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Abstract: The objective of the study was to evaluate the spatial distribution of peakflow pre-event water contributions
and streamwater residence times with emphasis on land use patterns in 38 subcatchments within the 687 km? large
mesoscale transboundary catchment LuZzicka Nisa. Mean residence times between 8 and 27 months and portions of pre-
event water between 10 and 97% on a storm event peakflow were determined, using '°O data in precipitation and
streamwater from a weekly monitoring of nearly two years. Only a small tracer variation buffering effect of the lowland
tributaries on the main stem was observed, indicating the dominant impact on the mountainous headwaters on the runoff
generation. Longest mean streamwater residence times of 27 months were identified in the nearly natural headwaters of
the Jizera Mountains, revealing no ambiguous correlation between the catchment area and altitude and the mean resi-
dence time of streamwater. Land use control on the pre-event water portions were determined for three land use catego-
ries with percentage of urban areas from 0 to 10%, 10 to 20% and more than 20%. The fraction of pre-event water in the
first category decreases from 97% to 65% with the increasing percentage of forest from 76% to 100%, revealing that for-
ests may provide only a limited infiltration of precipitation due to leaf interception and soil water use for transpiration.
Fractions of pre-event water of 39-87% in the second (agricultural catchments) and of 10-35% in the third (urbanized

catchments) category increase with percentage of non-urban areas.

Keywords: ¥o isotope; Stormflow event; Peak pre-event contributions; Mean residence time; Land use.

INTRODUCTION

Tracing of hydrological processes in nested mesoscale
catchments at scales between 100 and 1000 km? (Uhlenbrook et
al., 2004) is often hampered by differences and inconsistency of
data between small and large scales. Upscaling of abundant
process knowledge from small headwater catchments has been
more widely performed to mesoscale catchments around
100 km?® of area, for example in Switzerland (Koplin et al.,
2014) and UK (Tetzlaff et al., 2007).

The role of groundwater contributions to streams and
streamwater residence times in catchment hydrology has been
widely acknowledged over the past decades. Several studies
have addressed the role of soil cover (Capell et al., 2012), to-
pography and geometry (McGuire et al., 2005, Soulsby et al.,
2010) of nested smaller subcatchments in water pathways and
residence times, often adopting tracer approaches. Hydrological
processes at the mesoscale are also often related to land use,
which becomes an important parameter in runoff modelling
(Isik et al., 2013; Montzka et al., 2008; Niehoff et al., 2002).
However, recent reviews of the assessment of subsurface water
contributions to streams and streamwater residence times
(Klaus and McDonnell, 2013; McDonnell et al., 2010) revealed
a principal need for a better understanding of the spatial distri-
bution of their patterns across catchment scales. Linkages
between pre-event water contributions, residence times and
landscape settings often show opposite results, explained by
specific catchment conditions (Klaus and McDonnell, 2013).
Despite of abundant knowledge of mixing processes at headwa-
ter scales, little is known about the transfer of the typical ap-

proaches (two-component mixing, sine-wave estimation of
residence times) from small experimental catchments to more
complex scales. Although new tracer analytical techniques
facilitate a better in-situ temporal monitoring at smaller scales
(e.g. Holko et al., 2011), the spatial distribution of the runoff
generation parameters and their interpretation remain a chal-
lenge.

More work on the understanding of hydrological processes
is particularly needed in catchments of size towards 1000 km®.
Successful examples of a consistent isotopic assessment of
nested streamwaters of mesoscale and large-scale catchments in
the contiguous US (Dutton et al., 2005; Kendall and Coplen,
2001) reveal important hydrological patterns and links to cli-
matic and geological settings that are often hidden at headwater
or large scale. Tracing of hydrological processes in the
mesoscale catchments between 500 and 1000 km? has been
often performed through surveys of isotopic or chemical tracers
along the stream courses. It has been typically linked to hydro-
logical (Popescu et al., 2008), geochemical or pollution patterns
(Markovics et al., 2010; Pardo et al., 2004), whereas the large-
scale surveys have addressed geochemical, climatic or anthro-
pogenic patterns (Pawellek et al., 2002), often resulting from
channel deviations and water abstractions (Herczeg and Lea-
ney, 2011).

