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General comments:

The paper analyses diel concentration dynamics of DOC in a headwater stream. The
analysis explicitly addresses dry conditions and thus focuses on the internal controls

of the system rather than external hydrological drivers such as snowmelt and rainfall.

| think it has an important and general value to better understand stream concentrations
dynamics and moreover to disentangle responses of external forcing and internal
controls.

In this paper the authors argue that diel DOC concentration variability is driven by
temperature-induced changes of hydraulic conductivity (via water viscosity) which

leads to changes in the magnitude of groundwater discharge and the associated discharge
of DOC and ultimately to variations of instream concentrations. Although the

authors claim that this is the only mechanism that can explain the observed pattern,
they do not provide enough evidence. | would like to challenge the interpretation by
asking to perform a mixing analysis. Assume that all variations in discharge are driven

by viscosity-induced discharge of groundwater (or water from the riparian zone if you
like) what would be the DOC concentration in this water that explains the observed

DOC concentrations in the stream. Do these concentrations match the observed DOC
concentrations in the riparian zone? This would be a simple test to check the plausibility
of the proposed mechanism. Moreover one could have a look at the concentrationdischarge
relationships: From Figure 1 c and d | see a dilution pattern in DOC concentrations

at multi-day timescales. Low discharge=High concentration which means that

the load (C*Q) remains broadly constant, indicating a constant source.

This relationship

does not hold for the diurnal discharge peaks, here we see increasing concentrations
with increasing discharge - suggesting a temporarily dynamic source, potentially

viscosity effects.

We realize that we have to clarify some important things in the manuscript to avoid
misunderstandings: the time scale of interest and our process understanding of the Weierbach

catchment in general.



In this manuscript, we only focus on diel fluctuations and not on the event, multiday, seasonal or
annual time scales. The viscosity effect is only of importance for variations on a daily time scale and
we do not attempt to explain differences in DOC concentrations on longer time scales or between
seasons. We do not assume that all variations in discharge are driven by viscosity-induced discharge
of groundwater, but only the diel variations of discharge and DOC under very specific conditions. We
will clarify this in the revised manuscript. Hence, we do not believe, that a mixing analysis can

improve our process understanding on a daily time scale.

We addressed the event and seasonal patterns of DOC in another manuscript that is currently under
review and that focuses on the event and annual time scale (Schwab et al., 2017). After reaching a
storage threshold during wet conditions (and therefore during high flows) an additional runoff
process is playing an important role: subsurface flow / shallow groundwater flow with low DOC and
SUVA-254 values. This leads to decreasing DOC and SUVA254 values with increasing discharge and

vice versa (Figure 1 b,c,d; Figure 2 b,c,d).

In g and h this seems reversed. DOC follows discharge at the multiday

time scale- meaning a drastic reduction of DOC load, while daily DOC peaks occur

at daily discharge minima. This last fact largely counteracts the "viscosity hypothesis".

Thus for _50% of the data the viscosity hypothesis must be rejected.

| encourage the authors to "harvest" their data in multiple ways to support their hypothesis or better
to explain the multiple processes rather than focusing on a one-sided interpretation.

Given the fact that the study was conducted in a potentially well studied catchment,

Figure 1 g,h is not a good example for the multiday relationship between DOC and discharge; it is not
representative for the multiday timescale. Yet DOC does not follow discharge during the growing
season (see Figure 2; daily mean values of DOC and discharge). Figure 1 is focusing on the diel
fluctuations.

The discharge minima in the afternoon during the growing season are triggered by
evapotranspiration. This does not exclude the presence of the visoscosity effect. Most likely, the
viscosity effect is only hidden by the effect of evapotranspiration. This was already discussed in
(Schwab et al., 2016).

The SUVA254 peak occurs always in the afternoon, both during the growing and the dormant season.
This indicates that an increasing amount of terrestrial DOC is entering the stream in the afternoon.

And this correlates well with the viscosity effect.



| wonder why the data is so sparse. The entire line of argumentation is based on a

single temperature observation location which is used to explain catchment scale effects.

| think this "extrapolation" is not justified. Moreover, the authors claim that at

this location, there is high subsurface flow. However, they do not provide any data to

support this. How do | know that this location is representative for the entire catchment?

Indeed, we have to explain that better in this manuscript. We observed the temperature fluctuations
at different locations. However, we only had one spot, where we had high-frequency data for the
entire observation period and therefore selected this observation.

We will revise this in the revision and describe the locations and the other observations to show that

this observation is representative for water temperature fluctuation in the riparian zone.

| strongly recommend better explaining the hydrologic aspects of how this

catchment functions. | mostly missed some hydraulic gradients between the stream

and the groundwater, some numbers on the amount of GW discharge and its spatial

distribution and how temperatures, particularly streambed temperatures vary spatially. | am aware
of the Schwab et al. 2016 study but also there, these essential information

are not provided.

We will better describe the hydrologic aspects of the catchment in the revised manuscript. The
riparian zone extends 1 to 5 meter from the stream and is around 1m deep. The stream flows on
solid, impermeable, unweathered bedrock. Hence, most of the groundwater is flowing through the

riparian zone into the stream (hydraulic gradients from the riparian groundwater to the stream).

My main technical concern is the position of the temperature sensor. If | understand
correctly temperatures are measured at 10 cm below the land surface in the unsaturated
zone. | wonder how this temperature can be representative for the water that

is discharging into the stream. In the unsaturated zone water flows vertically, driven

by gravity. Thus more or less horizontal flow, discharging into the stream is bound to
saturated, Darcian flow. Moreover the relationship between hydraulic conductivity and
viscosity is for saturated conditions. Under variably saturated conditions, saturation
should have a much larger influence. No data on water saturation is reported. Anyway

| doubt that the unsaturated zone is the source for the stream water. Thus to evaluate

the effects of viscosity temperatures should be measured at groundwater discharge



locations directly in the streambed.

We consider the riparian zone as being saturated. At least the parts with high inflow to the stream
are saturated during most parts of the year. At the location of the sensor the soil is saturated during
the whole observation period and most of the inflow must enter the stream through the riparian
zone.

Review #1 clearly points to our limited description of the catchment in the current manuscript. This
needs further clarification in the revised manuscript and the specific site characteristics of the

Weierbach catchment will be better discussed.

In summary, this manuscript presents only a modest amount of (spatial) data to support
the "viscosity hypothesis". My impression is that the interpretation of the data is onesided
towards this hypothesis. | encourage the authors to acknowledge the pattern

which are obviously in their data and provide an analysis that is accounting for the

different controls of DOC concentration which vary between seasons.

As already mentioned before, this paper explicitly focuses on the explanation of diel DOC fluctuations
and not on the seasonal pattern of DOC. The seasonal patterns cannot explain the diel DOC pattern
that we observed in the stream.

What we clearly see in our observations is the fact that the diel SUVA254 maxima are in the
afternoon, both during the growing and the dormant season. An elevated SUVA254 value indicated
an increased amount of aromatic/terrestrial DOC in the stream. This increased amount of DOC likely
comes from the riparian zone, where the viscosity effect takes place. In general, science develops by
testing alternative hypothesis (viscosity effects) and to show evidence for this hypothesis. As we can
only reject hypothesis, but not completely proof, we can only show the indications we have and

mention the other hypothesis which we rejected.

