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History of Evolution

* Foundational Heritage: Product of over 45 years of rigorous
development by the USDA Agricultural Research Service, Texas
A&M, and other contributors..

* Legacy to Modern: Evolved from a structural redesign of the

legacy SWAT model into a highly flexible, extensible platform.

» Community-Driven: Driven by a core lead developer group
and an increasingly large, collaborative international user
community.

* Open-Source Shift: Transitioned toward transparent,

reproducible, and scalable open-science workflows.

SWAT Evolution and Development
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SWAT has a more than 80-year history of rigorous hydrological research and development on experimental watersheds behind it



Software Architecture
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Standalone Core Decoupled Design GIS Integration
SWAT+ operates natively as a Utilizes an object-based QSWAT+ acts as a specialized
standalone executable via the architecture and relational-style GIS plugin. It reads and
command window. It directly structure. This critically processes complex rasters and
reads formatted input text files decouples spatial representation shapefiles to automatically
and produces detailed output from underlying process generate the necessary

text files, maximizing simulation mathematics. relational database entries.

performance.



Software Architecture
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Standalone Core

SWAT+ operates natively as a
standalone executable via the

command window. It directly

reads formatted input text files

and produces detailed output

text files, maximizing Tast fila ASSSCSSLSE;:\EN?TTE([;OL

Text file

performance.




Maps to Text: QSWAT+

* GIS Plugin: QSWAT+ serves as a dedicated GIS interface,

bridging raw spatial data and the model executable. <SP
W s
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» Data Processing: It reads and processes complex spatial
datasets, including raster grids (DEM, land use, soils) and

shapefiles.

- Database Generation: Automatically translates spatial
relationships into relational SQLite database entries and

structured text files.

* Not a Model: Crucially, QSWAT+ acts strictly as a spatial

pre-processor and is not the simulation engine itself.



SWAT+ Toolset

S* SWAT+ Editor 4.0.0 / SWAT + rev. 62 / Isparta_headwater

L]
SWAT+ Editor
1t into a database for analysis

SWAT+ Editor 4.0.0
» Standalone application acting as the bridge between spatial Read our release notes o leam

more about this release.

d ata an d t h e mo d el en gl ne. 19,825.38 ha Created with SWAT+ Editor 4.0.0, QSWAT+ 3.1.2

CREATE A NEW PROJECT 2000 - 2023 Last saved Wed, Jun 17, 2026 6:50 PM

* Inputs: Reads database entries prepared by QSWAT+

Recent Projects

Land use distribution

alongside user-prepared text files.
Isparta_headwater

* Outputs: Writes updated database entries and produces the

critical text files required by the SWAT+ executable.

* Results: Reads-in SWAT+ output files post-simulation.

agrl barn crdy

What SWAT+ software needs: Text Files

SWAT+ |AHRIS

But where are the maps, plots, and graphs?



1. Spatial Setup

QSWAT+: Translates raster files
(DEM, land use, soils) into SQLite
databases and CSV/text files.

Offers some possibility to plot

and visualize initial results in GIS.

The Entire Process for a User

2. Model Prep

SWAT+ Editor: Ingests the
SQLite/CSV data to generate the
final simulation text files. Has
limited native capability to
deeply analyze simulation

results.

lad

3. Analysis &
Calibration

Community Tools: Dedicated
tools (SWAT+ Toolbox, SWATrunR,
PyYSWATPIus) to read the text
outputs and analyze, adjust,

calibrate, and validate the model.



Development Scheme: GitHub - Cite Appropriately

Development is driven through a structured version control

& swat-model / swatplus (Public) | & Notifications | [ % Fork (126)

branching Strategy to ensure Stab”ity While enabling rapid <> Code @ lIssues (3) 11 Pullrequests (15) D Discussions ( Actions [ Projects @ Securityand quality [~ Insights

" ¥ main ~ ‘ ¥ 9Branches © 15 Tags ‘ Q Go to file H <> Code ~ \ About

innovation.

