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Abstract. We monitored dissolved organic carbon (DOC) artdatd@ concentrations and fluxes in situ with a UiV
spectrometer for two years at a high temporal tegol of 15 minutes in the forested Weierbach hedgdwncatchment. The
10 catchment exhibits a characteristic double peakffursponse to incident rainfall during periodshnivet initial conditions.
When initial conditions are dry, only the first cimrge peak occurs. During our observations, ba@CDand nitrate
concentrations increased during the first dischamegk, while only nitrate concentrations were efledaluring the second
discharge peak. Relying on additional biweekly emember data of precipitation, throughfall, soil aaand groundwater,
we linked the first peak to near surface flowpathsl the second peak to shallow groundwater reactonl subsurface
15 flowpaths. The mass export of DOC and nitraterigdly controlled by the discharge yield. Nevertbs|ehis relationship is
altered by changing flowpaths during different vests conditions in the catchment. Due to the absehsecond discharge
peaks during dry conditions, the DOC export is m@levant and the nitrate export is less relevamind dry catchment
states. The study highlights the benefits of in;ditng-term, and high-frequency monitoring for garing DOC and nitrate

export with runoff components that are changingdigmuring events as well as gradually betweerssea.
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1 Introduction

Nitrate and dissolved organic carbon (DOC) are irgyt biogeochemicals in ecosystems as they planpainent role in
the life cycle of organisms and as they are keg sustainable management of groundwater and sunfatr quality. The
export of DOC and nitrate from catchments depermisiemerous different factors, as well as on thaitual interplay.
Especially the question how DOC and nitrate exjmlihked to different rainfall-runoff transformati processes is of major
importance for catchment management and for uratetstg the relevant flow generating processes.

Inputs of carbon and nitrogen to catchments hapghesugh atmospheric deposition, urban sources dik@age water,
agricultural sources like fertilizers, animal exerand manure spreading, as well as natural souilsiecomposing
organisms (Causse et al., 2015; Van Gaelen €2@Gil4; Mulholland and Hill, 1997). Transport andnsformation of DOC
and nitrate in catchments happen in a complexlinked system including the land-atmosphere int&fasoil, regolith,
groundwater and streams (Lohse et al., 2009). Atlamd-atmosphere interface, atmospheric depositieoughfall and
stemflow play a major role (Levia and Frost, 200B)e soil regolith is a crucial place for the depasition of organic
material, as well as for carbon and nitrogen tramsétion. Hydraulic properties of soils, landusspdgraphy and the
groundwater recharge rate are key to understandldiepaths of water and subsequently DOC and teitteansport and
hence export from the catchment. DOC and nitratebmtransformed in soils, groundwater bodies,ridpazones and in
streams. While the biogeochemical perspective feeusore on transformation processes and reaciiasnineralization
and immobilization, the hydrologic perspective eamikes the transport processes (Lohse et al., 28@#) perspectives
interact with each other, as nutrient export caedrgrolled by both dominant flow processes (transgimited) and by the
availability of transportable nutrients (supply iied) (Lohse et al., 2009; Mulholland and Hill, 799

Hydroclimatic factors strongly influence DOC andraie export. Many studies reported increased éxg®ra result of
rainfall events and associated discharge respqAdesrez-Cobelas et al., 2008, 2010; Causse eP@l5; Van Gaelen et
al.,, 2014; Rusjan et al., 2008). This so-calledHting hypothesis is based on sufficiently availatlérients that can be
transported via near-surface subsurface stormftothe stream (Dittman et al., 2007; Hood et alg&Mornberger et al.,
1994; Raymond and Saiers, 2010; Weiler and McDdnRe0D6). Besides the fast flow and transport patysy other flow
paths can also control DOC and nitrate export. Wea@ reach the stream via lateral flow, shalloaugdwater flow and
deep groundwater flow with a delay of several day=rs, decades or centuries. Which flow path imidant depends
largely on catchment properties but also on catchmenditions like soil moisture content and growater levels (Lohse et
al., 2009). Apart from direct rainfall-runoff effisc DOC and nitrate export also depend on the seasd the plant growth
cycles. Flow paths can vary over seasons and thiahility of DOC and nitrate can change dependingthe yearly life
cycle of organisms (Clark et al., 2004; Helliwdlled, 2007).

