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Abstract. Diel fluctuations of streamwater DOC concentragi@ne generally explained by a complex interplagifierent
instream processes. We measured the light absorptiectrum of water and DOC concentratiomsitu and with high-
frequency by means of a UV-Vis spectrometer durli®gmonths at the outlet of a forested headwatechoant in
Luxembourg (0.45 kf). We generally observed diel DOC fluctuations vatimaximum in the afternoon during days that
were not affected by rainfall-runoff events. Werititeed an increased inflow of terrestrial DOC toetstream in the
afternoon, causing the DOC maxima in the streane fEnrestrial origin of the DOC was derived frone t8UVA-254

(specific UV absorbance at 254 nm) index, which ood indicator for the aromaticity of DOC. In thtedied catchment,
the most likely process that can explain the di€®lDinput variations towards the stream is the dieaaviscosity effect.

The water temperature in the upper parts of theratd riparian zone is increasing during the degding to a lower
viscosity and therefore a higher hydraulic condiitsti Consequently, more water from areas thatriarein terrestrial DOC
passes through the saturated riparian zone anditogies to streamflow in the afternoon. We beli¢glwat not only diel

instream processes, but also viscosity driven ftlietuations of terrestrial DOC input should be sidiered for explaining

diel DOC patterns in streams.
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1 Introduction

Dissolved organic matter (DOM) is a major constituef the carbon cycle and aquatic biogeochemistventually linking
terrestrial and aquatic ecosystems (Battin et2l08; Lee et al., 2016; Saraceno et al., 2009). [&fgest component of
DOM in forested stream ecosystems is dissolved nicgaarbon (DOC) (McLaughlin and Kaplan, 2013). D®@&s a
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 ordergcithonous sources
become more important (Dawson et al., 2001; Nineickl., 2011). While DOC from allochthonous sournsesharacterized
by fulvic and humic acids with high molecular weigind aromaticity, DOC from autochthonous sourcas & lower
molecular weight and is less aromatic (Hood et28l06; Saraceno et al., 2009; Spencer et al., 2012)

Different techniques have been used to gain inftiomaon the composition and the concentration ofd@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(Agb4) that is
normalized for DOC concentration (Weishaar et 2003). A higher SUVA-254 value indicates a highewnaatic DOC
content and is therefore a valuable index for digatishing between allochthonous and autochthonogms of DOC.
Several studies used SUVA-254 to identify DOC frdifferent origins in combination with changing cdbttions from
different water sources and flowpaths. Hood e(2006) observed an increase of SUVA-254 duringda storm event in
three catchments of the H.J Andrews Experimentagstp Oregon (USA) and suggested SUVA-254 as auuseter for
identifying different flowpaths through mineral soiAlso at HJ Andrews, Lee et al. (2016) obserieger SUVA-254
values during the dry season low flows and suggestported by fluorescence indices, that in thaselitions the stream
water originates from more microbial-processed a®sir Fasching et al. (2016) described similar afagi®ns 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 baseflonditions to
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 vegetatiaoccumulated
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 @162 did not find
clear diurnal SUVA-254 patterns in their streangythvere able to document diel DOC fluctuations wéburrent maxima
around 19:30 h. They linked this pattern to a desean Photosynthetically Active Radiation (PAR).

Diel DOC fluctuations in streams are generally axpd by a complex interplay of different instrepnocesses. They
cannot be observed in every stream, but when tloeyro DOC concentrations are often increasing dudaytime and

decreasing at night (Nimick et al., 2011 and refeeetherein). Throughout daytime, autotrophic oigras like algae
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excrete labile DOC during their photosynthesis,chhilepends on stream temperature and the amowomnbfht. On the
contrary, more instream DOC is consumed at nightdtgrotrophic organisms (Chittoor Viswanathanl e2815; Fasching
et al., 2016; Nimick et al., 2011; Parker et a01@; Spencer et al., 2007). This interplay of aohic and heterotrophic
organisms is generally used to explain diel DOGtflations in streams. Studies from catchments péthtlands observed
diel DOC fluctuations with DOC maxima in the earhorning due to the absence of photic removal psEesf DOC
during the night (Worrall et al., 2015; Worrall aktbody, 2014). Tunaley et al. (2017) observed DO#&xima in the early
morning for a peatland catchment, whereas a prdeirnatchment had its DOC maxima in the afternoqren8er et al.
(2007) reported two DOC maxima per day in the Smmuin River (California, USA).

