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Abstract. Diel fluctuations of streamwater DOC concentragi@ne generally explained by a complex interplagitierent
instream processes. We measured the light absorptiectrum of water and DOC concentratiomsitu and with high-
10 frequency by means of a UV-Vis spectrometer durl® months at the outlet of a forested headwatechoznt in
Luxembourg (0.45 kR). We generally observed diel DOC fluctuations witimaximum in the afternoon during days that
were not affected by rainfall-runoff events. Weritifed an increased inflow of terrestrial DOC toetstream in the
afternoon, causing the DOC maxima in the streane fErestrial origin of the DOC was derived frone tBUVA-254
(specific UV absorbance at 254 nm) index, which ood indicator for the aromaticity of DOC. In tsteidied catchment,
15 the only possible process that can explain the@@C input variations towards the stream is thealted viscosity effect.
The water temperature in the upper parts of tharidp zone is increasing during the day, leading tower viscosity and
therefore a higher hydraulic conductivity. Consetlye more water from areas that are rich in tarr@sDOC passes
through the riparian zone and contributes to stfleawmin the afternoon. We believe that not onlyldiestream processes,
but also viscosity driven diel fluctuations of &strial DOC input should be considered for exptainiiel DOC patterns in

20 streams.
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1 Introduction

Dissolved organic matter (DOM) is a major constitiuef the carbon cycle and aquatic biogeochemistvgntually linking
terrestrial and aquatic ecosystems (Battin et28l08; Lee et al., 2016; Saraceno et al., 2009). [&fgest component of
DOM in forested stream ecosystems is dissolved megearbon (DOC) (McLaughlin and Kaplan, 2013). D®@@s a
5 multifaceted chemical character that is mainly dateed by its origin and its biogeochemical tramsfation (Hanley et al.,
2013; Ruhala and Zarnetske, 2017). DOC in streamsainly derived from external terrestrial sour¢@®chthonous) like
plants and soils or from instream microbial sour@gochthonous). With increasing stream ordergcthonous sources
become more important (Dawson et al., 2001; Ninaichl., 2011). While DOC from allochthonous sourisesharacterized
by fulvic and humic acids with high molecular weighnd aromaticity, DOC from autochthonous sourcas & lower
10 molecular weight and is less aromatic (Hood et28l06; Saraceno et al., 2009; Spencer et al., 2012)
Different techniques have been used to gain inftionaon the composition and the concentration ofM™®@wo frequently
used optical methods to characterize bulk DOC arevis spectroscopy and fluorescence spectroscopgdivet al., 2014).
For identifying the aromaticity of DOC in aqueougstems, the specific UV absorbance at 254 nm (SW28A} is a
commonly used index. SUVA-254 is calculated asUheabsorbance of water at the wavelength of 254(A254) that is
15 normalized for DOC concentration (Weishaar et 2003). A higher SUVA-254 value indicates a highevnaatic DOC
content and is therefore a valuable index for digtishing between allochthonous and autochthondgms of DOC.
Several studies used SUVA-254 to identify DOC frdifierent origins in combination with changing cobtitions from
different water sources and flowpaths. Hood ef20106) observed an increase of SUVA-254 duringday storm event in
three catchments of the H.J Andrews Experimentad$tp Oregon (USA) and suggested SUVA-254 as auuseter for
20 identifying different flowpaths through mineral BoiAlso at HJ Andrews, Lee et al. (2016) obserimger SUVA-254
values during the dry season low flows and suggegtported by fluorescence indices, that in thaselitions the stream
water originates from more microbially-processedrrees. Fasching et al. (2016) described similareniagions in an
Austrian, alpine second-order stream. They reléttedincrease in SUVA-254 values during high flowaimly to a rise in
terrestrial DOC contributions. Likewise, they cdated the decrease in SUVA-254 values during basefionditions to
25 larger contributions from autochthonous DOC souréesan alternative, Catalan et al. (2013) idestifseasonality as the
main factor controlling SUVA-254 patterns in an epteral Mediterranean catchment, because vegetatiaccumulated
during the dry period. In comparison to mechanisticdies focusing at seasonal and event timescalesstigations
combining diel DOC fluctuations with SUVA-254 calations are rather scarce. While Fasching et 81162 did not find
clear diurnal SUVA-254 patterns in their streangythvere able to document diel DOC fluctuations weburrent maxima
30 around 19:30 h. They linked this pattern to a desean Photosynthetically Active Radiation (PAR).
Diel DOC fluctuations in streams are generally ekpd by a complex interplay of different instre@nocesses. They
cannot be observed in every stream, but when tleeyro DOC concentrations are often increasing dudaytime and