In the past, understanding of DOC and nitrate exggnamics and subsequent controls by rainfall-flutransformation
processes were often constrained by monitoringnigldgies at hand. While long-term monitoring pratiscwere typically

based on weekly sampling intervals, high frequesaypling campaigns were limited to a few singlenésieKirchner et al.
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(2004) advocated high-frequency, field-deployahlanalyzers as the way forward to change our wievaydrochemical
behavior and processes. Since then, several st(#igrert and Breuer, 2016; Avagyan et al., 20143ySon and Holden,
2012; Huebsch et al., 2015; Jeong et al., 2012us&aat al., 2015; Strohmeier et al., 2013) madeofisiee technological
progress in biogeochemical monitoring and increaiesl frequency and duration of measurements. Higiency
5 monitoring indeed has clear benefits. Catchmentegdly exhibit a pulsed and highly nonlinear babavor flow and
solute transport. Consequently, monitoring protetbht are too coarse are likely to miss imporitafistrmation during those
pulses or so-called hot moments (Krause et al.5R0Therefore, high-frequency monitoring can inyerdiogeochemical
flux estimations. It can also deliver a more dethiView on catchment functioning and on the inrgbetween rainfall-
runoff processes and the export of biogeochemigalbert and Breuer, 2016; Kirchner et al., 2004akge et al., 2015;
10 Wade et al., 2012). Several high-frequenmgitu biogeochemical monitoring techniques are at handh as optical UV-
VIS spectroscopy, colorimetry, optical fluorescespectroscopy and electrochemical detection (Béaeh., 2016).
Advantages of the UV-VIS spectroscopy are thahigé frequency monitoring usually comes along vhitph precision and
accuracy. UV-VIS is based on the spectral absoafovater. Appropriate algorithms transfer theasbance signal at
specific wavelengths to concentrations of variousgéochemical variables (Blaen et al., 2016)situ UV-VIS
15 spectrometers are often used for monitoring orgaaibon and nitrate. While this method was usednfany years in
monitoring and regulating sewage water, it has oetently found its way into hydrological processesearch. Jeong et al.
(2012) compared the response of DOC and particaiaganic carbon (POC) in a forested headwater natah in South
Korea under various hydrologic conditions and fotingt POC was largely exported at high flow, wHiI®C is mainly
exported at low flow. Grayson and Holden (2012)stigated the behavior of DOC in a bog system ntheon England —
20 focusing on the absorbance at different wavelengghsharacterize the specific composition of DOQwother study on
high-frequency DOC behavior was done by Strohmetiet. (2013) in a small forested catchment in Garyn They focused
on DOC sources and DOC export under different fimrditions. Avagyan et al. (2014) evaluated thégoerance and the
application of the UV-VIS spectrometry method foDD monitoring in a Russian mire complex. They coragat to other
DOC measurement methods and concentrated on diffetesorbance wavelengths. Besides high-frequehajies on
25 DOC, several studies were targeting nitrate as.weéllebsch et al. (2015) evaluated the performanfcé)\6-VIS
spectrometry regarding nitrate and Huebsch eRall4) investigated the nitrate response of karsngp in Ireland to heavy
rainfall events. Instead of investigating how niirés related to rainfall-runoff behavior, AubertdaBreuer (2016) studied
diel nitrate cycles in streamflow and its drivinacfors. Despite efforts made in recent years, tiepbtential for high-
frequency monitoring to unveil how fast and slovnfall-runoff transformation processes are impagtidfOC and nitrate
30 export still needs to be untapped.
In this study, we combineén-situ high-frequency measurements of DOC and nitrateultémeously in the forested
Weierbach headwater catchment in Luxembourg, wihsclcharacterized by slate bedrock and periglac@gkrs. The
Weierbach catchment shows a dynamic combinatiofiasf and delayed rainfall-runoff reactions, thughhfrequency

monitoring has the potential for capturing the renteinge of runoff processes, the resulting runofiiponents and related

3
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DOC and nitrate export. We hypothesize, that tlividual concentration signals of DOC and nitralfeva characterizing
the relevant flow paths in the catchment. Furtheenwe hypothesize that DOC and nitrate exporicargrolled by runoff
yield on an annual timescale, while on a seasomaistale the DOC and nitrate export change, depgrah the relevance

of different flowpaths with changing wetness coiuadis in the catchment.