This paper summarizes the nearly 2-years long period of hy-
drometeorological and isotopic monitoring in the LuZzick4 Nisa
catchment and its 38 subcatchments with the objective to eval-
uate magnitude and distribution of pre-stormflow-event water
portion and streamwater residence times linked to the altitude,
catchment area and land use patterns. Although several studies
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have addressed the increasing occurrence and magnitude of
floods in the LuZicka Nisa catchment in pan-European (Alfieri
et al., 2014), and regional (Bissolli et al., 2011) context, little is
known on the hydrological processes that cause the floods and
pollution fluxes. These topics have been addressed dominantly
at point or small headwater catchment scale (Kéndler and Seid-
ler, 2009; Sanda et al. 2014). Hydrological evaluation of the
catchment has been largely missing. A synthesis over the trans-
boundary mesoscale catchment was hampered by data incon-
sistency. Except for the small headwater Uhlifska in the Jizera
Mountains (Sanda et al., 2014), this is the first study to employ
environmental isotopic data in the larger Luzicka Nisa
mesoscale catchment.

Study site

The mesoscale catchment of the Luzicka Nisa (Lausitzer
Neisse in German) river from the Jizera Mountains in the Czech
Republic to the German lowlands in the vicinity of Zittau is
characterized by many land use types and a large variety of
hydrological and hydrochemical patterns. The differences are
mostly related to the interaction of the forested-mountainous
Jizera Mountains in the Luzicka Nisa subcatchment, the agri-
cultural-lowland Zittau basin in the subcatchment Mandava
(Mandau in German) and the major cities of Liberec and Jablo-
nec n.N. Names of the rivers in this paper match the language
of the country of their spring.

The Luzicka Nisa catchment (Fig. 1) covers parts of Czech
Republic, Germany and Poland and reaches from the headwa-
ters region in the Jizera, Luzice and Zittau Mountains down to
the gauge station on the Luzicka Nisa in Zittau (German/Polish
border). The tributaries above Zittau include small rivers origi-
nating in the Jizera Mountains (e.g. Bild Nisa, Harcovsky
potok, Cerna Nisa, Jefice) and along the Jestéd Ridge (Fran-
tiSkovsky potok). The most prominent tributary, the Mandava

River, originates in the north of Bohemian-Saxonian Swiss
sandstone area, flows southeast-east across the region of Upper
Lusatia north of Zittau Mountains, and joins the LuZicka Nisa
in Zittau. Important tributaries of the Mandava are LuZni¢ka
(Lausur in German) and Landwasser in Germany. The catch-
ment (687 km?) divides into Czech (476 km?), German (205
km?) and Polish (6 km?) parts, with altitudes between
886 ma.s.l. in the Jizera Mountains (Olivetska hora summit)
and 229 m a.s.l. at the gauge station Zittau.

Water is transfered from outside of the LuZicka Nisa catch-
ment for the drinking water supply of the metropolitan area of
Liberec and Jablonec n. N. and related settlements forming
agglomeration of about 200 thousand inhabitants. Both water
reservoirs of Josefitv Dll on the Kamenice River and Sous on
the Cerna Desna River are located in the Labe river regional
catchment. They collect water from the headwaters of the high-
est locations of the Czech part of the Jizera Mountains reaching
above 1000 m a.s.l. This results in additional volumes and
hydrochemical signatures in the Luzickd Nisa catchment
(Farsky, 1992).

The Luzickd Nisa catchment belongs to the temperate
climate zone in the transient region between maritime and
continental conditions, with precipitation maxima in July and
August (Pohle et al., 2015). Heavy rains occur frequently
during spring and summer. Long term annual precipitation
amount varies between approximately 1400 mm-a ' in higher
altitudes of the mountains and 640 mm-a* in the lowlands. The
Jizera Mountains are characterized by long lasting snow cover
of up to 160 days/year. Mean annual temperature varies
between 8°C in the lowlands and 5°C in the mountains (Sanda
etal., 2014).

The complex geological structure of the catchment is domi-
nated by granites and granodiorites in the Jizera Mountains
(Klominsky, 1969), sandstones in the Zittau Mountains and
granite with basaltic and phonolitic hilltops in the western part.