Specific comments:

| find "riparian water" is a misleading term - hydrologically there is no difference between

soil and riparian water - both are in the unsaturated zone. So at least it should

be defined what exactly is meant here.

We will define this more precise in the revised manuscript. Yet we disagree. The riparian zone can be
saturated and unsaturated. We could either use the term saturated near stream areas or saturated

riparian areas.



We improved the terminology and added the word “saturated” when talking about the riparian

areas.

P.3.15-20: This is exactly the point where the authors are on the wrong track. Water

(groundwater - saturated zone) cannot flow through the unsaturated zone ( | guess

that the riparian zone is unsaturated because of 1) p5.1.3 sampling of riparian water

was with suction cups, and 2) sampling depth is 10 cm below the ground) and then

entering the stream. | encourage the authors to provide a conceptual model on the

water fluxes and heat transport at the site

Our sampling location in the riparian zone is always saturated up to the soil surface. It is possible to

sample with suction cups in the saturated zone — the suction cups were installed in the beginning to
allow sampling under saturated and unsaturated conditions in the whole catchments — this location,

however is saturated throughout the year. We will state this clearer in the revised manuscript.

P.4.1.14-15: Please provide a reference, better data confirming that this location has

high GW inflow.

The flow from the riparian zone to the stream is continuously monitored by thermal cameras and the
contribution from different sections of the riparian zone to discharge is measured by dense discharge
measurements (salt dilution method) along the stream. This is still work in progress as part of two
PhD projects. We have to admit that the statement (“location of high GW inflow”) is somewhat
vague. We know that the hydraulic gradient is towards the stream and that the location is constantly

saturated.

Moreover the sampling and measuring locations should be provided,

in a way that the reader knows if the riparian water was sampled in 10 cm, 1m or

10m distance from the stream. Also: where are the GW wells? | think the spatial

relationships are important. Please provide this in a map or a cross-section.

We will include a map with the sampling and measurement locations. Maps with the sampling and

measurement locations are already published/under review in (Schwab et al., 2016, 2017).

p.51.24.: 1 don’t understand what is meant by anomaly. This seems important for the
further analysis but | don’t get it. Is it a time shift between the variables? Or is it the
difference between the 24h moving average time series and the original time series?
| guess the latter. If so, what has been done is a simple form of spectral high pass

filtering. You cancel out the low frequencies and only keep high frequencies of 1/24



d"-1. This should be better explained, best in terms of common time series analysis
terminology.
Yes, it is the difference between the 24h moving average time series and the original time series. We

will revise the explanation.

p.5.1.25-26. If a 24h moving average is applied you filter all fluctuations with shorter

timescales.

We do not have significant fluctuations shorter than a daily timescale. In this manuscript, we want to
understand the diel fluctuations. Hence, we applied a 24h moving average.

We subtract the original time series from the time series with the daily moving average. This results

in a time series (that we call anomaly time series) where shorter timescales are not filtered out.

p.5.129.-33. Are periods without DOC fluctuation also periods without temperature

variation? if so this would support the viscosity hypothesis. Please report temperature

and viscosity fluctuations in these periods as well.

The data that we present in our manuscript includes only days that are not influenced by rainfall-
runoff processes. Outside rainfall-runoff processes, we observed only minor temperature
fluctuations during days with small DOC fluctuations. Days without DOC fluctuations are normally
influenced by rainfall-runoff processes, where the diel temperature fluctuation is also disturbed or

not existing.

p.10. 1.15: What | see in Figure 1 is that for all times SUVA and DOC are highly

correlated - also the minima. So far as | can see there is no indication that SUVA is

particularly high when DOC is high. This is also supported by the good correlation

between SUVA and DOC fluctuation in Fig. 3. Thus SUVA seems a good indicator for

DOC concentration and thus not only the maxima, but generally SUVA indicates inputs

not changes in DOC quality at this site.

As the reviewer mentioned, there is a correlation between absorbance at 254nm and DOC. According
to the measurement method of the spectrometer, DOC is calculated based on absorbance 254nm.
However DOC is not only calculated based on the absorbance at 254nm but also based on the
absorbencies at other wavelengths. SUVA 254 is calculated as the absorbance at 254nm normalized
by the DOC concentration (SUVA254 = A254/DOC). Consequently, an increase in SUVA254 is based

on an increase in A254 that is larger than the increase in DOC concentration. Therefore on increase in



SUVA254 is not (only) based on an increase of DOC in general but on an increase in more aromatic
DOC.

We will include this information into the discussion to clarify this point.

SUVA254 is indicator for the quality changes of DOC. The quality changes of DOC can be affected by

terrestrial input and instream processes.

p.11.15: Here | would disagree, the evidence is not strong.

We will change the wording in indicate. We think that there is a strong indication due to......

p.11.1.14-20: | think the reversed relationship between concentration and discharge is

really striking and is not explained. e.g. p.l.17 "different spatial impacts" what is this

exactly, how can you assess this by having only measured at a single location. | think

if the authors could figure out how the controls of DOC concentration change over the

season because the importance of different controlling factors vary, would make this

work a strong contribution.

At first, this work is not about seasonal controls on DOC concentration, but solely explaining the
diurnal pattern of DOC and SUVA. The reversed relationship between discharge and viscosity is
explained in previous work (Schwab et al., 2016). The viscosity effect (dominant factor controlling
discharge fluctuations during the dormant season) has an impact only on the upper part of the
saturated riparian zone. Evapotranspiration (dominant factor controlling discharge fluctuations
during the growing season) has also on impact on water in deeper layers. The different timing of the
diel discharge extrema between growing and dormant season comes from the seasonally changing
importance of evapotranspiration and viscosity (Schwab et al., 2016). Nevertheless, we could show in
Schwab et al. (2016) that the viscosity effect is always present. As it has only an impact on the upper
layer that is richer in DOC, it creates DOC maxima in the afternoon throughout the year. The
SUVA254 maxima in the afternoon indicates that the increased DOC input is from terrestrial sources.
Hence, this is a strong indication that the increased input comes from near surface layers (with
increased SUVA254 and DOC values) where the viscosity effect has an impact.

We described that in a better way in the discussion.

p.12.14 ff: | think this perceptual model should be extended by discharge effects. The
authors should remember that their main line of argumentation is the increase discharge
of water driven by viscosity. Comparing Fig.1 g and h with 6 d | would not bet

that DOC inputs are high in the afternoon, concentration is high, but discharge is low.



So again, also consider loads, not concentrations alone.

As already mentioned above, the rainfall-runoff responses are not affecting the diel signal. We will
carefully revise the manuscript so that it becomes ultimately clear that this study is solely aiming at
the diel pattern of DOC and related SUVA. We do not aim at distinguishing seasonal controls on DOC
here, which are clearly related to hydrological processes and rainfall-runoff responses. The behavior

of DOC on event and seasonal time scale is described in another manuscript (Schwab et al., 2017).

