked water resources issues. In this 
presentation, the Finding Common Water program is presented as an example of experiential 
engagement designed to deepen understanding, foster peer learning, build trust-based professional 
networks, and catalyze collaborative action to strengthen water governance and resilience. 
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Public Perceptions of PFAS and Drinking Water Quality across the U.S. - Michael Schramm, Texas Water 
Resources Institute (A. Berthold, A. McCrary, S. DeVilleneuve, K. Palmer, H. Leggette) 
 
Institutional failures, such as those leading to drinking water contamination in Flint, Michigan; Jackson, 
Mississippi; and the Cape Fear River, North Carolina, can contribute to poor perceptions of public water 
providers and municipal drinking water safety. To better understand public perceptions, we conducted a 
national exploratory survey of U.S. residents using online Qualtrics panels in the spring of 2023. First, we 
sought to explore the public’s perceptions of drinking water safety, the public’s trust in the various 
institutions responsible for providing safe drinking water, and the drinking water problems reported and 
most concerned about by the public. Second, we used the panels to explore the public’s awareness and 
level of understanding about PFAS and potential PFAS contamination in drinking water. Finally, we 
explored sources of information that the public relied upon for information about drinking water and its 
safety. This presentation will highlight survey results relevant to institutions involved with quality and 
provision of drinking water. Our findings of low public awareness and understanding of potential drinking 
water contaminants along with mixed levels of trust in the government’s ability to safe guard drinking 
water, reinforce a necessity to build public trust through increased transparency and community building, 
enhancing public communication with shifts in modern media, and collaborating to improve upon public 
education and awareness efforts. 
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Beyond Infrastructure: Linking Multiple-Use Water Services and Experiences with Household Water 
Insecurity in Rural Mali.  - Matt Stellbauer, Texas Water Resources Institute  
 
Over the last decade, the international development community has recognized that rural and peri urban 
households in lower- and middle-income countries use the same sources of water for both domestic and 
productive uses. To accelerate and enable these uses, governments and NGOs introduced the concept of 
multiple-use water services (MUS) because it is seen as having broad implications achieving UN 
Sustainable Development Goals. As a proposed development strategy, MUS takes people's multiple water 
needs as the starting point for planning and investing in new water services or upgrading existing domestic 
or productive systems traditionally designed for single uses. While studies have suggested benefits of 
MUS, such as improved water productivity and economic gains for subsistence farming communities, 
evidence remains context dependent. However, the research community has yet to examine the specific 
influence of MUS on household water insecurity, defined as the inadequate, unreliable, or unaffordable 
access to water necessary for a healthy life.  That is, does MUS reduce experiences with water insecurity 
at the household scale? To address this critical question, the study examined the correlation 
between household water insecurity, measured by the Household Water Insecurity Experiences (HWISE) 
scale, and household use of one water source for both domestic and productive purposes using data from 
a survey of 1,082 households in Mali, West Africa. Results from this study indicate that MUS is not a 
panacea for household water insecurity. The study finds that households practicing MUS year-round 
report significantly lower water insecurity scores than seasonal MUS households, indicating a positive 
association between sustained MUS and water security.  
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21st Century Global Surface Water Security Risks are Exemplified in Texas - Thad Scott, Baylor University 
 
The State of Texas is experiencing unprecedented population growth. Texas grew from approximately 10 
million citizens in 1970 to 30 million today and is expected to reach to approximately 55 million by 2070. 
This growth was made possible in part by tapping underground aquifers with immense water storage. 
These groundwater resources are non-renewable and depleting at an alarming rate, suggesting the need 
to develop greater reliance on renewable surface water resources. However, Texas has an extreme 
climate gradient, and future climate projections suggest that Texas will increasingly experience severe 
heat waves and prolonged droughts with interruptions by extreme rainfall and flooding events. This trend 
will require innovative solutions to improve surface water availability so that we may maximize the 
efficiency of surface water utilization and prevent rapid groundwater depletion. Here I show that a surface 
water security crisis is emerging in Texas due to the intersectionality of its strong climate gradient, water 
resources geography, population growth, and climate change, and offer recommendations for short-term 
and long-term mitigation strategies. Lastly, I show how the emerging Texas surface water crisis can inform 
similar water security issues globally as other localities struggle with efficient use of water resources. 
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Session 35: Using OpenET to Reduce Over-Appropriation of the Ogallala Aquifer II 
Moderator: Kevin Wagner, Oklahoma State University 
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Producer Barriers to Transitioning to Reduced Groundwater Use - Samuel Baumer, Kansas State 
University (M. Sanderson) 
 
The High Plains Ogallala Aquifer, a vital source of potable water for the High Plains, is rapidly depleting in 
the southern portion of the region. The primarily cause of depletion is irrigated agriculture coupled with 
high demand from local intensive livestock operations for water-intensive crops. In order to understand 
the drivers for irrigation-related aquifer depletion and motivations for groundwater conservation, we 
interviewed 37 producers across the southern High Plains region in Texas, Oklahoma, and Kansas. 
Additionally, we interviewed non-operating land owners as well as governmental and nongovernmental 
groundwater conservationists from the same region. The results reveal farmers' perceptions of significant 
factors relating to aquifer depletion and groundwater conservation. 
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SatRAP: A Satellite-Enabled, Producer-Centered Framework for Sustainable Irrigation in the Southern 
High Plains - Susan Metzger, Kansas State University  
 
Groundwater depletion in the Ogallala–High Plains Aquifer presents one of the most significant water 
challenges facing agricultural systems, rural communities, and regional economies in the Southern Great 
Plains. While advances in irrigation technology and remote sensing have improved our ability to measure 
water use, lasting solutions require coordinated attention to socio-economic realities, policy frameworks, 
and education alongside technical innovation. This presentation provides an overview of the USDA-NIFA 
Sustainable Agricultural Systems project, Sustainable Irrigation and Resilience in the Southern High Plains 
(SatRAP), and serves as a framing introduction for a multi-presentation special session. 
 
SatRAP is a multi-state, interdisciplinary partnership across Kansas, Oklahoma, and Texas that integrates 
satellite-based evapotranspiration data from OpenET with ground-based sensing, economic and policy 
analysis, and producer-led education and extension. The project is organized around three interconnected 
aims: (1) understanding the socio-economic and policy conditions shaping producer decision-making as 
groundwater declines; (2) advancing technical approaches to estimate water use, water use efficiency, 
and sustainable pumping levels using OpenET and Q-Stable analyses; and (3) delivering education, 
workforce development, and peer-to-peer learning networks that support practical transitions from fully 
irrigated systems to water-limited production. 
 
This overview will introduce the project’s conceptual framework, study regions, and stakeholder-driven 
design, highlighting how satellite data can be translated into actionable information for producers, water 
managers, and policymakers. Particular emphasis is placed on the role of producer insight, local 
governance structures, and mentoring the next generation of water leaders. Together, the SatRAP 
presentations demonstrate how coupling remotely sensed data with social, economic, and institutional 
systems can support more resilient and sustainable groundwater management in water-limited 
agricultural regions. 
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Evaluation of OpenET's Accuracy in Delineating Agricultural Field Boundaries - Alok Pandit, Oklahoma 
State University (S. Datta, A. Mirchi, S. Alian) 
 
Accurate delineation of agricultural field boundaries is essential for managing agricultural water 
resources efficiently. These boundaries form the framework for integrating satellite-derived 
information, and any inaccuracies can lead to incorrect estimation of field area and errors in irrigation 
planning. Satellite-based platforms such as OpenET provide easy access to field boundary shapefiles, 
however their accuracy is not always reliable, especially in regions with irregular field shapes or different 
types of irrigation systems. In this study, the accuracy of OpenET field boundaries was evaluated 
through comparison with manually digitized reference boundaries created from high-resolution imagery 
in three major irrigated regions of Oklahoma, which have different crops and field geometries. This 
study focuses on measuring spatial differences between OpenET-derived fields and manually digitized 
reference fields, as well as identifying the over-segmented and under-segmented fields in the satellite-
derived field boundary shapefiles. Fields are categorized by different irrigation systems (irrigated and 
non-irrigated) and field shape, including regular, semi-regular, and irregular shapes, to assess the effect 
of field geometry on boundary accuracy. Preliminary results showed that, in one of the regions, OpenET 
identified 52% more fields than were manually digitized. Additionally, 313 manually digitized fields did 
not match with the extracted OpenET field boundaries. These results help to identify general patterns 
and possible sources of boundary errors across different field conditions. Overall, this study provides 
insightful information for researchers and water managers by highlighting the importance of accurate 
field boundaries and supporting better use of publicly available satellite-based platforms for irrigation 
estimation and agricultural water resources management. 

Keywords: irrigation, water resources management, OpenET, boundary 
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OpenET: Supporting Advances in Data-Driven Water Resources Management through Satellite Mapping 
of Evapotranspiration - Lee Johnson, CSU Monterey Bay (F. Melton, A. Purdy, S. Zipper, S. Metzger, D. 
Roth, S. Larsen, A. Kremen, C. Doherty) 
 
OpenET is a fully automated system for field-scale (30 m), satellite-based mapping of evapotranspiration 
(ET) at daily, monthly and annual timesteps (Melton et al., 2022). OpenET currently provides data for the 
contiguous United States (CONUS) and includes low latency, near real-time information and multi-year 
timeseries of ET data. The OpenET team has implemented an ensemble of six satellite-based ET models 
on Google Earth Engine, which provides a shared cloud computing platform for collaboration on 
processing of data from Landsat and other satellites, land cover and meteorological inputs, leading to 
increased consistency and accuracy across the ensemble of models. 
 
We summarize recent work to convert total actual ET data from OpenET into information on consumptive 
use of water applied for irrigation. We also summarize recent comparisons between OpenET data and 
data from flow meters in Kansas (Zipper et al., 2024) and the California Central Valley (Knipper et al., 2024) 
showing good performance of the applied water estimates derived from OpenET. We also highlight key 
applications of OpenET data to support quantification of consumptive use in support of data-driven water 
resources management applications for the Ogallala Aquifer, the Upper Colorado River Basin, the 
California Central Valley, and for the National Water Census (Martin et al., 2025). Collectively, these 
examples demonstrate the potential for mapping of consumptive use of water applied for irrigation at 
national scales. In addition, the rapid adoption and use of OpenET data in support of innovative water 
management practices is facilitating meaningful progress towards more sustainable management of U.S. 
water supplies. 
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Comparing Evapotranspiration in Furrow vs Sub-surface Drip Irrigated Cotton Fields Using OpenET - Alok 
Pandit, Oklahoma State University (S. Datta, S. Taghvaeian, T. Kennedy, R. Bonham, J. Kettner, A. Mirchi, 
S. Alian) 
 
The Lugert–Altus Irrigation District is a vital region for the state of Oklahoma because of its key role in 
irrigated cotton production, which adds $585 million to the economy. Despite its importance, detailed 
and up-to-date information on irrigation system types, field sizes, and crop water use has been lacking. At 
the same time, declining water levels in Lugert–Altus Lake and a gradual shift by the growers from 
traditional furrow irrigation (FI) to more efficient subsurface drip irrigation (SDI) have increased challenges 
for water resources management. To address these limitations, a field survey was conducted to monitor 
physical changes across the district, distinguish irrigated and non-irrigated (NI) fields, record crop 
information, quantify and compare consumptive water use between FI and SDI systems. The OpenET 
platform was used to extract growing season evapotranspiration (ET) and precipitation data for the period 
2016–2024. All agricultural field shapefiles within the irrigation district boundary were manually digitized 
with help from satellite products. The average field size was 72 acres for FI, 91 acres for SDI, and 59 acres 
for NI fields. Results showed noticeable transitions in irrigation types from 2016 to 2025, as FI fields 
declining from 442 to 422 and SDI fields increasing from 133 to 162, indicating a gradual transition toward 
more efficient irrigation systems. Seasonal ET estimated using OpenET’s ensemble model averaged 686 
mm for FI, 688 mm for SDI, and 581 mm for NI, with lower ET in non-irrigated years (2022 to 2024). 
Corresponding crop coefficient (Kc) values for the July-August period averaged 0.70 for both FI and SDI 
and 0.50 NI fields. These findings will be beneficial to state water resource stakeholders, policymakers, 
and producers for future irrigation planning across the district and other similar regions. 
 
Keywords: irrigation, crop water use 
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Groundwater Law Impacts on Conservation Implementation - Amy Hardberger, Texas Tech School of Law 
 
Groundwater resources are declining across the Ogallala Aquifer region.  Agriculture that is critical for the 
nation depends on the long-term sustainability of water resources.  Techology is an important tool for 
farmers to ensure maxiumum efficiency of water use; however, adoption of advanced systems can be 
chilled or even prohibited by local water law and policy. Missing or lax groundwater regulations can 
disincentivize implementation of water saving alternatives, resulting in a tragedy of the commons.  Even 
stringent regulations may not be designed to encourage or reward changes adopted by existing users.  
Evaluation of current regulatory structures the project states including Texas, Oklahoma, and Kansas can 
help identify challenges and opportunities available to ensure that best practices are applied across the 
aquifer. Research includes how rights to groundwater are gained and what, if any, legal obligations for 
conservation and efficiency currently exist in each region.  Current regulations serve as a baseline to assess 
the likelihood of new policy implementation, identify potential variations based on regional regulation or 
special districts, and suggest policy changes and best practices that promote more efficient water use. 
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Session 36: Advancements in Recreational Water Quality Management: Integrating MST and QMRA to 
Inform Decision-Making 
Moderator: Valeria Ruvalcaba, University of Texas Health Science Center at Houston (UTHealth) 
 
Panelists:  

• Terry Gentry, Texas A&M University 
• Lucas Gregory, Texas Water Resources Institute 
• Lucy Flores, Texas General Land Office Coastal Management Program 
• Anna Gitter, University of Texas Health Science Center at Houston (UTHealth) 

 
This session will highlight the current practices and potential advancements in recreational water quality 
management, with a focus on discussing the use of microbial source tracking (MST) and quantitative 
microbial risk assessment (QMRA) to evaluate site-specific water quality conditions. Bacterial impairments 
in recreational waters continue to be a recurrent water quality concern, and improvements in molecular 
source tracking approaches to identify specific fecal sources are only one part of the equation when 
considering health risks for contact recreators. The session will include brief presentations (5-10 minutes 
each) from the panelists regarding their work, followed by a panel discussion to discuss the value of 
looking beyond fecal indicator bacteria concentrations in recreational waters. Talks will include 
recreational water quality management in Texas, the application of MST technologies in water, integrating 
MST-QMRA to reveal source-specific health risks, and beach management practices by the Texas Beach 
Watch program. 
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Session 37: Lightning Talks II 
Moderator: Umar Javed, Texas Water Resources Institute 
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Partnerships -- An Important Agricultural BMP - Kate Zielke, Tarrant Regional Water District  
 
Tarrant Regional Water District partners with rural conservation programs to protect the District's water 
quality and storage capacity. The District provides raw water to a service area of more than 2.5 million 
people. It provides funds to Soil and Water Conservation Districts (SWCDs) in reservoir watersheds. The 
SWCDs operate as landowner-driven, local champions of responsible agricultural practices. They work 
directly with landowners to prevent sediment, nutrients, and bacteria from entering waterways that feed 
TRWD reservoirs. The District also connects SWCDs with local governments to help prevent the 
construction of housing and other structures within the easements of SWCD flood prevention sites. These 
efforts create a mutually beneficial relationship. Funding from the District also supports small, rural 
conservation programs, including nonprofit organizations. These conservation programs are peer-led 
groups, increasing the chance that agricultural producers will implement BMPs already demonstrated in 
their home county and ecoregion. Finally, the District promotes projects that improve water quality and 
quantity by providing funds to the Texas Water Action Collaborative. Additional funding is contributed by 
corporations, creating a form of public-private partnership to protect water resources. The collaborative 
then matches funding to projects that provide quantifiable water benefits – a goal compatible with 
volumetric water benefit accounting. 
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Beyond the Lecture: Using Citizen Science to Build Water Literacy Through Campus Biodiversity - Melissa 
Mullins, Baylor University Center for Reservoir and Aquatic Systems Research (R. Doyle) 
 
Urban campuses contain streams, ponds, wetlands, and riparian corridors that quietly shape local water 
quality and ecological health. Yet these systems are often invisible in undergraduate education. To 
connect students with campus natural resources while generating usable ecological data, we developed 
a citizen science model centered on the Baylor Biodiversity Project, a semester-long iNaturalist bioblitz 
embedded in introductory biology and ecology courses. 
 
