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S1. Phytoplankton Growth Rate and Temperature Dependence

The net growth rate term G, for the phytoplankton from our previous model was dynamically calculated
as:

GP:kc;-kR—kD (D
where k¢ is the temperature-dependent growth rate, and kg, kp represent respiration and death rates,
respectively.

The phytoplankton growth rate k¢ is given by:

kG = kGmax X Xr x X1 X Xy (82)
with the components defined as follows:

¢ kGmax: Maximum growth rate at 20°C, day™! (0.5-4.0)

* X7: Temperature multiplier

* X1, Xy: Light and nutrient limitation factors (dimensionless, range 0—1)

The temperature multiplier X7 was calculated using an asymmetric Gaussian response function:

Xr= (83)
exp[-Ki(Tope-T)?] if T < Topt

exp[-Ka(T-Top-T)?] if T > Topt
where:
* Topi: Optimum temperature for growth, 10-27 °C (set to 13 °C in this study)
* K1, k2: Temperature sensitivity coefficients below and above T (both set to 0.02 °C2)

This formulation captures the decline in growth at supraoptimal temperatures and reflects the thermal
preferences of diatom-dominated phytoplankton typical of the Lower Bode.
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21 Fig. S1 Measured and simulated Chl a concentration in the EXLF period at the STF station.
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Fig. S2 Simulated Chl a concentrations in the EXLF period at STF with different values of
phytoplankton maximum growth rate constant at 20°C (kgmax) applied to the water quality model in
Huang et al. (2022). The optimal value for Kemax is 2.5 d”! in the original model set-up in Huang et al.
(2022). With the changing kemax values, both the overall Chl a concentrations and the diurnal delta of
the concentration changed accordingly.
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Fig. S3 Water travel time from GGL to STF in the Lower Bode reach in 2014-2018.
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34 Fig. S4 Nutrient limitation (range: 0-1) calculated in WASP during LF and EXLF periods.
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Fig. S5 Comparison of nitrate (NOs™-N) concentrations measured by sensor and laboratory analyses,
including data adjustments at the GGL station.

For NOs~, we compared sensor readings with laboratory-analyzed grab samples and applied corrections
following the established methodology of Rode et al. (2016) from the Bode observatory in the Selke
River. In that study, the method achieved an R? of 0.93 with low bias at Station Meisdorf. In our case,
we also provide a comparison of sensor and laboratory measurements, together with the corrected NOs~
data for the GGL station in Fig. S5, which demonstrates the good agreement between the original sensor
measurements and the grab samples, with only minor bias.

Sensor data were corrected against grab samples using our automated MATLAB data-cleaning tool,
which shifts the continuous sensor signal to align with laboratory results when necessary. This step is
particularly important for NO3z™ because of the characteristics of the UV-Vis absorbance method: the
optical path length is fixed during measurements, while the optimal path length depends on
concentration (e.g., ~1 cm for low concentrations and ~0.2 cm for high concentrations). When
concentrations vary strongly, measurement uncertainties may occur if the path length remains constant.
Corrections against laboratory data are therefore especially relevant during rare periods of elevated
NOs3~ concentrations. We apply this correction only to nitrate for the above methodological reason, and
an example of this adjustment is shown in Fig. S5 for the GGL Station.
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Fig. S6 Relationship between Chi-a concentrations measured by sensors and laboratory grab samples

at the STF station from 2011 to 2019.
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Table S1 Summary of 5, 25%, 50%, 75" and 95" Percentile Values and Statistical Comparison Between
LF and ExLF Conditions for Key Water Quality and Metabolic Variables.

Abbreviations: Q — discharge (m? s'); WT — water temperature (°C); NOs™ — nitrate concentration (mg N L™); DO —
dissolved oxygen (mg L); DOmax / DOmin — daily maximum/minimum DQ; DOa — daily DO range (DOmax — DOmin); DOs
— DO saturation concentration; DOp — DO deficit (DOs — DO); Chl a — chlorophyll a concentration (ug L™); Chl an. /

Chl ayix — daily maximum/minimum Chl a; Chl aA — daily Chl a range; GPP — gross primary production (g O: m2 d™);

ER - ecosystem respiration (g O: m? d'); NEP — net ecosystem production (GPP — ER); GPP:ER - ratio of gross
primary production to respiration; GPP_Phy — phytoplankton-based GPP; GPP_Ben — benthic algae-based GPP; U.—
NOs™ — net nitrate uptake rate (mg N m~ d); Perc..—NOs™ — percentage of nitrate uptake over the reach; tr — water

travel time (days); Solar radiation — incoming solar radiation (Langley per day).

