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Agricultural conservation mitigates nutrient pollution… 
but what is needed?

+ Water quality benefits of 
agricultural conservation can be 
measured in a local context

+ Need to scale solutions to whole 
basins (100-100,000 km2)

+ Limited time and resources
University of Kentucky

+ Climate change
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Uncertainty in hydrologic prediction under climate 
change

6 climate models (GCMs) 
x

5 SWAT Maumee River 
Watershed SWAT models

 30 climate projections 
for discharge and nutrients
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Uncertainty in prediction – study finds no clear direction in 
change

• Climate model drive 
uncertainty in  
discharge and total 
nitrogen prediction

• SWAT model drive 
uncertainty in 
phosphorus prediction

Kujawa et al., 2024. Science of the Total Environment. 
724. https://doi.org/10.1016/j.scitotenv.2020.138004
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How do we address uncertainty?

University of Kentucky

Addressing model processes 
with improved data

Adaptive management 
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Environmental 
modeling 

within 
adaptive 

management

Allen et al., 2011. Journal of environmental management. 
https://doi.org/10.1016/j.jenvman.2010.11.019
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Barriers to use for environmental models

Coding and data analysis Hydrologic sciences

Lack of education on 
computer modeling
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Huron historical society

Old Woman Creek 

>50% agricultural

Goal: Co-create with practitioners a decision support tool to address 
water quality impairments under climate change

 Ensure model scenarios are geared towards practioners 
needs

 Increase use of modeling scenarios

 Engage end-users more directly in SWAT modeling through 
co-creation of GUI for scenario analysis in SWAT
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Co-developed

Co-created knowledge

Model developer tasks Practitioner/user tasks

Model build 
(coding, data 
analysis, scripts)

Calibration

Data 
collection

Scenario 
development

Scenario 
analysis 
(development 
and 
assessment)
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Huron historical society

Old Woman Creek 

>50% agricultural

Study area: Old Woman Creek, Ohio, USA
Laurentian Great Lakes drainage basin

72 km2
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Open OWC-
SWAT+ R Shiny 

app

User input:
• Climate
• Land use 
• Output directory
• Scenario name

Run OWC-
SWAT+

• Rewrites text in out 
folder with user inputs 

• Runs model locally

• Reads outputs
• Plot outputs 
• Write outputs to 

user directory

End
(inputs can be 

changed and run 
again)

OWC-SWAT+ Shiny Application



 

Barriers to use for climate (GCM) data

• Downscaled RCMs with 
1D representation of 
Laurentian Great Lakes

• Significant bias

• Difficult messaging



 

20142013201220112010Historical 
climate record:

Climate 
sensitivity 
scenario:

2013201220112012 2012

Replicate ‘extreme’ years in historical data and replace years with climatic ‘averages’

Motivation: Practitioners can remember historical climatic extremes 

Building climate sensitivities with the historical record



 

Description Precipitation Temperature Water years in 
historical dataset

Low precipitation, 
high temperature 
(drought)

40th percentile 75th percentile 1991, 1999, 2010, 
2012, 2016

High 
precipitation, 
average 
temperature (wet)

75th percentile Greater than the 
average annual 
temperature from 
1990-2019

2000, 2007, 2008, 
2013, 2019

Average 
precipitation, 
high temperature
(hot, humid)

Greater than the 
average annual 
precipitation from 
1990-2019

70th percentile 1998, 2002, 2018

Building climate extremes with the historical record



 



 

User can also alter land management and conservation



 

Example scenario analysis: Increase frequency of each extreme 
climate year to every other year
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“A climate year like 2012 
happens 3x more often (1 
every 2 years instead of 1 
every 6)” 



 

Future work:

Ongoing project to build 
SWAT+ model of Western 
Lake Erie Basin and 
incorporate into an GUI

Using SWAT+ to build tools 
to address nature-based 
solutions in Europe
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Example GUI output csv:



 

Seasonal bias in regionally downscaled GCM 



 

Change climate
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Number of climate downscaling studies done with SWAT 
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Significant uncertainties in precipitation prediction

Downscaled precipitation predictions can be highly uncertain

Pengfei et al. (2022). Geoscientific Model Development. 15. 
4425-4446. 10.5194/gmd-15-4425-2022. 
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