Students contribute weekly observations of organisms living on and moving through campus, including 
taxa closely tied to aquatic and riparian systems. iNaturalist data can be filtered for water-associated 
species and locations to produce a growing, place-based dataset that reveals patterns in urban watershed 
biodiversity, seasonal activity, and species richness. After eight semesters, the project has generated more 
than 13,000 observations and expanded from introductory courses into upper-level ecology. 
 
Students analyze these data in research-style posters, typically beginning with broad campus biodiversity 
patterns. Filtering observations for water-associated taxa could create a natural on-ramp to questions 
about streams, ponds, and riparian corridors, such as invasive species near waterways or seasonal signals 
in aquatic-adjacent organisms. In parallel, we evaluate educational outcomes, including observation 
quality relative to the broader iNaturalist community, continued platform use beyond the course, and 
early gains in students’ connection to nature using the Connectedness to Nature Scale. 
 
This work positions citizen science as a scalable, low-cost tool for water education in large lecture settings. 
While this talk centers on undergraduate implementation, the same framework now underpins a newly 
relaunched river science club for 9–11-year-olds, illustrating how community science can support water 
engagement across age groups. By positioning learners as contributors to local ecological data, we 
cultivate water literacy, stewardship, and responsibility for the systems that sustain their campus and 
community. 
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Know Your Well: Nebraska’s Classroom-based Participatory Science Program for Well Water Quality - 
Sara Brock-Contreras, University of Nebraska-Lincoln (D. Snow) 
 
Private-domestic wells are among the most vulnerable to contamination due to absent or irregular water 
testing, the high costs associated with treatment, and frequent ineligibility of individual well owners for 
financial assistance programs. Nebraska well owners report feelings of concern about contaminated 
drinking water, but fewer than 30% have ever tested their well water despite federal recommendations 
to test once per year. The most common reasons well owners give for not testing include lack of time, 
forgetfulness, and cost. Know Your Well, a Nebraska-based youth participatory science program, provides 
training and materials for high school teachers and students to sample, test, and evaluate contamination 
of domestic wells. Well owners feel more comfortable welcoming individuals from their own community 
onto their property and are more likely to trust and value the information they provide. Required in-class 
participation of the students promotes representation and reduces demographic biases common among 
participatory science projects. Additionally, it ensures that all students have a chance to practice hands-
on science learning. Standards-based curriculum, developed by Know Your Well program teachers, is 
available for free online and reduces the challenge of fitting field science into short school periods. 
Laboratory results from replicate samples show nitrate concentrations in over one-quarter of the sampled 
domestic wells were significantly higher than safe levels for drinking water, and many wells have 
concentrations of geogenic arsenic, manganese, and uranium above drinking water standards. Addressing 
this gap in domestic well water quality monitoring through an inclusive socio-hydrologic approach 
encourages openness in knowledge communication and opportunities for increased capacity in 
monitoring and STEM education. 
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The Role of Irrigation Infrastructure in Groundwater Protection - W. Adam Sigler, Montana State 
University (M. Robinson, S. Church, W. Londsdale, R. Gordon, H. Afolabi, A. Sapkota, D. Ketchum, K. Jencso, 
S. Ewing) 
 
Snowmelt in the western US is shifting earlier, widening the gap between peak water availability (May-
June) and peak agricultural water demand (July-August), making water storage more important than ever 
for late summer use. At the same time, modernization of irrigation infrastructure to increase water use 
efficiency along with displacement of agricultural land by residential development are reducing 
groundwater recharge and diminishing groundwater storage that diverse water users have come to rely 
on. Groundwater outcomes from irrigation infrastructure and land use changes at the landscape scale are 
poorly understood with regard to quantity, but also with regard to implications for groundwater quality. 
Interest in these topics has skyrocketed in Montana in recent years, not only with university researchers 
but also with irrigators, local conservation groups, and state agencies. Our preliminary results indicate 
that irrigated fields in annual cultivation produce the lowest quality recharge water, while perennially 
vegetated fields produce intermediate quality, and seepage from irrigation conveyances (canals and 
ditches) produce the highest quality groundwater recharge. The quantity of recharge from each of these 
land uses is a function of irrigation efficiency, soil and geologic conditions, and spatial extent. This 
presentation will assess implications for ongoing observations and management of critical groundwater 
resources in Montana with changing land use and a changing climate.  
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Evaluating Environmental Performance of Alternative Dairy Production Systems using a Rainfall 
Simulator. - Dennis Busch, UWP  
 
The UW-Platteville Agroecosystems Research Program has just completed year 3 of an 8-year Dairy Soil 
and Water Regeneration research project at Pioneer Farm. The project is being led by Dairy Management 
Incorporated and the Soil Health Institute and includes multiple research institutions, such as USDA’s 
Agriculture Research Service and seven university research partners located across the major dairy 
producing areas of the United States. At Pioneer Farm we are evaluating three dairy-focused crop 
production systems. The production systems include Soil Health Management System where corn silage 
crop is fertilized using a surface broadcast flocculated solids manure product, supplemental nitrogen is 
applied according to soil N test, and cover crops established immediately after harvest. The second 
production system is referred to as Business as Usual and in this system the corn silage crop is fertilized 
with fall-injected liquid dairy manure, supplementary N needs are met by a spring urea application 
followed by disk incorporation, and no cover crops are planted. The third system is Managed intensive 
Grazing where our forage-legume-forbs mix pastures are grazed by bred heifers or dry cows for 2-3 days 
and then rested to allow for allow for sufficient re-growth before the next grazing event. Monitoring 
conducted as part of this research project at UW-Platteville includes surface-water runoff quality and 
quantity, vadose zone leachate, groundwater quality, greenhouse gas emissions and soil health metrics. 
Our presentation will discuss preliminary rainfall simulation data collected in 2024, 2025, and 2026 
growing season. The rainfall simulator is design to produce a rainfall event of 2.75 inches per hour with 
rain droplets similar in size and energy to a natural rainfall event. The simulations are conducted on small 
plots for two consecutive days. In this project we conducted four simulated rainfall events on each of the 
three crop production systems. 
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Modeling Streamflow and Water Balance Components in the Upper Colorado River Basin Watersheds 
using SWAT+ - Ali Akram Niazi, Texas A&M University (J. Jeong) 
 
The Colorado River Basin (CRB) plays a major role in supplying water to the western United States. The 
basin is under increasing stress from over-allocation of water resources, imbalances between water 
supply and demand, and prolonged drought conditions, which have reduced overall water availability. The 
Majority of the Colorado River’s natural streamflow originates in the Upper Colorado River Basin (UCRB), 
spanning portions of Colorado, Wyoming, Utah, and New Mexico, and its hydrology is dominated by snow 
accumulation and spring snowmelt. In this study, a semi-distributed hydrological model, the Soil and 
Water Assessment Tool Plus (SWAT+), is used to simulate hydrologic processes across watershed and 
basin scales. SWAT+ performed streamflow simulations and estimation of water balance components in 
four UCRB watersheds, including the White, Gunnison, Dolores, and Animas, using observed climate data 
from 1990 to 2024. Sensitivity analysis was conducted using the Sobol algorithm in the SWAT+ Toolbox to 
identify parameters that significantly affect streamflow. Multi-site calibration was performed using the 
Dynamically Dimensioned Search (DDS) algorithm, based on observed streamflow at gauging stations 
distributed across the basin. The model’s performance was evaluated using statistical metrics, including 
the Nash-Sutcliffe Efficiency (NSE) and the coefficient of determination (R2). The results show satisfactory 
model performance relative to observed flows, enabling reliable analysis of streamflow patterns and 
watershed-scale water balance components. SWAT+ water balance results indicate that 
evapotranspiration dominates basin hydrology, followed by surface runoff, with percolation, groundwater 
return flow, and other subsurface fluxes remaining relatively limited. The calibrated SWAT+ model and 
analysis will be extended to assess hydrologic responses to land-cover changes and future climate 
scenarios.  
 
  



2026 UCOWR/NIWR Annual Water Resources Conference                                                   Session 38 
 

Return to Contents  San Antonio, TX | June 8-10, 2026 

Session 38: Economics 
Moderator: Gertrude Dotse Bampoe, University of Arkansas 
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Spatiotemporal Trade-offs in Streamflow Augmentation for Salmonid Recovery - Jacob Gifford, 
Washington State University (J. Yoder) 
 
In the Columbia River Basin, irrigation has been prioritized over instream flows, contributing to habitat 
degradation and declines in Endangered Species Act listed salmon and steelhead populations. Leasing 
agricultural water rights through regulated deficit irrigation (RDI) has emerged as a tool for short-term 
flow restoration to support these fish during spawning and rearing periods. Yet it remains unclear how 
limited conservation funds should be spent across space and time to support salmon recovery, while 
limiting agricultural yield losses with these leases. Previous models of streamflow allocation have relied 
on ecologically based flow criteria or static fish productivity to determine optimal flows. However, the 
efficiency of these approaches has remained unclear given non-zero dynamic acquisition costs and high 
seasonal variability in ecological processes. To address this gap, we develop an empirically parameterized, 
basin-scale model that combines weekly, reach-specific flow–fish capacity relationships with agricultural 
deficit irrigation costs derived from yield reduction responses. Applying the model to Washington State’s 
Wenatchee River, we compare welfare outcomes from three acquisition strategies: (1) flows dynamically 
selected to maximize biological processes, (2) flows that balance ecological benefits, agricultural yield 
losses, and (3) flows chosen under static ecological productivity. Results indicate that efficient instream 
flow levels are spatially and temporally heterogeneous and sensitive to willingness to pay (WTP) for 
salmon abundance. When WTP is low, efficient environmental flow levels are substantially lower than bio-
maximizing targets. As WTP increases, these biological acquisition targets can reasonably approximate 
efficiency during key ecological periods. Optimal acquisition timing closely aligns with critical salmon and 
steelhead life stages. We demonstrate that static allocation models smooth over important within-season 
processes in salmon and steelhead populations, causing overspending in less productive periods and 
underspending when ecological returns matter most. For water acquisition programs, dynamic efficiency-
based RDI leasing strategies most effectively allocate scarce conservation funds. 
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From Fields to Flyways: Public Willingness to Pay for Migratory Bird Habitat Restoration in California - 
Roshan Puri, University of California, Davis (L. Levers) 
 
California's Sustainable Groundwater Management Act (SGMA) is reshaping agricultural production 
across the Central Valley by requiring groundwater basins to achieve long-term sustainability. As pumping 
constraints tighten, hundreds of thousands of acres of irrigated farmland are expected to be permanently 
or semi-permanently taken out of production. This large-scale land transition creates a critical policy 
question: how should retired agricultural lands be repurposed to generate long-term public benefits 
under binding water constraints? One potential use is permanent habitat restoration for migratory birds 
along the Pacific Flyway. The Central Valley is one of the most important migratory corridors in North 
America, yet decades of wetland and dryland conversion have substantially reduced habitat availability 
and contributed to persistent declines in bird populations. Despite growing policy interest in habitat 
restoration on retired farmland, there is limited empirical evidence on the economic value placed on 
migratory bird habitat or whether public support is sufficient to justify conservation-oriented land 
repurposing under SGMA. This study examines public support for repurposing SGMA-retired farmland into 
permanent migratory bird habitat using a contingent valuation survey of California residents. The analysis 
focuses on two policy-relevant restoration strategies: permanent wetland and permanent dryland. These 
alternatives differ in water requirements, ecological functions, and the bird communities they support, 
making them especially relevant in landscapes constrained by groundwater sustainability mandates. Our 
result shows substantial public support for migratory bird habitat restoration on SGMA-retired lands, with 
mean one-time willingness to pay (WTP) of approximately $70 per household for wetland restoration and 
$62 for dryland restoration that remain robust across model specifications. These findings provide 
evidence of public demand for permanent habitat restoration as one potential use of SGMA-retired 
farmland. The WTP estimates offer benchmark values for assessing the feasibility of conservation 
financing mechanisms as agricultural landscapes transition under long-term water constraints in 
California's Central Valley. 
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The Economic Impact of the Dairy Industry in the Southern Ogallala Aquifer Region - Andrew Wright, 
Texas A&M University (C. Williams, B. Guerrero, B. Golden) 
 
Confined animal feeding operations (CAFOs) play a crucial role in the economies of the Southern Ogallala 
Aquifer Region of the United States. The objective of this study is to analyze the impact of dairy operations 
on the Ogallala Aquifer and to conduct a regional economic analysis to determine how CAFOs contribute 
to the region. Inventory data were obtained from the USDA National Agricultural Statistics Service (NASS), 
the Census of Agriculture, and Federal Milk Marketing Orders and refined by livestock experts. Direct 
water use was calculated using inventory data and water use per head per day from the Texas Water 
Development Board’s Region A Water Plan. Indirect water use was estimated by multiplying the required 
crop acreage to produce feed rations by the irrigation applied per acre. IMPLAN was used to examine the 
economic activity of sectors related to dairy operations, including direct, indirect, and induced impacts on 
employment, value added, and economic output across various sectors of the economy. The results of 
this study are relevant and applicable as CAFO development continues to flourish in conjunction with 
declines in water levels in the Ogallala Aquifer. 
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Public Works for Public Health: Local Stimulus Effects of Clean Water Act Construction Grants - Taewon 
Hwang, Texas A&M University  
 
The Clean Water Act (CWA) is a landmark—yet widely debated—environmental policy: a large literature 
documents substantial reductions in surface-water pollution after 1972, but these improvements came 
with major fiscal costs, as the municipal wastewater treatment construction grants program delivered 
over $90 billion (nominal) in federal assistance to build and upgrade treatment facilities. Existing work has 
focused primarily on environmental outcomes and, when monetizing benefits, often emphasizes amenity 
channels such as housing-value responses; far less is known about whether these federally financed public 
works generated meaningful local economic stimulus in recipient places. This paper estimates the short- 
to medium-run local macroeconomic effects of CWA construction grants. I construct a forward-looking, 
present-discounted-value measure of shocks to expected state-level grant funding using legislative and 
appropriations information that shifts the path of anticipated federal support, and relate these shocks to 
state-level outcomes. At a more granular county level, I leverage staggered grant receipt to estimate 
dynamic difference-in-differences/event-study effects comparing grant-receiving counties to appropriate 
control counties (never-treated or not-yet-treated) under standard parallel-trends assumptions. I find 
consistent evidence that grant receipt increases local employment and personal income per capita, with 
effects concentrated in construction-related activity, consistent with the program’s project-based 
implementation and multi-year build-out. While longer-horizon estimates become less precise, the overall 
pattern indicates that the CWA’s benefits may include an additional, policy-relevant channel beyond 
water quality: local demand-side stimulus from large-scale federal environmental infrastructure 
investment. These results imply that debates over the CWA’s net benefits should incorporate not only 
pollution reductions and amenity gains, but also the local economic activity generated by construction 
grants, particularly when infrastructure spending is used as a tool for regional stabilization and 
development. 
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Upstream Advantage: The Economic Value of Water Security Under Riparian Rights in Eastern U.S. 
Agriculture - Nawon Kang, Texas A&M University (M. Rouhi Rad) 
 
We examine how riparian water rights shape agricultural vulnerability to drought in the Eastern United 
States. Under riparian doctrine, water entitlements are usufructuary, tied to riparian land, and governed 
by a “reasonable use” standard with correlative sharing when scarcity binds. Historically, abundant 
precipitation limited conflict and reduced the empirical salience of allocation rules. Yet rising withdrawals 
driven by population growth, urban expansion, and expanding irrigation in parts of the humid East, 
together with increasing hydroclimatic variability, make drought periods more likely to trigger binding 
constraints and contested use. This paper provides the first systematic evidence on whether riparian 
institutions generate heterogeneous drought impacts within shared watersheds. We compile a county-
year panel for the Eastern U.S. from 1950 to 2022 that combines agricultural outcomes for major crops, 
with a focus on corn and soybeans, drought indicators capturing scarcity episodes, and hydrologic network 
measures that proxy for exposure to upstream withdrawals under riparian systems. Our empirical design 
estimates how drought effects vary with institutional features of riparian allocation, including shared 
entitlements, limited transferability, and the scope for de facto priority when flows are constrained, while 
controlling for time-invariant county characteristics, common shocks, and detailed soil and climate 
covariates. We find that drought-driven declines in crop sales and in corn and soybean yields are 
significantly larger in more downstream counties, consistent with correlative sharing translating into 
unequal exposure when scarcity binds. We further show that this downstream disadvantage depends on 
local irrigation capacity. Together, the results indicate that riparian institutions can generate meaningful 
distributional consequences during drought even without formal priority rules, and that irrigation 
infrastructure mediates how water scarcity translates into agricultural losses.  
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Session 39: Urban Stormwater Ponds - Building and Contributing to a Research and Extension Program 
to Address the Growing Needs of One of the Most Frequently Used Management Practices 
Facilitator: John Bilotta, UofMN Water Resources Center 
 
Meeting the needs of urban stormwater management requires current research, effective education and 
training, sustainable financial resources, a coalition of expertise, and a cooperative partnership of public 
and private individuals and organizations. The Minnesota Stormwater Research Council was created for 
this purpose. Established in 2016 by the University of Minnesota Water Resources Center, the council has 
invested more than $7M across 46 research projects with about half of those focusing on stormwater 
ponds. Ponds are one of the most frequently used practices, yet little is known about their true 
effectiveness, operation efficiencies, management needs, and innovations needed to meet today and 
tomorrow's runoff needs. Focusing on this specific stormwater practice, this session will highlight and 
discuss the importance of building the body of science, a synopsis research completed and ongoing, how 
the efforts of research and technology transfer (Extension Education) are intertwined and performed in 
unison, and how the Council accomplishes this all administratively. 
In addition, this session will also be participatory in nature providing an opportunity for participants to 
contribute to the conversation. We will invite and moderate time to crowdsource from those in the room 
what else is happening across the country, where people are finding successes, and help us discover ideas 
as we continue to build our SWP program. 

