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Abstract  

The aim of this study is to present the preliminary results of turbulent sensible heat flux (QH) 
measurements by scintillometer (Scintec BLS900) conducted from September 2009 to May 
2012 in Łódź, Central Poland. The obtained results were compared with eddy covariance 
(EC) data from the corresponding period. Moreover, the seasonal course of QH in Łódź is 
presented.  
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1. Introduction  
 
The turbulent sensible heat flux (QH) plays an 
important role in surface energy balance in urban 
areas. Due to large complexity of the urban 
surfaces point measurements like those 
conducted by the most reliable method – eddy 
covariance (EC) are representative only for 
relatively small areas in comparison to i.e. the 
resolution of the numerical weather prediction 
models. Scintillometry provides an opportunity to 
obtain the QH averaged at a scale of a few 
kilometers. This method has been successfully 
applied in the rural areas (e.g. Meijninger et al. 
2006), on the contrary only few measurements 
over urban areas have been reported. The 
heterogeneity of the surface is a great challenge 
in application of such measurements for urban 
boundary layer. Short aperture scintillometers 
(SAS) were used in Tokyo, Japan (Kanda et al. 
2002) and in Basel, Switzerland (Roth et al. 
2006). The large aperture scintillometers (LAS) 
were deployed in Marseille during the 
ESCOMPTE experiment (Lagouarde et al. 2006). 
The purpose of this paper is to present the 
preliminary results of sensible heat flux 
measurement with scintillometer Scintec BLS900 
(hereinafter BLS) conducted in period from 
September 2009 to May 2012 (due to some 
technical issues the measurements were not 
conducted in the period from February to June 
2010 and from December 2010 to April 2011) 
Moreover, the comparison of the BLS data with 
EC measurements is presented. 
 
 

2. Study area and location of 
measurements sites 
 
Łódź (51°47’N, 19°28’E) is a city located in 
Central Poland.  With population of approximately 
740,000 it is the third largest city in Poland. The 
old city centre is occupied with 15-20 m height 
building built mainly in 19

th
 century. Surrounding 

of this part of Łódź consist mainly of districts of 

blocks of flats and industrial areas. Farther from 
the city centre the residential areas could be 
found. The diversity of the elevation in the city 
boundaries is relatively low as the highest part of 
Łódź is elevated up to 278 m a.s.l. while the 
lowest to 162 m a.s.l.   
The eddy covariance measurements have started 
in Łódź in 2000 (Offerle et al. 2006) and were 
conducted up to August 2003. Measurements at 
this time were conducted i.a. on Lipowa 81 Str 
(site 1 on figure 1). In 2005 the EC system was 
mounted at Narutowicza 88 Str – site 3 (Fig 1.) as 
well. In July 2006 the new EC system was 
deployed at the Lipowa and until then both sites 
work simultaneously.  
At the Lipowa (51°45’45’’N, 19°26’43’’E, 204 m 
a.s.l.) the sonic anemometer (RMYoung 81000) 
and gas analyzer (Li-7500) are mounted at the 20 
m mast placed on the roof of 17 m height building 
(measurement height zm in that case is zm=37 m).  
 

 

 
 

Fig 1. Location of measurements sites in Łódź. 
1 – BLS900 transmitter, EC system (Lipowa), 2 – 

BLS900 receiver, 3 – EC system (Narutowicza). Solid 
line indicates the BLS900 optical path, dashed lines 

indicates the area for which the mean building height for 
BLS900 path was estimated. Aerial photograph source: 

www.geoportal.gov.pl 
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The average building height zH in the surrounding 
area equals 11 m. The displacement height zd 
estimated as zd=0.7zH (Grimmond and Oke 1999) 
is 7.7 m, while roughness length z0=0.1zH equals 
1.1 m. 
The Narutowicza site (51°46’25’’N, 19°28’50’’E, 
221 m a.s.l.) is equiped with RMYoung 81000 
sonic anemometer and KH20 krypton hygrometer 
mounted 42 m above ground (17 m building 
height and 25 m mast height). As the average 
buildings height in the surrounding area is 16 m 
zd is 11.2 m, and z0 1.6 m. Moreover at both sites 
with the EC systems all radiation balance 
components are measured by the CNR 1 
(Kipp&Zonen). 
The transmitter of BLS is mounted at the same 
mast as the first abovementioned EC system at a 
height of about 31 m. The receiver is deployed at 
the roof of the 36 m height building (51°46’32’’N, 
19°29’07’’E, 227 m a.s.l.). The BLS measurement 
path is located above most densely built-up area 
in Łódź. The effective measurement height for the 
free convective assumption (FREE) is 34.10 m, 
while for mix convection (MIX) is 34.37 m, 
estimated as weighted average by BLS weighing 
function (Fig 2.) (see Hartogensis et al. 2003). 
The average displacement height along 
measurement path is 11.54 m.  
 