In our study, we observed diel DOC concentratiamctfiations at the outlet of a 0.45 kforested headwater catchment.
During baseflow conditions throughout the year, nieximum diel DOC concentrations occurred in therabon. Based on
our literature review of mechanistic explanatioisD®C fluctuations our first hypothesis states ttal fluctuations in
DOC concentrations are mainly controlled by ingmmemicrobial processes. Our second hypothesis stigsilthat diel
fluctuations in DOC concentrations can be explaibga@n increased input of terrestrial DOC to thean during daytime.
This second hypothesis is a follow-up on previowskaby Schwab et al. (2016) carried out the Weiehbeatchment. They
linked diel fluctuations in discharge to increaseitbw from the saturated riparian zone in the mft®n due to variations in
viscosity (viscosity effect). Before the growingasen, Schwab et al. (2016) observed diel dischéltgp¢uations with
maxima in the afternoon that can be explained Iparian water temperature fluctuations and therefaseosity
fluctuations. Warmer riparian water temperatureshis afternoon led to a lower viscosity of watesuiting in a higher
hydraulic conductivity and therefore an increasimftppw of water to the stream when passing throtighsaturated riparian
zone. During the growing season, discharge mininegewobserved in the afternoon due to the strong@uence of
evapotranspiration. Nevertheless, Schwab et all@P@oncluded that the viscosity effect was stikgent during the
growing season, but not visible anymore in the distharge fluctuations as a result of the incréasgortance of the
counteracting evapotranspiration. We intend to rege these findings through our second hypothesiding that the
viscosity effect could possibly increase the inpiuterrestrial DOC in the afternoon all year long.

We used SUVA-254 for testing both hypotheses. Arelese in SUVA-254 values during the afternoon wdeltl to the
rejection of the second hypothesis, stating thaawgmented input of terrestrial DOC can explain E@C concentration
maxima in the stream. Increased SUVA-254 valuesldvéead to the rejection of the first hypothesidiene instream

processes are supposed to control fluctuationgd& Boncentrations.

2 Study Site and M ethods

We measured the DOC concentration and the lighbrakien spectrum with a UV-Vis spectrometer in théierbach
stream in Luxembourg from December 2013 to May 2Fure 1). The Weierbach is a headwater catchmvihta size of

0.45 knf and elevations ranging from 450 to 512 m a.séedh (Fagus sylvatica) and in a smaller part spfRizea abies)
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are the dominant tree species in this forestechoaat. The soils are shallow Cambisols with a depthenerally less than
one meter and the bedrock geology consists of Oamometamorphic slate and overlying PleistocenégReial Slope
Deposits (Moragues-Quiroga et al., 2017). In thenity of the stream, the hillslopes are gentletlom right bank side and
steep on the left bank side, while further uphadpgs tend to plateau. Along most parts of theastra riparian zone extends
1 mto 5 m away from the channel and connects illstopes to the stream. Water passing throughstterated riparian
zone contributes significantly to discharge, bathimy wet and dry conditions.

At the outlet of the Weierbach catchment, we messwrater levels with a pressure transducer (ISC2043ubmerge
Probe) at 5 minute intervals. Water levels wereveaied into discharge via a rating curve. We cdegdthe temperature
sensitivity of the probe according to the streantewtemperature (Schwab et al., 2016). Precipitatias measured with a
tipping bucket rain gauge at the meteorologicaiataof Roodt, 3.5 km outside the Weierbach catattmirecipitation had
no distinct seasonality and the long term annuarage was approximately 950 mm. During the obsenvaieriod, no
substantial snowfall was observed. The annual alininoff ratio was around 50% with higher disaf@wolumes in winter
than in summer (Glaser et al., 2016; Martinez-Casret al., 2015; Pfister et al., 2017; Schwal.e2@16).