• Researchers interested in the specific topic of urban stormwater ponds walk away with an 
increased knowledge of the recent discoveries and the science in      development. 

• Staff from water centers from across the country acquire new ideas of how to      strengthen or 
build the research-extension-administration approaches. 

• Participants see the value and walk away with new ideas to enhance public-private      partnerships 
to meet opportunities and challenges in water resources.  

• Identify potential future collaborations in pond research and extension. 
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Session 40: Watershed Management and Planning 
Moderator: Allen Berthold, Texas A&M AgriLife, Texas Water Resources Institute 
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Securing Texas’s Water Future: Exploring Alternative Water Sources through State Planning - Allen 
Berthold, Texas A&M AgriLife, Texas Water Resources Institute  
 
Texas relies on a diverse array of water sources, including surface water from rivers and reservoirs, 
groundwater from aquifers, and limited use of reclaimed water. With a rapidly growing population and 
increasing demands, ensuring a sustainable water supply has become a top priority. The Texas Water 
Development Board leads the state’s water planning efforts through a bottom-up, regionally driven 
process conducted every five years. Sixteen regional water planning groups identify current and projected 
water needs and propose strategies to address shortages through 50-year Regional Water Plans, which 
are compiled into the State Water Plan. To meet future water demands—especially under the stress of 
population growth and weather variability—Texas is exploring and investing in a range of alternative 
water sources. Key strategies include expanded reuse of wastewater (direct and indirect potable reuse), 
desalination of both brackish groundwater and seawater, aquifer storage and recovery, and enhanced 
conservation efforts. These alternatives are considered critical to supplement traditional sources, reduce 
reliance on overdrawn aquifers, and increase drought resilience. This presentation will focus on these 
alternative water sources and their role in securing Texas’s future water supply through the state’s 
comprehensive and adaptive water planning process. 
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Mapping Concentrated Animal Feeding Operations (CAFOs) Using Remote Sensing and Deep Learning  - 
Sadeem Aloqaili, New Mexico State University (H. Geli) 
 
Concentrated animal feeding operations (CAFOs) play a significant role in agricultural water consumption 
and nutrient loading; however, information on their spatial distribution and operational intensity remains 
poorly documented at both regional and national scales. Accurate and up-to-date mapping of CAFO 
locations is critical for assessing their impact on water resources and for effectively managing associated 
environmental risks and public health concerns. This study presents a remote sensing–based approach for 
identifying and mapping CAFOs across large geographic areas using high-resolution imagery and deep 
learning techniques. Using National Agriculture Imagery Program (NAIP) data, we developed a pixel-level 
segmentation model based on convolutional neural networks to detect CAFO structures. The model 
employs a U-Net–style architecture trained on manually validated facility footprints, with ongoing 
development toward multi-class classification of poultry, dairy, beef, and swine operations. Through 
systematic hyperparameter optimization, we determined optimal training configurations to address class 
imbalance, learning rate, and loss function weighting. Model performance was assessed using standard 
classification metrics, including precision, recall, and F-score, demonstrating strong performance in 
detecting CAFOs across diverse landscapes in the United States. This approach provides a framework for 
large-scale mapping of CAFOs and can be integrated with hydrologic and water-use models to estimate 
agricultural water demand and evaluate potential environmental impacts. Improved spatial 
representation of CAFOs supports more informed water resource planning, environmental monitoring.  
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Can Grazing be a Way to Offset the Cost of Cover Crops in the Southern Great Plains of Texas and 
Oklahoma? - Gabriela Suchiapa Magdaleno, Texas Water Resource Institute_Texas Water Resource 
Institute (A. Berthold, A. McCrary, E. Rhodes, M. Oyugi) 
 
Cover crops are widely promoted for soil health and water-related outcomes, including enhanced 
infiltration, reduced erosion, and water quality. However, adoption remains limited in semi-arid regions 
like the Southern Great Plains of Texas and Oklahoma due to high establishment costs and concerns over 
soil moisture availability. Integrating livestock grazing into cover crop systems may provide a viable 
economic mechanism to offset costs while sustaining conservation benefits. This study examined 
producers’ and non-producers’ perceptions of grazing cover crops as a cost-offset strategy and evaluated 
whether economic motivations differ between these groups. Surveys were mailed to a random sample of 
3,000 agricultural producers across 81 counties in Texas and Oklahoma. Data were collected during spring 
2025, yielding 571 returned surveys, of which 171 were usable for analysis (± 7.3% margin of error at the 
95% confidence level). Survey items examined cover crop adoption, primary reasons for grazing cover 
crops, income motivation, and perceptions of cost-offset through grazing. Statistical analyses included 
Fisher’s Exact Tests, Chi-square tests, and Wilcoxon Rank-sum tests. Results indicated that among 
producers, cover crop adoption was significantly associated with income motivation (p < 0.05) and beliefs 
that grazing can offset cover crops costs (p < 0.01). Producers who actively grazed cover crops for revenue 
were significantly more likely to perceive grazing as a cost-offset strategy than those who did not graze (p 
< 0.05). In contrast, non-producers exhibited no statistically significant relationship between economic 
perceptions and cover crop behavior. Comparisons between groups showed that producers were 
significantly more likely than non-producers to report income motivation for grazing (p = 0.046) and to 
believe grazing offsets cover crop costs (p = 0.0115). These findings highlight grazing as a strategy to 
reduce economic barriers to cover crop adoption while supporting soil health and water conservation in 
semi-arid agroecosystems.  
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Introducing Texas Water Network Explorer (TWNet) Tool - Reyna Loosmore, Sam Houston State 
University Institute for Homeland Security (N. Jones, C. Callaghan, K. Morgan) 
 
This paper introduces the Texas Water Network Explorer (TWNet), a visualization and analytical tool 
developed by the Institute for Homeland Security at Sam Houston State University. TWNet is a freely 
accessible online tool that visualizes connections between water sources and systems as simple networks, 
enabling engagement with water data to support policymakers and Texas citizens as they try to 
understand the complexity of water interactions among different entities across Texas. 
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Campuswide Water Audit, Fort Hays State University, Hays, KS - Satya Sinha, Fort Hays State University  
 
A campuswide water audit was conducted voluntarily at Fort Hays State University, Hays, KS to determine 
the overall water consumption on campus, identify areas where water is used inefficiently, develop 
strategies for reducing excessive water usage, and find ways to improve water usage.  The audit involved 
a total of 47 buildings, both on and off campus.  The water consumption data was reviewed for the past 
three years (FY2023 – FY2025) and the water consumption for academic, administrative, residential 
buildings, and the irrigation system was evaluated. Results of an irrigation system audit conducted 
independently by the City of Hays over three areas were also reviewed as part of the overall audit. The 
City of Hays supplies water to the campus, and four irrigation wells, located on campus, supply water for 
irrigation in the campus quad. This audit showed that landscaping and irrigation are the principal users of 
water on campus. The audit also showed that the per capita water consumption on campus is lower than 
the national average. Although several buildings/facilities have water efficient washroom fixtures, a few 
older facilities still carry the old, inefficient fixtures. The irrigation system audit found that the distribution 
uniformity is not within ideal conditions, but manageable, at two of the three areas audited, and water is 
applied at a rate that is absorbed by soil in a timely manner. Replacing the old washroom fixtures with the 
low-flow, water efficient fixtures is the first step in conserving water. A proposal was submitted and 
approved for improving the irrigation system in phases, and the first phase is currently underway.  
Additionally, meters/submeters should be installed and the old ones replaced. Finally, the impact of 
water-saving initiatives should be monitored and evaluated.   
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Session 41: Education and Public Perception 
Moderator: Michael Schramm, Texas Water Resources Institute 
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Cultivating Collaborative Water Leaders: Lessons from the Climate Adaptation Science Academy - Jack 
Severson, UC Merced  
 
At a critical juncture for water systems and society, there is a growing need for thoughtful and 
collaborative water leadership. Experiential learning programs present a unique opportunity for students 
to engage with scientists, resource managers, community members, mentors, and one another, providing 
an impactful model for cultivating future water leaders across watersheds globally. Reflecting on one such 
program, the Climate Adaptation Science Academy Experiential Learning Expedition (CASA ELE), we 
identify four key elements central to program success: trust, immersive and place-based learning, circular 
mentorship, and equitable access. Building on a culture of respect and understanding, CASA ELE 
encourages students to engage with one another both academically and personally, challenging the 
traditionally siloed nature of water research. Participants are able to contribute to the group’s collective 
knowledge by engaging in complementary site visits, structured dialogue, and responding to the 
experience in the form of a collaborative product. Over the course of this week-long field-based learning 
program, students develop analytical kills and a strong network of colleagues ranging from early-career 
to expert-level professionals spanning a variety of disciplines in the water sector. These program qualities 
foster systems-level thinking and collaborative problem-solving, both skills that are foundational in 
modern interdisciplinary professions. 
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How Does Behavioral Interventions Influence Outdoor Water Use Efficiency: A Case Study in College 
Station, TX - Jennifer Nations, City of College Station (A. Lewis, P. Khedun, R. Kaiser) 
 
Water waste is an unwarranted burden on utilities. In the Southwest United States, up to 60% of domestic 
water consumption is for outdoor use, of which about 50% of the water used for lawn and landscape 
irrigation is wasted. Some utilities are relying on price, penalties, and mandates as instruments for 
curtailing waste whereas others favor educational campaigns and targeted interventions. These include 
personalized information, hosting educational seminars, conducting water audits, or creating nudge 
messaging services to encourage conservation-oriented behaviors and use water more efficiently. In this 
study, we examine the individual and combined impacts of four behavioral interventions on single-family 
residential outdoor water use in College Station, Texas for the period 2015 to 2020. The interventions 
include (1) personalized feedback letters comparing outdoor use to a landscape water budget, (2) 
community seminars on irrigation practices, (3) home sprinkler system evaluations, (4) and a weekly email 
messaging service providing lawn watering recommendations based on evapotranspiration and observed 
rainfall at the neighborhood-level. We evaluated the impact of these measures on landscape irrigation 
efficiency for 3,900 residences against over the prior decade of water billing water consumption data and 
landscape water budgets. Results varied by intervention and how efficiently households watered before 
the intervention. Households overwatering excessively pre-intervention showed the most significant 
reductions in over-irrigation and longest them the longest, while those moderately overwatering before 
the intervention showed improvement for one year post-intervention before regressing to pre-
intervention levels. However, households watering efficiently before the intervention showed an increase 
in over-irrigation. These findings suggest that intervention programs are an effective strategy for 
improving outdoor water use but require continuous engagement and efforts to target those who are 
most inefficient in their landscape watering behaviors. 
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Enhancing Safety and Awareness Among Outdoor Recreationists on the Buffalo River Blue Way, Perry 
County, Tennessee - Amanda Mathenia, University of Tennessee Extension  
 
The Buffalo River flows 125 miles through Middle Tennessee, the longest impounded river in the region. 
It is the largest tributary to the Duck River and is one of the most diverse aquatic habitats in all of North 
America. The 42.5 miles of the Buffalo River in Perry County supports an abundance of tourism in boating, 
fishing, kayaking, and tubing. Before 2024, the Buffalo lacked one of the most important parts of tourism, 
and that was signage. There were no mile markers nor bridge markers anywhere on the river. If an 
emergency arose, recreationalists would not know how to specify the location or direct emergency 
personnel. In 2024, a grant was secured from the Tennessee Department of Economic and Community 
Development to increase water safety and enhance the tourism experience by providing information 
about where they are located along the waterway. The grant supported 12x12 inch signs to mark each 
42.5 miles, 4x3 feet signage at each of the 13 bridges, and two informational kiosks with maps of the 
Buffalo at public launch sites. This project has led to increased safety on the river. By decreasing the 
response times, it has directly impacted and lessened the time, wages, volunteer time, supplies, 
equipment needed to perform river rescues. The project has greatly enhanced existing tourism 
opportunities along the B, thereby increasing our sales tax revenue and hotel/motel tax. It has also helped 
to generate new opportunities for eco-tourism employment, such as outfitters, fishing guides, etc. One 
new kayaking outfitter has opened in Perry County, another kayaking outfitter has expanded their options 
to also offer night floats, and efforts are underway in an adjacent county to obtain signage for their portion 
of the Buffalo River in their county.   
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Workforce Development for the Future of Sustainable Water Management - Karen Schlatter, Colorado 
State University  
 
Approximately one-third of the water workforce is expected to retire in the next 10 years. At the same 
time, physical water systems urgently need repair and maintenance, while innovation in water 
management and policy is critical to meet the challenges of climate change, demographic shifts, water 
quality issues, and regional concerns. We need all hands on deck to recruit, educate, and retain the next 
generation of water leaders. The Colorado Water Center (CoWC) at Colorado State University is 
approaching water workforce development in a non-traditional, holistic way to address workforce issues 
on multiple levels. Now three years into our program development, we outline our strategy and lessons 
learned along the way in this presentation, including: 1) Listen and convene. To better understand water 
workforce gaps and needs, we convened educators, students, and industry and co-developed actions and 
collaborative opportunities. 2) Define pinch points and clear actions to address them. We assessed the 
most critical needs of different partners and sectors and co-developed actions to address them. 3) 
Leverage partnerships. We cannot address water workforce issues in Colorado on our own, but partners 
often don’t know what is happening across sectors or institutions. By scaling up partner successes and 
leveraging resources, we can have a bigger impact. 4) Water workforce development as a constellation. 
Higher education focuses on training undergraduate and graduate students in ways that are often not 
aligned with workforce needs, nor does it address the issue of getting youth interested in water-related 
careers in the first place. By leveraging partnerships, we can target water workforce needs from K-12 
through on-the-job professional development for specific careers and professions, bolstering higher 
education’s role in workforce development. 
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Managing Water, Shaping Risk: Irrigation Water Management Practices and Producers’ Perceptions of 
Future Climate and Water Risks - Gertrude Dotse Bampoe, University of Arkansas (Q. Huang) 
 
This study examines how use of irrigation water management practices (IWMPs) relates to irrigated 
producers’ perceptions of potential climate- and water-related risks to their farm operations. Using data 
from the 2022 Arkansas Irrigated Producers Phone Survey, we analyze producers’ assessments of 
potential risks to farm operations over the next 10 years, including groundwater shortage, variable 
rainfall, warmer temperatures and drought, and frequent flooding, measured on a four-point scale from 
no risk to high risk. Because perceptions of water- and weather-related operational risks are jointly 
determined, we estimate a system of simultaneous equations using three-stage least squares, allowing 
perceptions to be endogenous and correlated across risk domains. The system incorporates binary 
indicators for IWMP use coded as one if a producer has used the practice for more than five years, 
including computerized hole selection, surge irrigation, alternate wetting and drying (AWD), pump timers, 
soil moisture sensors, tailwater recovery, and on-farm water storage, along with interaction terms linking 
IWMP use with producers’ past perceptions of climate and hydrologic stressors. Results indicate that the 
relationship between IWMP use and perceived potential risks to farm operations is heterogeneous across 
practices and risk domains. Specifically, use of AWD is associated with higher perceived risks related to 
groundwater shortage, rainfall variability, and flooding, consistent with greater awareness of water 
constraints associated with water-saving irrigation practices. In contrast, use of drones and soil moisture 
sensors is associated with lower perceived groundwater shortage risk, which may reflect improved 
information about field-level water conditions. These results establish IWMPs as a key source of 
systematic variation in perceived future climate- and water-related risks to farm operations. 
 