Legend
/A precipitation amounts
sampling sites

— surface stream

E Nisa catchment

20 Kilometers

Fig. 1. Map of the study area (main stem of the Luzicka Nisa is between CZ1 and D1).
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The lowlands are dominated by loess. The soils have differ-
ent properties, particularly with respect to runoff formation,
erosion, solute transport and water storage capacity. While soils
on mountainous hillslopes are mostly shallow, often skeleton
rich dystric cambisols, podzols (Nikodem et al., 2013) and
leptosols with high infiltration rate and low storage capacities,
the valleys are filled by organosols that release humic and
fulvic acids.

Agricultural soils are mostly luvisols and stagnic luvisols
with high silt content and low infiltration rate. They are partly
affected by poorly drained horizons. Luvisols are easily erodi-
ble and contribute to suspended load in the rivers. The lowland
flood plains are typically covered by gleysols (Kéndler and
Seidler, 2009).

Land use differs according to the soil types. While the
mountainous areas are dominated by spruce forests and pastures
(Pavla et al., 2007), the fertile soils in the lowlands are agricul-
turally exploited. Towns and villages in this region are located
directly upon the streams. The rivers are linking towns and
villages, river beds are often artificially changed and the banks
are under revetment. Particularly the agriculturally used loess
soils in the lower catchment parts are endangered by surface
runoff and erosion, leading to high suspended particle loads and
high nutrient concentrations in the rivers (Kéndler and Seidler,
2009).

DATA AND METHODS
Monitoring

The long-term hydrometeorological monitoring network in
the Luzicka Nisa catchment includes five precipitation (Table
1a) monitoring stations (four in the Czech Republic and one in
Saxony) and seven runoff (Table 2) gauging stations (four in
the Czech Republic and three in Saxony). Precipitation gauges
Mlynice, Chiibska, are operated by the River Labe and River
Ohte Authorities respectively. The Liberec station was a tem-
poral station for the purposes of this project and station Bedfi-
chov is operated by the Czech Hydrometeorological

Institute. The Czech runoff gauges are operated by the River
Labe Authority (the Uhlifska gauge is operated by the Czech
Technical University in Prague), and the German gauges are
operated by the Saxonian Evironmental Authority.

Weekly water samples for determination of **0/°H content
in rainwater and streamwater were collected in the period from
September 2012 until April 2014 typically in weekly mode.
They included five (Table 1b) precipitation stations (four in the
Czech Republic and one in Saxony), and 38 streamwater (Ta-
ble 3) profiles (24 in the Czech Republic and 14 in Saxony).
Streamwater discrete samples were manually collected into 20
ml HDPE bottles and stored frozen until the analysis. The
streamwater sampling campaign during each week was per-
formed within one day along both the main Luzicka Nisa river
stem and its tributaries in the Czech Republic and the Mandava
River and its tributaries and two stations on the Luzicka Nisa
River in Germany. The whole catchment was therefore sampled
within a few hours. Precipitation was collected in a simple
funnel-container device with oil protection of the collected
water. In case of snow precipitation, samples were manually
collected from the funnel into a closed plastic container and
melted. The isotope monitoring in the Uhlifska catchment has
been gradually established since 2006, delivering data for stud-
ies at catchment (Sanda et al., 2014), hillslope (Dohnal et al.,
2006; Dusek et al., 2012) and point (Snéhota et al., 2008)
scales.

Laboratory analyses

The analyses of 0 and H were performed at the Czech
Technical University in Prague, Faculty of Civil Engineering,
using the Liquid Water Isotope Analyzer, LGR Inc. device
(Penna et al., 2010). The values are expressed as 5'°0, 8°H in
%o of V-SMOW with typical precision of 30 +0.15%o and 8°H
+0.7%0 V-SMOW (Vienna Standard Mean Ocean Water).

Contents of °0 and ?H at CZ17, CZ24, D15 are also analyzed
in monthly samples within the framework of the IAEA isotope
hydrology databases GNIP and GNIR (Vitvar et al., 2007).

Table 1. Precipitation amount (a-left) and precipitation sampling sites for the water isotopes (b-right).

