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SWAT+: Where do we stand?



• 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.

History of Evolution



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 

performance.

Decoupled Design
Utilizes an object-based 

architecture and relational-style 

structure. This critically 

decouples spatial representation 

from underlying process 

simulation mathematics.

GIS Integration
QSWAT+ acts as a specialized 

GIS plugin. It reads and 

processes complex rasters and 

shapefiles to automatically 

generate the necessary 

relational database entries.

Software Architecture



Software Architecture

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 

performance.



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

bridging raw spatial data and the model executable.

• 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.

Maps to Text: QSWAT+



SWAT+ Editor

But where are the maps, plots, and graphs?

• Standalone application acting as the bridge between spatial 

data and the model engine.

• Inputs: Reads database entries prepared by QSWAT+ 

alongside user-prepared text files.

• Outputs: Writes updated database entries and produces the 

critical text files required by the SWAT+ executable.

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

What SWAT+ software needs: Text Files

SWAT+ Toolset



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.

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.

3. Analysis & 
Calibration
Community Tools: Dedicated 

tools (SWAT+ Toolbox, SWATrunR, 

pySWATPlus) to read the text 

outputs and  analyze, adjust, 

calibrate, and validate the model.

The Entire Process for a User



Development is driven through a structured version control 

branching strategy to ensure stability while enabling rapid 

innovation.

• MASTER Branch: Contains stable, official releases (e.g., 

Version 61.0, Version 62.0).

• DEVELOP Branch: The active integration branch where bug 

fixes and finalized features merge in preparation for the next 

release.

• FEATURE Branches: Isolated environments where new 

capabilities (Feature 1, Feature N) are built and tested 

independently before being folded into the main codebase.

Development Scheme: GitHub - Cite Appropriately



Dec 2024
Manure introduced as a 

first-class management 

operation.

Jun 2025
Transitioned to a 

cross-platform CMake build 

system.

Oct 2025
Rice and paddy processes 

formally folded into the main 

codebase.

Jun 2026
Official release of SWAT+ 

Version 62.0.0 with full 

capabilities.

Roadmap to Version 62



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

01
Hydrology Base
Verify fundamental weather inputs and simulate water balance components 
(fluxes).

02 Operations
Compare scheduled operations against trigger-based management actions.

03 Growth (Unstressed)
Validate plant maturity and growing periods with stress mechanisms deactivated.

04
Growth (Stressed)
Re-activate stress to verify fertilization amounts, irrigation needs, and climate 
impacts.

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

See SWATdoctR for an automated tool



Plant Growth Stress
Simulating yield under different stress codes helps isolate constraints.

No Growth Stress 100% (Potential Yield)

No Nutrient Stress 88% (Climate/Water Isolated)

All Stresses Active 65% (Real-World Yield)

Absolute Potential

Tests the ceiling of what is 
possible under perfect 
conditions.

Logic Isolation

Isolates irrigation and 
aeration logic from nutrient 
constraints.

Simulated Reality

Represents the final, 
complex interplay of all 
active stresses.



Heuristic Approach
Soft calibration is built directly into the SWAT+ Editor 

interface. It utilizes a simple, heuristic, one-at-a-time 

procedure rather than complex statistical algorithms.

Process Isolation
Requires only 10-12 targeted simulations. By looping 

through one or two parameters per process, users 

balance the water budget and plant growth prior to any 

daily gauge (hard) calibration.

In-Built Soft Calibration



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.

Stream Order
Routing and channel parameters 

can be selectively calibrated 

based on stream order number, 

allowing for distinct behaviors 

between headwaters and main 

stem rivers.

Custom Groups
The system allows for dynamic 

calibration regionalization by 

plant type or user-defined 

"Calibration Groups" (e.g., all row 

crops, or all forested regions).

Regional Calibration



Dynamic Land Use: Trigger complex land use changes over 

time, automatically shifting between agricultural, forested, 

and cleared states without manual rebuilding.

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+

SWAT+: Scenarios



Land Management: Decision Tables

 Crop Rotations
Multi-year and multi-crop rotations supported 
within the system.

 Co-existing Crops
Multiple crops growing at the same time in a single 
HRU.

 Management Actions
Fertilization, irrigation, CN2 update, burn, and other 
operations.

 Future Scheduling Capabilities
Automated fertilization applications based on local 
soil Phosphorus tests



MIX AND MATCH AS YOU PLEASE

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

Combination of "manual" and Decision Tables

OP_TYP MON DAY HU_SCH OP_DATA1 OP_DATA2

Auto Operations: 
pl_hv_covercrop, 
fert_rot_1

till 5 10 0 nom_plw null

till 5 25 0 nom_mod null

till 5 25 0 nom_mod null

plnt 5 26 0 toma null

harv 8 10 0 toma vegetables

kill 8 10 0 toma null

skip 0 0 0 null null



Software Ecosystem

Community Tool Primary Function Environment

SWAT+ Editor Standalone application to read databases, modify text files, and execute models. Desktop UI

SWAT+ Toolbox Sensitivity analysis, model calibration, and validation workflows. Des

SWATrunR / SWATDoctr Model diagnostics, calibration, and output visualization routines. R Package

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



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.

Biogeochemistry



Water Allocation Module

Under Development
The water allocation module is currently undergoing 
significant development to introduce highly granular 
control over human-water infrastructure.

New Objects & Rules:

● Canal networks

● Water storage facilities (towers/tanks)

● Treatment plants

● Municipal water reuse systems

● Explicit withdrawal points

● Structured water rights routing

Human-Water Interactions
Substantial advances enable explicit simulation of irrigation 
demand, complex water withdrawals, inter-basin transfers, and 
municipal operational policies, delivering highly realistic modeling 
of heavily regulated systems.

Decision Logic & 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!


