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Abstract 
The aim of this study is to present the preliminary results of simultaneous measurements of 
carbon dioxide net flux carried out above urban and agricultural. The measurements were 
conducted during cold season in the period November 2011 – April 2012 in Łódź centre and 
field in village Annosław. The obtained results confirm dependence between land use and 
intensity of carbon dioxide exchange.  
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1. Introduction  
Carbon dioxide environmental cycle has a crucial 
meaning for, both, biomass growth and global 
climate change. Investigations carried out from 
many years are proving that one of the most 
important factor which determines intensity of 
carbon dioxide exchange is land use (Velasco 
and Roth, 2010). During last 20 years 
investigations were intensified, mostly because of 
the high precision sensors occurrence. It enabled 
application of very accurate eddy covariance 
method appropriate for measurements of 
turbulent fluxes of mass and energy. Thanks to 
that, characteristics of energy and mass 
exchange between atmosphere and natural 
(forest, wetlands) or agricultural surfaces (fields, 
orchards,  meadows, pastures) where biological 
processes like photosynthesis and respiration 
determine intensity and direction of fluxes, are 
known in a meaningful degree (Ham and Knapp, 
1998; Baldocchi et al., 2001; Baker and Griffith, 
2005; Skinner, 2007). Such knowledge about 
exchange process within the urban areas is a lot 
of poorer, although the cities, especially their 
centers are large net CO2 sources because of 
domination of anthropogenic emission of this gas.  
Such situation comes from methodological 
disadvantages, because measurements above 
urban terrain should be conducted on high level, 
at least 2 times higher than urban canopy layer.   
In consequence, carbon dioxide exchange 
measurements on urban areas are still unique 
and presently there are only about 20 urban sites 
all over the world which are operational 
(Grimmond et al., 2002; Nemitz et al., 2002; 
Moriwaki and Kanda, 2004; Vogt et al., 2006; 
Vesala et al., 2008; Velasco and Roth, 2010; 
Pawlak et al., 2011). Comparative measurements 
conducted simultaneously above two or more 
different surfaces are also very rare (Coutts et al., 
2007; Bergeron and Strachan, 2011). Such way 
of measurements conduction gives information 

about another factor influencing turbulent 
exchange of mass and energy intensity that is 
weather conditions (air and ground temperature, 
solar radiation, photosyntheticaly active radiation  
PAR, atmospheric stability, wind speed, etc.). 
There are only a few published papers describing 
real differences between CO2 flux registered 
above urban and suburban/rural areas (Coutts et 
al., 2007; Vesala, et al. 2008; Bergeron and 
Strachan, 2011). Measurements of fluxes from 
different surfaces has been carried out by the 
research group in Department of Meteorology 
and Climatology in central Poland (Pawlak et al., 
2005, 2007, 2011), but continuous, simultaneous, 
comparative measurements of turbulent fluxes on 
urban and rural sites began in November 2011. 
The aim of this work is preliminary comparison of 
simultaneous CO2 flux measurement obtained 
during 2011-2012 cold season (15th of November 
to 30th of April). 
 
2. Study Area, Measurement Sites 
Location, Instrumentation and Data 
Processing  
2.1 Study Area and Sites location  
The measurements of turbulent net exchange of 
carbon dioxide were conducted at two sites. The 
first one is located in the west part of Łódź center 
(fig. 1, bottom). This site provides information 
about turbulent exchange of energy and water 
vapor since 2000 (Offerle, 2003; Fortuniak, 2010) 
and about carbon dioxide exchange since July 
2006 (Pawlak, et al. 2011). The surroundings of 
measurement point is dominated by artificial 
surfaces – fraction of dense building development 
has been evaluated as ~60% (Kłysik, 1998,  
tab. 1). Building heights are similar, there are no 
building two or more times higher that urban 
canopy layer. Plants are interspersed within the 
urban canyons and trees, mostly deciduous, 
which are not as high as buildings, cover only 
~10% of this part of city center. (Kłysik, 1998).  
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Table 1: Basic characteristics of measurement sites: 
measurements height (zH), roughness length (z0), mean 
building/plants height (zc), displacement height (zd) and 

fraction of artificial surfaces. 
  

 Urban  Rural  
zH (m) 37 3.1 
z0 (m) 2.5 0.04 
zc (m) 10.2 0.05 
zd (m) 7.7 0.035 
Art. surf (%) ~60 ~1 

 
The second measurement point is located in 
village Annosław, 60 km to the east from Łódź. 
The fraction of artificial surfaces is negligible and 
has been evaluated as less than 1% (three 
houses located 400 m from measurement tripod). 
Investigated area is a typical for central Poland 
agricultural terrain, with a lot of very small fields 
(fig. 1, upper). In this case, on the fields located 
in the surroundings (within the distance of 1000 
m) different plants, like potatoes, raspberries, 
strawberries, mixture of grain, broad bean and 
fruit trees are cultivated.  
 

 
 

Fig. 1. Aerial photos of FCO2 measurement sites on 
rural (Annosław - upper) and urban (Łódź centre - 
bottom) areas.Solid white lines surrounding the 

measurement points indicate source areas at p = 25, 
50, 75 and 90% probability level calculated for turbulent 

fluxes measured at 10 am - 2 00 pm for unstable 
stratification (all available data in the period November 

2011 to April 2012).Black dotted lines indicate 250, 500, 
7500 and 1000 m distances from sites. Photo source: 

Municipal Centre of Geodesics and Cartographic 
Documentation of Łódź. 