. Precipitation Precipitation . 27-Aug-13to | Amplitude
Provider | Location A(L“S“:‘;e WI2XIL3 27&2‘2%‘_11%” Profile | Location A(Lt'st“I‘;e 4-Se%-13 XIT2AVILS
o (mm) S (AP0 (%) | (AP0 (%))
(mm)
CHMI Bedfichov 770 1613 104.0 CZ24 Uhliiska 825 -4.76 3.01
project Liberec 367 1119* 37.3 CZz25 Liberec 367 -3.76 4.16
P. Labe Mlynice 390 1222 51.1 CZ26 Oldfichov 415 —4.01 3.88
P. Ohre Chfibska 440 1066 316 CZ50 Lugany 565 -4.37 3.78
ZOF Zittau | Zittau 235 965 14.0 D15 Zittau 235 -4.66 3.23

* correlated with Mlynice on VII/13-1V/14 data

Table 2. Outflow characteristics of the streams in the catchment.

Runoff gauge - river / ID Altitude Catchmegt area Mean outﬂov;/ X1/12-X/13 Specific out;‘low )§I/12-XI13
(as.l) (km?) (m°/s) (m*/s/lkm®)
Uhliiské - Cerna Nisa / CZ17 792 1.2 0.05 41.0
Prose¢ - Luzicka Nisa / CZ4 401 53.7 142 26.4
Mnisek - Jetice / CZ9 375 32.2 0.35 10.9
Varnsdorf - Mandava / above D4 314 88.9 1.53 17.2
Zittau - Mandava / D3 239 293.9 3.68 125
Hartau - LuZicka Nisa / (CZ16-D2) 241 3775 7.12 18.9
Zittau - Luzickd Nisa /D1 235 694.0 11.85 17.1
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Table 3. List of streamwater sampling sites, land use characteristics and results of the analyses utilizing stable isotopes in streams in the
Luzicka Nisa catchment ,,wtp” abbreviates water treatment plant in Liberec. “Lake” denotes the catchment of the artificial lake Olbersdor-
fer See. “Urban” denotes small catchments entirely located in developed zones and drained through artificially designed channels or pipes.
Landuse categories: Forest-more than 90% of non-urban areas, with a dominant forest component greater than the sum of urban land and
arable land and grassland; Agriculture-more than 80% of non-urban areas, with a prevailing arable land and grassland component; Urban-
below 80% of non-urban areas; Mix-mixed category of more than 80% of non-urban land with prevailing forest, but not dominant (greater

than the sum of other components).