Germany
510

500

France

@ Riparian Water Precipitation

B Groundwater Throughfall

@ Soil Water A UV-Vis Spectrometer
¥ Riparian Water Temperature

15 Figure 1: The Weierbach catchment: Location of the spectrometer, the end-member sampling points and the measurement

location of the riparian water temper atur e (modified from Schwab et al., 2017).

The Weierbach catchment exhibits a distinct rainfatoff behavior, characterized by marked differes between dry and

wet conditions. During dry conditions rainfall etertrigger only one single discharge peak. Durirgt wonditions an
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additional second discharge peak occurs with aydefl@ne to several days. The first discharge psalktobably caused by
near surface and near stream runoff processese el second discharge peak is likely generatedsblgsurface flow

through the highly conductive saprolite layers”tha hillslopes (Glaser et al., 2016). This sulmtefflow is initiated once
a certain wetness threshold is reached in the c@nh DOC concentrations increased only duringfitisé peaks. During

wet conditions the DOC concentration in the stregas generally lower as more DOC poor subsurface dontributed to

streamflow (Schwab et al., 2017). The behavior &Mconcentrations at the seasonal and event tialesswill not be

analyzed in this study. We focus solely on dietfilations of DOC concentrations during days withairfall events.

In one part of the riparian zone with high substefflow to the stream, we measured the riparianmgtoater temperature
every 30 min at 10 cm depth (Figure 1). We coulty aely on one location with high-frequency riparigroundwater

temperature data for the entire observation perdolwever, saturated riparian water temperature oreasents along
several profiles from previous years showed tenmpegafluctuations down to 15 cm depth that werestsiant with the

fluctuations that we observed at the selected imeaiSchwab et al., 2016). Based on our high-fragyetemperature
measurements at this location we calculated theosisy of the saturated riparian water accordingh® VVogel equation
(Schwab et al., 2016; Vogel, 1921). An increasevafer temperature by 5 °C leads to a decreasendive observed
temperature range of groundwater) in viscosity By4 to 15 % and therefore to an increase in hydraoinductivity in the

same range (Tipler and Mosca, 2008). We consideriffarian zone being saturated during most ofyda. In the vicinity

of the temperature sensor, the soil was saturatedhglthe whole observation period. The ripariame@&xtends 1 to 5
meters from the stream and is up to 1 m deep. Teams flows on solid, rather unpermeable, mostiweathered slate
bedrock. Hence, most of the groundwater is entahiegstream through the riparian zone with hydcagtiadients from the
riparian groundwater to the stream.

The DOC concentrations and the light absorptiorctspm were measurdd-situ in the Weierbach stream (Figure 1) at an
interval of 15 minutes with the UV-Vis spectromespectro::lyser (s::can Messtechnik GmbH). The tspeweter measured
the light absorption spectrum of the stream wagétwben 220 and 720 nm in 2.5 nm resolution witker@ox flash lamp, 256
photo diodes and a two-beam instrument. The oppiatll length was 35 mm. The spectrometer probefived to a metal

plate that was placed on the streambed of the Wastbrstream. The orientation of the probe was botat and in stream
direction with the measuring window facing towattie riverbed to avoid direct solar radiation. Evéhyee hours, the
measuring window of the spectrometer probe wasneldautomatically with pressurized air that wasdpoed by an air
compressor. We cleaned the spectrometer manuadly ¢éwo weeks.