decreasing at night (Nimick et al., 2011 and refeeetherein). Throughout daytime, autotrophic oigas like algae
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excrete labile DOC during their photosynthesis,aihilepends on stream temperature and the amowuinbfiht. On the
contrary, more instream DOC is consumed at nightedgrotrophic organisms (Chittoor Viswanathanl e2815; Fasching
et al., 2016; Nimick et al., 2011; Parker et aQ1@, Spencer et al., 2007). This interplay of aoftic and heterotrophic
organisms is generally used to explain diel DOGCttlations in streams. Other studies observed dC Bluctuations with
DOC maxima in the early morning due to the abserigehotic removal processes of DOC during the nigtiorrall et al.,
2015; Worrall and Moody, 2014). Tunaley et al. (ZDbbserved DOC maxima in the early morning for eatfand
catchment, whereas a proximate catchment had i€ B@xima in the afternoon. Spencer et al. (200@pnted two DOC
maxima per day in the San Joaquin River (CalifqroigA).

In our study, we observed diel DOC concentratiamtfiations at the outlet of a 0.45 kforested headwater catchment.
Throughout the year, the maximum diel DOC concgioima occurred in the afternoon during baseflowdittons. Based on
our literature review of mechanistic explanatioisD®C fluctuations our first hypothesis states tHal fluctuations in
DOC concentrations are controlled by instream nhigoprocesses. Our second hypothesis stipulatgsdtal fluctuations
in DOC concentrations can be explained by an ise@anput of terrestrial DOC to the creek duringtiotae. This second
hypothesis is a follow-up on previous work by Schvea al. (2016) carried out the Weierbach catchniEmey linked diel
fluctuations in discharge to increased inflow frtme riparian zone in the afternoon due to variaimnviscosity (viscosity
effect). Before the growing season, Schwab et28l1§) observed diel discharge fluctuations with imaxin the afternoon
that can be explained by riparian water temperdtuntuations and therefore viscosity fluctuatiodgarmer riparian water
temperature in the afternoon led to a lower vidgosi water, resulting in a higher hydraulic contivity and therefore an
increasing inflow of water to the creek when pagdinrough the riparian zone. During the growingssea discharge
minima were observed in the afternoon due to thenger influence of evapotranspiration. Neverthgléchwab et al.
(2016) concluded that the viscosity effect wad ptiésent during the growing season, but not \ésdmhymore in the diel
discharge fluctuations as a result of the increasgibrtance of evapotranspiration. We intend teetage these findings
through our second hypothesis, stating that theogisy effect could possibly increase the inputesfestrial DOC in the
afternoon all year long.

We used SUVA-254 for testing both hypotheses. Arelese in SUVA-254 values during the afternoon wdeéd to the
rejection of the second hypothesis, stating thad@gmented input of terrestrial DOC can explain M2C concentration
maxima in the creek. Increased SUVA-254 values ddahd to the rejection of the first hypothesis,evehinstream
processes are supposed to control fluctuationsd€ Boncentrations.

2 Methods

We measured the DOC concentration and the lighdratien spectrum with a UV-Vis spectrometer in Weierbach creek
in Luxembourg from December 2013 to May 2015. Theiékbach is a headwater catchment with a size4® Rof and

elevations ranging from 450 to 512 m a.s.|. Bedeag(s sylvatica) and in a smaller part spruce fPalsies) are the

