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1. Introduction
An accurate estimation of net ecosystem exchange of main 
greenhouse gasses (H2O,CO2, CH4) for Eastern European 
wetlands is extremely important in for understanding of their 
role in the global climate system. The problem is vitally 
important in light of increase of global warming. Modern 
measurement techniques, like eddy covariance method (EC), 
allow for direct estimation of the net surface-atmosphere 
exchange. A lack of commercially available fast respond 
sensors as well as low possibilities in data storing and 
processing limited extensive applicability of the EC method 
in environmental studies for a long time. The rapid grow of 
the EC network observed in last two decades, originally 
focused on measurements energy balance components, next 
on additional estimation of the CO2 flux, and finally on the 
CH4 flux in the last years. Regular EC flux measurements in 
Poland are limited to a few sites only. A surface energy 
balance measurements at urban area are conducted in Łódź, 
central Poland, since November 2000. A complex 
measurement station (including EC flux measurements of 
H2O and CO2) was established in 2003 in the peatland in 
Rzecin (Western Poland) and a few years later in 2008 a 
tower for measurements over the pine forest was built in 
Tuczno. An agricultural station (EC measurements of H2O 
and CO2) operates in Annosław since 2011. 

The aim of this work is to present preliminary results from a 
new station set in November 2012 at wetland of Biebrza 
National Park in north-eastern Poland. 

2. Site location, instrumentation and data
processing

Biebrza National Park is a biggest national park in Poland 
established to protect unique environment of wetland in 
north-eastern Poland. It covers the biggest marshes in 
Eastern Poland. Total area of the Park is about 592 km2 of 
which marshes cover almost 255 km2. Rest is covered by 
fields and meadows (182 km2) and forests (155 km2). For 
some years the natural area around Biebrza river suffer for 
partially draining due to irrigation systems. Recently there 
are some afford to re-cultivate original water system. For 
that reason biological and chemical processes at the area can 
differ from other wetlands. The problem is typical for a large 
part of western Poland where irrigation made a few decades 
ago altered natural ecosystem. 

The measurement point is located at the periphery of the 
famous marshland called “Czerwone Bagno” near to the 
village Kopytkowo  (53o35'20"N, 22o53'31"E). The system 
is built up on very characteristic land cover in the Park – the 
wetland covered by sedge and narrow small reed. The fetch 
is very homogenous in all direction except south sector 
where a 3 separate buildings are located in distance about 
500m.  

The eddy covariance system is equipped in a sonic 
anemometer (81000, RMYoung, USA) and two gas 
analyzers: Li7500 for fast measurements of H2O and CO2 

and Li7700 for CH4 (Li-cor, USA). The measurement 
frequency of EC system is set as 10Hz. The system is 
completed by slow response measurements include: two 
temperature and humidity probes (HMP60, Vaisala, 
Finland), atmospheric pressure sensor, cup anemometer 
and wind wane, rain gauge, net radiometer (CNR1, 
Kipp&Zonen, Netherlands – independent measurements of 
downward and upward shorwave and longwave radiation), 
two PAR sensor faced up and down, ground heat flux 
plates, and volumetric water content sensor. The system is 
governed by CR5000 datalogger (Campbell Scientific, 
USA). Data are stored in 15min files at the PC computer 
connected to the logger. 

Figure 1.  Measurement site in Biebrza National Park, north-
east of Poland. 

The middle of path of the eddy covariance system is on 
the height 3.5m above the ground. The wind sensors are 
about 20-30cm lower. Net radiometer and PAR sensors 
are mounted at the height 3m above the ground on the 
horizontal arm in a distance of 3m from fast respond 
sensors. All electronics is in the box 1.5m below the 
horizontal arm (Fig. 1).  

Data processing is standard for eddy covariance system. 
Preprocessing include checking of the consistency limits 
and spike detection. The covariance from the time shift 
+/- 2s was maximized to determine time shift between 
series used in further calculations. The fluxes are 
calculated in natural wind coordinate system with double 
rotation (Kaimal and Finnigan, 1994). The sonic 
temperature is corrected for humidity and the WPL (Webb 
et al. 1980) correction for mass imbalance is applied to the 
data. As both high frequency truncate due to sensors 
limitation and low frequency losses due to short averaging 
period can decrease results the correction for spectral 
losses is included. We use this correction together with 
other corrections by analytical solution of equations set by 
the method proposed by Horst (2003).  

The stationarity condition is checked by using three tests: 
the test proposed by Foken and Wichura (1996) with a 
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critical value of RNFW = 0.3; the non-stationarity ratio, NR, 
given by Mahrt (1998) with a critical value of NR = 2; and 
the relative covariance stationarity criterion introduced by 
Dutaur et al. (1999) with a critical value of the relative 
covariance stationarity coefficient, RCS = 0.5. 
 

 

Figure 2.  Average daily variation of the energy balance 
components, fluxes of CO2 and CH4 in the period December 2012 
– January 2013. 

 
3. Results 
As the system was installed in November 2012 only the 
preliminary results are already available. Moreover, a high 
frequency of the rains/snows significantly reduce a number 
of available data. Figure 2 presents the average diurnal 
course of energy balance components (in W·m-2) and the net 
fluxes of the CO2 and CH4 for the two months winter period 
December 2012 – January 2013. The mainly cloudy weather 
resulted in almost equal longwave radiation fluxes on the 
level of 280 – 300 W·m-2, unvarying all over the day. 
Average downward shortwave radiation reached 120 W·m-2 
in the noon. Large part of this energy was reflected  because 
of considerable snow cover. As the result the total monthly 
radiation energy balance was negative, on the level of  

-0.36 MJ·m-2. A sensible heat flux is positive (upward) in 
the noon hour only, whereas latent heat flux is positive 
over all 24h, but its values are on the very low level, 
comparable to the measurements accuracy. Even if 
vegetation is strongly reduced during winter period, the 
net ecosystem exchange (NEE) of CO2 is clearly negative 
in the noon hours (area is a sink of CO2). The mean 
uptake of CO2 is on the level of 0.26 g·m-2 per month. In 
the contrast, the ecosystem is a continuous source of CH4 
on the level of 9 mg·m-2 per month with maximal values 
of NEE in noon hours. 
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