5 2 Study Siteand Methods

We measured DOC and nitrate concentration with aMiB/spectrometein-situ in the Weierbach creek in northwestern
Luxembourg (Figure 1) from December 2013 to Noven#fi 5. The Weierbach is a 0.45 %emall headwater catchment
with elevations ranging from 450 to 512 m a.s.le®tream is deeply incised with steep slopes orcdst side and gentle
slopes on the West side. The catchment is enti@hgred with a mixed forest consisting mainly oétie (Fagus sylvatica)
10 and a smaller part of spruce (Picea abies). Theeivach catchment is characterized by slate bedaock overlying
Pleistocene Periglacial Slope Deposits (Moragueise@Qa et al., 2017). The Cambisol soils are gehesdiallow with a
depth of less than one meter. Long term annualigitation is approximately 950 mm and exhibitslditseasonality. On a
long term average, rainfall is highest in Deceméned lowest in April. The temperate, semi-oceanimate is causing a
pluvio-oceanic runoff regime with an annual rungild of 50 %. Discharge volume is generally largewinter than in
15 summer. (Glaser et al., 2016; Klaus et al., 201&8rtMez-Carreras et al., 2016a; Pfister et al.728thwab et al., 2016).
The DOC and nitrate concentrations in the Weierbamek were measureth-situ with the UV-Vis spectrometer
spectro::lyser (s::can Messtechnik GmbH). The spewter measures the light absorption spectrunhefstream water
between 220 and 720 nm in 2.5 nm resolution wikermon flash lamp, 256 photo diodes and a two beestnument. The
spectrometer has an optical path length of 35 mine. Measurement interval was 15 min and the measuiimdow was
20 automatically cleaned every 3h using pressurizethat was provided by an air compressor.
The spectrometer probe was attached to a meta tilat was placed on the streambed of the Weierbasgk. The probe
was oriented horizontally and in stream directiothwhe measuring window facing towards the riverite avoid direct
solar radiation. The energy for the spectrometer the compressor was provided by five 12 V, 50 Altdries that were
replaced every two weeks. The spectrometer was afigraleaned at the same interval.
25
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Figure 1: The Weierbach catchment in Luxembourg with the monitoring locations of the end-members and the UV-Vis
spectrometer.

The spectrometer was operated with a standard Igtablration for river water provided by the maacturer. In addition,
local calibration was derived to adapt the measpardmeters to the local conditions and concentratin the Weierbac
creek.Therefore, automatic sampling of several runoffrésend weekly to biweekly manual sampling was uadten. The
grab samples were taken to the laboratory as sepossible, filtered and refrigerated. The samplee analyzed for DO
concentrations wit a combustion analyzeApollo 9000 - Teledyne Tekmpand for nitrate concentrations with an
chromatograph (Thermo Scientific Dionex 5000+ Reagent-FredPIC). For the calibration of nitrate concentrasi¢
only manually collected samples were taken intcant The concentrations of the grab samples wenepared with th
in-situ measurements of the spectrometer at the time afrdte samples to perfo a local linear regressio

The concentrations of the grab samples coveredstlthe entire ranges of the observed DOC and aitrahcentrations i
the Weierbach creek. The DOC concentrations ofythe samples are linearly correlated with the cotiations measured
by the spectrometer {Rf 0.96). The linear regression for the nitrateammrations is correlated with af of 0.72 (Figure 2
a and c). No trend for the residuals of both limegressions is visible over time (Figure 2 b ajc
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Figure 2: Calibration of the spectrometer measurementsfor a) DOC and c) nitrateincluding theresiduals of thelinear regression.

A biweekly time series of end-members and streamil® available for the Weierbach catchment sinc@92Martinez-

Carreras et al., 2015). Cumulative bulk sampleswetlected for precipitation at two locations dadthroughfall at three

5 locations. Shallow groundwater samples were takéimree wells at a depth of two to three meters e screened for the

lowest 50 cm to 100 cm. Soil water was collectethwiiction cups in six different locations at depaiti 10, 20, 40, 60 and