Variable LF_ |LF2 |LF5 |LF7 |LF9 | ExXLF_ | ExLF 2 | ExLF 5 | ExLF 7 | ExLF 9
5 5 0 5 5 5 5 0 5 5

Q GGL 266 | 327 | 386 | 445 |572 | 227 2.38 2.48 2.75 3.17
Q STF 285 | 336 |381 | 460 |573 | 205 2.17 2.47 2.84 3.42
WT_GGL %6'1 17.56 | 19.07 | 20.56 | 22.16 | 16.06 18.07 19.49 21.33 23.51
WT_STF é8'2 19.50 | 21.13 | 22.75 | 24.57 | 1884 | 20.74 22.02 23.96 25.82
NOs GGL | 122 | 144 | 161 | 178 |2.19 | 1.36 1.46 1.55 1.66 1.85
NOs STF 115 | 138 | 158 | 171 | 212 | 129 137 1.43 1.52 1.67
tr 128 | 148 | 162 | 178 | 202 | 182 1.99 2.12 2.19 225
Solar 000 | 000 |a173 | 1978 13445 144 0.00 41.73 218.06 | 376.90
Radiation 7 9
DO GGL 708 | 801 | 875 | 966 | 1088 | 6.42 7.49 8.45 9.68 10.81
DO STF 721 | 800 | 850 | 898 |9.64 | 6.0 7.35 8.04 8.75 9.58
Dgg;j 822 929 | 1000 | 1072 | 11.71 |9.24 9.83 10.45 10.89 11.57
DOumax STF | 7.75 | 851 | 9.04 | 946 | 10.09 | 7.32 8.60 9.32 9.61 10.06
DOmn GGL | 645 | 722 | 772 | 811 | 867 | 591 6.42 7.01 7.43 7.77
DOumin STF | 652 | 736 | 790 | 831 | 889 | 5.84 6.57 7.17 7.78 8.13
DOs GGL | 091 | 1.68 | 236 |3.11 |3.58 |2.53 3.08 3.54 3.81 4.44
DOs STF | 043 | 080 | 1.05 | 142 | 231 | 111 1.62 1.78 239 2.79
DOb GGL | -029 | 0.10 | 048 | 089 | 157 | 0.18 0.27 0.60 0.90 127
DOp STF | -026 | 0.19 | 049 | 0.74 | 1.50 | -0.09 0.34 0.64 1.03 1.66
Chla GGL | 272 |3.08 |393 |48 | 649 | 284 3.20 3.62 422 5.40
Chla STF | 432 | 560 | 6.65 | 840 | 11.89 | 5.04 6.56 8.27 10.61 1451
Chl Amax

coL 282 | 347 |467 |58 |936 |3.01 3.56 4.47 5.11 6.11
Chl Amax

STF 465 | 612 760 |993 | 1447 |5.62 7.59 9.87 12.93 19.87
Chl amin 258 289 |373 |461 |600 |2.64 2.87 3.28 3.56 428

cor . . . . . . . . . .
Chl Amin

STF 372 | 491 | 605 | 712 |941 | 466 5.87 6.63 9.05 11.36
Chl aa

Py 007 | 044 |065 | 1.18 |38 |032 0.71 1.14 1.51 2.55
Chlax STF | 054 | 098 | 1.63 | 292 | 6.15 | 079 151 2.82 4.10 9.49
GPP 068 | 134 | 183 | 228 |28 | 1.58 221 2.67 2.88 3.16
ER 147 | 202 | 248 | 291 | 417 | 230 2.66 3.05 3.40 3.82
NEP 270 | -1.15 | -055 | -0.10 | 034 | -1.23 -0.70 ~0.46 021 0.11
GPP:ER 024 | 054 | 080 | 095 | 1.18 | 058 0.76 0.84 0.92 0.96
GPP_Phy 0.12 | 025 | 038 | 061 | 093 | 008 0.30 0.46 0.65 0.89
GPP Ben 021 | 083 | 131 | 198 | 237 | 124 1.81 2.07 237 272
Uner-no; 95.6 | 15.79 | 99.79 é“'s 232'5 -18.03 | 46.72 101.07 153.89 | 218.12

4

Percygr_no; | -005 | 002 [ 007 013 [026 [-0.01 0.06 0.12 0.19 0.29
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