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Trends of stream temperature and DO

Annual Average Dissolved Oxygen and Stream Temperature at Hanau
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. . . l * Area: 1057 km?
* Land use
* Forest 42%
50024 - e Agricultural use 48%
e Urban 7%
* Elevation: 87 -780 m
o1 i * Long term monitoring site
Monitoring sites and data
[ Catchment
— River network RESIST HLNUG
Observations
50012 - O RESIST sites L Number 20 7
@ HLNUG sites
Land use Time period 2 years 12 years
agricultural use
hrisn Resolution daily daily
ol  —— " | Years 2021 -2023 2012 - 2023
9°0 9212 9°24 9°36" Data T’ DO Q, T' DO

T- temperature, DO- dissolved oxygen, Q- streamflow
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Hydrological modelling in SWAT+

* Land use, soil, elevation input data Temperature calibration
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* DO in SWAT+ based on QUAL2E (Brown and £ 2 @ ol e e
Barnwell, 1987) < e e
! \\~ /” 1
o BRCN " -
£
o . . - SWAT+DO model SWAT+DO model
* Reaeration major source of DO in streams 3 |ﬁ 2009-2023 up 10 2080
s S :
* Reaeration rate at 20°C (K, ,() sensitive basin g, | e, -
. . ) = Model perfgrmance after Straarifiow e Climatic effects on DO
scale calibration parameter 1 rewonmonmn 1 R varabily
|

Churchill et al., 1962:
KZ,ZO — 503 * 1/6-0'969 * depth_1'673
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Preliminary
Analysis
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Model performance after
reaeration improvement

Results
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Improved stream
temperature model

Seasonal interactions of streamflow, stream

temperature and DO

Sensitivity analysis
and reaeration
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e Seasonal linear regressions of T-DO
and Q-DO, grouped by stream order
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Sensitivity of DO to realistic climatic changes
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S .2
£ Y I d st Sensitivity analysis Extension of climate
£5 AN amemnnay Ciwemon o, Gt
T improvemen RCP 8 5 .
& .5 scenario up to 2080
S 7 1
\\\ ’¢ I
S &~ v
=)
= T
s j\j SWAT+DO model SWAT+DO model Season Temperature Precipitation
T 2009-2023 up to 2080 change [°C] change [%]
= p— . DJF (Winter) 2.9 15.3
-~ I .
" hY ===, MAM (Spring) 2.3 7.6
&~ I
P JJA (Summer) 3.0 -7.6
‘._; Model performance after Seatsona| ;Interact:tions of | Climatic effects on DO : SON ( Aut ) 3.1 1.5
% reaeration improvement t:nr\iaaer?atzx :rzgag]o | variability | utumn . ;
2 I | Average 2.8 4.2
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Temporal DO model performance

Hanau
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20'09 20'1 0 20'11 2011 2 20'1 3 20l14 20'1 5 20l1 6 20'1 7 20'18 20'19 20l20 20'21 20l22 20'23
Year
—— Default Simulation — Improved Simulation — Observed KGE default: 0.70 KGE new: 0.73

* First SWAT+ DO model
* Model reproduces seasonality

e Summer concentration overestimated
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Average annual spatial performance eSS

9.0 9.2 94 9.6 9.0 9.2 9.4 9.6
1 1 1 1 1 1 1 1
Constant reaeration Spatially dynamic
reaeration
50.4 & 50.4 -
Observation
50.3 I . . - 50.3 -
Simulation
average annual DO [mg/l] S = average annual DO [mg/l]
12 12
50.2 B 50.2 - l:.l\, )
e ad e
[ catchment (l L [ catchment
(. Observed data . Observed data
Simulated data Simulated data
50.1 I~ 50.1 T . : . I~

e Default model underestimated oxygen concentration
in headwater streams
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Streamflow, stream temperature and DO relationship
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Pearson's R Flow-DO Temp-DO

= DO (mg/l) = Stream Temperature (°C) - Streamflow (m?3/s)
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Streamflow, stream temperature and DO relationship

Observedl Hanau
inter Spring Summer Autumn
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Legend — DO (mg/l) — Stream Temperature (°C) — Streamflow (m¥s)  Pearson's R Flow-DO Temp-DO
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e Less correlation of
stream temperature
and DO in the observed

data during summer

* Strong modelled
correlation

* Opposite direction of
streamflow-DO
correlation in summer
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Sensitivity of DO to realistic climatic changes e

Stream Order 4

12

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

DO Concentration (mg/l)
o

* Non-linear interactions in
headwater streams

Spring Summer Autumn Winter
Season

E3 Baseline (2009-2023) E3 Scenario (2058-2072)
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Conclusions

* Spatially dynamic adjustment of K, ,, parameter improved model performance in
headwater streams

e 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

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)
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