Keywords: irrigated agriculture; irrigation water management practices; perceived operational risk; 
groundwater shortage; climate variability 
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Session 42: Water Quality Session IV 
Moderator: Valeria Ruvalcaba, University of Texas Health Science Center at Houston (UTHealth) 
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Nitrogen and Organics Removal in Support of Direct Potable Reuse: Process Optimization Insights from 
Pretreatment to Advanced Treatment - Lisa Tomenendal, Colorado School of Mines  
 
Wastewater treatment plants located in inland states, such as Colorado, only have the option of 
discharging effluent into waterways, such as the South Platte River. Effluent containing high levels of 
ammonium can present a significant problem, contributing to water pollution and posing risks to aquatic 
life and human health. Addressing this issue is crucial for sustainable water management and protecting 
the environment. In the next thirteen years, the Colorado Department of Public Health and Environment 
(CDPHE) is requiring wastewater treatment plants (WWTPs) to reduce total nitrogen in their effluent from 
15 mg/L-N to 2 mg/L-N. This urgent need for nutrient removal drives my research which focuses on the 
optimization of pre-treatment of wastewater to remove ammonia and nitrate using a nitrification trickling 
filter (NTF). Simultaneously, we will track nitrogen species, specifically dissolved organic nitrogen (DON), 
and total organic carbon (TOC), throughout different advanced treatment processes used in direct potable 
reuse (DPR), like ozonation, biological active filtration (BAF), and ultrafiltration (UF) with pre-coagulation. 
DPR is a critical solution to water scarcity, requiring adaptable treatment processes to further refine water 
quality. Various factors, including reactor design, operating conditions, chemical dosages, and microbial 
community dynamics, will be studied to optimize nitrogen removal and reduce costs associated with 
chemicals and oxygen levels. The result of this research is crucial to the development of sustainable 
technologies, with potential groundbreaking applications in wastewater treatment and environmental 
remediation. 
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Is It Safe to Swim? Human Health Risks in Baffin Bay, Texas - Valeria Ruvalcaba, University of Texas Health 
Science Center at Houston (UTHealth)  
 
Swimming and other recreational water activities are among the most popular uses of coastal waters in 
Texas, with thousands of residents and visitors engaging in swimming, wading, boating, and fishing each 
year. But is it safe? These recreational water activities provide important health and economic benefits, 
but they also increase the potential for human exposure to waterborne pathogens when fecal 
contamination is present. 
 
This presentation investigates fecal contamination in Baffin Bay, Texas, and describes risk estimates for 
recreational activities and using an integrated microbial source tracking (MST) and quantitative microbial 
risk assessment (QMRA) approach. Baffin Bay is part of the larger Upper Laguna Madre Estuary and is a 
valued coastal ecosystem that supports recreation and fishing, yet it has experienced a decline in water 
quality with bacteria levels exceeding U.S. EPA recreational water quality standards. The high bacteria 
levels are known to be caused by fecal contamination by both human and non-human sources. By linking 
contamination sources directly to human health risk, this integrated approach goes beyond traditional 
water quality indicators to address the central question: Is it safe to swim? The findings provide insight 
for public health officials to better understand what is affecting coastal water quality as well as insights to 
improve decision-making and management strategies for the community surrounding Baffin Bay. 
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Winter Wheat as a Cover Crop in Corn-Soybean Systems for Nutrient Management of Leached and 
Plant-Available Soil Water – Melissa House, Southern Illinois University (K. Williard) 
 
Changing stream health has been attributed to increased nutrient loads from altering land use such as 
through agriculture. The Midwestern United States is a key area of study, for due to the majority of the 
land being used for agricultural productivity of corn and soybean, and it empties into the Mississippi River 
Basin that extends from Minnesota to Louisiana. Sustainable solutions such as fertilizer management and 
cover crop usage have been applied to agricultural settings in order to limit negative impacts of increased 
nutrient loads in the Gulf of Mexico. This on-going study from Fall 2022 analyzed the effects of alternating 
cover crops, cereal rye and winter wheat, and fertilizer loads within a 2-year rotation at the Southern 
Illinois University of Carbondale’s University Farms to determine the effectiveness of winter wheat at 
reducing nutrient loads and performing as a cover crop. Both wheat and rye are cereal crops that can be 
planted in the winter season as a substitute to fallow. Treatments included use of fallow, both cereal rye 
and winter wheat, and three varying levels of fertilizer input. Plant available and leached nutrient analyses 
[nitrate, ammonium, and dissolved reactive phosphorus (DRP)] were determined through water sampling 
directly after precipitation events using pan and tension lysimeters. All analysis was done using the 
“glmmTMBB” and “nlme” mixed model packages within R. Treatments with low, medium, and high 
intensity fertilizer treatments and the same rotation factor of winter wheat and cereal rye cover had 
significantly less nitrate leaching across the entire duration of the study. For the past Summer 2025 
season, the treatment with winter wheat and cereal rye rotation and low fertilizer intensity had 
significantly less leaching than the other treatments. Winter wheat, in combination with a second cover 
crop season, could effectively reduce nitrate leaching within a corn-soybean system. 
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Session 43: Agriculture and Water Use 
Moderator: Nithya Rajan, Texas A&M AgriLife Research 
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The Water Squeeze: Agriculture Under Pressure in the American West - Alma Cortes Selva, BMO  
 
Water stress is rapidly emerging as a critical economic challenge in the American West, particularly in 
Arizona, California, and Colorado. This paper investigates the multifaceted impacts of declining water 
availability on agricultural productivity, county-level revenues, and sectoral wages. Using county-level 
hazard data, agricultural census figures, and irrigation management surveys, the analysis projects losses 
from drought, reductions in irrigated water, and wage impacts across agriculture and hospitality sectors 
through 2030. Findings reveal that even a modest 5% reduction in irrigation could result in billions of 
dollars in lost agricultural revenue, with livestock and high-value crops such as almonds being especially 
vulnerable. Counties like Imperial (CA), Maricopa (AZ), and Weld (CO) are among the most affected. Wage 
losses in hospitality sectors due to drought are also substantial, exceeding $800 million annually in some 
counties. The study underscores the urgency of implementing adaptive strategies—such as water-
efficient technologies and crop diversification—to mitigate the economic fallout of water scarcity and 
ensure long-term resilience for communities and industries in the region. 
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Precision Without Complexity: Popularizing Crop Water Use Estimation for Global Agriculture - Giovanni 
Piccinni, Texas Water Resources Institute (K. Lewis, D. Porter) 
 
As global water resources face mounting pressures from rapid population growth and expanding 
agricultural activities, the imperative for effective irrigation management has become more critical than 
ever. At the heart of efficient irrigation lies the ability to accurately estimate evapotranspiration (ET), 
which is a fundamental parameter in determining crop water requirements.  Despite its importance, 
current methods for measuring and estimating ET present significant limitations. High-accuracy 
techniques are prohibitively expensive and technically complex, limiting their use to research settings or 
well-funded operations. On the other hand, commonly adopted estimation models rely heavily on 
comprehensive, high-quality meteorological data. Unfortunately, such data are often scarce, unreliable, 
or entirely unavailable in many parts of the world, particularly in rural or developing regions.  These 
limitations have created a critical disconnect between scientifically robust ET estimation methods and 
their practical application in the field. Bridging this gap requires the development of pragmatic, low-cost, 
and moderately accurate tools that are accessible to farmers, extension agents, and water resource 
managers. Such tools must be easy to implement and capable of functioning in data-constrained 
environments while still providing sufficiently reliable information to support informed irrigation 
decisions.  Improved irrigation practices can lead to reduced water waste, increased agricultural 
productivity, and the preservation of freshwater ecosystems. Understanding today's technology 
limitations while committing to reasonable water conservation practices represents a strategic step 
toward securing global food and water security in the face of growing environmental and demographic 
challenges. 
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Yield Response of Different Corn Hybrids to Limited Irrigation in the Central High Plains - Macie McPeak, 
Oklahoma State University (S. Sharma) 
 
 
The Ogallala Aquifer has been supporting farmers in the semiarid climate for generations, but declining 
groundwater levels jeopardize the sustainability of farming. As water availability and well capacities 
decline, understanding crop performance under limited irrigation conditions is increasingly important for 
maintaining productivity and profitability. This study evaluates the yield response of different corn hybrids 
with drought-tolerant traits to irrigation with limited well capacities in the Oklahoma Panhandle. Grain 
yield, harvest index, yield components, and water use efficiency are measured for the four corn hybrids 
under 200, 300, 400, and 500 Gallons Per Minute irrigation capacities. The hybrids were evaluated for two 
different planting populations of 22,000 and 28,000 seeds per acre. The experiment was conducted as 
split plot design nested in a main irrigation zone, where population was the main plo,t and hybrids were 
split plot. Irrigation was not replicated due to large areas covered by the irrigation zones. This is the first 
year of a multiyear study, with initial results to be presented at the conference. The initial findings will 
focus on identifying hybrid and population interactions that optimize yield and efficiency under limited 
well capacities. Understanding these relationships will provide valuable insight for producers who are or 
will face water scarcity. 
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Resilience of Cotton Production to Late Planting and Water Stress: Implications of Cultivar Choice and 
Plant Population Density - Farzam Moghbel, Kansas State University (J. Aguilar, F. Fazel, A. Oyler, L. Simon) 
 
The ongoing water scarcity in western Kansas has necessitated determination of proper water 
management methods for irrigated agriculture which could protect the profitability of farmers in the 
region. The changes in weather conditions patterns in last decade have created a special opportunity for 
cotton production in Kansas. To enhance the establishment of cotton, the best management practices 
should be explored effectively in various irrigation and agronomic aspects. Therefore, a multi-year (2019-
2025) study was conducted to verify cotton production under two short-season varieties of PhytoGen 
205, and PhytoGen 332. Three different seeding rates (planting density) of 25000, 50000, and 75000 
seeds/acre (61776, 123533, 185329 seeds/hectare) were explored for their impact on cotton yield and 
fiber quality. Furthermore, planting dates were investigated for time window of early May to early June 
under two irrigation capacities of 1.81, and 3.63 mm/day. The results of the field experiments in 2024 and 
2025 indicated significant increase in cotton lint yield for planting during May compared to Early June for 
both growing seasons. Regardless of agronomic or irrigation management practices, PhytoGen 205 
(Yield2024 = 941.70 and Yield2025 = 1209.0 lbs./ac) showed higher amounts of cotton yield compared to 
PhytoGen 332 (Yield2024 = 727.19 and Yield2025 = 1151.5 lbs./ac). No considerable effects of irrigation 
strategies on cotton lint yield were noticed. No consistent effect of seed variety was observed on cotton 
seed yield. The PhytoGen 205 showed higher seed yield in 2024. However, the difference in seed yield 
was negligible in 2025 growing season. Overall, the outputs of this research found cotton planted in early 
May with 50000 seeds/acre under 3.63 mm/day with PhytoGen 205 205 as a high yield management 
practice during both growing seasons. However, cotton yield under the early planted 332 with 25000 
seeds/acre seeding rate, with 1.88 mm/day irrigation capacity was found as proper alternatives with 
minimal reduction in cotton yield for western Kansas.  
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Increased Production of Strawberries in the US South-Central using Indoor Growing Operations - Nathan 
Howell, West Texas A&M University (C. Atkins, B. Guerrero, A. Tabei, G. Marcillo, T. Montague, J. Smith, 
T. Li, J. Masabni, G. Niu) 
 
The USA has a sizeable demand for strawberries with an annual demand at 2.74 billon pounds (1.24 billon 
kg, 2024). In the same period, the per capita demand was 7.93 lb of strawberries per person per year. 
Produce wholesalers and retailers transport strawberries all over the coterminous US because they are 
flavorful, healthy, snackable, and profitable for retailers. The current system for strawberries is a model 
which sees them grown in geographic rotation according to season in Mexico, California, and Florida. 
Strawberries are grown in other parts of the lower 48 states, but these states together make up < 1% of 
overall production. There are positives and negatives for this system. The positives are that strawberries 
are available year-round reliably for most US grocery stores. Also, there are sufficient strawberries to meet 
demand, value-added products are possible, and frozen strawberries are available. Negatives are that the 
strawberries must move over great distances which takes considerable time, cost, and energy. Massive 
open field production also requires productions systems to be labor-intensive, water-intensive, and often 
agrochemical intensive.  
 
One other notable negative is that strawberry smallholders grow them locally in places in the US including 
the study area in this presentation, the US South-Central region of MS, AR, OK, LA, and TX. However, these 
areas cannot begin to supply strawberries to satisfy their local demand despite their ambition to do so. 
The presentation will focus on a USDA-NIFA planning project that examines the potential for increasing 
regional strawberry production using forms of protection including high tunnels and greenhouses. The 
greatest question for us is, “What knowledge do growers need to justify the commercial risk of new 
techniques to supply a much larger fraction of local strawberry demand?” 
 
 



2026 UCOWR/NIWR Annual Water Resources Conference                                                   Session 44 
 

Return to Contents  San Antonio, TX | June 8-10, 2026 

Session 44: Water Pollution and Community Engagement 
Moderator: Karl Kaiser, Texas A&M University at Galveston 
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Current and Historic Levels of Persistent (PAHs, PCBs) and Emerging Pollutant (Nano-microplastics or 
NMPs) Body-Burdens in Oysters and Fish from Galveston Bay - Asif Mortuza, Texas A&M University at 
Galveston (B. Gahn, M. Wharton, D. Wells, L. Petersen, A. Quigg, K. Kaiser, D. Hala) 
 
The Galveston Bay estuary is the largest in Texas, highly industrialized, and serves as a watershed to the 
fourth-largest city (Houston) in the US. In this study, we report the concentrations of 14 EPA priority 
polycyclic aromatic hydrocarbons (PAHs), 28 polychlorinated biphenyls (PCBs) (which included 11 dioxin-
like PCBs), and 12 commonly used nano(micro)plastics (NMPs, >700 nm particle size, <5 mm). The 
pollutants were measured in the gill/mantle tissue of eastern oysters (Crassostria virginica), and in the 
muscle and livers of gafftopsail catfish (Bagre marinus), red drum (Sciaenops ocellatus), and spotted sea 
trout (Cynoscion nebulosus). GCMS was used for PAHs and PCBs quantification, and pyrolysis gas 
chromatography and tandem mass spectrometry (Py-GCMS/MS) was used to quantify the NMPs. NMPs 
showed the highest body burdens across all biota, ranging from ~1,000x to 70,000x higher than PAHs and 
PCBs. Oysters accumulated the highest concentrations of all pollutants relative to fish, with PAHs <2.4x 
higher, PCBs <19.2x higher, and NMPs up to 278x higher in oysters vs. fish. Source ratio analysis indicated 
mixed petrogenic and pyrogenic PAH origins in Galveston Bay. Estimated human intake of NMPs ranged 
from 1.47 - 443.90 mg NMP/kg body weight/year from consumption of fish and 309.98 mg NMP/kg body 
weight/year from oysters. Overall, NMPs (emerging pollutants) were present at orders of magnitude 
higher levels than the PAHs and PCBs (persistent pollutants). We also compared pollutant levels measured 
in this study with historical data from Galveston Bay (where available). Notably, we present the first 
reported quantification of NMPs in biota from Galveston Bay using Py-GCMS/MS, highlighting an 
important step towards its use for the environmental monitoring of NMPs. 
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Evolving Outreach Strategies for Surface Water Quality Education and Landowners in Texas - Leanne 
Jackson, Texas A&M AgriLife Extension Service (L. Redmon) 
 
Texas continues to experience rapid population growth, resulting in the conversion and fragmentation of 
agriculture lands in watersheds and a corresponding shift in landownership demographics. With nearly 
96% of the state under private ownership, educating landowners about how land management practices 
influence surface water quality is increasingly essential. The Lone Star Healthy Streams (LSHS) program, a 
public education initiative of the Texas A&M AgriLife Extension Service, provides a specialized curriculum 
focused on livestock and wildlife management practices that help reduce Escherichia coli (E. coli) bacteria 
in waterbodies. 
 