Gauge Catchment NOn 1y Avrable and Pre- Mean
Profile River Location altitude average Catchmegt Landuse urban land F(;rest grassland event/tot_al re5|_dence
@sl) altitude area (km?) land %) (%) %) water ratio time
(as.l.) (%) () (months)
D1 Luzickd Nisa | Zittau 235 440 694.0 Agric. 83 17 39 42 0.61 18.3
D2 Luzicka Nisa | Zittau 237 479 3775 Mix 83 17 49 32 0.71 211
D3 Mandava Zittau 239 402 293.9 Agric. 84 16 28 53 0.76 144
above
D4 Mandava Grossschonau 302 434 162.4 Agric. 84 16 33 48 0.74 11.8
D5 Mandava Seifhennersdorf 340 416 75.1 Agric. 83 17 24 57 0.54 12.6
D6 LuZnicka Neuschonau 325 487 484 Forest 93 7 49 41 0.63 9.4
Leutersdorfer
D7 Bach Seifhennersdorf 353 403 21.8 Agric. 80 20 15 62 0.46 11.9
D8 Landwasser Mittelherwigsdorf 275 355 49.7 Agric. 83 17 9 72 0.57 13.2
D9 Landwasser Oderwitz 291 369 28.4 Agric. 80 20 9 68 0.39 16.4
D10 Grundbach Zittau 247 344 9.8 Agric. 87 13 6 80 0.82 16.5
D11 Goldbach Zittau 243 410 15.9 Agric. 80 20 15 63 0.71 27.4
Olbersdorfer
D12 See Zittau 240 240 lake Agric. 91 9 45 39 0.87 8.8
D13 Mandava Rumburk 383 433 18.3 Agric. 91 9 25 65 0.72 14.8
D14 LuZznicka Dolni Podluzi 387 503 16.8 Forest 94 6 52 39 0.59 8.2
CZ1 Luzickd Nisa | Lugany n. N. 565 639 4.2 Agric. 83 17 34 48 0.44 21.3
Cz2 Luzickd Nisa | Jablonecké Paseky 529 628 7.4 Mix 86 14 45 39 0.47 19.6
CZ3 Luzicka Nisa | down Jablonec n. N. 472 620 48.1 Urban 74 26 47 25 0.35 145
Cz4 Luzickd Nisa | Prose¢ 401 603 56.4 Urban 76 24 50 24 0.29 16.5
Cz5 Luzickd Nisa | Vratislavice 381 584 63.5 Urban 76 24 48 26 0.32 155
CZ6 Luzicka Nisa | centre of Liberec 354 543 120.7 Urban 74 26 46 26 0.33 15.4
cz7 Luzicka Nisa | above wtp 339 530 137.3 Urban 69 31 43 25 0.28 15.8
Frantiskovsky
CZ7-1 potok Liberec 349 urban urban Urban 60 40 56 3 0.10 -
CZ7-2 Jizersky potok | Liberec 351 urban urban Urban 54 46 50 3 0.30 -
CZ8 Luzicka Nisa | 1 m below wtp 333 528 138.8 Urban 69 31 43 25 0.28 17.1
Cz8-1 city of Liberec | discharge of wtp 333 urban urban Urban - - - 0.49 -
CZ8-1a city of Liberec | spillway of wtp 333 urban urban Urban - - - - 0.10 -
CZ8-2 Luzickd Nisa | 20 m below wtp 333 528 138.8 Urban - - - - 0.31 -
CZz8-3 Luzickd Nisa | 50 m below wtp 333 528 138.8 Urban - - - - 0.30 -
Fojtecky
Cz9 potok Mnisek 375 602 7.1 Forest 89 11 75 13 0.97 155
Mnisek with
CZ10 Jefice Fojtecky brook 375 576 32.8 Forest 94 6 74 20 0.78 22.8
Cz11 Mala Jetice Oldtichov v Hajich 394 620 15.2 Forest 98 2 89 9 0.69 25.6
CZ12 Jefice Oldiichov v Hajich 387 596 4.2 Forest 99 1 79 20 0.72 253
CZ13 Jefice Chrastava 290 486 77.9 Forest 93 7 49 42 0.74 21.3
Cz14 Luzickd Nisa | Chrastava 286 526 291.0 Urban 76 24 51 23 0.36 184
CZ15 Luzicka Nisa | Chotyng 265 503 320.7 Mix 82 18 51 29 0.48 19.0
CzZ16 Luzicka Nisa | Hradek nad Nisou 245 490 3495 Mix 83 17 49 32 0.51 20.6
cz17 Cerné Nisa Uhlifska 792 828 12 Forest 100 0 100 0 0.47 145
Cz44 Mala Jefice Betlém 407 668 1.0 Forest 99 1 95 4 0.65 20.7

Data interpretation

Isotopic separation of event and pre-event water was based

on the mixing equation

RS :%:—Ct _Cn
Qt Cs -Gy

1)

where Q,— total (event & pre-event) flow (m%s), Q;— pre-event
flow fraction (m*/s) (%o V-SMOW), ¢, — **O content in the
streamwater, ¢, — ‘°0 content in the pre-event baseflow (%o V-
SMOW), ¢, — 0 content in the rainwater during the event
(%0 V-SMOW), and R,— volumetric ratio of the pre-event water
in the total outflow.

The calculation was performed for the 38 studied gauges at
the peakflow September 3, 2013, using the average and stand-
ard deviation of **0 content (c,) in precipitation of five sampled
stations (Uhlifska, Liberec, Oldfichov, Lucany, Zittau) during

the period August 27— September 3, 2013 (see Table 1 for
details). The ¢, values are equal to the **O content in stream-
water at each of 38 profiles on August 24, 2013 — the last sam-
pling, considered as baseflow before the event.

Water residence times

Streamflow residence times were estimated using the
seasonal sine-wave variations of &'°0 in monthly step in the
streamflow and cumulative precipitation (Kralik, 2015). The
seasonal variations in 5'°0 are expressed (Eq. 2)

50 = mean (5180) +Asin[ (2nt/b)+c]| @)

where mean(5'°0) (%o V-SMOW) is the mean value of §"°0, A
(%0 V-SMOW) is the seasonal amplitude of 50, b is the peri-
od of a seasonal cycle (one-year period is 2x), t is time

157



Martin Sanda, Pavlina Sedlmaierova, Toma$ Vitvar, Christina Seidler, Matthias Kéndler, Jakub Jankovec, Alena Kulasova, Frantigek Paska

(months), and c (rad) is the phase shift. Parameters mean(5'°0),
A and ¢ were obtained by fitting Eq. (2) on the experimental
data via least squares optimization. Mean residence time
(MRT) is reflected in the decrease of the input amplitude in
precipitation (Ap) relative to the output amplitude (e.g. in
streamflow A) in the linear reservoir, according to Eq. (3).