We adapted the global calibration of the spectremétat was provided by the manufacturer of thérumsent to the local
conditions by applying a local calibration. Forsthive manually sampled the stream water weeklyiiedkly and took

automatic samples during several rainfall event® ®halyzed the grab samples in the laboratory f@CDwith a

combustion analyzer (Apollo 9000 - Teledyne Tekmam@ compared the results with thesitu DOC concentration
measurements of the spectrometer at the colletitioa of the grab samples. The linear regressioritferlocal calibration

between the lab values and the spectrometer vabsested in a good fit with an?Rof 0.96. In the lab, we additionally
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measured SUVA-254 values of grab samples from titeaus and compared them witftsitu SUVA-254 values from the
spectrometer. The linear regression between theuiteel in a good fit with an%of 0.74.

A long time series of end-member chemistry da@valable for the Weierbach catchment (Martinezr€ras et al., 2015).
DOC concentration values of biweekly sampled endabers are available since 2009, while biweekly Wéebance
values at 254 nm (A254) are available since 2012 3ampled end-members included throughfall, sailew saturated
riparian water and shallow groundwater. Throughfadls collected as bulk samples over two weeks raetlifferent
locations. Soil water was sampled by applying auvat to suction cups that were installed at sixed#ht locations in the
soil at depths of 10 cm to 100 cm. At one locatfiothe riparian zone, saturated riparian water e@kected with the same
method. The biweekly grab samples of shallow growatdr were pumped from three wells in the catchmEme wells were
screened for the lowest 50 cm to one meter andatdapth of two to three meters (Figure 1).

SUVA-254 is a commonly applied index for charaaieg the aromaticity and the terrestrial originl®C. SUVA-254 (I
mg* m?) is calculated as the UV absorbance at 254 nm 4A25n?) divided by the DOC concentration (m) (Weishaar
et al., 2003). For the SUVA-254 data of the end-imers, A254 and the DOC concentrations of the bilyegiab samples
were measured in the laboratory. To calculate thk-fiequency SUVA-254 values of the stream water,used thén-situ
spectrometer measurements of DOC and the lightlahsoe measurements. Due to the 2.5 nm intervalsea$pectrometer,
the absorbance data at 254 nm (A254) was not &l&ildherefore we calculated A254 as the weightedmbetween the
absorbance at 252.5 nm and the absorbance at 258Veneliminated potential outliers in the SUVA-2Bre series by
applying a 3 hours moving median to the entire tmees.

For analyzing the diel fluctuations of DOC concatitms, SUVA-254, viscosity and discharge, we gelbthe days with
diel fluctuations during the observation periodnir@ecember 2013 to May 2015. Days that were inflednby rainfall-
runoff events were not included in the analysiscakding to this criteria, many short and severalgkr periods were
removed. Especially the two winter seasons and sug014 were particularly rainy periods. From teenaining days,
additional days were removed from further analysist least one of the four variables showed ualdé or no values,
especially due to problems with the used sensotenger period had to be removed in October 20kabse 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 daen the minima and
maxima occurred. The daily amplitude resulted ftmdifference between the values of the daily maxinh and minimum.
For further analysis, we calculated the anomaltheftime series of each of the four variables (DOUGVA-254, viscosity
and discharge) by subtracting the values of thgimmal time series from those of the daily movingage time series. The
daily moving average time series was calculatethftbe original time series with a window size of aurs and did not
show diel fluctuations anymore. The calculationgeneased on the time series with 15 minute interaald resulted in

anomaly values for every 15 minutes.
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We studied the anomalies of the four variablesdopmaring them with the corresponding values astme time of anotht
variable using scatterplots. With four differentrighles (DOC, SUV/-254, viscosity, discharge), this resulted in
different combinations. For each combination, Imesggressions were calculated separately for eamfithmfor the dormar
and growing sason and for the entire observation period. Dutag¢cabsence of days with diel fluctuations, weldawot
compute a linear regression for January. We definedyrowing season as the period between thedf3%ay and the en
of September and the dornmieseason from the beginning of October until tBehdof April. To clearly distinguish betwet
the two seasons, we introduced a transition pedasda transition period, we considered the timaveeh mic-April and
mid-May, when not all plants are yetlfuactive and developed. A transition period was defined in fall, due to the lac