3
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dominant tree species in this forested catchmeme. Soils are shallow Cambisols with a depth of gaheless than one
meter and the bedrock geology consists of Devomeatamorphic slate and overlying Pleistocene Paigll&lope Deposits
(Moragues-Quiroga et al., 2017). In the vicinitytbé creek, the hillslopes are gentle on the gtk side and steep on the
left bank side, while further uphill slopes tendpiateau. Along most parts of the creek a ripadane extends up to 3
5 meters away from the channel and connects thddpi#s to the creek. Water passing through theigparone contributes
significantly to discharge, both during wet and doyditions.
At the outlet of the Weierbach catchment, we mesbwrater levels with a pressure transducer (ISC2043ubmerge
Probe) at 5 minute intervals. Water levels wereveoied into discharge via a rating curve. We cdeethe temperature
sensitivity of the probe according to the streantewtemperature (Schwab et al., 2016). Precipitatias measured with a
10 tipping bucket rain gauge at the meteorologicaiateof Roodt, 3.5 km outside the Weierbach catamrecipitation had
no distinct seasonality and the long term annuafage was approximately 950 mm. During the obsimvaieriod, no
substantial snowfall was observed. The annualahininoff ratio was around 50% with higher disdearolumes in winter
than in summer (Glaser et al., 2016; Martinez-Gasret al., 2015; Pfister et al., 2017; Schwall. e2@16).
In one part of the riparian zone with high substefflow to the creek, we measured the riparian mplaiater temperature
15 every 30 min at 10 cm depth. We calculated theositg of the riparian water according to the Vogglation (Schwab et
al., 2016; Vogel, 1921). An increase of water terapge by 5 °C leads to a decrease in viscositidybs to 15 % and
therefore to an increase in hydraulic conductiiritthe same range (Tipler and Mosca, 2008).
The DOC concentrations and the light absorptiospm were measured-situ in the Weierbach creek at an interval of 15
minutes with the UV-Vis spectrometer spectro::lyéercan Messtechnik GmbH). The spectrometer medstire light
20 absorption spectrum of the stream water betweerna®0720 nm in 2.5 nm resolution with a xenon fleshp, 256 photo
diodes and a two beam instrument. The optical feathth was 35 mm. The spectrometer probe was fizexd metal plate
that was placed on the streambed of the WeierbaekcThe orientation of the probe was horizontal @ stream direction
with the measuring window facing towards the rivettio avoid direct solar radiation. Every threerepthe measuring
window of the spectrometer probe was cleaned autoafiy with pressurized air that was produced bya&r compressor.
25 We cleaned the spectrometer manually every two sieek
We adapted the global calibration of the spectremiétat was provided by the manufacturer of th&umsent to the local
conditions by applying a local calibration. Forsthive manually sampled the stream water weeklyii@dkly and took
automatic samples during several rainfall event® ®halyzed the grab samples in the laboratory f@CDwith a
combustion analyzer (Apollo 9000 - Teledyne Tekmamg compared the results with thesitu DOC concentration
30 measurements of the spectrometer at the collettiom of the grab samples. The linear regressiorthferlocal calibration
between the lab values and the spectrometer vedsetted in a good fit with an’Rf 0.96.
A long time series of end-member chemistry datvalable for the Weierbach catchment (Martinezr€las et al., 2015).
DOC concentration values of biweekly sampled endabers are available since 2009, while biweekly Wéabance

values at 254 nm (A254) are available since 20h2. Jampled end-members included throughfall, saievy riparian water
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and shallow groundwater. Throughfall was collecsdulk samples over two weeks at three differecations. Soil water
was sampled by applying a vacuum to suction cupisvilere installed at six different locations in #wél at depths of 10 cm
to 100 cm. At one location in the riparian zon@arian water was collected with the same methoe Hilweekly grab
samples of shallow groundwater were pumped fromethvells in the catchment. The wells were screémethe lowest 50
cm to one meter and had a depth of two to threenmset

SUVA-254 is a commonly applied index for charaatiely the aromaticity and the terrestrial originR®C. SUVA-254 (|
mg™* m?) is calculated as the UV absorbance at 254 nm 4A25n?) divided by the DOC concentration (m8) (Weishaar
et al., 2003). For the SUVA-254 data of the end-iners, A254 and the DOC concentrations of the bilyeglab samples
were measured in the laboratory. To calculate thk-frequency SUVA-254 values of the stream water,used thén-situ
spectrometer measurements of DOC and the lighthésoe measurements. Due to the 2.5 nm intervdleddpectrometer,
the absorbance data at 254 nm (A254) was not &leildherefore we calculated A254 as the weightednrbetween the
absorbance at 252.5 nm and the absorbance at 258/eneliminated potential outliers in the SUVA-26rhe series by
applying a 3 hours moving median to the entire tseges.