100 centimeters. The same method was used foriaiparater in one location. In addition to the biklgeend-member

sampling, a stream water grab sample was takely éverweeks.
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Precipitation was recorded with a tipping bucketh& Roodt meteorological station located 3.5 krside the catchment.
Water levels were measured every 5 minutes witteaspire transducer (ISCO 4120 Submerged Probejamsformed into
discharge via a rating curve.
The Weierbach catchment exhibits a characteristiofall-runoff response that differs between drynditions and wet
5 conditions. During dry conditions, discharge shawffashy first peak, promptly following the rainfavent. In cases where
the rainfall intensity and distribution was not hmgenous during the storm event, we observed sefestlresponding
discharge peaks. Those flashy peaks were termstdpfdiak and we called this rainfall-runoff behavaosingle peak event.
During wet conditions an additional broader secdistharge peak appeared after the first peak witlelay of one to
several days (double peak event). For analyzingreétetionship between rainfall-runoff behavior ateé concentration

10 respectively load of DOC and nitrate in the Weietbaatchment, we divided the discharge time seéniesthree different
components: rainfall-runoff events with only a dendischarge peak, rainfall-runoff events with aible peak and periods
with baseflow. Only events with a minimum rainfathount of 5 mm were considered and a rainless ghevith a minimum
of 5 hours was necessary to separate two rainfelits. The start of a rainfall-runoff event wasigrssd to the onset of the
rainfall. An event ended 8 hours after the lasnfedi or with the onset of a new rainfall eventdase of a single peak

15 rainfall-runoff event. In case of a double peakregyvéhe event ended, when the discharge afterabensl peak reached the
discharge amount at the beginning of the everthilncase, we separated the first peak and seceaidgeriods at the point
where the discharge started to increase for bgldim the second peak. While we identified the fiestks automatically as
described above, we selected the second peaks Hyabased on the hydrograph behavior. The timesveen rainfall-
runoff events were considered as baseflow periods.

20 While the spectrometer directly measured the DOE rétrate concentrations, we calculated the DOC mitrdte loads by
multiplying the concentrations with the dischargeoant and integrating over pre-defined periods. 3&garated the DOC
and nitrate flux during an event into two and fdifferent parts respectively, to compare with taafall-runoff behavior:
baseflow load during the first peak (B1), eventdlaaring the first peak (E1), plus baseflow (B2j§ @vent load (E2) during
the second peak in case of a double peak eventréFigya and b). We separated baseflow from event ffly drawing a

25 horizontal line from the load and discharge vahlaspectively, at the start of the event (Figure &hd b).Negative loads

were set to zero.
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Figure 3: Separation of DOC and nitrate fluxes into export loads during baseflow (B1) and event flow (E1) for the first peak and
baseflow (B2) and eventflow (E2) for the second peak.
3 Results

5 3.1 DOC and nitrate concentrations and their relationship with discharge and runoff components

During the two years of measurement, the dischargeerally showed the characteristic behavior of \eierbact
catchment with high flows in winter and early spriand low flows in sumnr (Figure 4 b). There was a pronouncec

8
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flow period of 2.5 months in summer 2015. This deyiod was interrupted by several rainfall evefigire 4 b and c). |
contrast, August 2014 was particularly wet withthigischarge. The DOC concentration crally varied between 1 mg'|
and 3 mg T and subdaily peaks could reach almost 10 r* (Figure 4 d). The DOC concentration was lowest inter and
spring and highest in summer and fall. Nitrate emi@tions were generally comprised betwee mg I* and 1 mgt and
5 sub-daily peaks reached 2 nity(Figure 4 e). Except for the low flow and no floeripd in summer 2015 with flashy nitre
peaks, the nitrate concentration had the highestideduring high flow periods in winter times amd August2014. The

nitrate concentration was decreasing during reoeg®riods, as it can be seen in spring 2014 ahé geigure 4 €)
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Figure 4: Two-year time series of daily mean values of a) precipitation, b) discharge, d) DOC concentration and €) nitrate
10 concentration plusc) the runoff component periods for no flow, baseflow, first peaks and second peaks.

Nitrate concentrations were lowest when dischargs lew and highest when discharge was high (Figud¢, while this
pattern was reversed for DOC (Figs c). Separating the concentration time series the different runoff componen
DOC exhibited highest concentrations during fireals and lowest concentrations during the secoalisp@-igure 5 a

Nitrate concentrations were lowest during beow periods and similar during first and second gg#&lgure 5 b)
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Figure 5: Probability density plots of DOC and nitrate concentrations separated by runoff periods and discharge volumes. All
categories within each subplot are significantly different from each other (significance level of 5%).

