
GREENHOUSE GAS MEASUREMENTS IN A RESTORED FLOODPLAIN 
AREA AT THE MORAVA RIVER IN AUSTRIA – A METHOD TO ASSESS THE 
CONTRIBUTION TO CLIMATE CHANGE MITIGATIONE21

ABSTRACT
Due to anthropogenic climate change, climate observations over the last decades show an increase of global land and sea surface temper-

ature. This is accompanied by unpredictable consequences like extreme weather events, sea level rise, droughts or flooding, which can 

lead to risks for animals and humans in the according region. To reduce the risks of flooding for settlements an area at the Morava River 

was restored into a floodplain area including near natural riparian forests, water bodies and diverse meadows. The restoration changed the 

ability of the wetland to act as a carbon sink or source. Thus, a quantification of the real performance of such a specific ecosystem will be 

conducted. Besides the monitoring of flora and fauna (including the natural grazing by wild horses and temporarily cattle) done by WWF a 

new measurement setup to quantify CO2, H2O, CH4 fluxes on an ecosystem level based on the Eddy Covariance (EC) method was installed 

on a floating platform by researchers from the BOKU in the framework of the Horizon Europe project REWET. This paper gives advices and 

points out the challenges of setting up an EC system in regularly flooded areas and in a clear-cut of a forest. Besides the ecological resto-

ration and the reduction of risk of flooding, these measurements aim to investigate the potential of the restored floodplain area to mitigate 

climate change in terms of acting as a source or sink for carbon.

INTRODUCTION
Floodplains have been degraded for several centuries across Europe and continue to be degraded, with the main drivers being large scale 

drainage for agricultural, forestry, mining of peat and other materials. Moreover, climate warming and changes in rainfall patterns lead to 

the drainage of wetlands, contributing to GHG emissions and the occurrence of natural disasters (i.e. flooding). Over the last decades cli-

mate observations show an increase of the global land and sea surface temperature. There is scientific consensus that the primary cause of 

global warming is the increase in anthropogenic greenhouse gas (GHG) emissions (IPCC, 2021). Carbon dioxide (CO2) and Methane (CH4), 

being two of the most important GHG’s, have been classified as Essential Climate Variables (ECVs) by the Global Climate Observing System 

(GCOS). Since the industrial revolution CO2 concentrations in the atmosphere increased rapidly from 280 ppm in 1850 to 417.06 parts per 

million (ppm) in 2022 (NOAA). According to climate models this human induced climate change is expected to cause a further increase in 

air and sea surface temperature. This is accompanied by unpredictable consequences, for instance extreme weather events, sea level rise, 

droughts, floods or a decrease in snow and ice cover (IPCC, 2021; Reuter et al., 2020). These consequences can limit habitats for animals 

and humans, leading to losses in biodiversity and can expose humankind to different health risks (Román-Palacios & Wiens, 2020). 

Hence, the conservation, restoration and proper management of these ecosystems will significantly reduce current GHG emissions and 

has enormous potential for net carbon sequestration and thus, are essential to meeting EU and global targets on climate, nature and water. 

Ecosystems like wetlands play an important role in the global carbon cycle, as they can act as carbon sinks and help to mitigate climate 

change (Dušek et al., 2009).

For effective climate change mitigation, it is absolutely essential that the floodplains’ carbon dynamics are better understood, their full se-

questration potential mapped, and the most effective management and restoration measures identified and fostered. This is the background 

and the basic idea of an EU – HORIZON research project – REWET - Restoration of Wetlands to minimise emissions and maximise carbon 

uptake – a strategy for long term climate mitigation. The REWET project will facilitate the sustainable restoration and conservation of terres-

trial wetlands – freshwater wetlands, peatlands, and floodplains. REWET draws upon the network of carefully selected seven demonstrators 

(Open Labs ≥ 2400 ha in total) that cover a range of local conditions, geographic characteristics, governance structures and social/cultur-

al settings to fully understand the wetlands-carbon-climate nexus and provide a replication plan to boost successful wetland restoration 

throughout Europe and internationally. The Morava River is one of the selected sites as an open lab (OL) to investigate long term dynamics 

of carbon fluxes of the floodplain area, examine the influence of annual flooding events on carbon fluxes, describe seasonal patterns of 

carbon fluxes of the floodplain area and study the impact of grazing (horse, cattle) on pasture as a management method. This paper focuses 

on a methodical and conceptional approach how to implement and apply a measuring platform and devices taking into account the specific 

environmental conditions of the Morava floodplain area.
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METHODS
Study area - Open Lab Morava River