A 2 0.5
MRT =(3j (—"J -1 3)
b)IL A

where (1/b) = 12/2n is the factor for the residence time in
months.

This fitting was performed for the §'°0 values at all five
precipitation sampling stations Uhlifska, Liberec, Oldfichov,
Lucany, Zittau (cumulative weekly samples) and the stream
(grab weekly samples) at the studied 38 profiles for the period
October 2012—April 2014. The variability of A, (expressed as
average and standard deviation of each of the five precipitation
stations) is therefore caused by the different amplitudes of §'°0
values at the respective five rainfall stations (see Table 1).

The coefficient of determination R? expresses the linear least
square determination.

RESULTS AND DISCUSSION
Monitoring

Fig. 2 shows selected hydroclimatical and isotopic character-
istics of precipitation and streamwater for the period September
2012-April 2014. It displays daily temperature and precipita-
tion amount at the wettest station Bedfichov, daily discharge at
headwaters of the Luzicka Nisa (CZ17), catchment outlet (D1)
and main tributary (D3), weekly 'O content in precipitation at
the five sampling stations (see also Tab. 1b), and weekly **0
content in streamwater at seven selected profiles. No significant
gradients in isotopic composition of precipitation were ob-
served, indicating a homogeneous origin of precipitation over
the study area. Very similar **0 patterns in streams are ob-
served during winter and early spring. The O depleted
streamwater of the mountain headwaters occurs only along the
main Luzicka Nisa stem and its tributaries in the Czech Repub-
lic and sustains during summer and autumn in particular. In
contrast, streamwater in the the Mandava and LuZni¢ka (D3 and
D6) follow patterns of elevated *°0, due to non-existing impact
of mountainous headwaters. These overall patterns were biased
by the isotopically distinct rainfall-runoff event in September
2013.

The 0 content in streamwaters at all 38 monitoring profiles
is shown in Fig. 3 (top panel). The main stream of the Luzicka
Nisa (15 profiles from CZ1 to D1) shows a gradual increase of
"0 values and decrease of their variations along with the
progressing mixing towards the catchment outlet. The median
3'®0 values along the main stem of Luzicka Nisa reach from
-10 to —-9.5%0 V-SMOW, which corresponds to the median
8'®0 values in precipitation (Fig. 2). The profiles CZ17 (Cerna
Nisa) and CZ9-13, CZ44 (Jefice) represent mountainous head-
waters from the Jizera Mountains with depleted 30 values.
Streams at the profiles CZ7-1 and CZ7-2 (Frantiskovsky and
Jizersky brooks, resp.) drain entirely developed city areas, and
the profiles CZ8-1 and CZ8-1a are outlet and spillway of the
city water treatment plant. The &0 values at these four pro-
files are therefore highly affected by human impact. Profiles
D13, D5, D4 and D3 represent the Mandava River with no
major impact of mountainous headwaters. Impact of the

Luzické Mountains is observed in the Mandava tributary
Luznicka (D6, D14) in more depleted 5'°0 values compared to
profiles in their vicinity (D8, D9). The lowland tributary Land-
wasser coming from northwest (D9, D8) has no impact of
mountains. The Mandava tributaries Grundbach (D10) and
Goldbach (D11) drain the area of the Lusatian fault where
possible impact of groundwater circulation with particular
isotopic composition and smaller isotopic variations may be
hypothesized. Finally, D12 represents the outlet of the Olbers-
dorfer See (lake) with associated evaporative effects on the 20
content.

Isotopic separation of pre-event water and calculation of
water residence times

Isotopic separation of event and pre-event water (Fig. 4a)
was performed for the peakflow on September 3, 2013 with
causal pre-event rainfall during August 27—-September 4, 2013.
This event has occured after three weeks with no precipitation
and caused a discharge rise at all studied profiles. It is hypothe-
sized (Fig. 4b) that the minor precipitation amounts on August
28 and September 1 contributed to the increase of the anteced-
ent moisture, causing a major streamflow peak on September 3.