The DOC and nitrate concentrations during rainfatleff events were differently linked to dischaag® rainfall. Discharge

5 responded to rainfall within 1 or 2 hours with atfflashy response (see example of two differeinfat-runoff events in

Figure 6 a,b,e,f). The DOC and nitrate concentnatifollowed this fast discharge response duringfitts¢ peak period

simultaneously or with a very short delay (Figure,6,9,h). In cases where the first discharge peask not followed by a

second delayed peak, the DOC and nitrate concenmtré¢creased similar to the recession of the diggh(Figure 6 f,g,h).

10
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Figure 6: Characteristic double peak and single peak events and their rainfall, runoff, DOC and nitrate concentration.

For double peak events, we observed a remarkaklterpaconcerning DOC and nitrate concentrationse THOC
concentration was not affected by the second peakfell back to concentration levels that were Emto the initial
5 concentrations at the beging of the event (Figure 6 d). Nitrate concentmatishowed a different reaction. T

11
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concentration followed the second discharge peak avidelayed and broad second peak in nitrate otrat®n (Figure 6
d). The mass transport of nitrate during secondk geE=riods (Figure 3 b) was even more pronouncedbads are a

multiplication of discharge and concentrations.

3.2 Relating streamflow concentration patternsto end-members

5 Biweekly sampling of end-members showed appardférdnces between DOC and nitrate concentratio@C Bhowed
high concentrations in throughfall and soil wated dow concentrations in groundwater (Figure 7 @)ntrary, nitrate

showed the highest concentration in groundwateraariyl moderately elevated concentrations in soilewand throughfall

(Figure 7 c).
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10 Figure 7: DOC and nitrate concentrations of the biweekly sampled endmembers and the detailed infor mation for soil water at
different depths. P = precipitation, TH = throughfall, SW = soil water, RP =riparian water, GW = groundwater.

Most of the end-members had DOC and nitrate coragons that were relatively stable over time. Thacentrations were

less stable in space, which was especially the foagbe soil water depth profiles. The nitrate centrations were similar at

different depths (Figure 7 d), while DOC concentras showed a decrease over the soil profile framedian concentration
15 value of 17 mgt at 10 cm depth to a median value of 2 thgl 100 cm depth (Figure 7 b).

The dual chemistry plot of DOC versus nitrate comicgion (Figure 8) shows a different pattern betweneasurements

during the first peaks, the second peaks and thefloav periods. During the second peaks, the DOfz&uatrations stay

low, while the nitrate concentrations are incregsiburing the first peaks, both the DOC and theatdét concentrations are

12
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increasing. The baseflow periods show less extr®®€ and nitrate concentrations than during rainfatioff events.
Looking at the biweekly sampled end-members (Fig)rehe groundwater plots in the corner of low D&l high nitrate
concentration, similarly to the concentrations dgrthe second peaks. The endmembers of soil watkthaoughfall are

plotting in the same direction as the concentratiduring the first peak.

25
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Figure 8: Dual chemistry plot of DOC versus nitrate concentrations: high frequency spectrometer measurements and biweekly
end-member sampling.

3.3 DOC and nitrate fluxesand export

Looking at the dual flux plot of DOC and nitrateidére 9), the difference between the first and geeond peak is even
10 more pronounced than it is for the concentratidfifiate export was more relevant compared to DO@nduthe second

peaks, while DOC export was more important compaeeditrate during the first peak. In addition, teresis loops, in

particular for the second peaks, can be observed.

Different rainfall-runoff responses (first peakssies second peaks) were influencing DOC and nigapert. Yet, this is

not the only important factor in explaining the D@@d nitrate export, since also discharge yieldrotsithe export of DOC
15 and nitrate. Figure 10 illustrates the cumulatedCDéd nitrate export against the cumulated disehdrging the two year

period. The total cumulated DOC and nitrate expiidws an almost linear relationship with the cunmdadischarge.
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Although the relevance of discharge volume wasrblegsible over the two year time series, someiqus showed a
different behavior. The periods with lower flowsdy horizontal lines close to each other) deviatenfthe constant slope
between cumulated export and cumulated dischangkditln DOC and nitrate. For example, the dry peiothe first year
from April to July show a steeper slope for cumethDOC while the slope is flatter for the cumulattdate. During those
5 drier periods, second peaks were not occurringnty played a minor role, while the first peaks wemnere pronounced.
Figure 10 illustrates that the export of DOC durthg first peaks in these drier periods was molevaat. Obviously, no
DOC and nitrate were exported within the secondkpess they did not occur during dry periods. Thapslof total

cumulated nitrate export during dry periods istgtas the second peaks are generally more impdda the export of

nitrate.
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Figure 9: DOC versus nitrate fluxes separ ated by first peaks, second peaks and baseflow.