Figure 1: Please provide temperature data as well.
Temperature has the same pattern as viscosity, as viscosity is a function of temperature. Therefore,

we decided not to include temperature.

Figure 3: This is a tough one for _8% of male population! Anyway, in 3d the green

regression line does not match the data well - visually it should be steeper.

We will change the colors.

We checked the regression again, and it is the proper regression using least square fit. There are so
many data points (especially in the center) that the visual impression can be misleading. The fewer

data points outside the center can be less important for the regression.
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The study deals with an original time scale of dissolved organic matter variations as

diel cycles have been less studied than event responses or seasonal patterns and
long-term trends. DOM is described via 2 parameters: DOC concentration and its
properties through SUVA index as a proxy of the aromaticity. The studied hypothesis

is also original and mainly supported by a previous work by Schwab et al in 2016 that
compared the respective role of evapotranspiration and riparian inflow changes (due to
temperature-driven viscosity changes) on diel fluctuations of stream flow. For riparian
GW temperature, DOC stream concentration and corresponding SUVA-254, diel cycles
are in phase over the whole time series with daily max occurring in the afternoon
(between 2pm and 6 pm). Amplitude of the cycles is minimal in winter. Amplitude of
riparian shallow groundwater and DOC concentration cycles is relatively constant dur-
ing the rest of the period. Amplitude of SUVA-254 cycles is high in spring (at the end

of the dormant period) and small in summer (middle of the growing period). For discharge,
diel cycles change in phase between the dormant season (morning max) and

the growing season (afternoon max) and disappear during winter (start of the dormant
period). Amplitude of the discharge diel cycles seems higher in spring (end of dormant
period) than in the growing period. From these observations the authors suggest

that the variations of riparian flow (due to water viscosity variations with the temperature)
are the major control of DOM diel cycles. | found the manuscript well written with

clear messages. The analyses and supporting data set are valuable. However | found
the conclusion on the respective hypothesized controlling processes (in-stream biology
versus riparian flow conductivity) quite hasty and maybe too categorical regarding
what is effectively observed and demonstrated. The results support the hypothesis but
some questions remain and interpretation should remain more careful in my point of

view (please see specific comments).
We thank the reviewer for her/his supportive assessment.

Detailed comments and questions



Introduction

p.2 line 3: Do you have an idea of the relative concentration levels of DOC and DIC in
the study stream?
We have some measurements of HCO5; which is the biggest component of DIC in the stream. HCO;"

values in the stream are below 0.1 meq/I.

p.5 line 5 indeed photodegradation has been shown significant on highly brown DOM

coming from peatlands (references cited by the authors). | am not sure that it has been

reported as important on forested-derived DOM

Indeed, the references cited in the manuscript are from peatlands. We will clarify that
photodegradation has been shown significant on DOM coming from peatlands and that we have a

forest catchment without peatlands.

Methods

p.4 lines 5-6 This point may be an output from previous research conducted on this

well-studied catchment but how the significance of riparian zone contribution has been
demonstrated? And quantifications if available would be useful

The flow from the riparian zone to the stream is continuously monitored by thermal cameras and the
contribution from different sections of the riparian zone to discharge is measured by dense discharge
measurements (salt dilution method) along the stream. This is still work in progress as part of two
PhD projects. We know that the hydraulic gradient is towards the stream and that our measurement

location is constantly saturated.

p. 4 lines 11-13 provide information about average annual pattern of flow. Similar
information about the annual behaviour of DOC concentration and SUVA-254 would
be useful to understand the catchment: from Fig. 2 it seems that mean DOC and

mean SUVA-254 are maximal in summer low-flow period (increase from Feb to Aug
2014 and from Feb to June 2015). If riparian subsurface flow is the main source of
aromatic DOC, | expected this contribution being higher in high flow periods and lower
in low flow periods when catchment saturation decreases and therefore minimal DOC

and SUVA values in this low flow period



This data is clearly interesting, yet we want to focus, within this manuscript, on diel fluctuations in
this manuscript. The reviewer’s observations from Fig. 2 are right. We addressed this in another
manuscript that is currently under review and that focuses on the event and annual time scale
(Schwab et al., 2017). After reaching a storage threshold during wet conditions (and therefore during
high flows) an additional runoff process is playing an important role: subsurface flow / shallow

groundwater flow with low DOC and SUVA-254 values.

p. 4 lines 16-17 | think there is an error: unless | am mistaken a variation of 5_C leads
to a viscosity change of 2% only. Using Eq. 3 from Schwab et al. (2016):
_(T_)=e"(3.7188+578.919/(137.546+T_))

If T_is the temperature in Kelvin degree (as said “T in K”). | think that the 12 to 15% of
change of viscosity have been deduced by applying the formula with Temp in Celsius
degree, right?

As brief example, for T=15 Celsius deg (288 Kelvin deg) | found Nu=164 Pa.s

for T=20 Celsius deg (293 Kelvin deg) the formula gives Nu=161 = 164 -2%

Yes, there is a mistake in (Schwab et al., 2016). Two minus signs are missing. The equation should be
(with T in Kelvin):

(Nu)=e"(-3.7188+578.919/(-137.546+T))

http://ddbonline.ddbst.de/VogelCalculation/VogelCalculationCGl.exe

With the corrected equation (we performed the calculations based on the correct equation in both
papers, but reported the equation not correctly in the WRR paper), a temperature change of 5 °C
leads to viscosity changes of 12 % to 15%.

The equation has been already corrected by WRR.

p. 4 lines26-31: Did you compare also the absorbance values at 254 nm from spectro::

lyser and from the lab? (Since Absorbance values are available for the endmembers

- p4 lines 33-34- | suppose that some exist for the stream as well: : :?)

Some grab samples from the stream were analyzed for absorbance 254 nm in the lab. In the figure

below we compared the grab samples with the in-situ spectrometer values.
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p. 5 lines 1-5 sampling points for the end-members, as well as the stream station and
the temperature monitoring point should be located on a map of the site.

We will include a map with the sampling and measurement locations

p. 5 line 3 Regarding the method to sample riparian water, | wonder if the riparian area
was effectively fully saturated?

Yes, at the sampling location, the riparian area was fully saturated during the sampling period

On another hand, viscosity of riparian water is calculated
from a temperature sensor located in the riparian groundwater at 10 cm depth
so | imagine that riparian groundwater remains shallower than those 10 cm depth?

The sampling was done in a saturated area.

Is the water table level in this specific zone monitored (that could help giving the local
hydraulic gradient with the stream)?
Unfortunately, the water level was not monitored in this specific zone. Yet, we have TIR images from

the area that show how GW enters the stream.

Is riparian water sampled at 6 different depths too or only at 10 cm? Do you observe any vertical
variability of DOC and SUVA in this riparian zone as shown for soil water in Fig 5 b,d?

The riparian water was only sampled at 10cm depths.



Regarding Fig 5a, the DOC richness is finally much closer between riparian water and groundwater
and low.

