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| Scale, Scope, and Motivation

Quantifying the national water budget to support decision-making, adaptive conservation policy, and
environmental protection across the United States.
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Environmental Demands

Establishing continuous water budget components (ET, runoff, recharge,
streamflow) is vital for sustainable national resources management, drought
mitigation, and climate adaptation.

Corn (maize) yield (bu/acre)

Agricultural Management

As the primary consumer of waterresources, agriculture requires
high-precision, physically based process simulations to balance productivity
with ecologicalintegrity.



| Scientific & Technical Criteria

Scientific Objectives

Comprehensive Hydrological representation:

Must simulate all major water budget components
(evapotranspiration, runoff, recharge, streamflow) at high resolution
across CONUS.

Route water through hydrographic networks, lakes, reservoirs, and
inter-basin transfers.

Comprehensive Land process representation:

Simulate major plant growth and land management: forest/crop
growth, fertilization, fire, and urban processes.

Integration of diverse, open-access data:

Incorporate topography, soils, and land use from public datasets
only fortransparency.

Flexibility for scenario analysis:

Support climate change, land use shifts, and conservation policy
simulations.

Technical Foundations

Computational efficiency:

Enable parallel processing and modular execution for
national-scale modeling on HPCs.

Hierarchical and scalable architecture:

Handle millions of agricultural fields using HRUs and watershed
aggregation.

Calibration and validation framework:

Combine physically based and soft calibration; validate against
cropyields and hydrological data.

Future-ready enhancements:

Integrate machine learning, real-time data assimilation, and
advanced discretization.



| CONUS Discretization: From Field HRU to Continental Reach

To accurately assess water quality improvements, the modeling system decomposes CONUS
into modular computational elements:

€ 2,121SWAT+Models
Standalone HUC8 watersheds.

®I8 65,000+ Routing Units
Divided at HUC12 sub-basins.

4.2 Million Fields
Explicitly represented as HRUs (~7M total).

Q 3.5 Million Streams
Linked continuously with 150K impoundments.




Architecture, Design & Calibration

Combining rigorous, peer-reviewed model development with robust open-access code

repositories and high-performance computation.
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Utilizing a hierarchical combination of water balance constraints and formal algorithmic search to
secure physical process consistency.
Focus Area Model Advancements & Modules Reference & DOI Link
NAM Design Development of a Field Scale SWAT+ Modeling Framework for the White et al., 2022 (DOI: 10.1111/1752-1688.13056)

Contiguous U.S.

Field scale SWAT+ modeling of corn and soybean yields for the contiguous

HeieallaEEn United States: National Agroecosystem Model Development

Cerkasova et al., 2023 (DOI: 10.1016/j.agsy.2023.103695)
Augmenting the National agroecosystem model with physically based

ST D spatially distributed groundwater modeling

Bailey etal.,2023 (DOI:10.1016/j.envsoft.2022.105589)

Design and development of a python-based interface for parallel
Hard Calibration calibration of SWAT+ model at large scale using dynamically dimensioned  Gaoetal., 2025 (DOI:10.1016/j.envsoft.2025.106708)
search algorithm



| Heuristics: expert knowledge to rules

Model developerinsights: translating the rules of thumb to calibration decision

DECISION MATRIX

TARGETS
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Key Calibration Targets

PARAMETER TUNING
HEURISTICS

e WaterBalance: Ensuring
consistent hydrology (e.g., ET, Sail
Water).

e Sediment: Calibratingyields (e.g.,
T/ha).

e  Nutrients: Monitoring TN/TP for
in-stream performance.

Targets
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Upland, Instream, Rules
Reservoir, etc.

CALIBRATION
RULES

Performance

SWAT+ MODEL INPUTS

Parameters
High (H) Low (L) High (L)

Optimized Fit
=

CALIBRATION OUTPUTS & TARGETS

The decision matrix guides the calibration
strategy to achieve optimized physical

process consistency.
ass 15 _Parameter. )| . | | B &, ,_Ave_| ,_High_| ,_Med_| ,_Low_| ,_O€!
Instream bankfullflo 1 01 025 4 absval 1 L1
Instream bankfull flo 1 01 025 4 absval 1 H:1
Instream ver_coef 1 0.1 03 3 absval 1 H:l
Instream ver_coef 1 0.1 03 3 absval 1 L1
Instream  bank_exp 1 005 15 6 absval 22 L1
Instream  bank_exp 1 005 15 6 absval 22 H:1
Instream  fp_inun_days 1 1 03 30 absval 20 L1 1025 1025
Instream  fp_inun_days 1 1 03 30 absval 20 H:l H025  H:0.25
Instream arc_len_fr 1 005 05 2 absval 12 L1
Instream arc_len_fr 1 005 05 2 absval 12 H1
Instream n_dep_enr 1 005 0.2 1 absval 05 H:1
Instream n_dep_enr 1 005 0.2 1 absval 05 L1
Instream p_dep_enr 1 005 0.2 1 absval 05 H:1
Instream  p_dep_enr 1 005 0.2 1 absval 05 L1
Instream ch_p_conc 1 1 0 100 absval 0 L1
Instream ch_p_conc 1 1 0 100 absval 0 H:1
Instream ch_n_conc 1 0.2 0 100 absval 0 L1
Instream ch_n_conc 1 0.2 0 100 absval 0 H:1
Instream ch_p_bio 1 005 0.2 0.8 absval 05
Instream ch_p_bio 1 005 0.2 0.8 absval 05
Instream wash_bed_fr 1 o001 0 0.8 absval 01 L1
Instream wash_bed_fr 1 001 0 0.8 absval 01 Hi1




