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Abstract. The achievement of a good water quality in all Framework Directive (EU, 2000). It sets up an examination
water bodies until 2015 is legally regulated since Decembetof river catchments as spatial units and of interactions be-
2000 for all European Union member states by the Euro-tween water bodies and their environment.
pean Water Framework Directive (EU, 2000). The aim of Lowland areas are characterized by special properties like
this project is to detect nutrient entry pathways and to assesfiat topography and low hydraulic gradients. Furthermore
the dominating hydrological processes in complex mesoscaléhere is near-surface groundwater which results in a high
catchments. groundwater — stream water interaction. Various river reg-
The investigated Treene catchment is located in Northerrulations, pumping stations and drainage systems like tile
Germany as a part of a lowland area. Sandy, loamy andirainage and open ditches changed the natural water balance.
peat soils are characteristic for this area. Land use is domibue to that a fast nutrient transport influences the instream
nated by agriculture and pasture. Drainage changed the nawater quality.
ural water balance. In a nested approach we examined two As nutrient entry pathways in rivers diffuse and punctual
catchment areas: a) Treene catchment 51% lohKielstau  sources are thinkable (Pieterse et al., 2003; Meynendonckx
catchment 50 krh The nested approach assists to improveet al., 2006; Wood et al., 2005). In catchment areas nutrient
the process understanding by using data of different scalesntries from agriculture (fertilizer, pesticides, animal hus-
Therefore these catchments serve not only as an example bbandry in river vicinity) as well as from settlements (waste
the results are transferable to other lowland catchment areawater, traffic routes) play a role. An assessment is feasible
In a first step the river basin scale model SWAT (Soil and through measurements and with ecohydrological modelling
Water Assessment Tool, Arnold et al., 1998) was used sucin relation to water balance and quality.
cessfully to model the water balance. Furthermore the wa- The objective of this project is the assessment of the nu-
ter quality was analysed to distinguish the impact of pointtrient entry pathways and the dominating hydrological pro-
and diffuse sources. The results show that the tributaries irtesses in a complex mesocale lowland catchment area. First
the Kielstau catchment contribute high amounts of nutrientsfesults from measurements and ecohydrological modelling
mainly nitrate and ammonium. For the parameters nitrateare presented.
ammonium and phosphorus it was observed as a tendency
that the annual loads were increasing along the river profile2

of the Kielstau. Investigation area

The mesoscale investigation area is located in Northern Ger-
many as a part of a lowland area of Schleswig-Holstein.
1 Introduction Sandy, loamy and peat soils are characteristic for the catch-

ment. Landuse is dominated by agriculture and pasture.
The achievement of a good water quality in all water bod- The maximum height difference is 76 m for the entire area,
ies until 2015 is legally regulated since December 2000 forand about 40 m for the eastern part. The precipitation is
all European Union member states by the European WateB72 mm/a and the mean annual temperaturé@.2
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- process oriented model for simulating water, nutrient
| Treene catchment |[ Kielstau catchment ] .. . .
and pesticide transport. Simulations are conducted

Hennebach Moorau for mesoscale catchments and their Hydrological Re-
sponse Units (HRU; hydrotopes). The Treene model
: ( Lfmv is based on data (1984-2000) from eight gauges, the
/ﬁi bR //J Kielstau model on data from 1986-2005. Both mod-
L( ’ N els are based on data of own measuring campaigns and
( Qlinderatter also from German authorities and institutions like Lan-
Kiomsort \ 1089 Ausacker desamt @ir Natur- und Umwelt des Landes Schleswig-
bridge bridge Holstein (LANU-SH), Deutscher Wetterdienst (DWD),
Soltfeld  Kleinsoltholz Deutsches Zentruniif Luft- und Raumfahrt (DLR) and
0 5 10 Staatliches Umweltamt in Schleswig (StUA-Schleswig)

(see in detail in Dey (2004) and Tavares (2006)). Both

_ ) models are used at daily steps.
Fig. 1. Treene watershed (left; Dey, 2005) and its subcatchment

Kielstau (right) with eight measuring stations and the model sub- 2. Assessment: Water quality data and calculated loads in
catchments. the Kielstau catchment were assessed in a detailed anal-
ysis. A general classification was conducted using the
“LAWA procedure for the chemical classification of wa-
ter bodies” (LAWA, 1998). In this paper we focus on the

N and P components.

In a nested approach we examine two catchment areas,
which cover different scales:

a) Treene catchment 517 R0 km river length,
b) Kielstau catchment 50 km11 km river length 4 Results

From the Treene catchment only that area without tide in-4 1 Ecohydrological modelling
fluence was considered.