Riparian water is likely a mixture between groundwater and soil water components.

p.5 line 13 It is not clear in the following which analyses do use this smoothed SUVA

time series (obtained from 3 hours moving window) or the raw time series: p. 5 line 25

“the original time series with the 15 min time intervals” is used to compute the distance

to daily average

Indeed, this needs some clarification. The smoothed SUVA time series was used for all the following
SUVA analysis and is considered as the original time series. We will clarify this in the revised

manuscript.

Results

p.7 The difference in amplitude of diel discharge cycle between dormant and growing

period is not characterized but amplitude of the discharge diel cycles seems higher in

spring (end of dormant period) than in the growing period? Maybe a scale effect to due
difference in base flow?

The diel discharge cycles can be explained by two counteracting processes. The viscosity effect is
leading to maxima in the afternoon and evapotranspiration is leading to minima in the afternoon.
The interplay between those two processes likely affects the diel amplitude of discharge. The
viscosity effect is dominant during the dormant season (discharge maxima in the afternoon) and

evapotranspiration is dominant during the growing season (discharge minima in the afternoon).

p. 7 Figure 2: It would help to represent dormant and growing periods on the graph by
color or shadings or vertical lines for instance

We will improve this in the revised manuscript.

Figure 5: If possible with the scales, the corresponding values in stream water could

be added in (a) and (c) to have in mind the relative position of stream between the end

members

It is difficult to compare the end member values with the stream flow values as the measurements
were done at different time intervals. Therefore we preferred only showing to end members in this

figure.



Discussion

p. 10 lines 5-9: Correlation between DOC and SUVA_254 fluctuations sounds consistent

and | certainly agree with the authors on the value of SUVA_254 or such indices as

proxy of DOM composition and properties. However, there is a point absolutely not discussed

here: the fact that DOC concentration value is computed by the spectro::lyser

algorithm using the absorbance value at 254 (or absorbance at 252 & 255nm). Other

absorbance values are obviously included in this concentration estimate but the DOC

and SUVA variables used here are somehow both functions of measured absorbance

at 254 nm, so that their correlation is not fully surprising: : :At least | feel that it deserves

a word in the discussion. See also my comment on (p. 4 lines26-31)

As the second reviewer mentioned, there is a correlation between absorbance at 254nm and DOC, as
DOC is calculated (measurement method of the spectrometer) based on absorbance 254nm (AND
absorbencies at other wavelengths). SUVA 254 is calculated as the absorbance at 254nm normalized
by the DOC concentration (SUVA254 = A254/DOC). Consequently, an increase in SUVA254 is based
on an increase in A254 that is larger than the increase in DOC concentration. Therefore on increase in
SUVA254 is not (only) based on an increase of DOC in general but on an increase in more aromatic
DOC.

We will include this into the discussion to clarify this point.

p. 10 lines 14-15 | feel the rejection of the first hypothesis arrives a little bit fast. The

absence of in-stream processes is not fully demonstrated to my opinion. Microbial processes

are numerous, here you assume DOC concentration increase due to in-stream

production should exhibit a low aromaticity and therefore a low SUVA but i) biological

processes that recycle the DOC are numerous enough to lead to complex antagonistic

results; ii) keep in mind that SUVA is only a proxy of the complex composition of DOC;

iii) and again that is this case SUVA is computed using absorbance properties only .

These are valid points. We will take them into consideration to weaken our statement and include

the points i) to iii) into the discussion.

On the other hand, all the conclusions are based on relationships between DOC,



SUVA and viscosity which is actually an interpretation of measured temperature variations.
Therefore, what is established strictly speaking is that DOC and SUVA variations

are correlated with temperature in riparian water isn’t it? | wonder if the correlations

would have been poorer using for instance stream temperature? And temperature

is a factor control of viscosity but also many processes, biological processes,

evapotranspiration:

Indeed, strictly speaking the DOC and SUVA variations are correlated with riparian water
temperature. It is also true, that the temperature is controlling other processes. In (Schwab et al.,
2016) we already analyzed the difference between viscosity and evapotranspiration. In this
manuscript we show that the SUVA maxima are in the afternoon, which is a strong indication for
terrestrial DOC input and not for biological processes that could have been affected by stream

temperature variations.

If I didn’t make a mistake on comment regarding (p. 4 lines 16-17) above, variations of

5_C would induce a change (in viscosity and thus also) in hydraulic conductivity of 2%,

which is a very small change, and even if the 10-15% of variations are right, | wonder

how significant it is on the flow from this area. If you had an estimate of the range

of hydraulic conductivity and of the hydraulic gradient to stream (via measurement of
groundwater level) this would help to understand the relative weight of such an increase

of the viscosity?

As already explained above, the 10-15% variations are the correct values. Unfortunately, we cannot
quantify to hydraulic gradient to the stream. Nevertheless, in our previous paper (Diel discharge
cycles explained through viscosity fluctuations in riparian inflow (Schwab et al., 2016, Water
Resources Research) we argued, that around 50% of the inflow to the stream are affected by

viscosity fluctuations.

Finally there are still missing pieces of discussion:

(p. 8 & p. 9 lines 1-2) Correlation between DOC and SUVA daily variations are stronger

during dormant period: why if their diel fluctuations have the same origin (riparian

flow)? Would this be related to a change of riparian DOM composition? If so, such

change would be visible on the end-members samples? Looking back at Fig 6, it

appears to me that this difference is explained actually by stronger in-stream processes

that would have during growing season comparable effects to viscosity fluctuations. So

that seasonal processes would be also a dominant control, isn’t it?

Indeed, we explain that difference by stronger in-stream processes during the growing season. As the

viscosity effect / the terrestrial input is still stronger than the instream processes (still a peak in the



afternoon), we considered the terrestrial input as the dominant control. The reviewer is right, that
during the growing season, the instream processes are also an important (if you want a dominant
control) control, but not the most dominant control. We changed the hypothesis from “controlled”

to “mainly controlled”

p. 9 lines 10-11 If riparian water is responsible for diel increase of DOC stream concentration,

| found it surprising that the DOC concentration in the riparian water is finally

rather low compared to soil water in the hillslope

The water in the riparian zone seems to be a mixture of soil water and groundwater. The
groundwater is entering the stream through the riparian zone, as the riverbed consists of relatively

impermeable, solid, unweathered bedrock.

p. 11 lines 1-4 see my suggestion for Figure 5
It is difficult to compare the end member values with the stream flow values as the measurements
were done at different time intervals. Therefore we preferred only showing to end members in this

figure.

p. 11 lines 14-20 Schwab et al. (2016) concluded that Q fluctuations during dormant
season was indeed resulting from viscosity changes resulting in variable riparian flow to stream, but
in the growing season, the role of evapotranspiration fluctuations was

dominant (leading to diel cycle inversion). The authors explain the fact that Q and

DOC are not affected by the same processes because of the relative influence of those
processes on the respective “sources” of water and DOC. ET controls Q cycle affecting

the whole catchment storage while viscosity controls the DOC from riparian upper

layers. So at the end, those stream signatures are integrating various catchment processes
and disentangling those processes faces the same issue as distinguishing the

processes that can control seasonal cycles on water quality. Maybe in further studies,

it would be worth to try looking at some other parameters that could play the role of
riparian flow tracers to support further the hypothesis.