Originally designed and delivered exclusively through in-person programming, LSHS has adapted its 
educational approaches in response to the evolving changes in landowner needs, preferences, and 
accessibility. This presentation highlights key lessons learned throughout this evolution, outlines 
curriculum modifications implemented to broaden program reach, and examines shifts in audience 
engagement. The program’s flexibility and the impact of these adjustments over a four-year period will 
be evaluated to inform future statewide outreach efforts. Additionally, the strategies and adaptations 
developed through LSHS offer a transferable framework that could be replicated by other states seeking 
to enhance landowner engagement and improve surface water quality. 
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Comparative Study of In-Situ and Remote Sensing Data for Measuring Chlorophyll-a and Sea Surface 
Temperature as Eutrophication Indicators in Effluent-Receiving Coastal Waters of Puerto Rico - Maria 
del Alma Concepcion-Rodriguez, Polytechnic University of Puerto Rico   
 
Effluent discharges from primary wastewater treatment plants (WWTPs) influence nutrient levels in 
Puerto Rico’s coastal waters, yet the spatial and seasonal behavior of key eutrophication indicators 
remains difficult to capture using field sampling alone. Building on an integrated monitoring framework, 
this study focuses on comparing how effectively remotely sensed data measure chlorophyll-a and sea 
surface temperature (SST). It evaluates 18 years of EPA-regulated in-situ (IS) measurements collected 
along the southern and northeastern coasts of Puerto Rico. 
 
The research compares IS observations and Aqua MODIS satellite products through a multi-step 
calibration process. SST values were corrected using linear regression models, while chlorophyll-a values 
were adjusted using a log-log nonlinear relationship developed based on data distribution characteristics. 
To extend the comparison beyond discrete monitoring locations, Kriging interpolation is applied 
independently to both IS and remotely sensed (RS) datasets. Kriging accounts for spatial uncertainty and 
non-stationarity, making it well-suited for coastal environments. Separate Kriging surfaces for IS and RS 
chlorophyll-a and SST are generated for the Carolina (Atlantic Ocean) and Ponce (Caribbean Sea) WWTP 
discharge zones. These spatial surfaces enable direct visual and statistical comparison of predicted 
patterns, hotspots, and seasonal shifts identified by each dataset. 
 
Results from this comparative analysis highlight areas where satellite observations provide reliable 
representations of eutrophication conditions, as well as locations where differences emerge due to 
environmental dynamics or data limitations. Overall, the combined calibration and geostatistical mapping 
workflow strengthens the interpretation of both IS and RS data and offers a practical, replicable approach 
for evaluating eutrophication indicators in coastal waters influenced by WWTP discharges. This 
framework supports long-term coastal monitoring efforts and provides a foundation for integrating 
additional nutrient sources and multi-sensor satellite products in future assessments. 
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Community-Engaged Assessment of Arsenic Exposure from Drinking Water in South Texas: The South 
Texas Arsenic Research Project - Taehyun Roh, Texas A&M University School of Public Health  
 
Arsenic exposure from drinking water is a critical environmental health concern linked to multiple cancers 
and non-cancer diseases. In South Texas, many rural communities and colonias rely on unregulated or 
unreliable drinking water sources, raising concerns about water quality and environmental health 
disparities. To assess exposure and evaluate mitigation strategies, community-engaged research was 
conducted in private well and colonia communities along the U.S.–Mexico border. The South Texas 
Arsenic Research Project assessed exposure through private wells using water testing and biomonitoring 
of urine and toenails, alongside surveys on sociodemographic factors, diet, and water usage. Between 
2021–2022, 139 well water samples and biomonitoring data from 84 urine and 114 toenail participants 
were collected across 11 counties. In parallel, a colonia-based study recruited 203 residents from Alamo 
and Progreso (2022–2024) to evaluate water infrastructure challenges and exposure to metals (arsenic, 
nickel, uranium, lead), with biomonitoring compared to benchmarks. Both studies included a 4-week 
point-of-use filter intervention. In private well communities, the geometric mean arsenic concentration 
was 7.80 ppb (95% CI: 2.70–16.9; range ND–181), and 37.4% of wells exceeded the EPA limit (10 ppb). 
Water arsenic levels correlated with urinary and toenail arsenic (β = 0.62, p < 0.01; β = 0.41, p < 0.01). 
Among participants with >10 ppb in well water, urinary arsenic decreased 46.5% post-intervention (7.05 
→ 3.70 µg/L; p < 0.01). In colonia households, arsenic, nickel, and uranium were detected in 100% of 
samples, and urinary arsenic exceedances declined from 27% to 15% in Alamo and from 23% to 13% in 
Progreso post-intervention. These findings demonstrate elevated arsenic exposure in both settings and 
show that point-of-use filtration reduces urinary arsenic levels. Community partnerships were essential 
for risk communication, intervention delivery, and improving safe drinking water access in vulnerable 
South Texas communities. 
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Nano- and Microplastics in Coastal Ecosystems: Sediment to Seafood - Karl Kaiser, Texas A&M University 
at Galveston (B. Gahn, M. Wharton, G. Yan, A. Mortuza, K. Conway, C. Marshall, D. Hala) 
 
Coastal ecosystems are threatened by the increasing exposure to nano- (<1 µm) and microplastics (1 µm-
0.5 mm; NMPs). Here we use a novel pyrolysis-gas chromatography/mass spectrometry (Py-GC/MSMS) 
method to quantify 12 commercially abundant NMPs in surface waters, sediments, and biological tissues 
across Gulf of America watersheds. Archived fish muscle tissue and benthic sediments dating back 75-
years showed increasing NMP concentrations that were strongly correlated with global plastic production. 
NMPs were detectable in fish tissue and sediments beginning in the 1950s. Plastic compositions in fish 
tissue were dependent on trophic level and feeding modes. Sediment compositions were strongly 
influenced by industrial sources within individual watersheds. Surface-water NMP concentrations varied 
substantially among watersheds, with the highest contamination in Galveston Bay (0.3–42.9 µg L⁻¹), a 
major U.S. plastics production corridor, compared to lower concentrations in Matagorda Bay, the Sabine 
River, the Mississippi River, and Mobile Bay (0.04–3.06 µg L⁻¹). Time-series observations at estuarine 
mouths indicated estuaries act as temporary sinks that become tide-modulated sources. Data and 
methodology presented here set the stage for assessing the impact of plastic pollution on food webs and 
lead to better strategies for quantifying plastic pollution 
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Session 45: Water Management and Ecology in Urban Waters 
Moderator: Thomas Dodson, Texas A&M University 
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Temperature Variation Acts with Other Environmental Factors to Structure Fish Assemblages and 
Seasonal Variation in Two Contrasting Rivers - Thomas Dodson, Texas A&M University (J. Barrett, J. 
Perkin, D. Smith) 
 
The Mission Reach of the San Antonio River is the site of the largest urban restoration stream project. 
Despite habitat restoration, many anthropogenic stressors may influence fish assemblages in the San 
Antonio River. In conjunction with flashy hydrology and habitat fragmentation in the Mission Reach, warm 
and unstable water temperatures have the potential to influence these assemblage structures seasonally. 
To address these issues, we conducted a study of fish assemblages in the Mission Reach and the less 
anthropogenically influenced Medina River across time and space using standardized fish sampling, 
abiotic data collection, and deployable temperature loggers. We used nested permutated analysis of 
variance and similarity percentage analysis to assess seasonal variation in fish assemblages in both rivers. 
Non-linear regression was used to determine the relationship of weekly air and water temperatures in 
each river and to calculate indices of thermal sensitivity as a measure of temperature variability. These 
were compared across rivers using Two-sample T-tests and cross correlation analysis with bootstrapping. 
Finally, we used redundancy analysis to examine the effect of local habitat characteristics, river position, 
thermal sensitivity, and season at an annual scale for both rivers. Variance partitioning was then used to 
determine the relative contribution of each factor to assemblage dissimilarity between rivers. We find 
that assemblages and thermal variability differ significantly between the two rivers with high thermal 
sensitivity in the San Antonio River compared to the Medina River. Low baseflow in the San Antonio River 
coupled with high thermal sensitivity drives seasonal variation in assemblages. Redundancy analysis 
shows that the magnitude of factors are greater in the San Antonio River compared to the Medina River 
and are more correlated, suggesting a cumulative effect of stressors on fish assemblages. These results 
highlight the importance of determining cumulative stressors and seasonal variation in urban stream 
systems for management.  
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Aquatic Connectivity Assessment Activities in the San Antonio River Basin - Caille Marshall, San Antonio 
River Authority (A. Davis, S. Donovan) 
 
The San Antonio River Authority (River Authority) has ongoing efforts to assess and enhance aquatic 
connectivity in the San Antonio River basin (SARB). Using the National Aquatic Connectivity Collaborative’s 
assessment/survey protocol and the support of the Southeast Aquatic Resources Partnership and Texas 
Aquatic Connectivity Team, the River Authority aims to characterize connectivity across priority areas of 
the basin including areas of ecological sensitivity, ecological restoration, and migration pathways. Efforts 
include assessing barriers within River Authority restoration projects, namely the Westside Creeks 
Ecosystem Restoration Project and River Road Aquatic Ecosystem Restoration Project. This work aims to 
assess aquatic connectivity before and after restoration to quantify the ecological uplift provided by these 
large-scale public investments in urban ecosystem restoration. Additionally, due to high flood risk in the 
SARB, we often aim to pair survey areas with high-risk zones identified by the River Authority’s Watershed 
Master Plan for flood-prone areas during intense storm events. Other work includes educating technical 
and planning audiences including River Authority staff and local officials, lobbying to influence Unified 
Development Codes, and creating technical and layman’s documents to guide crossing remediation and 
construction. Other abandoned or failed crossings are candidates for removal for passage depending on 
feasibility and landownership. Once enough barriers are assessed, the River Authority will use 
prioritization models to narrow focus based on feasibility, basin size, stream order, and barrier severity, 
among others. A case study to demonstrate these efforts is the River Authority’s Otilla Dam project, an 
ongoing dam modification project funded by the U.S. Fish and Wildlife Service and River Authority. This 
project seeks to provide passage for American eels Anguilla rostrata, Guadalupe bass Truncilla treculii, 
and Burrhead chub Macrhybopsis marconis, and increase movement of mussel host fishes in support of 
their native freshwater mussel reintroduction efforts upstream within the recently restored Mission 
Reach.  
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Fish Passage across Anthropogenic Structures Occurs under Baseflow Conditions in a Restored but 
Serially Fragmented Ecosystem - Jacob Barrett, Texas A&M University (T. Dodson, M. DiNicola, B. Lane, 
M. Magruder, A. Davis, D. Smith, J. Perkin) 
 
North American Unionid mussels have exhibited severe declines, and reintroduction represents a valuable 
conservation tool. A critical aspect of reintroduction programs is mussel colonization of new habitats 
during early life stages when mussel glochidia are attached to fishes. Consequently, fish movement is 
necessary for mussel restoration. Juvenile mussels have been reintroduced to an eight-mile (12.8 km) 
reach of the San Antonio River known as the Mission Reach, though recolonization by sexually mature 
mussels is yet to be documented. One hypothesis for the lack of recolonization success is that movement 
by fish hosts may be limited by 31 erosion control structures distributed throughout the Mission Reach. 
Our goal was to determine whether fish successfully pass erosion control structures and evaluate 
potential predictors of passage. We used passive integrated transponder (PIT) tags to evaluate movement 
across structures within the Mission Reach. We PIT tagged 1,140 fishes representing 20 species and used 
a mobile antenna system to redetect tagged fish biweekly from May to August in 2024. We then fit 
ecological models to assess the traits of fishes (e.g., total length, species, time at large, interactions with 
variable flows) and structures (structure length, slope, water coverage, number of nearby fishes) that 
correlated with successful passage. We relocated 229 individuals, found 22 had passed at least one 
structure, and documented at least one passage at 27 of the 31 structures. Passage was positively 
correlated with fish time-at-large and negatively correlated with the period of time fish experience high 
discharge, while structures with proportionally more water in the chute and with a greater number of fish 
nearby passed more fish. These findings suggest improvised fishways facilitated dispersal under baseflow 
conditions, but some structures performed better than others depending on water flow paths. Our results 
can inform future mussel reintroduction efforts and erosion control structure designs.  
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Session 46: Modeling II 
Moderator: Seonggyu Park, Texas Tech University 
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Proof of Concept for State-SMERGE: Preliminary Results  - Ken Tobin, Texas A&M International University 
(A. Sanchez, A. Alaniz, S. Hernandez, A. Perez, D. Ganta, M. Bennett) 
 
SoilMERGE (SMERGE) is a daily root-zone soil moisture (RZSM) product that covers the entire continental 
United States. This product has a spatial resolution of 0.125o. Diverse stakeholders have expressed that 
the utility of this product would be enhanced if it were developed at the field scale. This motivation 
prompted the SMERGE team to develop a downscaled product at 500 m spatial resolution. However, 
during recent efforts, state-line artifacts were identified in soil texture that were propagated to the final 
downscaled product causing discontinuities across state lines. The SMERGE team decided to address this 
issue by developing state-wide versions of SMERGE. The study area is the Southern Great Plains 
comprising the states of Kansas, Oklahoma, and Texas. Machine learning algorithms used for downscaling 
include Random Forest (RF), Extreme Gradient Boost (XGB), and PyTorch (Torch). All downscaling 
algorithms yielded a superior ranked correlation compared with 0.125o default SMERGE. Overall, RF 
exhibited the greatest increase in ranked correlation (0.04 to 0.26) compared with default SMERGE in 
these three states. Analysis of results were also completed on a temporal basis for the period of study 
(2008 to 2018). Performance increases were noted starting in 2011, which marks the advent of the SMOS 
and SMAP missions, which use deep penetrating L-band microwave emissions that provide more accurate 
soil moisture retrievals. This study demonstrates that downscaled SMERGE can provide high resolution 
soil moisture data of value to diverse stakeholders at a state spatial scale. 
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Extending Multi-Basin Datasets for Streamflow Predictions using LSTM - Jeff Sadler, Oklahoma State 
University (C. Liu) 
 
Long Short-Term Memory (LSTM) neural networks have demonstrated a high level of performance at 
predicting streamflow compared to traditional rainfall-runoff models, especially when trained on multi-
basin datasets such as Catchment Attributes and Meteorology for Large-sample Studies (CAMELS). 
However, CAMELS includes very few basins, relatively, which complicates the application of these models 
at a general level. This is an important obstacle to overcome because research has shown that LSTMs 
trained on a large number of basins usually outperform those trained on local data for a single basin. To 
apply a multi-basin approach to basins outside of CAMELS, we replicated the structure of CAMELS using 
more widely available data sources, including Daymet, GridMET, and the National Hydrography Dataset. 
This method allows us to find and format catchment attributes and meteorological data for any basin 
within the continental United States. Our model, trained on this new dataset, has a median Nash-Sutcliffe 
Efficiency (NSE) of 0.762 for the testing period, evaluated on more than 500 basins. This shows a promising 
level of performance that is competitive with models trained on CAMELS (median NSE of 0.791). Because 
our model uses a nationally available dataset, it opens the door to making reliable streamflow predictions 
on a wide scale, including at ungauged basins. 
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Evaluating Impacts of Cropping Systems on Groundwater Conservation Strategies in the Ogallala 
Aquifer - Sumon Datta, Oklahoma State University (M. Mehata, S. Taghvaeian, A. Mirchi, K. Wagner) 
 
Groundwater levels in the Ogallala Aquifer have steadily declined due to limited natural recharge and 
increasing irrigation demands in semi-arid regions such as the Oklahoma Panhandle, where approximately 
98% of groundwater withdrawals are used for crop irrigation. This sustained decline underscores the need 
to evaluate more efficient irrigation water management strategies, including transitions to less water-
intensive cropping systems, to preserve increasingly scarce groundwater resources. However, long-term, 
comprehensive research addressing these strategies remains limited in the Oklahoma Panhandle. 
Therefore, this study aimed to evaluate the impacts of crop type and irrigation management on irrigation 
water use and potential groundwater conservation in the region. A growing degree days–based daily soil 
water balance model incorporating dual crop coefficients was applied to estimate seasonal irrigation 
depths over a 17-year period (2006–2022) and to assess the effects of reduced well capacities on irrigation 
requirements for grain corn, cotton, and grain sorghum. Results showed a reduction in crop water use 
and evapotranspiration (ET) as well capacity decreased from 900 to 300 gpm. Corn exhibited the highest 
irrigation demand (486–615 mm), followed by cotton (440–540 mm) and sorghum (428–501 mm) under 
the highest well capacity, whereas demands declined to 302–402 mm, 317–379 mm, and 338–364 mm, 
respectively, under the lowest well capacity. Analysis linking irrigation volume to groundwater depletion 
is ongoing. Overall, this study contributes to the development of sustainable irrigation and cropping 
strategies aimed at conserving the Ogallala Aquifer while sustaining agricultural productivity in the 
Oklahoma Panhandle. 
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Artificial Intelligence to Assist Small Water Treatment Plant Operations - Jeff Sadler, Oklahoma State 
University (S. Payyavula, K. Mangalgiri 
 
