
74

Capabilities and limitations of SWAT+ for decision 
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Already at the onset of the project there was an interest in SWAT+ 
since it could help analyze many of the mitigation options currently in play in Denmark



The most important aspects if a model is to facilitate positive, sustainable change 

Models need to be trusted first – this is a social challenge 
as well as a technical one.

Transparency in modelling process, balancing model authority 
with flexibility, and tailoring stakeholder engagement to overall 
project needs, increase the likelihood of achieving positive, 
sustainable change in water resource systems.

Robert B. Sowby et al. 2025. 
More than modelling: Building trust for positive 
change in water resources management.
Environmental Modelling & Software.

Awesome agro-hydrological models alone do not lead to 
wise decisions and positive change.

Position paper based on analysis of US case studies where modelling 
was conducted, but had limited impact on decision-making.



What makes a model helpful for environmental decision-making? 

Clear understanding of the purpose of the model

Best practice guidelines are followed

The modelling process is transparent 

Limitations are acknowledged and considered

Deniz Özkundakci et al. 2018. 
Environmental Science & Policy.

Based on a review of numerous environmental court rulings, where 
a regulatory decision, that was supported by a model analysis, has 
been challenged. What does it take to hold up in court?



What we did to build trust in the modelling work during a 1 year period

Introduction meeting: what is SWAT+, why have we chosen SWAT+, and what data is used to develop the model

Scenario meeting: recap on SWAT+, possible scenario assessments, and inputs from stakeholders

Result meeting(s): recap on SWAT+, how to interpret the results, discussion of limitations and potential next steps

We had lots of meetings with stakeholders, where science was introduced, questions asked, and feedback given:



Key experience: representing each field as an HRU had many benefits…

Showing a map with fields helped to build trust and to communicate that the model 
seeks to represent the real world as much as possible – even at individual field level

Explaining that the data that farmers have to report each year in terms of f.x. 
fertilizer use is used at individual field level also helped build trust in the model

Having each field represented as an HRU made implementation 
of, and running, management scenarios somewhat easier

Downside of having each field represented as an HRU is:
1. Extra initial work in terms of tailoring land-use map when creating HRUs
2. More than usual # HRUs and therefore a more computationally heavy 

model (e.g. > 20.000 HRUs)

• But our experience is that it is still worth it



Some limitations: regionalization of model calibration is difficult

Regional calibration is difficult, and 
currently much easier in SWAT2012/ 
SWATCUP compared to SWAT+

We tried several things:
• Identifying objects to be calibrated 

using SWAT+ Editor (filtering option)
• Creating a list of object ids, which 

could be imported into SWAT+ Toolbox 
• Using map feature in SWAT+ Toolbox

None of these methods worked well, 
and also had long lag time from click 
to selection due to the high amount 
of HRUs/objects

We also had technical challenges with 
SWAT+ Toolbox – could not get it to 
calibrate the same parameter but for 
different objects ids (instead, Toolbox would 
incorrectly merge the list of object ids when 
creating calibration.cal) 
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Some limitations: most scenarios could be analyzed by SWAT+, but…

challenges:
• mini-wetlands are small, and their drainage 

area can cross borders of individual HRUs/fields
• we did not know in advance where and which 

mini-wetlands they would like us to assess 
(making preprocessing of HRU map difficult)



Some limitations: most scenarios could be analysed by SWAT+, but…

We considered the option of writing a new mini-
wetland nutrient retention model into SWAT+

The use of this would require splitting some 
HRUs, and modifications to connect-files

Given the complexity of the SWAT+ code and 
connect files, risk of facing bugs and introducing 
new bugs, we decided against this

Instead, we developed a hybrid-approach, 
where the effect of mini-wetlands were 
calculated in a post-processing step based on 
monthly HRU output



Challenges with keeping up with SWAT+ developments 
and bug fixes during a project with tight deadlines  

Challenge #1: during an intense 12 month project period > 300 new 
code commits where made to SWAT+ code on Github – many of 
which had to do with smaller or larger ”bug fixes”

Challenge #2: when updating model setups to latest code version on 
Github, we often found that the commits introduced new bugs. Here are
some examples during the past 12 months: 
• water and nutrient balance of wetlands did not add up after code update relating to rice paddies
• water and nutrient balance of reservoirs did not add up after update relating to wetlands
• point source input via recall time series no longer worked after update to water allocation module
• sometimes code updates required new formatting of input (ascii) files – without examples files 

being commited along with the testcases available on Github (e.g. new water allocation input file)

Recommendations: 
these two aspects could very helpful if considered by core-developer team:
1. more rigorous testing of code before new commits are made based on testcases – ideally 

output compared against observations as well as past model version each time (hydrology 
components, crop yields, wetland and reservoirs water and nutrient balances, recall inputs, 
sediment and nutrient exports)

2. perhaps splitting code into a developers and master branch (where developers branch could still 
be merged into master relatively frequently – but only after more rigorous testing)

• several tools are already available to facilitate “easy” testing – e.g. “SWATdoctR” - we would also 
be happy to contribute with good testcase(s) and testing tools



We finish with the good news: many roads can lead to Rome



SWAT+ model = 
route planner

Reforestation

Wetlands

Extensivation

Mini-wetlands

=

Thank you.
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Questions/Discussion