The river Kielstau has its origin in the lake Winderatter See The ecohydrological modelling with SWAT was conducted
and has two important tributaries from the north, the Moorauby dividing the Treene catchment into 681 hydrotopes and
and the Hennebach (Fig. 1). In addition various smaller trib-58 subcatchments (Dey, 2004), and the Kielstau catchment
utaries and water from drainage pipes and open ditches flovinto 117 hydrotopes and 8 subcatchments. First modelling
into the Kielstau. The drained fraction of agricultural area runs dealed with problems in simulating the stream flow cor-
in the Kielstau catchment is estimated 38% (Fohrer et al.yectly. They showed an underestimation of measured high
2007). One wastewater treatment plant is situated at the bewinter discharge peaks, early response discharges in the late
ginning of the Moorau, another three are located in the vicin-summer periods peaks and an overestimation of base flow
ity of the Hennebach. mainly during the summer. Thus the modelled discharge dy-
namic was too small. According to the conditions in this
lowland catchments several options were taken into consider-
ation referring to the groundwater storage and drainage. For

Measured and investigated data form the basis for the anaf'® Treepre.model 14% drainage, an incLease |0f the (;eces-
ysis and modelling. In measurement campaigns discharg§Ion coe |C|(_ant ALPHABF to 0.0286 (att e outlet) an a
and water quality were measured weekly from April 2005 percolation time of two days for the hilly area were consid-
till March 2006 at eight stations along the river profile of €r€d (Dey, 2004; Dey et al.,, 2004). For the Kielstau catch-

the river Kielstau and the two tributaries Moorau and Hen-M€Nt & groundwater retention time of 50 days, an installa-

nebach. The first station is situated circa 700m from thetion of ponds and wetlands as well as drainage (DDRAIN

lake outflow, the last station is gauge Soltfeld at the catch—aﬁ 600mm and TDF‘;A": as 24h) wer?_tincl_uded]; Eigure 2
ment outlet. Temperature, pH, electrical conductivity, oxy- shows as an example the stepwise calibration of the SWAT

en, NH,, NOs, PQu, Ptot, Cl and S@ were analysed in model for the Kielstau. Thereafter the modelling of the wa-
f%eld antjhlab03 Q @ y ter balance with SWAT both of the Treene and of the Kielstau

; . catchment areas showed a good correlation between mea-
There are two steps to tackle the project goals: sured and modelled discharges (Table 1, Figs. 3 and 4). The
1. Ecohydrological modelling: The river basin model discharge dynamics were reproduced in a better way.
SWAT (Soil and Water Assessment Tool, \ersion
AVSWAT2000, Arnold et al., 1998) was used in order
to reproduce the water balance in these complex hy-
drologic catchment areas. SWAT is a semi-distributed,

3 Methods
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Table 1. Performance of models relating to the catchment outlets (*Dey, 2004; Fohrer et al., 2006).

period Nash-Sutcliffe index correlation coefficient
Treene calibration* 1994-1995 0.89 0.95
Treene validation* 1997-2000 0.86 0.94
Kielstau calibration  01.01.1990-31.12.1999 0.71 0.82
Kielstau validation ~ 01.01.2000-01.05.2005 0.63 0.75
1 - 53 072_ 073__074___078__ 08__ 0.82 Nash-Sutcliffe index 0.71 correlation 0.82 — measured
0.36 944 0.55 ggm 0.61 guu 0.61 0.66 g 0.67 il —— modelled
s 05 7 5.0
% 0 — 45
£ @ 40 |
g-0.5 B C D E F G H T 35
s 11 5 25
§-1_57 S 20 |t | [ | .
h= -2 8 15
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o T 1.0
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Fig. 2. Statistical development of model efficiency and cor- MR A A A SR A AR S AR

relation during the calibration steps. A = Base Model, B =

GW_DELAY: 200d, C = GWDELAY: 50 d; GWQMN: 1250 mm, Fig. 4. Measured and modelled daily discharge at the catchment
D = GW_.REVAP: 0.2, E = REVAPMN: 0.01mm, F = Ponds & outlet of the Kielstau catchment during calibration.

Wetlands, G = Drainage, H = CN2 adjustments.

