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Mod ify  Txt InOut  ou t s id e  
t he  SWAT+ e d it o r

Ca lib ra t e  SWAT+ 
p a ra m e t e rs

Mod e l p o llu t a n t  ge ne ra t ion  
a nd  a t t e nua t ion
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• Diff iculty modifying input and output 
SWAT+ f i les

• We developed p y S W ATP lu s  with Python

• Allow to manipulate SWAT+ input and 
output f i les and run SWAT+ with Python

• Implement the possibi l ity to 
cal ibrate SWAT+ parameters

• Possibi l ity of multimodel 
cal ibration

• Implementation of pymoo 
Python l ibrary

• We wanted to analyze,  explain and 
predict point source pol lution 
patterns under different scenarios

• Pollution load at WWTPs eff luent 
(generation model)

• Attenuation and transport model 
using SWAT+

• Include both models in the 
cal ibration process
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• The most basic class in the library
• Designed to read and write SWAT+ files

• Specify the location of the file
• File content is stored on a Pandas dataframe, 

easy to manipulate by the user
• Data is stored back in the same format

• FileReader is the basis for more advanced 
operations
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• It operates in the TxtInOut directory
• The folder must contain the SWAT+ model 

built, the compiled executable and the input 
files

• Users can run a comprehensive set of 
functionalities

• Users can run either a single or multiple 
SWAT simulations

• The simulations can be run in parallel 

• It implements the FileReader class within the 
register_file method

µÏ øÊ � »µÑœøХэ»Î »oé ñ œ»� K� BK�



• Calibration runs the minimize_pymoo 
function from the pymoo Python library

• It needs either a SWATProblem or a 
SWATProblemMultimodel instance, the 
optimization algorithm and the termination 
criteria

• SWATProblem is for calibrating SWAT+ 
parameters

• SWATProblemMultimodel also allows to run 
another model prior to running SWAT+ while 
calibrating (in our case, the generation 
model)

• Both classes require a dictionary with the 
parameters to be calibrated, their upper and 
lower bounds, and other specific attributes
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SWAT+

Hydrology Pollution

pySWATPlus

Calibration

River quality samples

Domestic point-source 
pollution model

Treated population

Technologies used for 
filtration

Location
Treatment efficiency 
and generation per 

capita

Selection of new parameters

Pollutant chemical 
properties
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filtration
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Treatment efficiency 
and generation per 

capita

Selection of new parameters

Pollutant chemical 
properties

• Predicts pollution generated in domestic 
wastewater

• Simulates its treatment processes in the 
WWTP

• The user must provide the treated 
population for each WWTP

• The user must provide the treatments 
applied in WWTP

• Primary treatment is always applied
• Secondary and tertiary treatments are 

optional

pollutant load = coef x treated_population
                       x (1 - primary _treatment_efficiency)
                       x (1 - secondary_treatment_efficiency)
                       x       (1-tertiary_treatment_efficiencyᵢ)
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i∈applied tertiary 
treatments
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• We aim to model the attenuation and 

transport of pollutants in rivers and 
reservoirs

• We replicated the process that SWAT+ uses 
for pesticides

• For rivers, the modeled transformation 
includes:
⚬ Soil-liquid partitioning
⚬ Degradation
⚬ Volatilization (in water)
⚬ Settling (in water)
⚬ Outflow (in water)
⚬ Resuspension (in sediments)
⚬ Diffusion (in sediments)
⚬ Burial (in sediments)

• This process has been replicated for 
reservoirs
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Technologies used for 
filtration
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Treatment efficiency 
and generation per 
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Selection of new parameters
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• We calibrate both models by using the 
multimodel option of pySWATPlus

• The calibration uses observations from 
quality samples of the river
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• The library selects new parameters for both 
the Generation and the transport model

• Optimizes all the parameters based on the 
SWAT+ output



• The study focused on the Catalan River Basin 
District (16,000 km²)

• Different medium-sized rivers managed by 
the Catalan Water Agency (ACA)

• Due to data availability we focus on the 
Llobregat, Besòs and Tordera basins

• Simulation times were adjusted according to 
the availability of observation data

• We simulated two pollutants:
⚬ Venlafaxine
⚬ Ciprofloxacin

• We conducted 1500 simulations for each 
scenario

• We calibrated 15 parameters per scenario
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NSE 0.565