We fully agree that this work also open new research avenues outlined by the reviewer.

p. 13 lines 5-14: this answers partially my comment on (p. 4 lines 11-13). However |
found this seasonal pattern quite surprising. In many study, Hillslope subsurface flows
merely active during wet conditions intercept the riparian area flushing somehow their

upper soil layers rich in DOC leading to high DOC concentration (and more aromatic as



well). During low flow, saturated area extension is decreased, and connection between

those DOC sources and the stream can be interrupted. Flow is sustained mainly by

groundwater which is poor in DOC so should lead to minimal DOC concentrations excepted

if autochthonous production increases this DOC concentration. The proposed

interpretation for Weierbach catchment should be discussed regarding general understanding

that have been proposed elsewhere.

It would be interesting to have an idea of the importance of the variations we are looking

at (as percentage of flow/concentration/SUVA mean value). | do not discuss the interest

of the topic that has been scarcely studied so far but | think that keeping in mind the

relative orders of magnitude of the studied phenomena sounds relevant

We see the reviewer’s point and we will better explain the process understanding of the Weierbach
catchment. Nevertheless, we do not want to go too much into detail, as this is the topic of a paper
that is currently under review and that focuses on the event and season scale (Schwab et al., 2017).
This manuscript here, should focus on diel fluctuations.

We will better explain the following aspect: The DOC and SUVA254 values in Figure 2 are daily mean
values of days WITH diel fluctuations. This does NOT include days with rainfall-runoff events. During
rainfall-runoff events with peaks in discharge, we clearly have DOC and SUVA254 peaks in the stream
(coming from fast runoff components and having nothing to do with the viscosity effect), no matter if
we are in the growing or the dormant season. The higher discharge during the dormant season
shown in Figure 2 in combination with lower DOC and SUVA254 values can be explained by the fact,
that during the dormant season, the wetness threshold is reached and the (shallow) groundwater

(low DOC, low SUVA254) is connected to the stream.

Conclusion

p. 13 lines 26-29: | wonder if other tracers unrelated to carbon dynamics could be interesting

for tracking independently the riparian flow for instance. | would also suggest

the use of 02 probes to try catching indirect information on metabolic activity of the

stream?

0, probes would have been very helpful for studying metabolic activity. Unfortunately, no O, probes

were installed in the riparian area.
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Most relevant changesin the manuscript

Figure 1: new
Figure 3: background shading depending on seasons

Figure 4: color change of the dots (no red-green)

Study Site and Methods

- Improved description of the hydrological process understanding of the Weierbach catchment
- Clarification of the measurement location in the riparian area: riparian water temperature is measured
in the saturated riparian area

Discussion

- Explanation why a correlation between SUV A254 and DOC concentration is not disagreeing with our
results: SUVA254 isthe absorbance at 254 nm NORMALIZED by the DOC concentration.

- Clarification that we did not intend to neglect to existence of instream processes. But the external input
ismainly explaining the diel DOC fluctuations.

- Moredetailed discussion on diel discharge fluctuations and the interplay between evapotranspiration
and the viscosity effect



Didl fluctuations of viscosity-driven riparian inflow affect streamflow
DOC concentration
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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-
10 frequency by means of a UV-Vis spectrometer durl®ymonths at the outlet of a forested headwaterhoant 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,
15| the enhypessiblenost likely process that can explain the diel DOC input vemiest towards the stream is the so-called
viscosity effect. The water temperature in the up@ets of thesaturatediparian zone is increasing during the day, leading
to a lower viscosity and therefore a higher hydcaabnductivity. Consequently, more water from aréfaat are rich in
| terrestrial DOC passes through theuratediparian zone and contributes to streamflow in dfternoon. We believe that
not only diel instream processes, but also visgahitven diel fluctuations of terrestrial DOC inmhould be considered for

20 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 biogeochemistvgntually 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 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(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 dgatishing 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 Experimentag$tp 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 monaierebiallymicrobialprocessed sources. Fasching et al. (2016) dedcsib@lar observations in
an Austrian, alpine second-order stream. Theyedldte increase in SUVA-254 values during high 8anainly 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 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 @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 amowombfht. 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 DOG:tllations in streamsther—studieStudies from catchments with

peatlandsobserved diel DOC fluctuations with DOC maximatl early morning due to the absence of photic o
processes of DOC during the night (Worrall et 2015; Worrall and Moody, 2014). Tunaley et al. (2ZDbbserved DOC
maxima in the early morning for a peatland catchimerereas a proximate catchment had its DOC maximthe
afternoon. Spencer et al. (2007) reported two DGRima per day in the San Joaquin River (CaliforbigA).

In our study, we observed diel DOC concentratiamtfiations at the outlet of a 0.45 kforested headwater catchment.

FhrougheuDuring baseflow conditions throughotie year, the maximum diel DOC concentrations oecl in the
afternoonduring-baseflow-conditiondBased on our literature review of mechanisticlaxations of DOC fluctuations our
first hypothesis states that diel fluctuations i®@®© concentrations am@ainly controlled by instream microbial processes.
Our second hypothesis stipulates that diel flueuatin DOC concentrations can be explained byreneased input of
terrestrial DOC to thereelstreamduring daytime. This second hypothesis is a follgwon previous work by Schwab et al.
(2016) carried out the Weierbach catchment. Thajelil diel fluctuations in discharge to increaseffown from the
saturatediparian zone in the afternoon due to variatiansiscosity (viscosity effect). Before the growisgason, Schwab
et al. (2016) observed diel discharge fluctuatiaith maxima in the afternoon that can be explaibgdriparian water
temperature fluctuations and therefore viscosityctfiations. Warmer riparian watéemperaturemperaturesin the
afternoon led to a lower viscosity of water, resgjtin a higher hydraulic conductivity and ther&f@m increasing inflow of
water to thecreelstreamwhen passing through tleaturatediparian zone. During the growing season, disaharninima
were observed in the afternoon due to the stromtference of evapotranspiration. Nevertheless, Sdhwt al. (2016)

concluded that the viscosity effect was still pres#uring the growing season, but not visible ansgrio the diel discharge

fluctuations as a result of the increased impodaoftthe counteractingvapotranspiration. We intend to leverage these
findings through our second hypothesis, stating tia viscosity effect could possibly increase itijut of terrestrial 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 thad@ymented input of terrestrial DOC can explain Ei@C concentration

maxima in thecreelstream Increased SUVA-254 values would lead to the t&acof the first hypothesis, where instream

processes are supposed to control fluctuationgd& Boncentrations.