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 day periods with diel fluctuations in viscosity, SU-
254, DOC and discharge. In the afternoons of ramfgeriods during the dormant and the growing sease observed th
diel minima of viscosity and the diel maxima of SA-254 and DOC (Figure 2). Durirthe dormant season, we obser
diel discharge minima in the morning, whereas weeoked diel discharge minima in the afternoon dutime growinc
season. The diel amplitudes of viscosity, SL-254 and DOC are changing in similar ways from oag tb theother

(Figure 2 e-g).
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Figure 2: Diel fluctuations of viscosity of saturated 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 months, the minimaiscosity and the maxima in SUVA-254 and DOQwted in the
afternoon between 14:00 h and 18:00 h for bothgt&ing and the dormant season (Figure 3 a-c)dimharge, the time
of the minima switched from early morning in themant season to the afternoon in the growing sebestimin 2014 and
2015 (Figure 3d). In winter, we only observed a faimless days outside rainfall-runoff events vdiél fluctuations (Figure
3). During that time (December 2013 and Novembdd2®o clear diel discharge pattern is visible (ffgg3d) and the diel
amplitudes of all four variables are relatively dm&he diel amplitudes of DOC and viscosity stayethtively constant
over the 18 months with lowest amplitudes of DOQvinter and spring and slightly higher viscositymitudes during the
growing season than during the dormant season r@-iga,c). The amplitudes of SUVA-254 changed nmagkedly over
the 18 months. SUVA-254 had its highest amplitudespring and very low amplitudes in summer (FigBiog.

Figure 3 shows a seasonal pattern for the dailyhnmmalues of all four variables. The viscosity of taturated riparian water
is lower during the growing season than duringdbemant season (Figure 3a), while the mean daily/&Q54 values and
the mean daily DOC concentrations are higher duthieggrowing season than during the dormant se@sguare 3 b,c). The

discharge in the Weierbach stream was lower in semand higher in winter and early spring (Figurg. 3d
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Figure 3: The time of day of the daily minima/maxima of saturated riparian water viscosity, SUVA-254, DOC and discharge over
18 months. Only rainless dayswith 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. Background: dark grey (growing season), light grey (dor mant season), white (transition period).

After identifying the strong similarity in the timg of the diel extreme of viscosity, SUVA-254 an@®0O, we analyzed the
relationship between the 15 minute anomalies afogdy, SUVA-254, DOC and discharge. Figure 4 aiglife 5 show a
strong linear relationship between SUVA-254 andaesity, SUVA-254 and DOC as well as between DOC\ascbsity for
the dormant season, the growing season and the ¢intie series of 18 months wittf Rarger than 0.6. The slope of the
linear regression between the viscosity anomaliesthe SUVA-254 anomalies is negative, meaningtti@wiscosity of the
saturated riparian water was decreasing duringdge while SUVA-254 values were increasing (Figde). During the
growing season, the slope was less negative thengdthe dormant season (Figure 4a and Figure H#.values of the
slopes show an annual pattern, with the least negslopes occurring in June and July (Figure &g slope of regression
between the DOC anomalies and the SUVA-254 anomaipositive (Figure 4b). An increase of SUVA-254#ing the day
leads to an increase in DOC concentrations. THaioaship is less strong during the growing seasath the smallest
slopes occurring in June, July and August (Figlredd Figure 5b). The slope of the regression batwiscosity and DOC
is negative, meaning that a decrease in viscositing the day leads to an increase in DOC (Figute #hese negative

slopes are relatively constant over the year ahgd®n the seasons (Figure 4d and Figure 5d).
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Figure 4: 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 3).