The Morava River is the largest left-bank feeder in the upper reaches of the Danube and at the same time lowland river of Pannonian char-

acter in Austria. The open lab area is in the Morava river area (1400 ha), located in National and International protected areas, including one 

RAMSAR protected area: “Donau-March-Thaya-Auen”, in the Danube estuary (see figure 1). The Morava as well as the Thaya Floodplains 

are beside a home to over 500 endangered animal and plant species a hotspot of biodiversity in Central Europe (Via Donau; Stelzhammer, 

2022). At the same time, they are also a habitat, economic and recreational space for the local population and many visitors. The cause of 

most of the natural deficits at the river Morava and in the floodplains is the river regulation and the separation of many tributaries from the 

main river. The regulation took place based on a general project from 1936 to 1984. In the entire area 36 meander loops were cut off and 

75% of the banks were paved with roadstones and concrete slabs. Within the framework of the EU-funded LIFE project "Renaturierung Un-

tere March-Auen" ambitious renaturation measures and species protection projects were implemented from 2011 to 2019. These measures 

include: successfully restoring near natural river dynamics in the Lower Morava Floodplains, the extensification of management, as well as 

targeted measures to safeguard the population of endangered species. REWET specifically focuses on monitoring the GHG balance of the 

restored areas under the previous LIFE project, as other additional ecosystem services, and is a showcase of successful restoration including 

nature-based solutions.

Figure 1: Map of the location of the field site at the Morava River

Eddy Covariance (EC) Method

The EC method allows GHG measurements, which will be conducted to quantify the value as a possible carbon sink of this restored 

floodplain site. The EC method is used in many different study sites and has been proven to be a successful tool to study net ecosystem 

exchange of H2O, CO2, and other target gases like CH4 for ecosystems (Aubinet et al., 2012; Baldocchi et al., 2003). This method relies on 

fast-response measurements, using the Gill Wind Master with a measuring frequency of 20 Hz and the Licor Open Path CO2/H20 Analyser 

LI7500DS, as well as the CH4 Analyser LI7700. Both gas analysers sample at a frequency of 10 Hz. The wind measurements and the meas-

ured density of the target gas allow calculating the flux to or from the ecosystem transported by small turbulences called “eddies”. Due to 

the high frequency measurements, also the small eddies are included, which contribute a significant fraction of the total flux. Thereby, the 

exchange of CO2, H2O, CH4, various other gases and energy from the surface of the earth to the atmosphere, and vice versa can be quan-

tified. EC therefore, provides an accurate way to measure fluxes on an ecosystem level and calculate gas exchange budgets and emissions 

from a variety of ecosystems, including agricultural and urban plots, landfills, and various water surfaces (Kowalska et al., 2013).

RESULTS AND DISCUSSION
Site selection of the EC Tower

The first crucial step for a successful measurement set up is the site selection for the EC tower. For EC measurements it is important to have 

a flat terrain with homogenous surface. Furthermore, sensors should be high enough to measure in the well-mixed surface layer above the 
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plant canopy and avoid disturbances of the measurements due to the roughness layer. On the other side, sensors should be low enough so 

the footprint expansion do not reach outside of areas of interest. Therefore, for the studied wetland with a mean canopy height (hc) below 

1.75 m, the measurement height must be comprised between hm = 1.67 hc and hm = 6 hc (Rebmann et al., 2018). After finding a big enough 

clear-cut in the floodplain forest, the knowledge of the main wind direction is important to ensure that this direction has no disturbances 

and result in high quality measurements from the main wind direction. In the OL at the Morava river the main wind direction is coming from 

the west, although the south-east contributes significantly to the total of wind direction. 

The main difficulty of the site selection in the OL in Austria occurs due to the fact that the EC measurements are set up in a clear-cut of a 

riparian forest. Therefore, the forest edge to the clear-cut may induces turbulence which influences the EC measurements. As the clear-cut 

extend in the maximum to 270 m x 200 m wind disturbances due to tree and forest edge may occur in a big part of the area. As it was not 

possible to rely on wind measurements before the project started, the decision was made to set up the EC system most far east to make 

sure the footprint which is the area that contributes to the measured flux density is not disturbed by turbulences coming from the roughness 

change of the vegetation change of forest to grassland of the main wind direction of the site. Thus, the wind direction useful to analyse the 

carbon budget of the wetland without any disturbances is between 180-360°, other wind directions were affected by turbulences coming 

from too close vegetation structures. Considering the above-mentioned criteria, the measurement height was set at 2.7 m with a vegetation 

height smaller than 0.8 m at the coordinates: 48.287, 16.908.