This event was characterized by particularly enriched 50
values in the causal pre-event rainfall (Table 1b), reaching from
—3.76%0 V-SMOW at Liberec to —4.76% V-SMOW at
Uhliiska, with average —4.13%0 V-SMOW and standard devia-
tion 0.41%0 V-SMOW. 8'%0 values in streamwater at the peak-
flow (September 3™, 2013) reached up to —5.8%0 V-SMOW
from the background of —10.0 to —8.5%. V-SMOW (Figs. 4cd).

Fig. 5 and Table 3 display the calculated ratio of pre-event
water (Eq. 1). The highest portions of the pre-event water were
identified in two catchments CZ9 and D12, affected by the
lakes Fojtka and Olbersdorfer, respectively. It is hypothesized
that older water was released from the lakes during the storm-
flow event, causing a higher portion of the pre-event water.
High portions of the pre-event water appeared also in the nearly
natural Jetice (CZ10-CZ13, C44) subcatchment, covered dom-
inantly by forests and meadows, and with little or no impact of
settlements. The source of elevated pre-event water portions at
D10 and D11 may include groundwater inflow along the Lusa-
tian fault. More than 70% of the total runoff has pre-event
origin in the Mandava catchment (D13, D11, D4 and D3). The
main stem of the Luzickd Nisa River (CZ1-D1) ranges from
69% to 79% of pre-event water, with lower values in the ag-
glomerations (CZ4, CZ7). The Leutersdorfer brook (D7) and
the Landwasser (D8, D9) were drained by 46%, 57% and 39%
of pre-event water, respectively. Lowest values of Ry were
identified at the profile CZ8-1a (10%) discharging from the
water treatment plant. It can be hypothesized that the dominant
rainfall amount prior to the event at Bedtichov (Table 1a) re-
sulted in significant portions of event water along the Luzicka
Nisa main stem, whereas the smaller causal rainfall amounts in
the western lowland part of the catchment (Zittau) resulted in a
less pronounced rapid runoff in the Mandava catchment.

Five calculations of mean residence times using sine-wave
amplitudes of five rainfall stations were carried out for each
streamflow gauge (Tab. 1b). The average amplitude of §'°0
values in precipitation at the five sampling stations in the period
October 2012—April 2014 was 3.61%0 V-SMOW with a stand-
ard deviation of 0.47%. V-SMOW.

The highest mean residence time of streamwater (25-27
months) were estimated in the nearly natural Jefice (CZ11,
CZ12) and in the Goldbach (D11) catchments (Table 3).
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fichov station
catchment and its tributaries may be attributed to river terraces

and alluvia. Therefore, the bulk of the river water probably
comes from areas which are relatively close to the river, resulting

Landwasser (D8, D9) between 10 and 16 months. The relatively
shorter streamwater residence times in the lowland Mandava

ka

Nisa shows streamwater residence times between 15 and 20
months (with lowest values in the agglomeration CZ3-CZ7)

Z1C
and the Mandava (D13, D5, D4, D3), Grundbach (D10) and

a) Air temperature and daily precipitation at the Bed

¢, d (top to bottom).
precipitation and d) in streamwater at selected profiles, for the period September 2012

The latter may be associated with deeper groundwater contribu-

tion along the Lusatian fault. The main stream of the Lu:

Fig. 2a, b,
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drological situations (light isotopic rain, pre-event baseflow, heavy isotopic storm, and typical baseflow).

in shorter mean residence times (Dosa et al., 2011). The short-
est residence times were identified in the Luznicka catchment
(D9 and D14) with very shallow aquifer. Residence time was
not calculated for the channelled streams CZ7-1and CZ7-2 and
the overflow and spillway from the water treatment plant CZ8-
1 and CZ8-1a.