Concerning the total amount of DOC and nitrate tias$ exported over two years (Figure 10), the exgharing the second
peaks was similar to the amount that was exportemhgl baseflow conditions (Figure 10 a and b). @amily, less DOC and
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nitrate were exported during the first peaks (Fégli® a and b)The relativeimportance of nitrate export during the fi

peaks was smaller compareedthe DOC expo (Figure 10 a and b).
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Figure 10: Cumulated DOC and nitrate export versus cumulated discharge over the two-year period from December 2013 to

5 November 2015. Thetotal cumulated export was split into the cumulated export during the first peaks, second peaks and baseflow
periods. Grey vertical linesrepresent the months; the closer they are, thedrier the months.
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4 Discussion

We have successfully measunedsitu and at high-frequency DOC and nitrate with a U\&\¢pectrometer. We found a
good fit between the spectrometer measurementghendrab samples that were analyzed in the labgraite forested
Weierbach catchment turned out to be well suitedafoplying thein-situ UV-Vis spectrometer method, with nutrient
concentrations, sediment loads and stream temperdteing relatively low. When we applied the samethmod in
catchments with higher nutrient concentrations temtperature, algae and biofilms caused a highemterzance effort of the
sensor.

The Weierbach catchment has a characteristic thimfaoff behavior with the occurrence of singledadouble discharge
peaks depending on the initial wetness conditidrithe catchment. For automatically detecting thst fpeak of the events,
we predefined selection criteria that were basedhencharacteristic rainfall-runoff behavior of tidéeierbach catchment.
However, it was not possible to detect the secaakp automatically. The long duration that charaxs the second peaks
turned out to be more challenging. They were occedly interrupted by a new event, triggering a reegond discharge
peak that built up on the previous one. Therefoeedecided to separate the second peaks visualBatdh a more reliable
selection of first and second peaks.

We used a simple approach of drawing a horizoirtalfrom the load value at the start of the eventskeparating baseflow
DOC and nitrate flux (B1 and B2) from event fluxt(Bnd E2) (Figure 3). One could argue that a miaieoeated approach
is needed to better separate event flux from pesveflux. However, with the data available, a mel@borated approach
would not automatically be more reliable. Therefare argue that our method is not oversimplified additionally, it is
easily reproducible.

The DOC and nitrate concentrations of the end-mesnésed the concentration dynamics in the streamfimwvided a good
indication on the different flow paths that wereating the first and the second discharge peakedas the elevated soll
water concentrations of nitrate and especially @Mwe concluded that the fast first peak was likelgated by fast
overland flow or near surface flowpaths. This casmn supports the flushing hypothesis (Weiler &aDonnell, 2006)
that was described in several other studies (Dittetaal., 2007; Hood et al., 2006; Hornberger gt1894; Raymond and
Saiers, 2010; Weiler and McDonnell, 2006). A commatary explanation for the first peak could beir@d input of
throughfall into the stream. For the second pedkate is a good indicator for understanding thelertying flowpaths.
During the second peak only nitrate concentratiand not DOC concentrations are increasing. Addiign the nitrate
concentration in the shallow groundwater is eledafeherefore, we conclude that the second peakgeasrated by a
reaction of the shallow groundwater table of thieyaaquifer that likely extends into the hillslapeAn observed rise of the
shallow groundwater table during the second peakparts this conclusion. This is in agreement veiiservations and
simulations by Glaser et al. (2016). They modeleitillslope-riparian-stream continuum in the We#ah catchment with
an integrated surface subsurface model (HydroGem®phFurthermore, they explained the second digehpeaks with

“subsurface flow through the highly conductive sdipe layers”. The subsurface flow is supposedlyiated by either
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infiltrating rainfall that causes the groundwat@le to rise into the saprolite or by a perchedigdwvater table. The perched
groundwater table may occur at the boundary betwkensaprolite and the underlying fractured slag has a lower
hydraulic conductivity (Glaser et al., 2016).