PBIAS -10.617
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Ciperflocacin for 
Llobregat
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NSE 0.026

PBIAS 62.01
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Venlafaxin for 
Besos



� KøœÑ»ø

Ciprofloxacin in Llobregat for a specific 
channel • Seasonal patterns

• Drought starting in 2021
• Correlation Between concentration and 

discharge

• Not enough quantity and quality of 
observations

• Difficulty to see normal dynamics from 2021
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• Designed to manipulate 
input and output f i les

• Designed to run SWAT+ 
with Python

• Designed to perform 
cal ibration

• Avai lable on the SWAT 
off icial  GitHub repository!

• Successful ly developed a 
model to simulate 
pol lut ion generation

• Successful ly modif ied 
SWAT+ and SWAT+ Editor 
code to simulate 
pol lut ion attenuation and 
transport

• Publish a paper with al l  
the detai ls (Coming soon)

• Include industrial  
pol lut ion in the 
generation model

• Get more observations
• Get better qual ity 

observations

PYSWATPLUS GENERAL MODEL FUTURE WORK



Acknowledgements : The  authors  acknowledge  the  support  from the  re search p rojec t  TRAÇA from the  Catalan Wate r Agency (ACA), the  Economy and  
Knowledge  Department of the  Catalan Gove rnment through Consolidated  Research Group  (ICRA- ENV 20 17 SGR 1124), as  we ll as  from the  CERCA program. 
Also, ICRA’s  co- authors  acknowledge  fund ing from the  European Union Horizon 20 20  p rojec t  MERLIN (H20 20 - LC- GD- 20 20 - 3: 10 10 36 337).

»k � é ÅэÏ ñ œэañ � э
Ï ñ œ� э� »»Ké »oñ é

Contac t: 
• Joan Saló: joans alograu@gmail.com
• Laia Es trada: le s trada@ic ra.cat
• Oliu Llorente : ollorente@ic ra.cat
• Natalja Če rkas ova: nataljia .c e rkas ova@brc .tamus .edu
• Je ffrey G Arnold : je ff.arnold@us da.gov
• Vicenç  Acuña: vacuna@ic ra.cat

PySWATPlus : 
• https :/ /github .com/s wat- mode l/pySWATPlus



øµK<o� Ñэ� <Åé ñ Ê ÑKBc å Ké »

Joan Saló
joansalograu@gmail.com

Designer and main developer of the 
pySWATPlus l ibrary

Main developer of a l l  the modif ications in the 
SWAT+ FORTRAN code and the SWAT+ Editor 
code



Acknowledgements : The  authors  acknowledge  the  support  from the  re search p rojec t  TRAÇA from the  Catalan Wate r Agency (ACA), the  Economy and  
Knowledge  Department of the  Catalan Gove rnment through Consolidated  Research Group  (ICRA- ENV 20 17 SGR 1124), as  we ll as  from the  CERCA program. 
Also, ICRA’s  co- authors  acknowledge  fund ing from the  European Union Horizon 20 20  p rojec t  MERLIN (H20 20 - LC- GD- 20 20 - 3: 10 10 36 337).

Contac t: 
• Joan Saló: joans alograu@gmail.com
• Laia Es trada: le s trada@ic ra.cat
• Oliu Llorente : ollorente@ic ra.cat
• Natalja Če rkas ova: nataljia .c e rkas ova@brc .tamus .edu
• Je ffrey G Arnold : je ff.arnold@us da.gov
• Vicenç  Acuña: vacuna@ic ra.cat

PySWATPlus : 
• https :/ /github .com/s wat- mode l/pySWATPlus

»k � é ÅэÏ ñ œэañ � э
Ï ñ œ� э� »»Ké »oñ é


	Slide Number 1
	Slide Number 2
	Slide Number 3
	Slide Number 4
	Slide Number 5
	Slide Number 6
	Slide Number 7
	Slide Number 8
	Slide Number 9
	Slide Number 10
	Slide Number 11
	Slide Number 12
	Slide Number 13
	Slide Number 14
	Slide Number 15
	Slide Number 16
	Slide Number 17
	Slide Number 18
	Slide Number 19