 
2.2 Instrumentation 
Both sites were equipped with similar 
measurement sets. Sonic anemometers 
RMYoung 81000 (RMYoung, USA) has been 
sampling vertical wind speed fluctuations. 
CO2/H2O infrared gas analyzers manufactured by 
Li-cor, USA (urban site - Li7500, rural site - 
Li7500A) has been applied to registering carbon 
dioxide density fluctuation. Sampling frequency in 
both cases was 10 Hz. Moreover, with 5 minute 

time step, shortwave and longwave radiation 
balance components and other meteorological 
data like temperature and humidity of air and 
ground, wind speed and direction, barometric 
pressure, precipitation, etc., has been registered 
by Campbell’s dataloggers (Campbell Scientific, 
USA).  
 
The measurements of turbulent fluxes , with the 
agreement of eddy covariance methodology, 
should be conducted above the roughness sub-
layer. Thus, instrument set on urban site has 
been mounted on the top of thin tower, 37 meters 
above the ground (three times higher than urban 
canopy layer). At rural site, sensor has been 
mounted on the tripod 3.1 meters above the field 
surface.  
 

 
 

Fig. 2. Measurement tower at urban site (Łódź centre) 
and tripod with sensors at rural site (Annosław) 

 
With application of Schmid model (Schmid, 1994; 
Fortuniak, 2010), mean source area has been 
estimated on both sites (for unstable condition). 
Diameter of source area at urban site was, in 
average, ~1000 m, while at rural one it was ~400-
500m (fig. 1). 
 
2.3 Measurement Method and Data 
Processing 
The measurements were conducted with the 
most accurate method that is eddy covariance 
method. The flux of mass, in this case carbon 
dioxide, was calculated directly from the 
definition: 
 

 
 
as a covariance of fluctuations of vertical wind 
speed w’ and carbon dioxide concentration in air 
ρCO2‘ (Lee et al., 2004; Fortuniak, 2010; Aubinet 
et al., 2012). Block data averaging period was 
assumed as 1 hour, and during calculation all 
appropriate corrections has been added, e.g. 
spikes detection, correction for sensors 
separation, double rotation of wind coordinates 
(Kaimal and Finnigan, 1994), WPL correction 
(Webb et al., 1980). Before final analysis all the 
data registered during precipitation, condensation 
or frost occurrence on sensors has been 
removed. Also data which didn’t fulfil stationarity 
assumption has been rejected. Evaluation of data 
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stationarity has been carried out with the help of 
three different tests and the data has been 
rejected when all three test suggested non-
stationarity ( Fortuniak, 2010). Amount of good 
data on urban site was 59% and 63% on rural 
one. Main reason of data rejection was winter 
conditions with ice deposition on sensors heads 
which caused registration of data with unrealistic 
values.  
 
3. Results and Discussion 
The FCO2 measurements conducted in central 
Poland during cold season 2011-12, as it was 
expected, show large differences in intensity of 
carbon dioxide exchange between urban and 
agricultural surfaces and atmosphere. First of all 
it is observed in case of mean diurnal  courses of 
flux calculated for whole analysis period (fig. 3). 
On agricultural area (fig. 3, left), mean flux has 
been oscillated near 0. Nightime flux was positive 
(of the order of 0.5 µmol·m-2·s-1), which came 
from respiration of plants and soil. During the day 
mean flux values were slightly negative (up to  
-0.6 µmol·m-2·s-1), which was mainly caused by 
relatively warm episodes with appropriate air 
temperature and PAR enabled CO2 uptake by 
plants (e.g. November, February and March).  
 

 
 

Fig. 3. Mean diurnal courses of carbon dioxide flux in 
the period November 2011 - April 2012 at urban (Łódź 

centre) and rural (Annosław) areas. 
 
During the same period of time, within the Łódź 
centre mean turbulent net exchange of CO2 was 
positive during day and night and many times 
more intensive (fig. 3, right). Insignificant 
participation of biological processes in fluxes 
variability and strong emission of anthropogenic 
CO2 related to mineral fuel combustion, gave an 
mean FCO2 flux reaching 12-13 µmol·m-2·s-1.  
 
CO2 exchange intensity disproportion is also seen 
in monthly values of FCO2. On agricultural area 
(fig. 4, upper) exchange is very small, and 
reaching values from about -30 to almost  
40 g·m-2·month-1. The city centre, during cold 
season 2011-12 (fig. 4, bottom) was a strong 
source of carbon dioxide. FCO2 registered in 
December was ~20 times greater than at rural 
site. In March, in comparison with the smallest 
exchange at rural site, Łódź center emitted 350 
times greater amount of carbon dioxide.  
 
 

 
 

 
 

Fig. 4. Monthly carbon dioxide fluxes in the period 
November 2011 - April 2012 at rural site ( upper) and 

urban site (bottom). 
 
 

 
 

 
 

Fig. 5. Cumulative carbon dioxide flux in the period 
November 2011 - April 2012 at rural site (upper) and 

urban site (bottom). 
 
Cumulative FCO2 flux for whole period of the 
analysis shows that during cold season, between 
November 2011 and April 2012, agricultural area 
was a net source of carbon dioxide (fig. 5, upper) 
and emitted ~80 g·m-2. Cold season cumulative 
emission from the city centre (fig. 5, bottom) 
amounted 4900 g·m-2, so it was about 60 times 
greater. 
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5. Conclusion 
Presented results show how big source of carbon 
dioxide is densely built city center. The contrast 
between urban site and agricultural terrain is very 
strong during cold season, when slight influence 
of biological processes limit CO2 exchange to 
minimum on rural area. The city, where the 
beginning of cold season is also the begging of 
heating season, emits many times larger amount 
of CO2 to the atmosphere.  
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