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Background

The role of wetlands for nutrient retention is widely accepted (Trepel & Palmeri 2002,
Verhoeven et al. 2006, Jansson et al. 1994, Woods Hole Group 2007). Politicians
and planners regard riparian wetlands as cost effective measurements to reduce not
only nutrient loads in rivers during and after floods but also diffuse nutrient emissions
from agricultural areas which pass riparian wetlands as buffer strips between field
and river (Jansson et al. 1994, Arheimer & Wittgren 1994, 2002, CIS 2003). Nitrate
(NO3-N) and phosphorus (here as TP) retention are subject to different retention
processes during flood events; whereas denitrification is the most important process
for NOs-N on a yearly base (Venohr 2006, Trepel & Palmeri 2002, Saunders & Kalff
2001, Bystrom 1998, Spieles & Mitsch 2000), sedimentation is the most important
process for TP retention (Behrendt & Opitz 2000, Verhoeven et al. 2006, Vougth
1994, Kronvang et al. 1999). The extent of nutrient retention in riparian wetlands
during floods depends on wetland size, water temperature, retention time and depth
of inundation (Arheimer & Wittgren 1994, 2002). Except of certain study wetlands,
inundated areas of whole river basins are not known. Thus the BMU & BfN (2009)
carried out a project to quantify the extent of recent riparian wetlands along German
rivers with catchment sizes bigger than 1000 km2. Nevertheless, it is not known,
which parts of these riparian wetlands are inundated how often and how long.

Methods

In this study the extent of inundated riparian wetlands along the river Elbe from km
170 to km 500 were calculated with the software FLYS 2.1.3 (2011). The Federal
Institute of Hydrology (BfG) has developed the River Hydrology Software FLYS as a
water level information and analysis tool for German Federal Waterways. FLYS is not
a hydraulic flow model but processes model results (1D) as well as basic and special
geographic data. The software can derive water levels at any point of the course of
the river on the basis of known discharges (for details see BfG 2009 or Busch et al.
2009). The module “Flood maps” (computation engine: WSPLGEN) is able to
calculate the extent of the river water table at high floods also on the riparian
wetland, based on a digital terrain model (DTM).

D270, D300, D320, D330, D340, D350, D360, as well as MNQ; MQ, HQ1 or 2 and
HQ5" were calculated as long term means (in general from 1930 to 2006) for the
sections of the seven gauging stations to learn when the Elbe starts overflowing. The
actual frequency (1990-2005) of these discharges was calculated. For discharge
events higher than D340 also inundation heights were calculated in 0.5 meter steps,
as flooding heights are assumed to influence the denitrification rate (Arheimer &
Wittgren 1994).

The data is then provided by FLYS 2.1.3 (2011) as GIS compatible file format.
Detailed flooding maps for the above mentioned discharges were processed in
ArcGIS. The inundation depths were considered in separate maps for each section.

! D270 refers to the German Dauerlinie, meaning, that on 270 days per year there is less
discharge; MNQ = mean low Q, MQ = mean Q and HQ 5 = Q with a frequency of once in five
years.
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To examine the influence of riparian wetlands on nutrient retention parameters
from water quality stations (NOs-N and TP as daily concentrations for 1996-2002)
were taken into consideration. It is hypothesized that when the river overflows, loads
will decrease. Whereas when floods are very high, concentrations increase again,
because retention time is too low. As different discharge levels along the river Elbe
are caused by the Q of tributaries, the relation of Q at the sample time of
concentrations and MQ was applied.

Results

Inundation frequency and size of riparian wetlands differ at the sections along the
river Elbe. Not only the total size of riparian wetlands varies from 10 to 80 kmz, but
more important also the extent of riparian wetlands which is flooded for a certain time
per year. Also the relation of size of riparian wetland to flow length of river section
varies from 0.4 to 2.2. Considering different flooding levels it can be shown that
around gauge Wittenberge app. 60% of the riparian wetland (equals about 41 km2)
are flooded on more than 55 days a year (longterm mean between 1990 and 2005).
In wet years discharges can be high enough to produce floods on more than 160
days on these areas. It should be noted, that after such floods, parts of riparian
wetlands normally stay inundated even longer. Whereas for NO3-N no clear trend of
retention could be observed, TP was shown to be retained during floods.
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