Nash-Sutcliffe index 0.89 correlation 0.95 — measured = 6 ]
= T+ 10
—— modelled £
35 = 9
| o o
k=
%0 = S
T Z . =
‘f"gl 25 é E
20
S L 7
S 15
S
r 6
% 10 i Klei Kleinsolt
See outflow bridge bridge
5 Moorau K90 Hennebach Soltfeld
tributary road tributary
0
Jan.94 Jul.94 Jan.95 Jul.95 Downstream (all stations)
E===INO3_N (mg/l) mmmm NH4_N (mg/l) pH Temp [°C]

Fig. 3. Measured and modelled daily discharge at the catchment

outlet of the Treene catchment during calibration (Dey, 2004). Fig. 5. Annual average concentrations of nitrate nitrogen (mg/l),

ammonium nitrogen (mg/l), pH and water temperat®@€)(in all
) measurement stations investigated in the Kielstau. The tributaries
4.2 Water quality assessment are displayed in the river course where their waters join the Kielstau.

Because of the complexity of processes in both hydrologic
catchments we first looked in detail on the matter transport The measurements of phosphorus show opposite results
processes in the Kielstau catchment. (Fig. 6). The highest concentrations are at the beginning
Along the river profile it was observed that the nitrogen of the Kielstau and the water was then diluted in the river
concentrations were relatively small at the beginning of Kiel- course. Probably the phosphate is set free from the sediment
stau, while the tributary Moorau supplied clearly increasedwithin the area of the lake at the beginning of the Kielstau. A
NO3.N concentrations and a second tributary Hennebach incurrent entry from the extensive agriculture is not so probable
creased NHAN concentrations (Fig. 5). Possible sources arein that area deduced from field observations. From former
agriculture (fertilizer and a poultry farm in the middle of the times with intensive agriculture around the lake phosphate
Moorau) and/or wastewater treatment plants. could be stored in the sediment. The lake water itself has no

www.adv-geosci.net/11/107/2007/ Adv. Geosci., 11, 107-112, 2007
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0.4 + 1 burden). At Moorau station with a worse quality situation,
0.35 in several occasions of the year, the LAWA class IV was
0.3 reached. During the remaining period mostly LAWA class
0.25 Il was observed. The concentrations in Ausacker bridge sta-
0.2 1 tion were predominantly within LAWA class Il. However, in
0.15 - four occasions LAWA class IV was present and in other two
occasions LAWA class IlI-IV was observed.

During most of the year the Winderatter See station pre-

6 sentedphosphate phosphorus concentrations within LAWA
Socouton, _omgge o e class IlI-1V, being the class IV was achieved during the mid-
tibutary s Moy o dle of July. In October LAWA class IIl were often and, in the
beginning of May and November class IlI-11l were reached.
Most of the winter period was classified as having a moderate
- PO4_P (mgf) mmmm P total (gf) —4~ pH —>- Temp [*C] burden. At the Moorau station the concentrations were most
of the year classified as LAWA class Ill. In two occasions

Fig. 6. Annual average concentrations of total phosphorl_Js (mg/l),(‘]u|y and end of September) classification IlI-IV and once
phosphate phosphorus (mg/l), pH and water temperat@gif all §,ring December classification Il were reached. The same
mee:js.’ur?megt. Sttit'ons 'nvesngatehd n tt::e. K'eItStau.' .Trtf t:lk.)ulwzne%lassification tendency was revealed at measurement station
are displayed in the river course where thelr waters join the Kiels au'Ausacker bridge. The LAWA classification footal phos-
phorusis in its majority similar to the classification tendency
high concentrations. The influence of a fen between the laké hl(_)\évoelgnbg i?whggg ?Ia;? tphheoivpar;g;u;ﬁality at the catchment's
outletand the first sampling point has to be clarified. outlet at Soltfeld the following classification was found:

These observations were not only recognized by the ang;oq¢ of the year nitrate nitrogen concentrations were clas-
nual values but could be confirmed by single observations iNsified within LAWA class l—IIl. In the winter period some

all four seasons. These observations allow the presumptiog.,rrences of the class Ill were verified. For ammonium
that the major ammonium nitrogen and nitrate nitrogen nu'nitrogen the LAWA class IV was only reached once during
trients are supplied by the Moorau tributary. The Hennebach,o month of August. In one occasion (end of January)
revealed also an important role as ammonium nitrogen SUPgne cass I1I-1V was observed. In the remaining period the

plier. _ _ concentrations were mostly distributed through the LAWA
Looking especially at the water quality of the Moorau cjasses Il and II-lll. For phosphate phosphorus the class
and the close-by stations upstream and downstream in thgi_|v was never reached. From the middle of July until

main channel a general classification can be shown using thgiddle of August concentrations were found within LAWA
LAWA procedure for the chemical classification of water |ass |11 and during most of the cold period the class Il was

bodies” (LAWA, 1998): reached.