Similarly to several previous studies on mesoscale nested
catchments (Soulsby et al., 2010; Tetzlaff et al., 2007), the
mean streamwater residence times in the Luzicka Nisa
catchment reveal no significant correlation with the catchment
altitude and area (Figs. 6a, b). In contrast, the pre-event water
portion Ry increases with the catchment area (Fig. 6c). This
supports the hypothesis that larger rivers have larger portion of
pre-event water from river banks and alluvium. This portion,
however, do not always imply longer streamwater residence
time in the lowland subcatchments, because the groundwater
discharge from lowland river banks is often younger than
contributions from deeper fractures in the granitic headwaters.
For example, Dosa et al. (2011) used 80 in the sine-wave
method and reported a shorter mean residence time in
streamwater of the Vah River below the Slovak Tatra
Mountains (13 months) than in the headwaters Jalovecky potok
Creek (19 months). Similarly, Soulsby et al. (2010) reported a

shorter mean residence time of the Scottish streamwater Upper
Dee (600 days) than in its headwaters (more than 2 years). In
contrast, Capell et al. (2011, 2012) have found a largely muted
response of stable isotopes in lowland streamwater in the 749-
km’ large mesoscale catchment North Eck in Scotland (very
similar catchment size of 687 km? to the Luzick4 Nisa). They
have ascribed this result to the strong differences in geological
and soil conditions between the lowland catchments and
headwaters, which causes a strong dumping of the tracer input.
According to Fig. 2d, however, this phenomemon is not
observed in the Luzick4 Nisa catchment. All profiles along the
main LuZzickd Nisa stem and the lowland Mandava tributary
reveal similar annual variations of &0 of around 3%. V-
SMOW (excluding the event from September 2013). During
autumn baseflow periods, the entire course of the Luzicka Nisa
carries isotopically depleted waters, originating in the
mountainous wetlands with dominantly snowmelt-induced
recharge (Sanda et al., 2014). We argue that the pronounced
isotopic variability of streamwaters throughout the entire
Luzicka Nisa catchment is caused by relatively shallow aquifers
in the dominantly Neogene Zittau basin, which precludes
development of deeper aquifers.
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Fig. 7 shows the relationship between landuse (Table 3) and
the pre-event water fraction. Fig. 7a shows a weak overall
increase of the pre-event water fraction with increasing portion
of non-urban landuse in the respective catchment, where non-
urban is understood as sum of forest, arable land, grassland,
orchards and open water. Three distinct categories evolve upon
distribution of catchments according to the degree of non-urban
landuse (Table 3). The category “Forest” of 90-100% non-
urban landuse contains all Czech mountainous headwaters
CZ10-CZ13, CZ17 and CZ44 (Fig 7b), with a dominant portion
of forest which is greater than the sum of urban land, arable
land and grassland. The fraction of pre-event water in this
group decreases with the percentage of forest, revealing that
forests may provide only a limited infiltration of precipitation
due to leaf interception and soil water use for transpiration
(Nadezhdina et al., 2010). Not included in this assessment are
the Luznicka stream profiles D6 and D14. Despite the low
degree of urban landuse, these catchments have only a shallow
aquifer that does not allow for storage of and mixing with pre-
event water. The category “Agriculture” of 80-90% of non-
urban landuse dominantly contains the Mandava, Landwasser
and Leutersdorfer Bach subcatchments, with prevailing arable
and grassland. In this group, the fraction of pre-event water is
directly related to the non-urban landuse degree (Fig. 7c). The
category “Urban” contains most developed catchments below
80% of non-urban land. In this group the increasing fraction of
pre-event water is accompanied by a decrease of the percentage
of urban landuse. Other catchments (“Mix”) that contain more
than 80% of non-urban land, but no dominant forest component
such as in category “Forest”, are not included in Fig. 7. They
are considered as mixed-landuse catchments.

CONCLUSIONS

The study presents a readily available approach of an
assessment how individual subcatchments contribute to the
hydrological response of a larger mesoscale catchment with
highly heterogeneous land use and landscape characteristics. It
improves the understanding of the role of topography, geology
and land use with respect to origin, mixing and residence time
of water in the subcatchments. The study also shows the varia-
bility of calculated residence times and pre-event water frac-
tions, caused by the uncertainty and heterogeneity of the isotop-
ic rainfall input to the catchment. Although the approach is
based on the standard two-component mixing techniques, it
provides a comparison of heterogeneous settings that cannot be
assessed using techniques at hillslopes or headwater scales.
Unlike several previous studies conducted typically in less
developed catchments, the Luzicka Nisa catchment includes a
large variety of landscapes to explore phenomena such as the
impact of urbanization on baseflow and its contributions to
peak event flow or impact of the lowland alluvial riparian zone
on the streamwater residence times. This assessment may be
used in both gauged and ungauged mesoscale basins.
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