Soil and Water Assessment Tool +
. celray Merge pull reque:

« MASTER Branch: Contains stable, official releases (e.g., : : ' il sy

B .devcontainer

Version 610, Version 62.0).  obronion ot et i o w | oD G
I8 .vscode changec aunch,j 2mo go 00 Readme
. . . . &8 LGPL-2.1 license
* DEVELOP Branch: The active integration branch where bug i el e S o G ckenniie
BB jupyter_notebooks Updated y axis label for live root mass in carbon.ipynb file. last month (2 Cite this repository +
fixes and finalized features merge in preparation for the next W cetdoa : Cit this repository
.src—' If you use this software in your work, pleat e
i ST ng th g metadata. Learn more about
release. e mwe | cmone
H .gitignore change to gitignore APA  BibTeX
* FEATURE Branches: Isolated environments where new Bt it e
[ CITATION.cft water allocation operating properly | Amold, J. G, Cerkasova, N., White, M. J,, Bailey
Capabilities (Featu re 1, Featu re N) are built and tested [ CMakelists.txt static gfortran runtime linking on

View citation filt
() CMakePresetsjson Made changes to CMakePrese 0 be able to build relea. foW CriaHon e

independently before being folded into the main codebase.



MANURE
New first-class
management
operation.

Mar 2025

OUTPUT &
REPORTING
Output to a chosen
directory; reworked
print codes and
headers.

SWAT+ REVISION 62.0.0

Highlights

The major areas of work, along the road from 61.0.2 to 62.0.0.

CMAKE BUILD
A CMake build
system for portable,
cross-platform
compiles.

Aug 2025

CHANNELS
Version-3 routing
with stream

temperature and
shade.

PLANTS, RICE &
PADDY

Rice and paddy
ponding folded into
main.

GWFLOW RE-
MERGE

‘ Back in main: heat,
solutes, lateral flow,

Oct 2025 ponds, .pumplng.

Jan 2026

RESERVOIRS &
WETLANDS ’
Condition-based

release, with weir and

natural-lake options.

Jun 2026

SOIL CARBON
Lignin-based residue
partitioning and
decomposition.

62.0.0
Jun
2026



Calibration Mindset

Mindset Shift
Moving away from purely statistical parameter fitting to a process-based
verification logic.

o1

02

03

04

05

Hydrology Base
Verify fundamental weather inputs and simulate water balance components
(fluxes).

Operations
Compare scheduled operations against trigger-based management actions.

Growth (Unstressed)

Validate plant maturity and growing periods with stress mechanisms deactivated.

Growth (Stressed)
Re-activate stress to verify fertilization amounts, irrigation needs, and climate
impacts.

Point Sources
Verify point source inputs and tile drain flows against observed data.

See SWATdoctR for an automated tool
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ABSTRACT

Handling Editor: Daniel P Ames

Keywords:
SWAT+
Verification
R package
SWATdoctR

The Soil and Water Assessment Tool (SWAT) is applied worldwide for modeling basin-scale processes. Its latest
version (SWAT+) adds new capabilities to the tool, and collectively with increasing computational power and
availability of public datasets expands model complexity as well as provides pathways for serious errors in the
model setup process. These models are used to run scenarios to support decision-making processes, hence un-
detected faults can have a ial socio- ic and | impact. We propose a 5-step SWAT+
model setup verification workflow ing the d of p related to weather, water balance,
management, plant growth, point source and tile drain flows. We developed an R package, called SWATdoctR,
which guides the user through the model setup verification process, allowing the identification of typical, but

P dly overlooked, issues. The workflow and the functi ity of the tool is d in 4 SWAT+ setups
in different catchments, at various stages of model setup.




Plant Growth Stress

Simulating yield under different stress codes helps isolate constraints.
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Keywords: This study proposes a new workflow for crop growth evaluation and yield cahbranon in the Soil and Water
. . . . . Crop yield Assessment Tool Plus (SWAT-+) model and evaluates its impact on si ydrological and bi h
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public), respectively. The prop kflow is a valuabl tool for imp: g the of SWAT + simu-

conditions. constraints. active stresses. lations and can be used to support decision-making in




In-Built Soft Calibration

S* SWAT+ Editor 3.0.12 / SWAT + rev. 61.0.1 / saptKosi

File Edit View Help

S — Heuristic Approach

Connections

— The soft calibration requires 10-12 simulations and is a simple,

Soft calibration is built directly into the SWAT+ Editor

heuristic, one-at-a-time procedure. Each process has one or two

Regions parameters and each is looped through a couple of times. After

the soft calibration is complete, the hard (daily gage) calibration interface. It utilizes a Simple, heu riStiC, one-at-a-time
should only require some adjustments of the peaks and
Decision Tables recessions.

Land Use Management

procedure rather than complex statistical algorithms.