Small water treatment plants across the U.S. face many challenges. It is becoming harder to find trained 
workers, and many experienced operators are retiring. Newer staff must manage aging plants and meet 
stricter water quality rules, often with limited resources. This presentation will describe research on how 
artificial intelligence (AI) could help operators make better decisions and keep water safe. We surveyed 
65 operators from small water treatment plants across the state of Oklahoma to learn their views about 
using AI in their work. Overall, 71% said they would be open to trying an AI tool to help with plant 
operations. Interest in AI was higher among younger operators—83% of those under 55 said they would 
be open to using it—compared to 63% of operators aged 55 or older. We also trained a machine learning 
(ML) model to predict alum dosage, which is an important decision in water treatment. The model used 
incoming water quality data and nearby weather data as inputs. It performed reasonably well, with an R-
squared value of 0.54, showing that AI tools have potential to support operators and improve plant 
performance. Together, the pilot ML model and the survey results suggest that AI could be a promising 
technology to help small water treatment plants address current challenges and prepare for those they 
will face in the future. 
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Cozy River Valley: A Participatory Workshop Using Interactive Gaming to Explore Water Tradeoffs, 
Strategies, and Policy Pathways - Lauren Parker, UC Merced; Amy Smith Muise, New Mexico State 
University 
 

Water management decisions are full of tradeoffs among agriculture, aquifers, ecosystems, and 
communities, especially under climate variability. The Cozy River Valley game (developed by NMSU’s 
Learning Games Lab in collaboration with the Secure Water Future project) immerses players in a 
stylized agricultural watershed where they must manage surface water and groundwater, make trade 
decisions, respond to droughts, engage with neighbors, and balance environmental goals. This 
participatory workshop will invite participants to play Cozy River Valley in small groups and interrogate 
the decisions they make and compare strategies. The hands-on, game-based format encourages risk-
taking, experimentation, and peer discussion in a low-stakes environment. The facilitated debrief will 
explore how game mechanics reflect or diverge from real-world constraints, and how measurement 
systems, market instruments, and governance structures could shift participant behavior. By combining 
experiential gameplay with structured reflection and bridging to technical and institutional dimensions, 
this session offers attendees a shared, interactive reference frame for thinking through complexity, 
tradeoffs, and governance in water systems. The workshop will be facilitated by Lauren Parker, Barbara 
Chamberlin, and Amy Muise. It is planned for 90 minutes with a participant capacity of approximately 20 
people; we are requesting a classroom style room setup or round tables to facilitate participants playing 
the game in small groups of 3-4 people. Participants will not need to pay any additional fees but all are 
asked to bring laptops.   
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A Practical Overview of Publishing, Discovering, and Reusing Water Data with HydroShare - Emily 
Clark, CUAHSI (A. Bogan, K. Wong, J. Read) 
 
The ability to share, discover, and reuse high-quality environmental data is increasingly central to water 
research. Federal agencies and publishers, including the National Science Foundation (NSF), now 
emphasize open, transparent, and reproducible research practices through requirements such as Data 
Management and Sharing Plans and the broader implementation of Gold Standard Science, which 
explicitly highlights reproducibility, transparency, and public access to research outputs. The Consortium 
of Universities for the Advancement of Hydrologic Science, Inc. (CUAHSI), supports these principles by 
providing tools and resources that make robust data management more accessible. HydroShare is a free 
and open data repository that enables the publication, discovery, and reuse of water and environmental 
data, and is listed as a trusted data repository for organizations such as Nature and the U.S. Geological 
Survey (USGS). This hands-on workshop will introduce participants to practical strategies for using 
HydroShare across the research lifecycle. The workshop is designed for students, researchers, and 
practitioners across the water sciences and does not require prior experience with HydroShare or 
advanced technical skills. Topics will include:  

1. Best practices for publishing high-quality datasets in HydroShare to enhance visibility, reuse, and 
research impact and align with Findable, Accessible, Interoperable and Reusable (FAIR) data 
principles;  

2. Techniques for discovering relevant environmental datasets shared by the community to 
support new and ongoing research; and  

3. An overview of HydroShare cloud-centric workbench tools (e.g., CUAHSI JupyterHub) that allow 
researchers to work directly with shared data directly in a web browser.  

By the end of the workshop, participants will be better equipped to use HydroShare to meet funder and 
journal data sharing expectations, and gain a deeper understanding for how well-documented, reusable 
datasets contribute to more transparent and collaborative water science. 
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SWAT-Based Evaluation of Silvopasture Impacts on Hydrology and Water Quality in a HUC-8 Watershed 
- Gafar Agunbiade, Clemson University (S. Debrabata, Q. Su, L. O'Halloran, L. Silva, H. Malcomson) 
 
Silvopasture systems are increasingly promoted as a sustainable land-use strategy in mixed agricultural 
watersheds, yet their hydrologic and water quality responses at the watershed scale remain insufficiently 
quantified. This study utilized the Soil and Water Assessment Tool (SWAT) to assess hydrologic 
performance and water quality behavior in an HUC-10 watershed in the low country region of South 
Carolina, characterized by forested and pasture landscapes. The model was parameterized using site-
specific land use, soil, topography, and climate data, with particular attention to representing 
silvopasture-relevant processes within forest (FRST) hydrologic response units (HRUs). Model calibration 
and validation were conducted for streamflow using observed discharge data. The calibrated SWAT model 
demonstrated strong performance, with a Nash–Sutcliffe Efficiency (NSE) of 0.79, coefficient of 
determination (R²) of 0.72, and percent bias (PBIAS) of 0.2, indicating satisfactory agreement between 
simulated and observed flows. Scenario-based analyses will be conducted to simulate grazing intensity 
and rotational management applied to FRST HRUs, thereby representing silvopasture conditions. 
Subsequent analyses will quantify changes in runoff generation and sediment and nutrient dynamics 
across management alternatives, with emphasis on HRU-scale pathways and downstream water quality 
implications. This study demonstrates the utility of SWAT for evaluating silvopasture management at the 
watershed scale and provides a framework for integrating tree–forage–livestock systems into watershed 
assessments of water quantity and quality. 
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Water Use Efficiency in the Livestock Industry - Mahmoud Bairouti, North Carolina Agricultural and 
Technical State University (A. S. Mansaray) 
 
As global freshwater resources face mounting pressure from population growth and intensifying 
hydrological extremes, there is a need for concern about the long-term viability of water-intensive sectors 
such as livestock production. This need is piquing because it presents a critical question as to whether 
available freshwater resources can sustainably support the expansion of the livestock industry and meet 
rising global food demands. We hypothesize that a tipping point will emerge where increasing demand 
surpasses available freshwater. To explore this, we conduct a decadal analysis from the 1900s to the 
present, comparing livestock industry growth with associated trends in freshwater consumption and 
wastewater generation in North Carolina, which hosts one of the largest number of livestock operations 
in the United States. Using the trend analysis, we synthesize the implications for long-term sectoral water 
allocation, and the sustainability of livestock production. We also present a case for improved wastewater 
treatment technologies as a means to expand freshwater availability while reducing the overall water 
footprint in the industry. 
 
  



2026 UCOWR/NIWR Annual Water Resources Conference                                                         Posters 
 

Return to Contents  San Antonio, TX | June 8-10, 2026 

Effects of Biochar on the Hydraulic Properties of Clay Loam - Erica Bempong, West Texas A&M University 
(N. Howell) 
 
Biochar is widely used as a soil conditioner to improve soil hydraulic properties. To understand the effect 
of biochar amendment in fine-textured soils, we measured the water holding capacity, hydraulic 
conductivity and infiltration rates of soil and soil-biochar mixtures. We examined the prospects of cotton 
gin waste and beef cattle manure biochars with varying particle sizes, (75-150µm, 150-425µm and 425-
850µm) and application rates (5, 10, 15 %), in fine-textured soils. The biochars were produced by pyrolysis 
under 4000C, and our model soil is clay loam, sourced from the cotton fields at the USDA-ARS Bushland, 
TX research station. In this study, a rapid measurement method for Soil Water Characteristics Curve in the 
wide suction range (0.33, 5, 7, 10 and 15 bar) was developed with the combination of pressure plate 
method.  
 
The study is still ongoing, and the results will amplify the reports of biochar effects in fine-textured soils. 
Measurements such as total organic carbon, specific surface area and other physico-chemical properties 
will be analyzed to establish biochar quality in relation to soil amendments. We anticipate to see an 
increase in all the properties measured at the highest biochar application rate, and also find further 
disclosures on biochar micrometer particle size range effects in fine textured soils. We also expect a high 
rise with beef cattle manure biochar compared to the cotton gin waste biochar. While our findings may 
support many of preceding reports on effects of biochar on the hydraulic properties of clay loam, we hope 
this study provides new insights and emphasizes the importance of biochar design for specific 
improvements in diverse agricultural applications. Limitations of this study and future research 
considerations will be included to suggest next steps for deeper explorations. 
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A Machine Learning Surrogate for Rapid Compound Flood Prediction Under Various Storm Events, Tides, 
and Wind Conditions in the Nueces River Delta  - Marissa Del Bosque, Texas A&M University-Kingsville  
 
The Nueces River Delta is vulnerable to compound flooding driven by various storm events, tides, and 
wind conditions. Delft3D can create physics-based hydrodynamic models that can simulate floods and 
their outcomes. These models can be computationally intensive which can limit their use in rapid 
forecasting. To reduce computational cost, a machine learning surrogate model is what will emulate 
Delft3D-based compound flood simulations in the Nueces River Delta. Thus, this research integrates a 
two-dimensional hydrodynamic modeling framework with data-driven machine learning models. The 
Delft3D simulations are generated under varying boundary conditions and scenarios that include varying 
storm events, tides, and wind conditions. The outputs produced from the Delft3D model are used to train 
a machine learning surrogate model. The objective of generating the surrogate is to rapidly evaluate and 
reproduce key hydrodynamic responses at a fraction of the computational cost required by full Delft3D 
simulations, while preserving the essential physical behaviors. By coupling physics-based modeling with 
machine learning models, this work aims to support efficient and rapid flood risk assessment. The 
proposed framework is not intended to replace the Delft3D simulations completely, but to complement 
them using the surrogate model. The proposed framework could also possibly be transferable to other 
deltas other than the Nueces River Delta. In this paper, the development and validation of a machine 
learning surrogate model trained on compound flood simulations generated by Delft3D for the Nueces 
River Delta under varying storm events, tides, and wind conditions will be covered. The surrogate’s ability 
to reproduce key hydrodynamic responses with the reduced computational cost will be evaluated.  
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Comparative Assessment of SWAT+ and LSTM for Streamflow Simulation in the Rocky River Watershed, 
North Carolina - Sanjib Kumar Dey Sarker Chayan, North Carolina A&T State University (D. Jha) 
 
Physically based hydrological models and deep learning models have been increasingly used for 
streamflow prediction. However, the number of studies comparing the two types of models under the 
same hydroclimatic conditions is very small. There is also little research on deep learning modeling 
techniques. In this study, we compared the performance of a physical model, the Soil and Water 
Assessment Tool Plus (SWAT+), and a deep learning model, the Long Short-Term Memory (LSTM), for 
predicting streamflow in the Rocky River Watershed in North Carolina. The SWAT+ was calibrated and 
validated using observed daily weather input values. These included precipitation, minimum and 
maximum temperature, solar radiation, relative humidity, and wind speed. The calibration and validation 
covered the years 2010-2019 and 2020-2024, respectively. The LSTM model was also introduced to predict 
monthly stream flow using the same input values as SWAT+. All standard data pre-processing and 
normalization steps were completed. Model performance was evaluated using metrics such as Nash–
Sutcliffe Efficiency (NSE), coefficient of determination (R²), and percent bias (PBIAS). Initial results show 
that the SWAT+ model has captured watershed-scale hydrologic processes and seasonal flow patterns in 
the Rocky River Watershed. The LSTM model shows great potential for accurate streamflow predictions, 
despite lacking physical parameters. There is a difference in how well both models performed under high-
flow vs. low-flow conditions. This difference will provide insight into the advantages and disadvantages of 
using either physically based or machine-learning modeling systems for streamflow prediction. This poster 
presents an ongoing comparison of the SWAT+ and LSTM models for predicting stream flow. It will also 
illustrate some of the challenges encountered in developing a deep learning model for this task. Findings 
from this study will enhance our understanding of how physically based and deep learning modeling 
systems can be used together to accurately simulate stream flow. 
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Spatial Analysis of Salt and Nitrogen (Ammonia and Nitrate) Concentrations from Northeastern 
Maryland to Southeastern Pennsylvania: Determining the Effects of Saltwater Intrusion and Road Salt  
- Olivia Francisco, University of Delaware Water Resources Center  
 
Research on salt and nitrogen concentrations is being conducted under the supervision of Dr. Martha 
Narvaez and Dr. Gerald Kauffman of the University of Delaware Water Resources Center, and under the 
advisement and instruction of Dr. Shreeram Inamdar in the UD College of Agriculture and Natural 
Resources. The goal is to gather salt and nitrogen measurements from wetland and water monitoring sites 
spanning from northeastern Maryland to southeastern Pennsylvania counties and determine which sites 
could be impacted by sea level rise or road salt application.  
 
Data is selected via the National Water Quality Portal and similar sources. Relevant data was extracted 
and normalized using Python. Then, the data points and relevant features for roads and other salted or 
brined areas, as well as marine shores and freshwater bodies are uploaded to ArcGIS Pro. Next, salt and 
nitrogen concentration visualizations, including heatmaps, for the area of interest will be created. 
Vulnerable areas that may experience higher salt and/or nitrogen levels will then be identified. Arc Hydro 
will potentially be used to show how streamflow direction and accumulation influence which areas have 
the highest concentrations of salt and/or nitrogen.  
 