For the combinations that included discharge, weeggly observed weaker and more heterogeneousoredhips (Figure 4
c,e,f and Figure 5 c,e,f). The linear regressiagtsvben discharge and SUVA-254, discharge and DO®yedl as between
discharge and viscosity resulted in contrary sighsheir slopes between the dormant season andjyritving season.
Moreover, the R of the linear regressions where discharge washirdo were generally smaller than for the linear

regressions in absence of discharge (Figure 5).
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Figure 5: Slope and explained variance (R?) of the linear regression between the 15 minute anomalies of the four variables. Slope
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 3).

In addition to the highirequency instream observations and temperaturesungaents of thsaturated riparian zone, we
sampled endnembers in the catchment and analyzed them inatherdtory for SUV~254 and theDOC concentrations.
We observed the highest DOC concentrations in tiirfall and soil water, lower concentrationssaturated riparian water
and lowest DOC concentrations in the groundweFigure &). We found a decrease of DOC concentrations ilnasth
depth. The highest DOC concentrations were obseirvade upper part of the soil profiliFigure 6b). The SUVA-254
values in soil water behave similarly to the DOG@entrations, having the highest values in the upeet of the soi
profile (Figure €). Soil water, throughfall ansaturated riparian water have similar SUZB4 values, while groundwat
has the smallest SUVA-254 valuésdure ¢d).
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Figure 6: DOC concentrations and SUVA-254 values of the biweekly sampled end-members and the detailed infor mation for soil
water at different depths. TH = throughfall, SW = soil water, RP = saturated riparian water, GW = groundwater.

4 Discussion

Based on our measments in the Weierbach catchment, we are coegirtbat SUV/-254 is a suitable proxy for
identifying terrestrial DOC in diel DOC fluctuatienSeveral studies already demonstrated that S-254 is a valid index
to characterize the origin of DOCatalan et al., 2013; Fasching et al., 2016; lted.e2016; Weihaar et al., 2003). We
found strong indicein the Weierbach catchment for rising SU-254 values serving as a valid index of higher strial
DOC input to the streamimmediately after rain events, discharge, DOCceatrations and SUV-254 rapidly increased.
This increase in discharge is related to surfaceea-surface runoff process€&laser et al., 2016; Klaus et al., 2C.
Therefore it is likely that the increase in DOC centrations was induced by terrestrial DOC inpat #ventually led to
rise in measured SUVA-254 valuedtiugh our data slwed a correlation between absorbance at 254 nm4)A2&d the
DOC concentration, an increase in SUVA254 is naty(orelated to an increase of DQGNcentratio in general, but to an
increase in more aromatic DA®@mMponeni. According to the measurement methofishe spectrometeA254 is only one
wavelength among several other wavelengths have been used to calculate the D@@hcentratio. SUVA 254 is
calculated as the absorbance at 8B%normalized by the DOC concentration (SUVA254 254/DOC). Consequently, ¢

increase in SUVA254 is based on an increase in AR&tlis larger than the increase in DOC concenfra
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We tested our two hypotheses on processes congatliel DOC fluctuations. For the days with dialcfluations we
generally observed both DOC and SUVA-254 maximahim afternoon. Thus we could reject our first hjnesis that
microbial autochthonous instream processes areldh@nant control of the DOC maxima in the afternoblowever, we
need to keep in mind that biological processes rthagcle DOC are manifold leading to complex antagfic results and
that SUVA-254 is only a proxy of the complex comigioa of DOC computed from absorbance propertiesvé¥theless,
the increased SUVA-254 values in the afternooraasrong support for our second hypothesis thaDB€ maxima in the
afternoon are triggered by an increase in tersddD©OC input to the stream in the afternoon. Anotheport for the second
hypothesis is that the high-frequency anomalidd@€ and SUVA-254 behave in a similar way as suggkBy the good fit
of the regression between those two variables. thadilly, the SUVA-254 values and DOC concentratiari the end-
members are a strong indicator of the origin of slream water in the afternoon (when SUVA-254 a@CDare on the
rise). For both DOC and SUVA-254, soil water antussted riparian water had higher values than giaater and the
values in the topsoil were higher than in the siilfeo both variables. Rejecting the first hypotlgeand supporting the
second hypothesis does not imply that biologicatpsses were absent. Yet, these processes welteerdiiminant control
for the diel DOC fluctuations (Figure 7).