| Streamflow Performance (NSE)

Validation of Flow Duration Curves (FDC): Average Nash-Sutcliffe Efficiency (NSE) values evaluated against 1,378 GAGES-II reference stations across
CONUS.

High Flow Regime (Q1-Q10)

Mid Flow Regime (Q20-Q50) NSE: 0.84

Low Flow Regime (Q60-Q90)



Water & Nutrient Predictions

Hydrology & Crops

Spatially explicit simulations of Evapotranspiration (ET), surface runoff, tile flow, lateral soil water flow, and rootzone soil moisture
distribution, alongside daily crop growth and regional yield dynamics.

HIGH

LOW

Surface Runoff Latéral flow Soil Moisture (top 300 mm)



| Water & Nutrient Predictions

Nutrient & Sediment Load

Quantitative tracking of soil carbon, edge-of-field sediment export, surface nitrate (NO3) losses, tile drainage nitrate, and soluble
phosphorus transport paths from agricultural fields torivers.

HIGH

Surface NO3 .
Corn (maize) yield (bu/acre) Soybean yield (bu/acre)
<80 >180 <30 30 - 60 >60

Low

Tile NO3 Sediment Load



| Web Demo: in development

SCALE DOMAIN
WEATHER v BASEMAP v BASINS ABOUT ¥ &
e Acroacotyams Voo (O HUC2 @ HUCS8 HUC 12 @ Fields @® Watershed Node @ Fill -

Core Capability &!

Provides the primary HUCS8 (basin), e — .

HUC12 (routing unit), and field-scale — e =

(HRU) quantitative output from the S :

NAM e — .
Unvouted ¥ & irrigated 16%
) —

Com - Soybeans
8 Wneat/small. | Grass/ pasture
Alfalta | hay Fatow | il
= Cotton 1) Sorghum
= Other

Visie from zoom 10

Launch Web Demo

Opachty 9%



https://nam.51.81.223.82.nip.io/

| Active Applications & Policy

O

CEAP Programs
Provides the primary field-scale
quantitative backbone for USDA's
Conservation Effects Assessment Project

to evaluate agricultural BMPs.

\'
Legacy Nutrients
Evaluating long-term agricultural
conservation policy impacts, specifically

answering whenlegacy P and N reductions

will affect water channels.
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AgMIP & CoSWAT
Participating in national model
intercomparisons for soil carbon dynamics
and driving the development of the
CoSWAT Global-Scale high-resolution

model.



| Model Limitations & Development Challenges

Computational Demand
Spatially explicit HRUs routed in a contiguous way creates high computational overhead forlarge-scale
simulations.

Complex Routing & Flow Diversions
Channels moving in/out of reservoirs or sub-models require intricate algorithmic handling.

Landscape Features
Near-channel wetlands and floodplains are extremely difficult to process within the standard routing
frameworks.

InProgress In Progress

Water Rights & Allocation Manure Management

Basin transfers and urban waterrights Allocation and field-level management
management. protocols.

Generalization Difficulty
Dynamic land use, irrigation, and diversions are highly complex to generalize across national scales.




| Future Horizons

Transitioning physically based simulations into regional groundwater-coupled frameworks and next-generation prediction networks.

Full gwflow Integration
Implementing cell-to-cell gwflow for low-flow regimes. o GWAT ;? g

e Y

Machine Learning
Coupling physically based models with ML to optimize regional predictions.

Join Our Team

Currently seeking motivated post-doctoral researchers in hydrologic modeling
and data science!




| Open Science & Community Tools

O

Open Source Code
The official SWAT+ code repository is
hosted on GitHub, ensuring model
transparency, continuous code updates,

and open collaboration.

P

Community Tools
Supported by open-accesstoolsto
facilitate parallelization, diagnostics, and

regional calibrations at scale.

:&i
Active Support
Regularinternational workshops and
extensive peerreview (/000+
publications) continuously test and

validate code adaptations.



Questions?

Thank you foryour attention. Looking forward to your

questions!

Dr. Natalja Cerkasova
Email: Natalja.Cerkasova@tamu.edu
SWAT Conference 2026 | Thessaloniki,
Greece