The poster will display detailed salt, nitrogen, and combination maps, along with points summarizing data 
selection, preparation, and visualization. Conclusions can then be reached based off of those analyses. 
Poster visits will allow for mentor and peer-to-peer conversations about software and methods used, 
what obstacles were encountered, and potential future applications of such methods.  
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UAV-Based Remote Sensing and Artificial Intelligence for Monitoring Water-Driven and Environmental 
Stressors in Citrus Orchards - Rolando Garcia, Texas A&M University–Kingsville (Graduate Researcher); 
NSF NRT TREAWS Program (Trainee) (D. Hicks) 
 
Increasing climatic and environmental variability has intensified pressures on agricultural water resources, 
underscoring the need for improved water availability monitoring and more efficient irrigation practices. 
Traditional field-based inspections and point measurements are often labor-intensive, time-consuming, 
and insufficient for capturing spatial variability at larger scales. This project seeks to develop a UAV-based 
remote sensing framework that harnesses artificial intelligence to assess vegetation stress in citrus 
orchards as an indicator of water availability and irrigation efficiency. High-resolution drone imagery will 
be collected over citrus orchards and processed through a multi-stage deep learning pipeline. A 
lightweight object detection model is planned to be deployed onboard a UAV to identify individual citrus 
canopies and generate bounding boxes in real time. These bounding boxes will then be transmitted to a 
ground-based computing system, where advanced segmentation and image enhancement models are 
applied to further delineate and refine canopy boundaries. Features extracted from the refined canopy 
regions will serve as indicators that reflect the combined effects of soil conditions, weather variability, 
and biotic stressors, with particular emphasis on water availability and irrigation efficiency. These 
indicators will be analyzed to capture nonlinear relationships between canopy-level features and 
vegetation stress responses. By integrating artificial intelligence, UAV-based remote sensing, and 
agricultural water management, this framework aims to reduce reliance on manual field inspections and 
point-based measurements while supporting sustainable irrigation practices and long-term water 
conservation.   
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Impacts of Concentrated Flow Path Management Strategies on Crop Yield, Soil Loss, and Nutrient 
Transport in Southern Illinois - Abigail Hoeft, Southern Illinois University (J. Schoonover, K. Williard) 
 
Southern Illinois’ agriculture lies primarily in a landscape characterized by rolling topography where 
surface runoff dominates.  This landform leads to channelization, and the formation of rills and gullies 
that develop into concentrated flow paths (CFPs) that impact soil loss and crop yields. The mitigation of 
CFP formation with in-field, or edge-of-field, best management practices (BMPs) is crucial to the 
prevention of yield, sediment, and nutrient loss at the field’s edge. There has been little research on the 
yield impacts of BMPs, specifically grassed waterways, so this study will attempt to expand the 
understanding of CFP management at the field scale.  Yield data, obtained from Southern Illinois 
University Farm’s John Deere Operations Center, will be utilized to determine how crop production in a 
corn-soybean rotation is impacted by BMPs, or lack of BMPs. Various soil physical properties including 
bulk density, soil texture, aggregate stability, and soil moisture will be used to develop a multiple linear 
regression model that examines the relationship between soil conditions, CFP characteristics, and yield. 
Baseline soil loss from gullies since the last tillage event was quantified by determining the length, 
width, and depth of CFPs, through photogrammetry and traditional survey methods utilizing RTK to 
record precise coordinates. A tool for sampling event-based runoff is being developed to collect water 
samples at a specific height and time during a rain event. These samples will be analyzed for pH, total 
suspended solids, nitrate, ammonium-N, dissolved reactive phosphorus, and total phosphorus. Grassed 
waterways have been proven to reduce nutrient runoff and sediment loss, but long-term benefits are 
not well documented. This study aims to provide clearer insights into the economic consequences of 
CFP management options, relating to soil physical and chemical properties and crop yield loss. 
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Cover Crops, Tillage and Legume Cover Crop Termination Timing Effects on the Nutrient Loss Reduction 
from Southern Illinois Corn and Soy Rotations - Taranpreet Kaur, Southern Illinois University (K. Williard, 
J. Schoonover, M. House) 
 
Agricultural practices have increased nutrient inputs into waterways throughout the Midwestern United 
States that feed into the Mississippi River and ultimately the Gulf of Mexico. The results of this study, in 
its tenth year, evaluate whether mitigation efforts, specifically, cover crops combined with reduced tillage 
or no tillage affect dissolved reactive phosphorous (DRP) and nitrate-N leaching. The study is located at 
Southern Illinois University Farms in Carbondale, IL. The crop rotation is: 1) Corn- 2) Cereal Rye- 3) 
Soybean- 4) Hairy Vetch / Balansa Clover, combined with two tillage treatments for a total of six 
treatments in the field. Additionally in 2024, testing began for nutrient leachate differences in response 
to hairy vetch termination time: 1) 2 weeks prior to harvest, 2) at planting, and 3) 2 weeks post harvesting. 
Hairy vetch is a nitrogen fixing cover crop, and that nitrogen can be released upon decomposition. Here, 
we present the nitrate-N and DRP extracted from soil water samples collected after significant rain events 
(>0.5 inches) from gravity-drained lysimeters installed below the undisturbed A horizon. During the 2025-
26 cover crop season, the hairy vetch, no-till plots (currently planted with cereal rye) had the highest 
nitrate-N leaching followed by the no cover crop, reduced-till treatment. The balansa clover, reduced-till 
plots leached the most nitrate-N during the 2024/25 cover crop season. The remaining treatments were 
similar in nitrate-N leaching. The no cover crop, no-till treatment had the highest DRP leaching followed 
by the hairy vetch, no-till (currently planted with cereal rye) plots. Despite similarity in hairy vetch 
establishment across the plots, we found that the early termination plots had greater nitrate-N leaching 
compared to the at planting and late termination plots, indicating that later termination times may be 
beneficial for nitrogen utilization within the cropping system.     
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Characterizing Risk from Emerging Contaminants to Montana’s Public Water Supplies - Nicklas Kiekover, 
Montana State University (W. Sigler, M. Eggers, S. Patterson, R. Payn, N. Nazemi) 
 
Montana has over 2200 Public Water Supplies (PWS) providing drinking water to over two thirds of the 
state’s population. In addition to over 90 contaminants which are required for monitoring per the United 
States Environmental Protection Agency’s (EPA) Safe Drinking Water Act, the Montana Department of 
Environmental Quality (MDEQ) has identified 191 chemicals and 12 microbes from the EPA’s Contaminant 
Candidate Lists to assess. These emerging contaminants (ECs) include natural metals, pesticides, 
pharmaceuticals, industrial chemicals, PFAS, and cyanotoxins associated with harmful algal blooms 
(HABs). In this project we seek to amass all existing Montana water quality data on ECs and assess the 
quality and quantity of data for each contaminant, as well as perform a statewide analysis assessing health 
risks to PWS consumers. Data have been collected from the Montana Bureau of Mines and Geology, 
Montana Department of Agriculture, the EPA and US Geological Survey via the Water Quality Exchange 
(WQX), and public water supply sample data found through both the EPA’s Unregulated Contaminant 
Monitoring Rules (UCMR1-5) and the state’s PWS sample database. Risk from ECs is assessed in terms of 
concentrations relative to Health reference levels (HRLs) set by the EPA, to produce hazard quotients 
(HQs), as well as assessing the occurrence percentage of ECs across the state. Sample data are also 
mapped for each contaminant to determine potential spatial patterns and identify where PWS may 
require additional monitoring. Sample data have been found for 161 ECs, with 108 ECs having at least one 
detection in the state. Contaminants with both high HQs and high occurrence levels include Lithium, 
Vanadium Manganese, and Cobalt. Ongoing work includes incorporation of microbial contaminants into 
the existing analysis workflow, as well as further assessment of data quality standards for the existing 
data. 
 
  



2026 UCOWR/NIWR Annual Water Resources Conference                                                         Posters 
 

Return to Contents  San Antonio, TX | June 8-10, 2026 

Riparian Vegetation Communities along a Longitudinal Gradient on the Guadalupe River Four Months 
after a Large Flood Event - Brian Laub, The University of Texas at San Antonio  
 
Riparian vegetation is adapted to flooding events on river systems, but frequency and magnitude of 
flooding events may increase with climate change, potentially threatening recovery of river ecosystems 
from flooding disturbances. In this study, riparian communities were assessed at multiple sites and at 
multiple patches within sites along the Guadalupe River several months after a large flood. The goal was 
to identify impacts of the flood on riparian communities and potential recovery pathways. Riparian 
vegetation was surveyed at six sites. Two sites (Ingram and Kerrville) were within the section of river 
where highest flood magnitudes occurred. One site was located upstream of the highest impact section 
and represented a relatively less impacted control. Three sites were sampled at progressive distances 
downstream, representing a gradient of flood attenuation. Within each site, multiple 50 m2 plots were 
sampled on low elevation gravel bars adjacent to the river channel, targeting areas with and without 
existing large standing trees. Species richness and vegetation cover were lowest at one of the high-impact 
sites (Ingram), but richness and over at the other high-impact site (Kerrville) were within ranges found at 
less impacted sites. Even at the Ingram site, several plots had richness and cover values within ranges 
observed at less impacted sites, showing high patchiness of disturbance impacts. Average richness in plots 
around trees was approximately five species higher and average vegetation cover was approximately 10% 
higher compared to plots without trees across all sites. These results show substantial flood impacts to 
vegetation in some locations, but several potential pathways for recovery are indicated, including 
colonization from upstream and downstream sites, less impacted patches within sites, and patches 
around existing trees. Continued monitoring of vegetation communities is planned over the next year and 
should help guide restoration efforts following future floods in the region. 
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Hydrologic Impacts of Urbanization on Streamflow Dynamics in Dallas, Texas Watersheds - Melodie 
Malithong, Southern Methodist University (X. Yang) 
 
Urbanization has dramatically altered the hydrologic response of watersheds by creating artificial runoff 
routes, introducing impervious surfaces, and generally reducing watershed storage capacity. This project 
aims to examine the influence of urban development on storm streamflow recession characteristics in 
Dallas, Texas by quantifying the Richards-Baker Flashiness Index (RBF) and streamflow recession rates 
across selected watersheds. The RBF index will serve as a measure of flow variability, while recession 
constants from falling limbs of storm events will indicate the catchment drainage behavior. Long-term 
daily mean stream discharge will be collected from U.S. Geological Survey gaging stations. Trends in both 
metrics will be evaluated against the extent of urban development over the past few decades, which is 
measured by the percentage of impervious surfaces. Preliminary results suggest that watersheds with 
greater urban growth exhibit faster recession rates over time, a decreasing recession constant, which is 
consistent with reduced effective storage and low infiltration due to impervious surfaces. These findings 
could have meaningful implications for water resource management in North Texas, offering valuable 
insights for sustainable watershed and infrastructure planning in rapidly developing regions. 
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Social Acceptance of Solar Farms in Texas - Audrey McCrary, Texas Water Resources Institute (A. 
Berthold, T. Murphrey, Z. Xu, L. Gregory) 
 
Utility-scale ground-mounted solar farms present a unique multi-use land management challenge within 
the food-water-energy nexus. Solar farm development involves tradeoffs between energy, environment, 
agriculture, and humans. Though broadly supported by the general public as an environmentally-friendly 
renewable energy alternative, support fades as solar farms are considered within local contexts and 
development becomes specific and real within communities. To better understand this paradox, this study 
used a cross-sectional survey of the general public to investigate the roles of different demographic, 
contextual, and psycho-social factors on the acceptance of solar farms in Texas. This research will assist 
landowners, policymakers, energy developers, consumers, and public stakeholders in understanding the 
nuances of the solar farm acceptance. 
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Advancing Irrigation Water Salinity Management for Sustainable Corn Production in Kansas - Farzam 
Moghbel, Kansas State University (F. Fazel, J. Aguilar) 
 
Degraded water resources quality in western Kansas has imposed a new phase of challenge for sustainable 
agriculture in the region which highly depends on irrigation. To date, very few studies have been 
conducted to address the irrigation soil and irrigation water salinity management in this part of the world. 
Therefore, proactive exploration of effective salinity management methods is extremely critical. As corn 
is still one of the most common crops to be grown in Kansas plus its vulnerability to salinity existence in 
the soil, drainage lysimeter studies were performed to monitor soil water and salinity status at corn root 
zone under saline water irrigation conditions for two growing seasons. Growth stage based leaching 
management methods were implemented to identify corn to salinity dynamic and corn responses to this 
particular salinity control approach. Cylindrical lysimeters with 200 mm diameter and 70 cm height were 
constructed at Kansas State University Southwest Research-Extension Center. To continuously monitor 
the transient conditions of soil water content and electrical conductivity the N-Series of the Acclima 
sensors were installed at two different soil depths of 25 and 45 cm and were connected to data loggers. 
The corn responses to the irrigation water salinity levels of 1.5 and 3 dS/m and growth stages based 
leaching application were tracked throughout the growing season. The results demonstrated the 
advantages in-season salinity management which could enhance the corn growth components and its 
production. The corn showed better responses to leaching management at the vegetative growth stages, 
especially between 12 leaves growth stages and tasseling time. The outputs of this study could be used as 
the first guidelines to control consequences of degraded irrigation water quality for corn producers in 
Kansas. 
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Household Drinking Water Contaminants and Toxicological Risk in US-Mexico Border Colonias: A 
Community-Engaged Assessment - Kayla Morales, Texas A&M University (G. Sansom, L. Sansom) 
 
Colonias along the U.S.–Mexico border face persistent environmental and human health risks driven by 
agricultural runoff and long-standing failures in water and sanitation infrastructure, disproportionately 
affecting rural and historically underrepresented communities. In these settings, the absence of primary 
environmental data limits both toxicological risk assessment and the ability of residents to advocate for 
meaningful change. This research project integrates community engagement and public health–based 
approaches within a toxicological framework to identify and address human health risks in Colonias 
located in Hidalgo County, Texas. By working closely with community health workers (Promotoras) and 
leveraging existing community relationships, the project prioritizes household-level environmental 
sampling and education to identify potential health disparities while overcoming traditional barriers to 
participation. Preliminary findings include the collection of 201 household drinking water samples, with 
100% showing detectable concentrations of arsenic, nickel, and uranium, and approximately 10% of 
homes exhibiting detectable lead. Environmental sample collection conducted within individuals’ homes 
achieved a response rate exceeding 90%, demonstrating the effectiveness of Promotora-led engagement 
strategies in facilitating trust and participation. Early spatial analyses of water contaminants reveal 
substantial variability across Colonias, underscoring the importance of localized, primary data collection 
for accurately quantifying exposure and informing toxicological risk assessments. This presentation will 
discuss both the underlying water insecurities facing Colonias in this region and potential paths forward, 
emphasizing community-engaged strategies, Promotora-led models, and data-driven approaches to 
advancing water security and public health interventions in marginalized communities. 
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Characterization of Atrazine Transport in Recharge-Zone Media from the Carrizo Aquifer Using 
Laboratory Column Experiments - Onyekachi Ofojioha, Texas A&M University San Antonio (A. Teague, W. 
Den) 
 
Atrazine is one of the most widely used herbicides and is frequently detected in groundwater in 
agricultural regions. In south-central Texas, the Carrizo Aquifer serves as a crucial water source, and it is 
essential to comprehend how contaminants move through recharge-zone subsurface geological media to 
safeguard water quality and assess mitigation approaches. This research examines the transport 
characteristics of atrazine in typical media obtained from the recharge zone of the Carrizo Aquifer through 
controlled laboratory column tests. Soil media were obtained from the Carrizo formation (Carrizo–Wilcox 
unit) at south Texas site from three depth intervals: Sample A (2–7 ft), Sample B (3–5 ft), and Sample C 
(15–60 ft) below ground surface. Sieve analysis indicates the media are predominantly fine-to-medium 
sand (≈98.9–99.5% sand) with very low fines (<0.063 mm; ≈0.5–1.1%), consistent with sand-dominated 
recharge-zone sediments. 
 
Packed columns are used to generate breakthrough curves under saturated flow conditions while 
systematically evaluating how media characteristics influence atrazine transport. Prior to atrazine 
transport experiments, hydraulic characterization is conducted to measure permeability and establish 
stable flow conditions; representative permeation results indicate higher hydraulic conductivity for 
Samples A and B (~1.47×10⁻⁵ m/s) compared to Sample C (~2.24×10⁻⁶ m/s), suggesting depth-dependent 
contrasts in flow capacity. 
 