For analyzing the diel fluctuations of DOC concatitins, SUVA-254, viscosity and discharge, we geltthe days with
diel fluctuations during the observation periodnfr®ecember 2013 to May 2015. Days that were inflednby rainfall-
runoff events were not included in the analysisca@kding to this criteria, many short and severalgkr periods were
removed. Especially the two winter seasons and Aug014 were particularly rainy periods. From teenaining days,
additional days were removed from further analysist least one of the four variables showed ual#é or no values,
especially due to problems with the used sensotenger period had to be removed in October 20Tcabse of that same
reason.

We first analyzed the diel fluctuation patterns@®C, SUVA-254, viscosity and discharge by comparihgir daily
minima, maxima and amplitude. For each day with fllietuations, we calculated the time of the dafen the minima and
maxima occurred. The daily amplitude resulted ftoendifference between the values of the daily maxnh and minimum.
For further analysis, we calculated the anomalgath of the four variables, DOC, SUVA-254, visgpsihd discharge,
around their daily moving average from the origitiale series with the 15 minute time intervals. Hady moving average
was calculated from the original time series withiadow size of 24 hours and did not show diel fliations anymore.

We studied the anomalies of the four variablesdipmaring them with the corresponding values astrae time of another
variable using scatterplots. With four differentrimbles (DOC, SUVA-254, viscosity, discharge), thesulted in six
different combinations. For each combination, limemgressions were calculated separately for eamftimfor the dormant
and growing season and for the entire observat@iog. Due to the absence of days with diel fluttwes, we could not
compute a linear regression for January. We defthedyrowing season as the period between thedf3¢ay and the end
of September and the dormant season from the hieagimf October until the 15th of April. To cleartiistinguish between

the two seasons, we introduced a transition peada transition period, we considered the timevben mid-April and
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mid-May, when not all plants are yet fully active . developed. A transition periagas not define in fall, due to the lack

of days with diel fluctuations around the end opt&enber and the beginning of Octol

3 Results

In our long-term highrequency time series, we observed many days anddsewithdiel fluctuationsin viscosity, SUVA-

5 254, DOC and dischargin the afternoons crainless periods durintpe dormant and the growing ses, we observed the
diel minima of viscosity and thdiel maxima of SUV/254 and DOC (Figure 1). Durirthe dormant sason, we observed
diel discharge minima in the morninghereas we observ diel discharge minima in the afternoon du the growing
season. fie diel amplitudes of viscosity, SU\-254 and DOC are changing in similar ways from oag tb the othe
(Figure 1 e-g).
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Figure 1: Did fluctuations of viscosity of riparian water, SUVA-254, DOC and discharge during a representative rainless period in
the dor mant season and the growing season.

Over the whole time series of 18 monttiee minimain viscosity and the maxima in SUV254 and DOCoccurred in the

afternoon between 14:00 h and 18:0f@dhboth, the growing and the dormant sei (Figure : a-c). For discharge, the time
15 of the minima switched froraarly morningin the dormant season to the afternoon ingteving seasoboth in 2014 and

2015 (Figure 8). In winter, we only observed a few rainless daysside rainfa-runoff events with diel fluctuation:Figure

2). During that timgDecember 2013 and November 2014) no clear dicharge pattern igisible (Figure 2d) and the diel
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amplitudes of all four variables arelatively small.The diel amplitudes of OC and viscosity stayerelatively constant
over the 18 months with lowest amplitudes of DOQ@vinter and spring and slighthigherviscosity amplitudes during tt
growing season than during the dormant sei(Figure 2 a,c). The amplitudes of SU\2%4 changemore markedly over
the 18 months. SUVAR54 had its higheiamplitudes in spring and very low amplitudes in e [Figure 2b).

Figure 2shows a seasonal pattern for the daily mean valfiall four variable. The viscosity of the riparian watis lower
during the growing season than durthg dormant seas((Figure 2), while the mean daily SUV-254 values and the mean
daily DOC concentrations are highduring the growing season than during the dormaatsen(Figure 2 b,c). The

discharge in the Weierbach creek waser in summer and higher in winter and early sp(figure d).
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Figure 2: Thetime of day of the daily minima/maxima of riparian water viscosity, SUVA-254, DOC and discharge over 18 months.
Only rainless days with diel fluctuations and without the influence of rainfall-runoff events are represented. The points are scaled
by the daily amplitude between the daily minimum and maximum. Black dashes (-) are the daily mean values of the respective
variables.