Our study provides strong experimental evidencevigrosity-controlled diel DOC fluctuations in tiéeierbach. Previous
work by Schwab et al. (2016) in the Weierbach aaefit had shown that an increase in riparian wat@pérature during
the day led to a decrease in riparian water visg@sid subsequently to an increase in hydrauliclgotivity. This viscosity
effect resulted in an increased inflow of riparigmoundwater to the stream in the afternoon — fréwn topsoil of the
saturated riparian zone to the stream. The timiinthe daily minima of viscosity in the afternoondsnsistent with the
timing of the daily maxima of DOC and SUVA-254. Bkss the timing of the viscosity minima, the highguency
anomalies provide another solid indication that tiszosity effect triggers an increased inflow efréstrial DOC to the
stream in the afternoon. The strong regression desiwthe viscosity and the SUVA-254 anomalies arpkaslly the
regression between the viscosity and the DOC arniesiahowed that viscosity, SUVA-254 and DOC had/\smilar diel
dynamics.

The regressions between the discharge anomaliethar@homalies of viscosity, SUVA-254 and DOC resiliin different
slope directions and values depending on the seddua behavior can be explained by the existerfcavo different
opposing processes that are controlling the dsthdirge fluctuations: the viscosity effect during lormant season and
evapotranspiration during the growing season (Sbhetal., 2016). However, we believe that the \d#iyoeffect is always
present, even when its effect on diel dischargetdlations is hidden by the stronger, counteraciimtuence of

evapotranspiration during the growing season. As \iscosity effect is present all year long, it camtrol the diel

fluctuations of DOC concentration and SUVA-254 esuboth during the dormant and the growing seasons.

Evapotranspiration cannot hide the influence of wtseosity effect on diel DOC and SUVA-254 fluctisets during the
growing season as evapotranspiration and the \igcase impacting different water sources with dEkar DOC
concentrations and SUVA-254 values. While the \s#tyoeffect is only present in the topsoil of tgarian zone, the plants
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transpire water from deeper soil dep{B®nd et al., 2002; Schwab et al., 2C. Especially the upper parts of the soil |
high SUVA-254 and DOC concentration valt

Different models for simulatingqutochthonot. DOC dynamics exis(Fasching et al., 2016; Worrall and Moody, 2(
However, these models are partly contradictory ramdtat-of-the-art model has been established so far. In additiendid
not have all the data required to run these modsssequetly, we did not simulate thautochthonot DOC dynamics.
However, we developed a perceptual model to exglanobserved diel DOC and SU-254 anomalies, depending
instream processes and terrestrial inpugre 7). The conceptual model follows the imaesults of Fasching et {2016),
stipulating that the instream DOC production is hieig with increasing stream water temperature aradeasing
photosynthetically active réation (PAR). With the perceptual model that isistirated irFigure 7, we can also explain the
observed smaller slopes resulting from the regresketween the SUV-254 and the DOC anomalies during the grow
season. The amplitudes of the diel DOC aalies stayed relatively constant over the whole yehile the diel amplitude
of SUVA-254 decreased during the growing season. We algeah increasing importance of instream procedsgag