22 Study Site and Methods

We measured the DOC concentration and the lightrabien spectrum with a UV-Vis spectrometer in f&eierbach
ereelstreamin Luxembourg from December 2013 to May 20@Squre 1).The Weierbach is a headwater catchment with a

3
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size of 0.45 krhand elevations ranging from 450 to 512 m a.8kech (Fagus sylvatica) and in a smaller partcsp(Ricea
abies) are the dominant tree species in this fedesatchment. The soils are shallow Cambisols wittepth of generally
less than one meter and the bedrock geology cerafidbevonian metamorphic slate and overlying Rdesne Periglacial
Slope Deposits (Moragues-Quiroga et al., 201 7)hénvicinity of thecreelstream the hillslopes are gentle on the right bank
side and steep on the left bank side, while furtinghnill slopes tend to plateau. Along most partdhef creelstreama
riparian zone extendspl m to 3-meterS m away from the channel and connects the hillsidpethe ereelstream Water
passing through theaturatediparian zone contributes significantly to disa@rboth during wet and dry conditions.

At the outlet of the Weierbach catchment, we measwater 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 obsemvaieriod, 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).

the
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Figure 1. The Weierbach catchment: Location of the spectrometer, the end-member sampling points and the measurement
location of theriparian water temper atur e (modified from Schwab et al., 2017).

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

wet conditions. During dry conditions rainfall evgrrigger only one single discharge peak. Duringt wonditions an

additional second discharge peak occurs with aydefl@ne to several days. The first discharge psalkobably caused by

near surface and near stream runoff processese wel second discharge peak is likely generatecsblysurface flow

through the highly conductive saprolite layers”tba hillslopes (Glaser et al., 2016). This sukmtefflow is initiated once

a certain wetness threshold is reached in the eanh DOC concentrations increased only duringfitisé peaks. During

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

streamflow (Schwab et al., 2017). The behavior 6&fMconcentrations at the seasonal and event tialesswill not be

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

In one part of the riparian zone with high substefflow to the stream, we measured the riparianmgwater temperature

every 30 min at 10 cm depth (Figure 1). We couldy arly on one location with high-frequency riparigroundwater

temperature data for the entire observation peribowever, saturated riparian water temperature ureagents along

several profiles from previous years showed tenipegafluctuations down to 15 cm depth that weresgsirnt with the

fluctuations that we observed at the selected imcaiSchwab et al., 2016). Based on our_high-fregyetemperature

measurements at this location we calculated theosity of the saturatedparian water according to the Vogel equation

(Schwab et al., 2016; Vogel, 1921). An increasevafer temperature by 5 °C leads to a decrégsen the observed

temperature range of groundwatir)iscosity by 12 % to 15 % and therefore tomareéase in hydraulic conductivity in the

same range (Tipler and Mosca, 2008 consider the riparian zone being saturatechduriost of the year. In the vicinity

of the temperature sensor, the soil was saturatedhgl the whole observation period. The ripariame@xtends 1 to 5

meters from the stream and is up to 1 m deep. Team flows on solid, rather unpermeable, mostlweathered slate

bedrock. Hence, most of the groundwater is entahirgstream through the riparian zone with hydeagtadients from the

riparian groundwater to the stream.
The DOC concentrations and the light absorptiorctspm were measurad-situ in the Weierbachkreelstream (Figure 1at
an interval of 15 minutes with the UV-Vis spectrderespectro::lyser (s::can Messtechnik GmbH). Thecgometer

measured the light absorption spectrum of the istreater between 220 and 720 nm in 2.5 nm resolutitina xenon flash
lamp, 256 photo diodes and a twmeam instrument. The optical path length was 35 fiim. spectrometer probe was fixed

to a metal plate that was placed on the streamb#tdNeierbaclereelstream The orientation of the probe was horizontal

and in stream direction with the measuring windewirig towards the riverbed to avoid direct solaliaton. Every three
hours, the measuring window of the spectrometebgreas cleaned automatically with pressurizedhait was produced by
an air compressor. We cleaned the spectrometeratigewery two weeks.

We adapted the global calibration of the spectremttat was provided by the manufacturer of thérumsent to the local

conditions by applying a local calibration. Forsthive manually sampled the stream water weeklyii@dkly and took

5
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automatic samples during several rainfall event® ®alyzed the grab samples in the laboratory f@CDwith a
combustion analyzer (Apollo 9000 - Teledyne Tekmam@l compared the results with thesitu DOC concentration
measurements of the spectrometer at the colletitios of the grab samples. The linear regressioritferlocal calibration

between the lab values and the spectrometer vaésested in a good fit with an?rf 0.96- In the lab, we additionally

measured SUVA-254 values of grab samples from fite@ism and compared them wittrsitu SUVA-254 values from the

spectrometer. The linear regression between theuiteel in a good fit with an3f 0.74.

A long time series of end-member chemistry datvalable for the Weierbach catchment (Martinezr€ras et al., 2015).
DOC concentration values of biweekly sampled endabers are available since 2009, while biweekly Wéeabance
values at 254 nm (A254) are available since 201#% $ampled end-members included throughfall, satewsaturated
riparian water and shallow groundwater. Throughfedls collected as bulk samples over two weeks raetllifferent
locations. Soil water was sampled by applying auvat to suction cups that were installed at sixedéht locations in the
soil at depths of 10 cm to 100 cm. At one locatfiothe riparian zonesaturatediparian water was collected with the same
method. The biweekly grab samples of shallow growaidr were pumped from three wells in the catchniEme wells were
screened for the lowest 50 cm to one meter andalgapth of two to three mete(gigure 1).

SUVA-254 is a commonly applied index for charadieng the aromaticity and the terrestrial originm®C. SUVA-254 (I
mg* m™) is calculated as the UV absorbance at 254 nm 4A25xn*) divided by the DOC concentration (mY KWeishaar
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 thb-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 intervdleapectrometer,
the absorbance data at 254 nm (A254) was not d@aildherefore we calculated A254 as the weightedmbetween the
absorbance at 252.5 nm and the absorbance at 258Veneliminated potential outliers in the SUVA-28re series by
applying a 3 hours moving median to the entire ti@ees.

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 8ug014 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 20Talse 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 ftbmdifference between the values of the daily maxn and minimum.
For further analysis, we calculated the anomalgheftime series adach of the four variablegDOC, SUVA-254, viscosity

and dischargeareund-their-daily-meovingveragdrom-) by subtracting the values tife original time seriegithfrom those
6
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of the 15-minutelaily moving averagéime intervalseries The daily moving averagéme serieswas calculated from the

original time series with a window size of 24 hoarsl did not show diel fluctuations anymorée calculations were based

on the time series with 15 minute intervals andilted in anomaly values for every 15 minutes.

We studied the anomalies of the four variablesdipmaring them with the corresponding values as#rae time of another
variable using scatterplots. With four differentrisgles (DOC, SUVA-254, viscosity, discharge), thesulted in six

different combinations. For each combination, lmesgressions were calculated separately for eamfithmfor the dormant
and growing season and for the entire observat@iog. Due to the absence of days with diel flutitues, 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 hegimf October until the 15th of April. To cleartistinguish between
the two seasons, we introduced a transition pedada transition period, we considered the timevbenh mid-April and

mid-May, when not all plants are yet fully activedadeveloped. A transition period was not definedall, due to the lack

of days with diel fluctuations around the end opt@enber and the beginning of October.