After identifying the strong similarity in the timg of the diel extreme of viscosity, SUVA54 and DOC, wianalyzed the
relationship between the 15 minwaomalie of viscosity, SUVA-254, DOC and dischardgégure  and Figure 4 show a
strong linear relationship between SU\2A4 and viscosity, SUVAR54 and DOC as well as between DOC and viscosit

the dormant season, the growing season and the ¢inte series of 18 months with’Rarger thar0.6. The slope of the

7
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linear regression between the viscosity anomaliesthe SUVA-254 anomalies is negative, meaningttiawiscosity of the
riparian water was decreasing during the day, while/A-254 values were increasing (Figure 3a). Dmyiihe growing
season, the slope was less negative than durindpottmeant season (Figure 3a and Figure 4a). Thesalfithe slopes show
an annual pattern, with the least negative slogesroing in June and July (Figure 4a). The slopeegfession between the
DOC anomalies and the SUVA-254 anomalies is pasitiigure 3b). An increase of SUVA-254 during tles deads to an
increase in DOC concentrations. This relationsisipeiss strong during the growing season, with tmallest slopes
occurring in June, July and August (Figure 3b aiglfe 4b). The slope of the regression betweerogisc and DOC is
negative, meaning that a decrease in viscosityndutie day leads to an increase in DOC (Figure Bu@se negative slopes

are relatively constant over the year and betwbkerséasons (Figure 3d and Figure 4d).
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Figure 3: Scatterplots and linear regression between the 15 minute anomalies of the four variables for the growing and dor mant
period. Only rainless days with diel fluctuations and without the influence of rainfall-runoff events are shown (corresponding to
thedaysin Figure 2).

For the combinations that included discharge, weersly observed weaker and more heterogeneousorahips (Figure 3
c,e,f and Figure 4 c,e,f). The linear regressicetsvben discharge and SUVA-254, discharge and DO@edl as between

discharge and viscosity resulted in contrary sighsheir slopes between the dormant season andyritveing season.
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Moreover, the R of the linear regressio where discharge was involved, were generally smahian for the linea

regressions in absence of dischafggre 2).
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Figure 4: Slope and explained variance (R?) of the linear regression between the 15 minute anomalies of the four variables. Slope

5 and R? are separately calculated for each month, for the dormant and the growing season and for all values. All the p-values are
generally highly significant. Only rainless days with diel fluctuations and without the influence of rainfall-runoff events are shown
(corresponding to the daysin Figure 2).

In addition to the highirequency instrearobservations and temperature measurements criparian zone, we sampled

end-members in the catchment aadhlyzer them in the laboratory for SUVR54 and the DOC concentrats. We
10 observed the highest DO ncentrations in throughfall and soil water, lowencentrations in riparian water and low

DOC concentrations in the groundwatFigure 5a). We found a decrease of DOC emti@tiors in soil with depth. The

highest DOC concentrationvgere observein the upper part of the soil profile (Figure)5The SUV/-254 values in soil

water behave similarlio the DOC concentrations, having the highest \wainehe upper part of the soil pro (Figure 5c).

Soil water, throughfall and riparian wathave similar SUVA254 values, while groundwathas the smallest SUVA-254
15 values (Figure 5d).
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Figure 5: DOC concentrations and SUVA-254 values of the biweekly sampled end-members and the detailed information for soil
water at different depths. TH = throughfall, SW = soil water, RP =riparian water, GW = groundwater.

4 Discussion

Based on our measurements fre tWeierbach catchment,e are convinced that SUV254 is a suitable proxy for
identifying terrestrial DOC in diel DOC fluctuatienSeveral studies alreademonstratedhat SUVA-254 is a valid index
to characterize the origin of DOatalan et al., 2013; Fasching et al., 2016; ltes.e2016; Weishaar et, 2003). We
found strong evidence in the Weierbaaichmenfor rising SUVA-254 values serving assalid indexof higher terrestrial
DOC input to the creedkmmediately after rain eves, discharge, DOC concentratioasd SUV/-254 rapidly increased.
This increase in discharge is relatedstoface omear-surface runoff process@Slaser et al., 2016; Klaus et al., 2C.
Therefore it is likely thathe increase in DOC concentrals was induced by terrestrial DOC input tleventually led to a
rise in measured SUVA-254 values.

