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How do stream temperature 

and streamflow affect 

dissolved oxygen variability?

@pixabay

How is DO simulated 

in the SWAT+ model?

How do DO dynamics 

respond to changes in 

climatic conditions?
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• Increasing trend of stream 
temperature

• Less dissolved oxygen (DO) 
content in warm water

• Based on daily observed 
data

• Stream temperature and 
DO rarely modelled

Trends of stream temperature and DO

Introduction Methods Results Conclusion
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RESIST HLNUG

Number 20 7

Time period 2 years 12 years

Resolution daily daily

Years 2021 – 2023 2012 – 2023

Data T, DO Q, T, DO

Kinzig study catchment and observed data

T- temperature, DO- dissolved oxygen, Q- streamflow

• Area: 1057 km²

• Land use
• Forest 42%

• Agricultural use   48%

• Urban    7%

• Elevation: 87 – 780 m

• Long term monitoring site

Monitoring sites and data

Introduction Methods Results Conclusion
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Hydrological modelling in SWAT+

• High resolution land management

• High resolution gridded climate data

Time period Gauge KGE

Calibration (2017-2023)

Ahl 0.63

BadSoden 0.77

Gelnhausen 0.86

HainGruendau 0.57

Hanau 0.78

Kassel 0.54

Steinau 0.74

Weilers 0.76

Validation (2011-2016)

Ahl 0.76

BadSoden 0.74

Gelnhausen 0.79

HainGruendau 0.85

Hanau 0.70

Kassel 0.86

Steinau 0.82

Weilers 0.81

SWAT+ version 60.5.4
(Arnold et al., 1998;
Bieger et al., 2017)

Hydrological calibration

KGE – Kling-Gupta-Efficiency (Kling et al., 2012),
Optimum = 1

• Land use, soil, elevation input data

Introduction Methods Results Conclusion

Temperature calibration
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Introduction Methods Results Conclusion
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• DO in SWAT+ based on QUAL2E (Brown and 
Barnwell, 1987)

• Reaeration major source of DO in streams

• Reaeration rate at 20°C (𝐾2,20) sensitive basin 
scale calibration parameter

Reaeration

Churchill et al., 1962:

𝐾2,20 = 5.03 ∗ 𝑉𝑐
0.969 ∗ 𝑑𝑒𝑝𝑡ℎ−1.673

Introduction Methods Results Conclusion
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Seasonal interactions of streamflow, stream 
temperature and DO • Seasonal linear regressions of T-DO 

and Q-DO, grouped by stream order

Introduction Methods Results Conclusion
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Sensitivity of DO to realistic climatic changes

RCP 8.5 scenario up to 2080

Season Temperature 
change [°C]

Precipitation 
change [%]

DJF (Winter) 2.9 15.3

MAM (Spring) 2.3 7.6

JJA (Summer) 3.0 -7.6

SON (Autumn) 3.1 1.5

Average 2.8 4.2

Introduction Methods Results Conclusion
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Temporal DO model performance

• First SWAT+ DO model

• Model reproduces seasonality

• Summer concentration overestimated

KGE default: 0.70 KGE new: 0.73

Introduction Methods Results Conclusion
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Average annual spatial performance

• Default model underestimated oxygen concentration 
in headwater streams

Observation

Simulation

Constant reaeration Spatially dynamic 
reaeration

Introduction Methods Results Conclusion
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Streamflow, stream temperature and DO relationship

Introduction Methods Results Conclusion
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Streamflow, stream temperature and DO relationship

• Strong modelled 
correlation

• Less correlation of 
stream temperature 
and DO in the observed 
data during summer

• Opposite direction of 
streamflow-DO 
correlation in summer

-1

Introduction Methods Results Conclusion
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Sensitivity of DO to realistic climatic changes

• DO is sensitive to realistic climatic 
changes (RCP 8.5 up to 2080) mainly 
in the downstream catchment

• Non-linear interactions in 
headwater streams

Introduction Methods Results Conclusion
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• Spatially dynamic adjustment of 𝐾2,20 parameter improved model performance in 
headwater streams

• Relationships of stream temperature, streamflow, and DO in the observed data in 

summer slightly different in the model 

→ influence of algal growth, anthropogenic influences, low flow representation

Conclusions

Peters, K., Kiesel, J., Farias, L., Fohrer, N. (2026). Extensive model evaluation for seasonal and spatial dynamics of 
dissolved oxygen in SWAT+. (Environmental Modelling & Software) 

Introduction Methods Results Conclusion



Thank you!

kpeters@hydrology.uni-kiel.de
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