
Modeling challenge #2

Prepare inputs and overcome 
data scarcity



Problems

- Accessing data
- Data quality questions 
- Questions with preparing parameters 

from available information
- Manual work & steps, prone to errors
- Dealing with file formats and file 

formatting
- Extracting relevant data
- Repeatability of preparation 

operations
- Updating with new/additional data
- Multiple tools  





Workflow in R

Vision: SWAT+ modelling process 
fully scriptable in R



Package and git pages website

biopsichas.github.io/SWATprepR/

Newest version, updates 

Plunge, S., Szabó, B., Strauch, M. et al.  
SWAT + input data preparation in a 
scripted workflow: SWATprepR. Environ Sci  
Eur  36, 53 (2024). 

https://doi.org/10.1186/s12302-024-00873-1 

http://biopsichas.github.io/SWATprepR/
https://doi.org/10.1186/s12302-024-00873-1


What does it do?

SWATprepR         package in R

- Loading data in R from templates, files or directly internet 

databases

- Plotting in multiple ways and data cleaning

- Calculating SWAT+ model input parameters/data

- Preparing model SWAT+ model input files

- Adding into the setup

- Some extras  



Example 1 - Soil parameters

- If you have 
- NLAYERS value for soil type representing number of soil 

layers;
- For each layer in soil type profile:

- SOL_Z value for soil layer to represent max depth of 
soil layer;

- SAND sand content in %;
- SILT silt content in %;
- CLAY clay content in %;
- SOL_CBN organic carbon content in %.

- Apply single function get_usersoil_table()

                          and voilà…



Example 2 - Atmospheric deposition

- Download atmospheric deposition 

data directly from EMEP server 

get_atmo_dep (only basin shape file 

required)

- Add into into your setup with function 

add_atmo_dep 



Modeling challenge #4

Ensure reliability in your model's results!



Proposed calibration workflow in OPTAIN (all scripted)

SWATdoctR SWATtunR
SWATrunR



SWATrunR tool to run SWAT+ model setups

run_swatplus(
  project_path,
  output,
  parameter = NULL,
  start_date = NULL,
  end_date = NULL,
  years_skip = NULL,
  start_date_print = NULL,
  run_index = NULL,
  run_path = NULL,
  n_thread = NULL,
  save_path = NULL,
  save_file = NULL,
  return_output = TRUE,
  add_parameter = TRUE,
  add_date = TRUE,
  refresh = TRUE,
  keep_folder = FALSE,
  quiet = FALSE,
  revision = NULL,
  time_out = Inf)

define_output(
file, 
variable = NULL, 
unit = NULL)

Only 2 functions

https://chrisschuerz.github.io/SWATrunR



New concept - model setup verification 

- Input data 
preparation

- Setup preparation
-
- Sensitivity 

assessment
- Calibration
- Validation 
- Scenarios
- Reporting



Package website

https://git.ufz.de/schuerz/swatdoctr 

Newest version, updates 

Plunge, S., Schürz, C., Čerkasova, N., 
Strauch, M. & Piniewski, M. SWAT+ model 
setup verification tool: SWATdoctR. 
Environ. Model. Softw. 171, 105878 
(2024).
 
https://doi.org/10.1016/j.envsoft.2023.105878 

https://git.ufz.de/schuerz/swatdoctr
https://doi.org/10.1016/j.envsoft.2023.105878


Proposed workflow 5 steps 

SWATdoctR           



Example 1. Analysis of simulated climate variables and water 
balance component



Example 2. Analysis of plant stress 

- 5 plant stress 
factors



Example 3. HRU plant growth dynamics



Example 4. Model simulations with plant stress active



- Model setup verification procedure helps to 

identify and eliminate input or structural 

errors in early stages

- Saving time and efforts in later stages 

(calibration, validation, scenario runs)

- Important for building confidence, 

especially for stakeholders

- Easy to integrate into templates (as 

markdown) and provide automatized 

reports

- Helps to investigate issues, find problems 

with model



SWAT+ soft & hard cal/val is fully scriptable in R



https://biopsichas.github.io/SWATtunR/ 

Website for the package

https://biopsichas.github.io/SWATtunR/


What do you get with it?

● Definition of parameters and model runs done with 
SWATrunR (former SWATplusR), but there is a workflow 
and guidance on SWATtunR website

● New functions to calculate model performance metrics on 
one or multiple variables

● Result visualisation options:
○ Dotty plots with multiple customization options
○ Interactive time series plots
○ Parameter identifiability plots
○ OAT analysis plots
○ Cal/Val comparison plots

● ‘calibration.cal’ file export function 
● QA workflow with SWATdoctR (in process)



Example 1. Soft-cal for crop yields (days_mat)

Plant heat units (PHU)

|
V

Days to maturity 
(days_mat)

Red lines are observed yields

SWAT2012

SWAT+





Hard calibration workflows

Option A: Sequential calibration
● Define flow parameters
● Run model
● Calculate performance metrics
● Select parameter set/s
● Add N, P, sediment parameters
● Run model
● Calculate performance metrics
● Select best parameter set/s
● Prepare ‘calibration.cal’

Option B: Simultaneous calibration
● Define all parameters
● Run model
● Calculate performance metrics
● Select parameters set/s
● Prepare ‘calibration.cal’



Example 2. Time series plot



Example 3. OAT plot



Example 4.
Identifiability 
plot

Adapted from Guse, Björn, Jens 
Kiesel, Matthias Pfannerstill, and 
Nicola Fohrer. 2020. “Assessing 
parameter identifiability for multiple 
performance criteria to constrain 
model parameters.” Hydrological 
Sciences Journal 65 (7): 1158–72. 
https://doi.org/10.1080/02626667.20
20.1734204

https://doi.org/10.1080/02626667.2020.1734204
https://doi.org/10.1080/02626667.2020.1734204


End thoughts

- SWAT+ cal/val fully scriptable in R.
- Unified across multiple studies.
- Saving time, documenting and correcting.
- Easily extended for multiple objectives, fully 

parallelized.
- Website + package provide easily applied 

tools and guidance.
- Already tested in two projects. Others are in 

line.
- Coming soon… additional capabilities and 

article.