3 Results

In our long-term high-frequency time series, weasied many days and periods with diel fluctuationgiscosity, SUVA-
254, DOC and discharge. In the afternoons of ramfgeriods during the dormant and the growing sgage observed the
diel minima of viscosity and the diel maxima of SAR254 and DOC (Figuré2). During the dormant season, we observed
diel discharge minima in the morning, whereas weeoled diel discharge minima in the afternoon dutime growing

season. The diel amplitudes of viscosity, SUVA-2B% DOC are changing in similar ways from one dayhe other

| (Figure12 e-g).
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Figure 1:2: 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 SU-254 and DOC occurred in tl
afternoon between 14:00 h and 18:00 h for bothgtbaing and the dormant seasiFigure23 a-c). For discharge, the time
of the minima switched from early morning in thermant season to the afternoon in the growing sebstimin 2014 an
2015 (Figure2d3d). In winter, we only observed a few rainless daysside rainfa-runoff events with diel fluctuatiol
(Figure23). During that time (December 2013 and November42@b clear diel discharge pattern is visitFigure 2d3d)
and the diel amplitudes of all four variables aatively small. The diel amplitudes of DOC andcasity stayecrelatively
constan over the 18 months with lowest amplitudes of DBQvinter and spring and slightly higher viscosamplitudes
during the growing season than during the dormeaas@n Figure 23 a,c). The amplitudes of SU\-254 changed more
markedly over the 18 months. SUVZ%4 had its highest amplitudes in spring and vevy amplitudes in summeFigure
2B3h).

Figure 23 shows a seasonal pattern for the daily mean valti@dl four variables. The viscosity of 1 saturatediparian
water is lower during the growingeason the during the dormant season (Fig@&a), while the mean daily SUV-254
values and the mean daily DOC concentrations afeehiduring the growing season than during the dotreeasorFigure
23 b,c). Thedischarge in the Weierbatereelstreamwas lower in summer and higher in winter and eafsing Figure
263d).
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Figure 23: Thetime of day of the daily minima/maxima of satur ated riparian water viscosity, SUVA-254, DOC and dischar ge over
18 months. Only rainless dayswith diel fluctuations and without the influence of rainfall-r unoff 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 (dormant 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. Figéreand Figured5 show a
strong linear relationship between SUVA-254 andasity, SUVA-254 and DOC as well as between DOC\ascbsity for
the dormant season, the growing season and the ¢intie series of 18 months witt Rrger than 0.6. The slope of the
linear regression between the viscosity anomaliestbhe SUVA-254 anomalies is negative, meaningtti@wiscosity of the
saturatediparian water was decreasing during the day, wAilB/A-254 values were increasing (Fig#@la). During the
growing season, the slope was less negative thamgdilne dormant season (FigWetaand Figuretaba). The values of the
slopes show an annual pattern, with the least negatopes occurring in June and July (Figde®a). The slope of
regression between the DOC anomalies and the SUB4Aahomalies is positive (FiguB®4b). An increase of SUVA-254
during the day leads to an increase in DOC conagaoitrs. This relationship is less strong during ghewing season, with

the smallest slopes occurring in June, July andu&u@~igure3b4b and Figure4b5b). The slope of the regression between

10



viscosity and DOC is negative, meaning that a desgraén viscosity during the day leads to an in@easDOC (Figure

3d4d). These negative slopes are relatively constagrt the year and between the seasons (Figghte and Figuretdsd).
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Figure 34: 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
the daysin Figure 23).

For the combinations that included discharge, weegaly observed weaker and more heterogeneousoredhips (Figure
34 c,e,f and Figurel5 c,e,f). The linear regressions between dischargk SUVA-254, discharge and DOC, as well as
between discharge and viscosity resulted in contsigns of their slopes between the dormant seasonthe growing
season. Moreover, the’ Rf the linear regressions where discharge washiedo were generally smaller than for the linear

regressions in absence of discharge (Figaje
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Figure 45: 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 23).

In addition to the higlrequency instream observations and temperaturesunements of tt saturatecriparian zone, we
sampled endrembers in the catchment and analyzed them inatherdtory for SUV254 and th DOC concentrations.
We observed the highest DOC concentrations in tiirfall and soil water, lower concentrationssaturatediparian water
and lowest DOC concentrations in the groundweFigure5s68). We found a decrease of DOC concentrations il with
depth. The highest DOC concentrations were obseirvéide upper part of the soil profilFigure 556b). The SUVA-254
values in soil water behave similarly to the DOG@entrations, having the highest values in the upeet of the soi
profile (Figure5e6¢). Soil water, throughfall ar saturatediparian water have similar SUV254 values, while groundwat
has the smallest SUVA-254 valuésgure5d6d).
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Figure 56: DOC concentrations and SUVA-254 values of the biweekly sampled end-member s 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 measurements in the Weierbach cat¢thmenare convinced that 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; Lt al., 2016; Weishaar et al., 20. We
found strongevidene@ndicesin the Weierbach catchment for rising SU-254 values serving as a valid index of hig
terrestrial DOC input to thereelstrean. Immediately after rain events, discharge, DOCcearations and SUVA-254
rapidly increased. This increase in dischargeleged to surface or ne-surface runoff process(Glaser et al., 2016; Klaus
et al., 2015) Therefore it is likely that the increase in DO@ncentrations was induced by terrestrial DOC injait
eventually led to a rise in measured SL-254 valuesAlthough our data showed a correlation between dhsoe at 25

nm (A254) ad the DOC concentration, an increase in SUVA25®bigonly)related toan increase of DC concentration in

general, but t@n increase in more aromatic D componentsAccording to the measurement mets of the spectrometer,

A254 is only one wavelength among several otherelggths thahave beernused to calculate thDOC concentration.

SUVA 254 is calculated as the absorbance a nm normalized by the DOC concentration (SUVA254 254/DOC).

Consequently, an increase in \BAR54 is based on an increase in A254 that is larhe@n the increase in DC

concentration.
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We tested our two hypotheses on processes congafliel DOC fluctuations. For the days with dialdiuations we
generally observed both DOC and SUVA-254 maximéha afternoon. Thus we could reject our first hiyesis thathe

m aa a a¥a' Hternoon rontroledg N\ m ala aYalaldaVaVaVa N eam—nroce es—Me mcroblal

autochthonous instream processes are the domioattbtof the DOC maxima in the afternoon. Howewee, need to keep

in_ mind that biological processes that recycle D&€ manifold leading to complex antagonistic ressafid that SUVA-254

is only a proxy of the complex composition of DOGnuted from absorbance properties. Neverthebbgsincreased

SUVA-254 values in the afternoon are a strong stidpo our second hypothesis that the DOC maximtnénafternoon are
triggered by an increase in terrestrial DOC inputhe streanin the afternoon. Another support for the secongoltiyesis is
that the highfrequency anomalies of DOC and SUVA-254 behave sindlar way as suggested by the good fit of the
regression between those two variables. Additignaie SUVA-254 values and DOC concentrations eféhd-members
are a strong indicator dfie origin of thestream watebrigin in the afternoon (when SUVA-254 and DOC are onrtbe).
For both DOC and SUVA-254, soil water aswturatediparian water had higher values than groundwatdrthe values in

the topsoil were higher than in the subsoil forhbwariables. Rejecting the first hypothesis and supporting $keond
hypothesis does not imply that biological procesgese absent. Yet, these processes were not thandointontrol for the
diel DOC fluctuations (Figure 7).