To produce normalized breakthrough profiles (C/C₀ vs. pore volumes), atrazine solutions prepared in CaCl₂ 
background, applied as continuous inputs, and effluent samples are collected over time for concentration 
analysis. Standard transport indicators, including travel time, mass recovery, retardation behavior, and 
curve-shape metrics linked to dispersion and sorption/desorption are used to interpret results and 
compare transport across media types. The findings provide laboratory-scale insight into atrazine mobility 
in Carrizo recharge-zone materials and support groundwater vulnerability assessment and source-control 
planning in recharge aquifer systems. 
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Applying a Multisector Scenario Framework to Evaluate Past and Future Public Sur-face Water Supply 
Infrastructure Strategies in Texas - Ifeoma Perpetua Okoye, Baylor University (R. McManamay) 
 
Facilitating decisions over future infrastructure transitions benefits from understanding past strategies to 
inform future scenario development. Here, we apply a scenario framework to generate future, plausible, 
and spatially explicit Public Water Supply Infrastructure (PWSI) alternatives, evaluating past and future 
proposed strategies for surface use relative to the diversity of available options in Texas. We examine the 
specific scenario space occupied by past PWSI investments relative to the full diversity of natural surface 
water infrastructures (free-flowing streams) and human-modified resources (waterbodies and reservoirs) 
available for use. We compare available options with evolving state planning priorities, particularly as 
reflected in the Texas Water Development Board’s project projections for new major reservoirs. We find 
that 1) a full diversity of distributed PWSI options are present but under-utilized, representing diverse SSP 
scenarios, specifically for free-flowing streams; 2) the diversity of SSP scenarios is bounded by clear 
tradeoffs among indicators and costs, e.g., high water availability is rarely accompanied by high water 
quality; 3) in the past, humans have utilized a narrow margin of this diversity by relying on centralized 
infrastructures that maximize reservoir storage capacity or high water availability in large rivers while also 
prioritizing sources with higher water quality at the expense of high infrastructure cost, and 4) our 
approach aligns closely with state planning priorities suggesting that future state strategies are pursuing 
more distributed, cost-effective approaches across more diverse sources to meet future demand, perhaps 
out of necessity. This demonstrates how scenarios are translated into tangible, real-world applications 
and assists in understanding tradeoffs among scenario alternatives to inform future applications and 
discover new scenarios.  
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A Descriptive Analysis of Residential Water Conservation Intentions across Gender and Housing 
Contexts - Millicent Oyugi, Texas Water Resource Institute (A. Berthold, A. McCrary, G. Suchiapa 
Magdaleno) 
 
Outdoor residential water use remains a major contributor to municipal water demand, particularly in 
urban and peri-urban areas. Understanding how residents perceive and intend to engage in lawn water 
conservation is key to formulating effective extension outreach and demand-side management strategies. 
The study objectives were to describe patterns of lawn water conservation intentions across 10 behavior-
specific items and to examine differences in intentions by sex, housing tenure, and HOA status. Survey 
data were collected from 500 adult residents through Qualtrics. Responses to ten lawn water conservation 
intention items were summarized using frequency distributions and aggregated into a three-level 
intention variable. Crosstabulations were used to describe variation in intention by sex, housing tenure 
(own, rent/ lease), and homeowners association (HOA) status (yes, no) using a regrouped three-level 
intention construct (no, low, high). Based on the descriptive results from the 10 intention items, most 
respondents reported currently engaging in at least one lawn water conservation behavior; however, 
engagement varied substantially by behavior type. When regrouped, 44.8% of respondents were classified 
as having no intention, 43.8% as having low intention, and only 6.6% as having high intention. Intention 
distributions were broadly similar by sex. Homeowners reported higher conservation intention, while 
renters reported no or low intention. The HOA status showed minimal differentiation, suggesting limited 
variation on intention formation. In conclusion, many residents engage in individual lawn water 
conservation behaviors. Still, relatively few demonstrate high or sustained conservation intentions, 
particularly among renters, pointing to the need for context-specific extension and utility strategies that 
move beyond awareness toward long-term engagement. 
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Assessing Hydrological Impacts of Purified Produced Water Reuse in the Pecos River Basin Using SWAT+ 
gwflow - Seonggyu Park, Texas Tech University (A. Bawa, S. Collins, S. Walker) 
 
Increasing interest in beneficial reuse of produced water has raised important questions regarding its 
hydrological and ecological impacts, particularly in arid and semi-arid river basins where water scarcity is 
severe. In the Pecos River Basin, several permits have recently been proposed to discharge purified 
produced water into streams or apply it to land, highlighting the need for integrated, basin-scale 
assessment tools. The objective of this study is to evaluate the fate and impacts of purified produced 
water releases on surface water, groundwater, and aquatic ecosystems using a coupled SWAT+ gwflow 
modeling framework. The model is designed to (1) track the transport and mixing of released water, (2) 
quantify impacts on streamflow, baseflow, and aquifer systems, (3) capture spatial and temporal 
variability in hydrologic responses, and (4) support safe and informed water reuse decisions under 
uncertainty. Advanced parameter estimation and uncertainty analysis are conducted using PEST++ tools, 
including PESTPP-MOU for constrained multi-objective optimization and PESTPP-SWP for scenario-based 
analysis. These approaches enable evaluation of trade-offs among hydrologic performance, ecological 
risk, and regulatory constraints. Initial findings show that the framework can effectively evaluate stream 
discharge scenarios using actual permit applications from the Pecos River Basin, while current research is 
expanding this approach to include land application scenarios. This study provides a process-based, 
decision-support modeling framework for evaluating produced water reuse in data-limited, water-
stressed basins. 
 
Keywords: Produced water reuse; SWAT+ gwflow; Uncertainty analysis; Pecos River Basin 
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Computational and Decision Challenges in Watershed Management:  A Systematic Review of Modeling, 
AI, and Optimization Approaches - Hoda Razavi, Michigan State University (A. Nejadhashemi, K. Deb, G. 
Toscano, T. Harrigan, L. Linker) 
 
Rapid population growth, urbanization, climate extremes, and land use change have intensified pressures 
on water resources, making water quality degradation a persistent and complex global challenge. To 
address these challenges, a wide range of analytical and management tools has been widely applied to 
support water resources planning and policy development. While previous studies have primarily 
examined individual methods or limited interactions among selected tools, this review provides a holistic 
perspective by jointly evaluating six major elements of water resources management: watershed models, 
optimization techniques, artificial intelligence (AI), monitoring systems, surrogate models, and decision 
support systems (DSSs). The novelty of this review lies in its synthesis of these elements, combining 
technical rigor with practical relevance to deliver actionable insights for policymakers and practitioners 
while identifying emerging research directions. Following the PRISMA (Preferred Reporting Items for 
Systematic Reviews and Meta-Analyses) methodology, a rigorous multi-stage screening process was 
applied to peer-reviewed journal articles, conference proceedings, and governmental reports, resulting in 
the detailed analysis of 403 studies. The review examines the functionality, strengths, and limitations of 
each element and identifies critical gaps that result from fragmented methodological frameworks. Key 
findings indicate that hybrid AI–process-based approaches can reduce the computational burden of 
watershed modeling, that targeted strategies are needed to improve large-scale BMP optimization, and 
that transfer learning shows strong potential to enhance the scalability of AI applications. In addition, 
models that learn continuously from new data reduce the need for manual recalibration and improve 
prediction accuracy. Incorporating explainable AI into DSSs further enhances transparency and supports 
robust, adaptive decision-making. Overall, this review demonstrates that fragmented approaches often 
address isolated aspects of water systems while overlooking broader system interactions, increasing the 
risk of ineffective policies and costly revisions. The findings emphasize that Future research should focus 
on strengthening linkages among these elements to advance integrated water resources management. 
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Advancing Irrigation Education in the Mississippi Delta: Three Years of the Mississippi Master Irrigator 
Program - Dillon Russell, Mississippi State University (D. Gholson, N. Quintana-Ashwell, A. Deason, L. 
Eubank) 
 
The Mississippi Master Irrigator (MMI) program was developed to address critical water resource 
challenges in the Mississippi Delta by increasing awareness of the declining Mississippi River Valley Alluvial 
Aquifer (MRVAA) and promoting adoption of proven irrigation water management practices. Modeled 
after the original Texas program, the Mississippi initiative integrates a region-specific irrigation manual 
with instruction from irrigation specialists across the Mid-South. The 24-hour curriculum includes eight 
hours of self-paced online coursework followed by a two-day, in-person workshop focused on precision 
irrigation strategies and conservation practices. Over the first two program cycles (2023–2024 and 2024–
2025), a total of 98 participants from multiple Mid-South states completed the program. Participants 
demonstrated substantial knowledge gains, with average assessment scores increasing from 67% pre-
course to 97% post-course. Surveys also indicated improved confidence in irrigation decision-making and 
strong satisfaction with the balance between online learning and hands-on, in-person training. Feedback 
consistently highlighted the program’s practical relevance to on-farm management and its value as a 
continuing education resource. The third Mississippi Master Irrigator program is currently underway, with 
participants completing the online coursework portion of the curriculum. The in-person workshop is 
scheduled for February 18–19, 2026, and will continue to emphasize precision irrigation strategies, 
conservation practices, and the use of emerging irrigation technologies. The program has expanded 
through partnerships with state and federal agencies, including specialized training opportunities with 
USDA–NRCS, and continues to strengthen regional collaboration and farmer engagement. This poster will 
highlight the development, implementation, and evaluation of the Mississippi Master Irrigator program, 
emphasizing its role in improving irrigation water management, supporting aquifer sustainability, and 
building long-term resilience for agricultural production in the Mid-South. 
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Comparative Uncertainty Quantification in Deep Neural Networks for Flood Forecasting - Mostafa 
Saberian, Clemson University (V. Samadi, T. Wagener, I. Popescu) 
 
Effectively characterizing uncertainty and error in flood prediction is essential for informed decision-
making. This study combines advanced deep neural network architectures, i.e., Neural Basis Expansion 
Analysis for Interpretable Time Series Forecasting (N-BEATS) and Long Short-Term Memory (LSTM), with 
multiple uncertainty quantification frameworks to evaluate flood forecasts across several watersheds in 
the southeastern United States. Bayesian inference, Monte Carlo–based methods, and quantile regression 
are applied to estimate predictive uncertainty. The comparative analysis examines how different 
uncertainty approaches perform across a range of flood magnitudes, highlighting their respective 
advantages and limitations at multiple scales. Results indicate that N-BEATS generally yields narrower and 
more reliable uncertainty bounds than LSTM. The findings further demonstrate that prior specification in 
MCMC sampling strongly influences uncertainty estimates and requires careful calibration. While Monte 
Carlo dropout, which is an approximate Bayesian technique, primarily captures uncertainty near flood 
peaks, MCMC offers a more complete characterization across the full hydrograph. Collectively, these 
results advance the integration of deep neural networks and uncertainty quantification to enhance flood 
modeling capabilities and risk management. 
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Per- and Polyfluoroalkyl Substances (PFAS) in Montana Private Wells - W. Adam Sigler, Montana State 
University (T. Sobolewski, P. Bradley, K. Smalling, M. Eggers, K. Romanok, M. Schreiner, J. Gray, R. Walker) 
 
Per- and polyfluoroalkyl substances (PFAS) exposures through drinking water pose health risks and are of 
global concern, but understanding of the extent of exposure through drinking water from private wells is 
limited. Tapwater samples were collected by volunteer community members in three southwestern 
Montana counties from 59 private-well dependent residences and assessed for PFAS using two different 
analytical methods. No PFAS were detected in the initial sample analysis using analytical Method 1 (MDL 
range: 5 – 22.8 ng/L, for 34 PFAS). However, re-analysis employing a more sensitive and analytically 
rigorous protocol, Method 2, (MDL range: 0.2 – 1.0 ng/L, for 54 PFAS) detected at least one PFAS in 53% 
(31/59) of wells. Twelve PFAS were observed at least once, with PFOS, PFOA, PFBS, PFHxS, FOSA, PFHpA, 
and PFHxA observed most frequently and in 10 - 25% of samples. The number of individual PFAS observed 
in a single well ranged from 0 to 7 with cumulative concentrations (sum of PFAS detected) ranging from 0 
to 22.2 ng/L. A greater number of compounds were generally detected in shallower wells and on smaller 
sized properties, consistent with higher prevalence in younger (shallower) groundwater in areas with 
higher intensity land use. Cumulative risk assessments were conducted by calculating Toxicity Quotient(s) 
(TQ) based on available human-health benchmarks, to evaluate potential human-health effects from 
exposure to multiple PFAS in private-well tapwater. Human health risks were driven primarily by PFOA 
and PFOS. Cumulative TQ (∑TQ) ranged from 0.03 to >1 in wells where PFAS were detected, with elevated 
risk (∑TQ ≥ 1) predicted in 25% of samples. These findings document the presence of PFAS in private-well 
drinking water in rural and minimally developed areas and demonstrate the critical importance of 
employing PFAS analytical methods with detection limits below existing regulations to more accurately 
assess corresponding drinking water human-health risk. 
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Identifying Outdoor Watering Events with High Frequency Metering Data to Assess Residential 
Watering Consumption - Carson Slater, Baylor University (A. Hering, R. Shepler, S. Bryan) 
 
Advanced metering infrastructure (AMI) that collects high-frequency water consumption at the meter 
level is becoming increasingly accessible to water utilities, creating new opportunities to understand 
customer-level consumption. City-wide peak water demand is impacted by the collective timing and 
volume of outdoor watering events, and identifying these events from AMI data provides opportunities 
to develop customer-level demand management strategies. However, existing methods for 
disaggregation and end-use classification from AMI data require sub-minute temporal resolution data, 
limiting their applicability. Many utilities only have access to coarser temporal data resolutions, such as 
15-minute data. Therefore, we present a novel method using 15-minute data to identify and characterize 
outdoor watering behavior. Our approach first clusters customers into regular or irregular watering 
groups. We develop metrics to capture differences in summer watering behavior and use these with k-
means clustering to distinguish between these two types of users. Then, for each customer who regularly 
waters outdoors in the summer, an adaptive, quantile-based threshold is developed to identify individual 
watering events. Based on these, we quantify the total water consumption and timing of each event. 
Applied to the AMI data of over 2,000 Denver Water customers across three summers (May through 
October 2022-2024), this unsupervised classification method successfully identifies outdoor watering 
patterns at an individual scale.  The percentage of customers that did not adhere to Denver Water 
watering rules suggested days is sizeable, providing identifiable strategies to reduce peak demand. 
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Estimation of Sediment Loadings in the Nueces River, and the Corpus Christi and Nueces Bays, Texas - 
Omar Talafha, Texas A&M University-Kingsville (T. Sinha, J. Ren, J. Choi) 
 
Estimating sediment concentration is essential for assessing water quality, as sedimentation impacts 
aquatic ecosystems and increases flood risks by reducing reservoir capacities. During periods of high-
intensity precipitation, increased runoff feeds into river basins, elevating both water discharge and 
sediment loads. This surge in flow erodes riverbanks and transports large volumes of sediments 
downstream, eventually depositing them in downstream water bodies and Bays. This study utilizes 
remote sensing data to estimate Suspended Sediment Concentration (SSC) based on the principle that 
higher sediment loads increase surface reflectance. Using datasets from Moderate Resolution Imaging 
Spectroradiometer (MODIS) (2000–2025) and Landsat-8 (2013–2025), we analyzed reflectivity to estimate 
SSC levels in the Nueces River and its associated bays in South Texas. The objective was to develop a 
geospatial model that validated remote-sensing-derived SSC values against field measurements. 
Additionally, the research examined the effects of precipitation on sediment transport to identify seasonal 
trends and SSC hot spots. Our results showed that the MODIS-based Random Forest model for the Bays 
yielded the highest predictive skill (R2 of 0.87) when compared with field observations. MODIS excelled in 
capturing bay-wide dynamics, and Landsat achieved (R² = 0.53) for the river segments. Analysis of the 25-
year dataset revealed a system characterized by long-term stability disrupted by seasonal variations; 
monthly mean SSC ranged from 19.95 mg/L (December 2011) to 43.00 mg/L (April 2022). These peaks, 
occurring primarily between March and May, indicate recurring seasonal processes influencing sediment 
variability in the bays.  The findings from this study will help manage the environmental and infrastructural 
impacts of sediment accumulation in the Nueces River and the Bays. 
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Forever Chemicals on the Move: Organic Matter Regulation of PFAS Behavior in Coastal Transition 
Zones  - Alyssa Wentzel, Texas A&M University - Kingsville (T. Das, J. Ren) 
 
Per- and polyfluoroalkyl substances (PFAS), commonly referred to as “forever chemicals,” are persistent 
organic pollutants that raise growing concern due to their bioaccumulative behavior and long-term 
exposure risks in coastal ecosystems, particularly estuaries. PFAS readily partition via hydrophobic 
interactions with organic carbon and electrostatic attractions to minerals. However, the dynamic 
biogeochemical cycling of organic carbon and mineral compositions within estuaries could potentially 
influence the fate and transport of these compounds, complicating predictions of their long-term 
exposure. Organic matter in aquatic systems is a mixture of organic compounds from dissolved to 
particulate forms, each with different affinities for PFAS partitioning. Unlike many organic pollutants, PFAS 
resist biodegradation and persist in estuaries for decades, raising questions about whether organic matter 
and sediments are permanent sinks or long-term secondary sources that can remobilize PFAS under 
environmental perturbations. In this data-driven analysis, 14 peer-reviewed studies from different estuary 
systems worldwide were analyzed to understand how bulk carbon measurements influenced PFAS 
concentrations across freshwater, estuarine, and marine systems. Further, this work examined the 
partitioning of PFAS among water columns, suspended particulate matter (SPM), and sediments across 
these systems. PFAS concentrations in water columns decreased significantly from freshwater (30.6 ± 97.9 
ng/L) to estuarine (0.544 ± 0.453 ng/L; p < 0.001) and marine (0.735 ± 1.28 ng/L; p < 0.001), while SPM-
bound PFAS increased toward marine systems. Dissolved organic carbon (DOC) strongly predicted PFAS 
concentrations in freshwater systems (𝑅𝑅2= 0.44). Organic carbon fractions predicted PFAS in estuarine 
sediments (𝑅𝑅2= 0.58) with a preferential retention for long-chain (5.38 ± 18.2 ng/g) compared to short-
chain compounds (0.171 ± 0.136 ng/g; p=0.0241). These findings show estuaries as key zones for long-
chain PFAS sequestration and highlight the importance of characterizing organic matter to predict PFAS 
transport, storage, and exposure risks in coastal waters. 
 