We have strong evidence supporting our hypothésis discharge largely controls the export of DO@ aitrate. The
relationship between cumulated discharge and custilOC, respectively nitrate, is almost linearg(fFe 10).
Nevertheless, during the dry periods we had toidenshe changes in runoff components (no secomdt)p® understand
the export of DOC and nitrate. Due to the abseridéeosecond peaks, a decreased relevance ofenérgiort during dry
conditions was observed. We observed the oppasitB®C, since first peaks played a larger rolerttuthe dry conditions
and DOC concentrations were only elevated duriregg fieaks and not during second peaks. Thesegemgdether with the
process understanding of the runoff generationndutiie different runoff components, strongly supmar hypothesis that
varying runoff components and flow paths can expldifferences in DOC and nitrate export dependingthee initial
wetness conditions. Previous studies in the Wegrbmatchment clearly showed that the second digehpeaks only
emerged during wet conditions when the soil wated groundwater storages are not depleted (Glasait.,e2016;
Martinez-Carreras et al., 2016b; Wrede et al., 20%Which landscape unit controls the second peakstill debated;
Martinez-Carreras et al. (2016b) highlighted teerof the plateaus in the catchment, while Glasel.g016) stressed the
importance of the hillslopes. Both studies havedammon that the groundwater storage needs to heected to the stream
before generating the second peaks. The combinagbreen the increased contribution of groundwdteing second
peaks and the elevated nitrate concentrations engtbundwater may explain the elevated nitrate eomations in the
stream during second peaks. Various studies inNtberbach catchment explained the first discharegkp by different
flowpaths and runoff responses. Based on their Isitioms, Glaser et al. (2016) suspected that sidar@xcess overland
flow generates the first peaks. Klaus et al. (2045) Martinez-Carreras et al. (2015) identifiedusstion excess flow
generated in the riparian zones as the processmgehe first peaks. However, modelling work bya&dr et al. (2016) could
not confirm the role of the riparian zone as thelwaent unit generating the first peak. Furthedistsi associate the first
peak with new, namely event water (Martinez-Carexal., 2016b; Wrede et al., 2015). An irrigatexperiment in the
vicinity of the Weierbach catchment identified thmeportance of preferential flow for generating fagnoff responses
(Jackisch et al., 2016). All these studies conatthé first hydrograph peaks being linked to flotiysain the (top)soils. The
occurrence of these flowpaths is relatively indejfgsn from the wetness conditions of the catchmedtvee have identified
the highest DOC concentrations and somewhat elévaiteate concentrations in the (top)soils. Thisynexplain the
increase in DOC and nitrate concentrations dutiegfirst peaks for dry and wet conditions.

The fact that we combined long-term with high-freqoy measurements was essential to derive a dktailgerstanding of
the DOC and nitrate export processes and pathviBgyenly focusing on a few single events in highgirency we would
have missed the relevant seasonal differences.nByfocusing on a few single events at high-frequewe would have
missed important seasonal differences. Ultimatedyl we only monitored at low temporal resolutioe, would have missed
the hot moments (Krause et al., 2015) of the fiestks.
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5 Conclusion

In-situ, long term, high-frequency UV-Vis spectrometry s@@ments of DOC and nitrate enabled us to analyee
relationship between the rainfall-runoff behaviodahe DOC and nitrate concentration in the strémmfas well as the
export of DOC and nitrate from the Weierbach catehinThe first discharge peak of a rainfall-runefent was linked to
fast near surface runoff and showed both DOC atrdtaiconcentration peaks in the stream. Duringimigal catchment
conditions, we observed a delayed second dischergle with elevated nitrate concentrations, whicHimleed to subsurface
flow and an increase of the shallow groundwatetetabhe export of DOC and nitrate was largely deleen on the
discharge volume. Nevertheless, the absence of@ndedischarge peak during dry conditions modifieid relationship.
The export of DOC was more and the export of rétkaas less relevant during dry conditions.

Our study was based on instream DOC and nitratesunements every 15 minutes over two years. In asptthe end-
member concentrations were only measured biwedklygeneral, it would be interesting to measure ¢he-member
concentrations at a much higher temporal resolutianing several rainfall events to detect possibigh-frequency
variations of end-member concentrations. A way fodvcould be to switch one or several mobile UV-Sfiectrometers
between the different end-member measurement totsati

Additionally, it could be interesting to investigathe behavior of rainfall-runoff reactions and th©C and nitrate
concentration and export in more human influencethonents. Therefore, high-frequency measurementatichments

with a large proportion of agricultural fields atdements would be of great interest.
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