We tested our two hypothes®n processes controlling diel DOC fluctuatioFor the days with diel flucations we
generally observed both DOC and SU-254 maxima in the afternoon. Thus we corégect our first hypothesis that t
DOC maxima in the afternoon ao®ntrolled b' microbial autochthonougstream processeMoreover, the increased
SUVA-254 values in the afternoon aestrong support for our secohypothesis thathe DOC maxima in the afternoare
triggered by an increase farrestrial DOC input in the afternoon. Another o for the second hypotheis that the high-

frequency anomalies of DOC and SU\2A4 behave in a similar way suggested by the good fit the regression between
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those two variables. Additionally, the SUVA-254 was and DOC concentrations of the end-members strerag indicator
of stream water origin in the afternoon (when SU224 and DOC are on the rise). For both DOC and St28A, soil
water and riparian water had higher values thanrgteater and the values in the topsoil were higihan in the subsoil for
both variables.

Our study provides strong experimental evidencevisrosity-controlled diel DOC fluctuations in tNéeierbach. Previous
work by Schwab et al. (2016) in the Weierbach aatetit had shown that an increase in riparian wateperature during
the day led to a decrease in riparian water visg@sid subsequently to an increase in hydrauli@aotivity. This viscosity
effect resulted in an increased inflow of ripargaoundwater to the stream in the afternoon — froentbpsoil of the riparian
zone to the creek. The timing of the daily mininfaviscosity in the afternoon is consistent with tiraing of the daily
maxima of DOC and SUVA-254. Besides the timingha viscosity minima, the high-frequency anomaliesvjgle another
solid indication that the viscosity effect triggeas increased inflow of terrestrial DOC to the &ré@e the afternoon. The
strong regression between the viscosity and the A2%4 anomalies and especially the regression leetvike viscosity
and the DOC anomalies showed that viscosity, SUBA-2nd DOC had very similar diel dynamics.

The regressions between the discharge anomalietharahomalies of viscosity, SUVA-254 and DOC ristliin different
slope directions and values depending on the seddua behavior can be explained by the existerfcewo different
opposing processes that are controlling the dsttdirge fluctuations: the viscosity effect durihg ormant season and
evapotranspiration during the growing season. Wguarthat different spatial impacts are the reasdmy during the
growing season evapotranspiration is controllirsgkarge but the viscosity effect is controlling B®C concentrations and
the SUVA values in the stream. While the viscosgffect is only present in the topsoil of the rigarizone, the plants
transpire water from deeper soil depths (Bond et28l02; Schwab et al., 2016). Especially the ugaets of the soil had
high SUVA-254 and DOC concentration values.

Different models for simulating autochthonous DO¢haimics exist (Fasching et al., 2016; Worrall andokly, 2014).
However, these models are partly contradictory mmdtate-of-the-art model has been establishedrsénfaddition, we did
not have all the data required to run these modasisequently, we did not simulate the autochther@O@C dynamics.
However, we developed a perceptual model to explenobserved diel DOC and SUVA-254 anomalies, déipg on
instream processes and terrestrial input (Figurd1e¢ conceptual model follows the main result&asching et al. (2016),
stipulating that the instream DOC production is hieig with increasing stream water temperature arde@sing
photosynthetically active radiation (PAR). With therceptual model that is illustrated in Figurevg, can also explain the
observed smaller slopes resulting from the regressetween the SUVA-254 and the DOC anomalies dutie growing
season. The amplitudes of the diel DOC anomalegesdtrelatively constant over the whole year, wtiike diel amplitudes
of SUVA-254 decreased during the growing season.av¥gee that an increasing importance of instreamegsses during

the growing season leads to a decrease in SUVA-254.
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Figure 6: Perceptual understanding on the diel SUVA and DOC fluctuations and its dependence on instream processes or
terrestrial input and the resulting super position of both processes.