the growing season leads to a decrease in $-254.
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In our perceptual model (Figure 7), the diel SUVB42fluctuations resulting from instream procesde®asan opposite
pattern compared to the diel SUVA-254 fluctuatioesulting from terrestrial DOC input. This can beplained by
differences in the aromaticity of DOC of the twampesses. Depending on the magnitude of both presetise resulting
superposition of both processes may change thepditérn or not. As a consequence of the incrgasiream water
temperature and PAR in summer, SUVA-254 fluctuaioesulting from instream processes are much hidheang the
growing season than during the dormant seasonr@iga,b) (Fasching et al., 2016). On the othez,glik diel SUVA-254
fluctuations resulting from terrestrial DOC inptiggered by viscosity effects are smaller during gihowing season due to a
decrease of the viscosity fluctuations in summeh{&b et al., 2016). By overlaying the instream thedterrestrial effect
on SUVA-254, the resulting diel SUVA-254 fluctuai®are higher in the dormant season than in theiggoseason.
Contrarily to the SUVA-254 fluctuations, the dieD fluctuations resulting from instream processas @rrestrial input
are in phase. They have their maxima in the afmmnehen the stream water temperature and the PAfRidhcing the
instream processes) are at their maxima and tlaeiaip water viscosity (influencing the terrestiighut) has its minima.
During the growing season (Figure 7d), the diel DiCtuations induced by instream processes areehithan during the
dormant season and the DOC fluctuations resultiogh fterrestrial input are smaller (smaller visopditictuations) than
during the dormant season (Figure 7c). Consequettidy overlaying of both effects results in simiROC fluctuations
during the growing and the dormant seasons (Figard). In other catchments the relative proportidrthe different
processes is probably different, resulting in ottwarall diel fluctuations.

In addition to the diel fluctuations, we observedemsonal pattern in the daily mean values of SI28A-and DOC
concentrations. In the Weierbach stream we obsénigiter SUVA-254 values and DOC concentrationsriuthe low flow
periods compared to high flow periods, while Leale{2016) and Fasching et al. (2016) describegidSUVA-254 values
during dry, respectively baseflow conditions (Fg®). This could likely be explained by differetdvi paths of the water
contributing to stream flow. During summer low flowe suspect that only a few source areas in gaian zone contribute
to streamflow. Those riparian source areas havhehi@UVA-254 values and DOC concentrations (FighireDuring
periods with higher discharge, especially in wirdad early spring, a dilution effect leads to dasheg SUVA-254 values
and DOC concentrations. Larger areas with lower 8tP84 values and DOC concentrations contributetteasnflow.
During those wet conditions, subsurface flow, wh@&dVA-254 and DOC signature is represented by thallewy

groundwater end-member (Figure 6), generated a laag of the discharge.

5 Conclusion

We observed diel DOC fluctuations in the Weierbeatthment over a complete year during periodswiea¢ not affected
by rainfall-runoff processes. By means of the SUR3% index, serving as an indicator for DOC aronitgtieve found that
an increased input of DOC with terrestrial origimsvresponsible for the peak in DOC concentrationthé afternoon.
Higher SUVA-254 values indicate a higher aromatiaitf DOC and therefore an increase of DOC frometrial
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(allochthonous) sources. We could explain the msed input of terrestrial DOC in the afternoon wvifte viscosity effect.
Water passing the saturated riparian zone befarrieg the stream is heated in the riparian zonenduthe day. Warmer
water has a decreased viscosity and therefore wietlic conductivity increases. Consequently, maeger from near
surface zones that are rich in terrestrial DOOigéng the stream in the afternoon. Our study rilesd a new process that
can explain diel DOC fluctuations in streams. Wguarthat the analysis of diel DOC fluctuations stiowot only focus on
instream processes, but also on surface areas widimity of the stream. Moreover, viscosity drivdiel hydrological flow
processes have to be taken into account for urathelistg diel DOC dynamics in streams.

For further studies, we suggest to combine the U¥-Spectrometer measurements with fluorescencetrepastry
measurements to gain even more detailed informatiaut the origin of the DOC. Furthermore, a mataited insight into
the instream DOC processes would be an interessipgct of future research. Oxygen probes couldepg kelpful for
studying metabolic activity in the Weierbach streakdditionally, we hope that our study could ratke awareness that
viscosity driven input of terrestrial DOC can expldiel DOC fluctuations in stream water. We belighat this effect can

be also detected in other catchments, but depentteeccatchment-specific interplay of both inteiragprocesses.
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