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1. Introduction
The modern mesoscale meteorological models deal with 
resolution less than a few kilometers. In a consequence the 
urbanized areas should be included in the models as a 
specific surface cover. The parameterizations especially 
developed for the urban areas are needed to fulfill these 
expectations. For these reasons a good measurement data are 
necessary to verify possible parameterizations. The 
measurements of the energy balance components in Łódź, 
included turbulent fluxes estimated with eddy covariance 
method, belongs to the longest on the urbanized areas. The 
aim of this work is to present a climatological 
characterization the energy balance components based on 
the more than 10 years time series.        

2. Sites characteristics, instrumentation and
methodology

Regarding the population (750 000) Łódź is the third city in 
Poland. It is localized on the relatively flat area, on big 
European lowlands, with no large water reservoirs in the 
nearest neighborhood. The city arrangement is also very 
clear with a well defined roof level. Because of these Łódź 
is a favorable place for studies on urban climate. The 
measurements of full energy balance components, with eddy 
covariance technique for estimation of sensible and latent 
turbulent heat flux started in Łódź in November 2000 under 
cooperation between Łódź University and Indiana 
University (Sue Grimmond and Braian Offerle). The site 
was located in the west core of the old town at the 
University building at Lipowa 81 str. (Fig. 1). The 
measurements height was 37 m which was about 25 m 
above mean roof level (Fig. 2), so it gave hope that 
measurements were made in the constant flux layer just 
above the blending height. The wind speed components 
were measured with the aid of sonic anemometer (ATI) and 
the fluctuation of the water vapor concentration with KH20 
krypton hygrometer. The measurements frequency was set 
as 10Hz. The turbulent fluxes was estimated for the one hour 
period with simple box averaging. All typical procedures 
was used for data corrections and analysis. Radiation 
balance components were measured with CNR1 net 
radiometer and other slow respond data was measured 
simultaneously to get meteorological a background. This 
experiment ended in 2003. The next system was set is the 
same place in the year 2006. The new system was very 
similar, but wind components were measured in RMYoung 
81000 and Li7500 was used for measurements of H2O and 
CO2 components. This system is still working. In the year 
2005 the other tower was set at Narutowicza 88 str. The site 
is located about 2.7 km east from the first site. The 
measurement height is 42 m a.g.l. withch is again about 
25 m above the roof level. The system is equipped with 
RMYoung 81000 and KH20 for fast respond signals and 
CN1 for radiation balance. The data processing is the same 
as at the firs site.   

Figure 1. Location of the measurements sites in Łódź. 

Figure 2. The measurements towers in Łódź. 

3. Results
The results of measurements of sensible and latent heat as 
well as carbon dioxide fluxes registered at Lipowa street 
in the period 2006 – 2012 are presented at Figure 3. 
Annual variability of energy and mass fluxes observed in 
the center of Łódź, are similar to the reported in other mid-
latitude cities. The QH and QE fluxes have a consistent 
rhythm with variability of temperature and radiation 
balance. The highest observed values of sensible heat flux 
values reach more than 400 W m-2 in summertime, while 
during cold season these values are lower, of the order of 
100 W m-2. Latent heat flux reaches significantly lower 
values with maximum ~200 W m-2 in warm season. Such 
low values are due to limited ability of urban surface to 
evaporation, because of low amount of green areas and 
rainfall water drainage to the city sewage system. Carbon 
dioxide flux annual variability can be characterized as 
opposite to annual rhythm of air temperature. Maximal 
values of this flux (~40-60 µmolm-2s-1) occur during 
wintertime due to intensive release of anthropogenic 
carbon dioxide related to fossil fuel combustion (car 
traffic, house heating, etc.). In summertime FCO2 values 
are significantly lower (~10 µmolm-2s-1), firstly because of 
anthropogenic carbon dioxide release reduction, and 
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secondly, due to carbon dioxide uptake by plants. Results of 
FCO2 measurements show that Łódź center is a source of 
carbon dioxide all year long. 
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Figure 3. Example of the long term measurements of the energy balance components and CO2 flux at Lipowa 81 site in Łódź. 
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