In our perceptual model (Figure 6), tbel SUVA-254 fluctuations resulting from instream processhow an opposite
pattern compared to the diel SUMZ4 fluctuations resulting from terrestrial DOC umy This can be explained by
differences in the aromaticityf DOC of the two process' Depending on the magnitude of both processes,ehdting
superposition of both processes may change thepdigéérn or not As a consequence of tlincreasing stream water
temperature and PAR in summer, SL-254 fluctuatons resulting from instream procestare much higher during the
growing season than during the dormant se (Figure 6 a,b) (Fasching et al., 2016 the other sic, the diel SUVA-254
fluctuations resulting from terrestrial DOC in triggered by viscosity effects asenaller during the growing season due
decrease of the viscosity fluctuations in surr (Schwab et al., 2016). By overlaying timstream and the terrestrial eff
on SUVA-254, the resulting diel SUVA54fluctuationsare higher in the dormant season than in the gipsé&ason
Contrarily to the SUVA254 fluctuations, the diel DOC fluctuations resudtifrom instream processes and terresinput
are in phaseThey have their maxima in the afternoon whendtteam water temperature and the PAR (influendie
instream process) are at their maxima and the riparian waterogitg (influencing the terrestrial input) has itsnima.
During the growing season (Figurd)gthe diel DOC fluctuations induced by instrearogesses are higher than during
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dormant season and the DOC fluctuations resultiog fterrestrial input are smaller (smaller visopdltictuations) than
during the dormant season (Figure 6c). Consequettity overlaying of both effects results in simi©OC fluctuations
during the growing and the dormant seasons (Figatd). In other catchments the relative proportidrthe different
processes is probably different, resulting in othearall diel fluctuations.

In addition to the diel fluctuations, we observedsemsonal pattern in the daily mean values of S28A-and DOC
concentrations. In the Weierbach creek we obsehigiter SUVA-254 values and DOC concentrations dutire low flow
periods compared to high flow periods, while Leale{2016) and Fasching et al. (2016) describe@tcSUVA-254 values
during dry, respectively baseflow conditions (Fig@). This could likely be explained by differetavi paths of the water
contributing to stream flow. During summer low flowe suspect that only a few source areas in ffagian zone contribute
to streamflow. Those riparian source areas havbehi@UVA-254 values and DOC concentrations (FigeireDuring
periods with higher discharge, especially in wirdaed early spring, a dilution effect leads to dasimeg SUVA-254 values
and DOC concentrations. Larger areas with lower 8284 values and DOC concentrations contributetteasnflow.
During those wet conditions, subsurface flow, wh&gVA-254 and DOC signature is represented by thallev

groundwater end-member (Figure 5), generated e lgag of the discharge.

5 Conclusion

We observed diel DOC fluctuations in the Weierbeatthment over a complete year during periodsvieaé not affected
by rainfall-runoff processes. By means of the SU3% index, serving as an indicator for DOC aronilgtieve found that
an increased input of DOC with terrestrial origimsmesponsible for the peak in DOC concentrationthé afternoon.
Higher SUVA-254 values indicate a higher aromatioitf DOC and therefore an increase of DOC from etrial
(allochthonous) sources. We could explain the m®ed input of terrestrial DOC in the afternoon vitib viscosity effect.
Water passing the riparian zone before enteringteek is heated in the riparian zone during the Warmer water has a
decreased viscosity and therefore the hydraulicedtivity increases. Consequently, more water fregar surface zones
that are rich in terrestrial DOC is entering theedrin the afternoon. Our study described a newga®that can explain diel
DOC fluctuations in streams. We argue that the yaiglof diel DOC fluctuations should not only focas instream
processes, but also on surface areas in the viohithe creek. Moreover, viscosity driven diel hgldgical flow processes
have to be taken into account for understanding®C dynamics in streams.

For further studies, we suggest to combine the U¥-Spectrometer measurements with fluorescencetrspaetry
measurements to gain even more detailed informatiaut the origin of the DOC. Furthermore, a matailed insight into
the instream DOC processes would be an interesspgct of future research. Additionally, we hopeg thur study could
raise the awareness that viscosity driven inpueokestrial DOC can explain diel DOC fluctuatiomsstream water. We
believe that this effect can be also detected lrerotatchments, but depends on the catchment-gpet#rplay of both

interacting processes.
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