Calibration
Water Balance

Hard Calibration

Plant Growth

Constituents

Hydrology

= _ Process Isolation

= S DERSORMATRC = e Requires only 10-12 targeted simulations. By looping
\\. et ;"3’ _~/01 WATER BALANCE E
’ L‘\ N / | il through one or two parameters per process, users
=] D ‘. (e.9., GC_Sed, IS_SED)  F=
% ~— \\ Targets / o3 i
; caEEATon \ = L?}m L}w}m | EE\N\ OO© e : balance the water budget and plant growth prior to any
g Ri B — ‘ CSTRATEGY RSN dail hard librati
5 / LiERER 5 \ /7/ cr— aily gauge (hard) calibration.
/ |- Improved Model | S
; / [ % @ Luw&(u ﬁ \ @Peﬂormance E
%2 / iy S\ Optimized Fit 3
\ Categ;'ized: Stmred / — f z(%? %
Upland, Instream, Rules = <
Reservoir, etc. — ©




Regional Calibration

"

vl

HRU Targeting

Calibration parameters do not
have to be changed globally.
Users can target specific
Hydrologic Response Units

(HRUs) directly for highly

localized parameter adjustments.
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SWAT+: Scenarios

</> Dynamic Land Use: Trigger complex land use changes over
time, automatically shifting between agricultural, forested,

and cleared states without manual rebuilding.

FB Decision Table Integration: Uses the scen_dtl architecture
to apply rule-based scenario updates dynamically during
the simulation.

@ Session C3: Model Development

Lucas Alcamo: Innovation in Variable Snow Parameters in
SWAT+




Land Management: Decision Tables

Q

Crop Rotations Y~ Co-existing Crops
Multi-year and multi-crop rotations supported Multiple crops growing at the same time in a single
within the system. HRU.

Management Actions Future Scheduling Capabilities

Fertilization, irrigation, CN2 update, burn, and other Automated fertilization applications based on local
operations. soil Phosphorus tests



Combination of "manual” and Decision Tables

MIX AND MATCH AS YOU PLEASE

Example: tomatoes_with_cover_crop (NUMB_AUTO: 2 | NUMB_OPS: 7)

OP.TYP MON

Auto Operations:
pl_hv_covercrop,
fert_rot_1

till 5
till 5
till 5
pint 5
harv 8
kill 8

skip O

DAY

10

PA3S)

25

26

10

10

HU SCH

OP_DATA1

nom_plw

nom_mod

nom_mod

toma

toma

toma

null

OP_DATA2

null

null

null

null

vegetables

null

null



Software Ecosystem

Community Tool

SWAT+ Editor

SWAT+ Toolbox

SWATrunR / SWATDoctr

pyYSWATplus

Primary Function

Standalone application to read databases, modify text files, and execute models.

Sensitivity analysis, model calibration, and validation workflows.

Model diagnostics, calibration, and output visualization routines.

Data manipulation and large-ensemble integration using Python/pymoo.

Environment

Desktop Ul

Des

R Package

Python Library




Biogeochemistry

Expanded Carbon Module

SWAT+ has significantly expanded its biogeochemical capabilities.
Comprehensive simulation of soil and plant carbon pools, dynamic
residue turnover, and carbon fluxes linked directly to land

management practices.

With the June 2026 addition of lignin-based residue partitioning,
SWAT+ now strongly supports soil health assessments and robust

climate mitigation studies.



Water Allocation Module

Under Development

The water allocation module is currently undergoing Human-Water Interactions

significant development to introduce highly granular

. Substantial advances enable explicit simulation of irrigation
control over human-water infrastructure.

demand, complex water withdrawals, inter-basin transfers, and
municipal operational policies, delivering highly realistic modeling
New Objects & Rules: of heavily regulated systems.

e (Canal networks

e Water storage facilities (towers/tanks)
e Treatment plants

e Municipal water reuse systems

e Explicit withdrawal points

e Structured water rights routing Decision L0g1C & Allocation

The introduction of decision tables enables conditional logic to
handle multi-year, multi-object connectivity. Water allocation
objects allow flexible linkages across landscapes, channels,
reservoirs, and aquifers.



What other functionality or feature would you
like to see in SWAT+?

Looking Ahead

Improved irrigation logic, new crop ET (FAO56), pathogen modeling, forest growth,
in-stream carbon, and much more.

Thank you!