The LAWA classification in station Winderatter See out-
flow placednitrate nitrogen concentrations within class | | opads
(zero burden) during the summer period. During winter the
LAWA classification of significant burden (class II-Ill) was For a better understanding of the tributaries influence
obtained. In one occasion (12.04.2005) the LAWA class en-on water quality nutrient loads were calculated by using
hanced burden (class Ill) was reached. The Moorau statiombserved discharge values.
presents a completely different situation, with the achieve- Annual discharge in the tributaries is with about ¥sn
ment of LAWA class Ill during most of the year. Throughout clearly lower than in the main river (Figs. 7 and 8). There-
the summer period the significant burden classification wagore the high concentrations resulted in lower loads, but were
many times reached and in two occasions (12.04.2005 angln essential addition to the stream loads. The loads of the
18.10.2005) class IllI-IV (great burden). In the downstreammMoorau were even higher than the loads at the lake outlet
sampling station Ausacker bridge most of the year was clasfor the parameters nitrate nitrogen, ammonium nitrogen and
sified as having a significant burden. This status was leftooth phosphorus parameters (Figs. 7 and 8). In all parame-
once to reach zero burden class in 30.08.2005, in four occaters a general increase in the loads is observed with increas-
sions enhanced burden, and at 12.05.2005 the great burdeng downstream distance in the main stream channel, except
class. the small annual load from the Hennebach tributary.

In the Winderatter See outflow station thmonium ni- To further investigate the influence of the tributaries it was
trogen concentrations reached during the summer period thecalculated the load difference between the tributary down-
LAWA class IV (very great burden). In the winter period wards station and the load sum of tributary and station up-
concentrations were mostly within LAWA class Il (moderate wards from the tributary: The load sums of Winderatter See

+ 10

gll

Total P,PO4_P m
pH. Temp °C

0.1 +
0.05

Downstream (all stations)
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0.06 - 10 ing hydrological processes were derived from measurements
o 005 M9 and ecohydrological modelling. First of all the water bal-
2 [ :g é ance was successfully simulated with the ecohydrological
= 00 0 s 3 mesoscale model SWAT. For the Treene it was achieved a
Z 0.03 t5 g Nash-Sutcliffe Index of 0.89 (correlation: 0.95), for the Kiel-
= 08 :; g stau catchment of 0.71 (0.82).
o _ L5 Afterwards the entries from agriculture, wastewater treat-
0.01 E | L1 ment plants and sediment release were regarded and the in-
0 wli,._d:"'er Ausacker prem——— Kieinsoll -0 fluence of tributaries on the main channel water quality was
See Ul oorau ™99 k90 Hennebach ™% & eia determined. The results show that the tributaries in the Kiel-
trbutary rose sy stau catchment contribute high amounts of nutrients mainly
Downstream (all stations) nitrate and ammonium. For the parameters nitrate, ammo-
E==INO3_N (kg/s) mmmm NH4_N (kgis) stream flow (m¥s) nium and phosphorus it was observed as a tendency that the

annual loads were increasing along the river profile of the
Fig. 7. Annual loads (kg/s) of nitrate nitrogen, ammonium nitrogen, Kielstau. It can be noticed that both diffuse sources like ni-
and annual sum of runoff at all Kielstau stations and their tributaries.trate entries from the agriculture and point sources such as
wastewater treatment plants with mainly ammonium entries
affect the water quality in the stream water.

The various measurements on different scales permit the
understanding of transport processes in the investigation ar-
eas. A nested approach can be used to improve examinations
on the catchment scale by using analyses of processes on lo-
cal scale (subcatchments).

In the future the water quality and the point sources are
to be considered within the ecohydrological model. Thus
P e T UITS S a better quantification of the agricultural entry pathways, a
See outlon vorau "% Kk o0 Hennebach™%° differentiation into point and diffuse sources with considera-

ey ros¢ e tion of the management options and an evaluation of poten-
Downstream (all stations) tial changes of management are assessable.

=1

stream flow m3/s

Total P, PO4_P kg/s
=]
(=3
2
o
QO =N WA N0 O =

1 PO4_P (kg/s) mmm P total (kg/s) stream flow (m?/s)
Edited by: K.-E. Lindenschmidt
Fig. 8. Annual loads (kg/s) of total phosphorus, phosphate phos-Réviewed by: B. Guse and H. Nacken
phorus and annual sum of runoff at all Kielstau stations and their

tributaries.
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