Our study provides strong experimental evidencevigrosity-controlled diel DOC fluctuations in tNéeierbach. 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 riparigoundwater to the stream in the afternoon — fréwn tbpsoil of the
saturatediparian zone to thereelstream The timing of the daily minima of viscosity indlafternoon is consistent with the
timing of the daily maxima of DOC and SUVA-254. Bess the timing of the viscosity minima, the highdguency
anomalies provide another solid indication that ¥iseosity effect triggers an increased inflow efréstrial DOC to the
ereelstreamin the afternoon. The strong regression betweenvidcosity and the SUVA-254 anomalies and espgdiat
regression between the viscosity and the DOC arniesmahowed that viscosity, SUVA-254 and DOC had/\smilar diel
dynamics.

The regressions between the discharge anomaliethar@homalies of viscosity, SUVA-254 and DOC re=iiin different
slope directions and values depending on the seddus behavior can be explained by the existerfcewo different

opposing processes that are controlling the dsthdirge fluctuations: the viscosity effect during tormant season and

evapotranspiration during the growing seas@

the SUVA-values-inthe-strearfSchwab et al., 2016). However, we believe thattiscosity effect is always present, even

when its effect on diel discharge fluctuationsidden by the stronger, counteracting influencevaipetranspiration during

the growing season. As the viscosity effect is @nésll year long, it can control the diel fluctioats of DOC concentration
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and SUVA-254 values both during the dormant andytlosving seasons. Evapotranspiration cannot hideéntiftuence of the

viscosity effect on diel DOC and SUVA-254 fluctuats during the growing season as evapotranspiratidinthe viscosity

are impacting different water sources with disshmDOC concentrations and SUVA-254 valudile the viscosity effect

is only present in the topsoil of the riparian zotiee plants transpire water from deeper soil deBond et al., 2002;
Schwab et al., 2016). Especially the upper parte@toil had high SUVA-254 and DOC concentratialugs.

Different models for simulating autochthonous DOghaimics exist (Fasching et al., 2016; Worrall andokly, 2014).
However, these models are partly contradictory ramdtate-of-the-art model has been establishedrsdnfaddition, we did
not have all the data required to run these mod&sisequently, we did not simulate the autochther®@@C dynamics.
However, we developed a perceptual model to explanobserved diel DOC and SUVA-254 anomalies, déipg on
instream processes and terrestrial input (Fig@)e The conceptual model follows the main resultEasching et al. (2016),
stipulating that the instream DOC production is hieig with increasing stream water temperature arate@sing
photosynthetically active radiation (PAR). With therceptual model that is illustrated in Figéig we can also explain the
observed smaller slopes resulting from the regresisetween the SUVA-254 and the DOC anomalies dufie 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.a¥gee that an increasing importance of instreamegeses during

the growing season leads to a decrease in SUVA-254.
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| Figure 67: 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 (Figu&Y), the diel SUV/-254 fluctuations resulting from instream processtasw an opposit
pattern compared to the diel SUM®4 fluctuations resulting from terrestrial DOC uhp This can be explained |
differences in the aromaticity of DOC of the twampesses. Depending on the magnitude of both presetise resultin
superposition of both processesynchange the diel pattern or not. As a consequ@fiche increasing stream wa
temperature and PAR in summer, SU-254 fluctuations resulting from instream processes much higher during tt
growing season than during the dormant seaFigure&7 a,b) (Fasching et al., 2016)n the other side, the diel SU-254
fluctuations resulting from terrestrial DOC inptiggered by viscosity effects are smaller during gihowing season due a
decrease of theiscosity fluctuations in summ¢(Schwab et al., 2016By overlaying the instream and the terrestrifet!
on SUVA-254, the resulting diel SUV254 fluctuations are higher in the dormant seakan in the growing seasc
Contrarily to the SUVA254 fluctuations, the diel DOC fluctuations resudtifrom instream processes and terrestrial i
are in phase. They have their maximattie afternoon when the stream water temperatudettee PAR (influencing th
instream processes) are at their maxima and theiaip water viscosity (influencing the terrestiigbut) has its minime
During the growing season (Figuge7d), the diel DCC fluctuations induced by instream processes ayiehithan durin
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the dormant season and the DOC fluctuations reguftom terrestrial input are smaller (smaller ety fluctuations) than
during the dormant season (Figw@erc). Consequently, the overlaying of both effectailtssin similar DOC fluctuations
during the growing and the dormant seasons (Fi§are,d). In other catchments the relative proportionttaf different

processes is probably different, resulting in ottwearall diel fluctuations.

In addition to the diel fluctuations, we observedsemsonal pattern in the daily mean values of S28A-and DOC
concentrations. In the Weierbaechkeelstreamwe observed higher SUVA-254 values and DOC comagohs during the
low flow periods compared to high flow periods, lehiee et al. (2016) and Fasching et al. (2016¢ritesd lower SUVA-

254 values during dry, respectively baseflow caadg (Figure23). This could likely be explained by different flopaths

of the water contributing to stream flow. Duringrauer low flow, we suspect that only a few sourcaeaarin the riparian
zone contribute to streamflow. Those riparian sew®as have higher SUVA-254 values and DOC coratémnts (Figure
56). During periods with higher discharge, especiallyinter and early spring, a dilution effect lead decreasing SUVA-
254 values and DOC concentrations. Larger areds hiter SUVA-254 values and DOC concentrations oute to

streamflow. During those wet conditions, subsurffoe, whose SUVA-254 and DOC signature is représgrby the

shallow groundwater end-member (Figg63, generated a large part 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 aronigtieve 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
(allochthonous) sources. We could explain the im®ed input of terrestrial DOC in the afternoon with viscosity effect.
Water passing theaturatedriparian zone before entering tleeselstreamis heated in the riparian zone during the day.
Warmer water has a decreased viscosity and theréierhydraulic conductivity increases. Consegyenibre water from
near surface zones that are rich in terrestrial DO€éntering thereelstreamin the afternoon. Our study described a new
process that can explain diel DOC fluctuationstieams. We argue that the analysis of diel DOCtdlations should not
only focus on instream processes, but also oncideeas in the vicinity of thereelstream Moreover, viscosity driven diel
hydrological flow processes have to be taken iotmant for understanding diel DOC dynamics in strea

For further studies, we suggest to combine the U¥-Spectrometer measurements with fluorescencetrepaetry
measurements to gain even more detailed informatiaut the origin of the DOC. Furthermore, a mataited insight into

the instream DOC processes would be an interestipgct of future researcbxygen probes could be very helpful for

studying metabolic activity in the Weierbach stre#&dditionally, we hope that our study could raise #wareness that

viscosity driven input of terrestrial DOC can expldiel DOC fluctuations in stream water. We bedidhat this effect can

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