Implementation of the measuring platform and devices

The restored floodplain area at the Morava River provides various ecosystem services. Due to the restauration work and the natural grazing 

(that replaces mechanical mowing and helps to contain the expansion of neophytes) the richness in biodiversity increased (Westerhof, 

2022), the ecology of the water improved and the area is now functioning as flood protection for the populated areas in the region. Fur-

thermore, it is assumed that the restored floodplain area not only contributes in mitigating climate change consequences like higher and 

more extreme flooding events, but the ecological restoration itself is increasing floodplain biodiversity. Additionally, restored floodplain 

areas contribute to the potential of ecosystem services as carbon sinks. To monitor GHG fluxes of the floodplain area an EC system was 

installed (see figure 2) and is continuously measuring CO2, H2O, CH4, besides meteorological and soil parameters since October 2023. The 

collected data will give precise information about the seasonal patterns of the GHG fluxes in the ecosystem, as well the effect of flooding 

or grazing as a management method.

To allow GHG measurements in such a complex and sensitive ecosystem at the Morava River it was necessary to build up a self-sufficient 

floating platform to protect the measurement instruments from water level fluctuations and bigger flood events (see figure 3). Besides the 

focus on CO2, CH4 and H2O measurements, meteorological parameters like temperature, humidity, radiation, as well as soil temperature 

and soil moisture are measured. 

To get a first impression if the location of the tower was chosen well and to see where the main wind that contributes to the flux density 

comes from, the wind speed and direction was analysed and is shown graphically in wind roses for every month since the station was put 

in the field (November 2023 until January 2024). After analyses of the wind parameters the footprint of the measurement point of the gas 

analysers at a measurement height of 2.7 m with the software Tovi as well as after Kljun et al., 2015 was analysed for every month sepa-

rately (see figure 4). The analyses show that the footprint extend does not reach the edges of the clear-cut and thus is smaller than expect-

ed. Moreover, the wind measurements show that also the direction south-east and east contributes more to the total wind than expected. 

Therefore, the decision was made to relocate the platform around 50 m more to the north-west (new coordinates: 48.287, 16.907) to be 

able to also use the measurements contributing to the measured flux density coming from the south-east. With the new location is should 

be possible to have undisturbed wind and flux density measurements coming from 180-360°. Another advantage of the new location is the 

easier accessibility of the station during flooding events.

The relocation was conducted on 29.01.2024 with a water level at the Morava river of 380 cm (Amt der Niederösterreichischen Landesre-

gierung, 16.2.2024), which means that the lower areas in the OL were completely flooded but still walkable and the slightly more elevated 

areas were wet but not flooded which made the relocation of the 300 kg platform easier as for most of the distance it was swimming. Fur-

thermore, the measurement height was set slightly lower to 2.5 m as to avoid to include the area which is influenced by turbulences coming 

from forest to clear-cut edge. However, there are still very few studies on what are the optimal or lowest distances from the measurement 

system to the vegetation structure that can cause turbulences. To investigate more precise the influence and the status of the water level in 

the OL two soil moisture and 3 soil temperature sensors have been set along a transect of wet conditions to drier conditions in winter and 

spring based on experiences of the water level during floods.
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Figure 2: Picture of the platform with measurement devices on the flooded grassland in February 2024

Figure 3: Sketch up plan for the floating platform. Construction and design in style of Dusek et al., 2009, ecosystem station Trebon

Figure 4: Windrose for the field site for the month January and March 2024 and footprint analysis in Toviand after Kljunet al., 2015 for the old location (January) and the new location (March).
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CONCLUSIONS
In summary, this paper presents an important step to develop a holistic assessment method to quantify the ecosystem services of wetlands. 

Up until now the quantification of nature reserves, wetlands and specific ecosystems was reduced to the monitoring of biodiversity and 

floodplain ecology. With the REWET project, additionally, the climatic effects and the potential of mitigating greenhouse gases by protecting 

and restoring wetlands will be shown. Furthermore, the paper gives advice on how to set up an EC system in a floodplain area and shows 

the challenges of EC measurements in an ecosystem like the Morava floodplain nature reserve. The described set up of the EC system in 

the floodplain area will be used to measure the carbon balance in the following years and give a detailed insight of the restoration effects 

of wetlands in terms of carbon sinks.
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