 
 

Fig 2. BLS900 measurement path. Building height 
estimated as a weighted (by area of building) average.  

 
 

3. Data proceedings 
Cn

2
 in 1 minute intervals measured by BLS was 

used for CT
2
 computation, as well as mean air 

temperature, mean air pressure, and mean 
Bowen ratio from two EC systems. Bowen 
correction (Wesely 1976) for CT

2
 was not 

performed until absolute value of Bowen ratio had 
not exceed 0.04 and for free convection 
assumption.  
The QH from scintillometer was computed with 
two approaches. The first assuming free 
convection (hereinafter FREE) and the second 
assuming mix convection (MIX). In case of the 
latter approach the iterative procedure is 
necessary. In that process Monin-Obuchov 
similarity theory (MOST) has to be applied in. In 
that study the function proposed by Wyngaard et 
al. (1971) and altered by Andreas (1988) to 
reflect the 0.4 value of Von Karman’s constant 
have been used. Temperature scale (T*) is 
derived from CT

2
 and MOST functions, friction 

velocity (u*) could be measured by EC system or 

could be estimated from logarithmic wind profile. 
In case of the latter method of the u* calculation 
for unstable conditions the universal function 
presented by Paulson (1970) has been applied, 
while for stable conditions function in the form 
presented by Beljaars and Holtstag (1991) has 
been chosen. Moreover the Obuchov length (LOB) 
has to be inferred in iterative process. Having all 
of this parameter one can estimate the QH from 
BLS measurements. As the BLS measurements 
allow to obtain the absolute flux value, its 
direction was determined by the sign of mean QH 
from EC systems. 
Two iterative algorithms have been tested. First 
using the friction velocity from EC measurements, 
and the second with friction velocity solved 
iteratively. The comparison of QH computed with 
both of them is presented in figure 3. The QH 
values based on u* from the EC in general are 
slightly higher, nevertheless the agreement is 
very high. Mean seasonal course of the QH from 
the BLS and its comparison with the EC  
presented in further parts of this study is based 
on the latter algorithm.  
Stationarity of the corrected QH from the EC was 
checked with tests presented by Foken and 
Wichura  (1996), Mahrt (1998), and based on 
Dutaur et al. (1999) and Affre et al. (2000). Data 
were not excluded if one of those tests indicated 
the stationary of data averaged in 1 hour interval.    
BLS as well as EC derived QH values were 
averaged in 1 hour intervals. From further 
analyses the BLS and the EC data were 
excluded: 1. if the EC data at least one site were 
not stationary, 2. If the lack of data appeared in 
case of any measurements type, 3. when 
precipitation occurred. Such approach results in 
significant reduction of data taken into analyzes, 
on the other hand, only the most reliable data are 
taken into account and mean QH values obtained 
from the EC and the BLS are comparable.   
 

 

 

Fig 3. QH from BLS with fixed value of u* (from EC) for 
each iterative step against QH calculated with u* solved 

iteratively.  
 
 

4. Results 
 
4.1 Comparison of Eddy Covariance and 
Scintillometer derived Sensible Heat Flux 

The BLS measurements seems to be in a good 
agreement with the EC data. However, the BLS 
data is better fitted to data from Narutowicza than 
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Lipowa (Fig. 4). Nevertheless, QH from the BLS 
measurements in general is slightly 
overestimated. In case of Narutowicza it is mainly 
seen in the QH range from 0 to about 150 W·m

-2
. 

Taking into account maximal QH the EC 
covariance gives higher sensible heat flux than 
the BLS data. This is even more clearly visible at 
the Lipowa as the maximum QH values measured 
by EC are significantly higher than those obtained 
from BLS. That situation could result from 
different footprints. Lipowa is located in the old 
town, where roofs are mainly covered with tar, 
and the artificial surfaces predominate, whereas 
surface beneath BLS path is more 
heterogeneous. While stable conditions (z/LOB) 
prevail both methods gives very similar results, 
however, there are some cases when QH from 
BLS is positive and significantly higher than EC 
data. This mainly results from the averaging in 1 
hour intervals, as during the transitional period 
from stable to unstable conditions or the other 
way round, the BLS gives relatively high QH 
values while QH from EC is close to 0 W·m

-2
. 

 

 
 

Fig 4. Sensible heat flux from BLS plotted against 
sensible heat flux from Lipowa (site 1) – left plot, and 

Narutowicza (site 2) – right plot.  
 

 
The analysis of the Mean Bias Error (MBE), 
Mean Absolute Error (MAE) or Root Mean 
Square Error (RMSE) computed between the 
BLS (MIX and FREE approach) and data from 
both EC systems shows that the greatest 
discrepancies occur during the daytime (Fig. 5). 
In general, QH from the BLS computed with MIX 
is overestimated in comparison to the EC data, 
while QH obtained with 
FREE is underestimated. During the night the 
data from MIX is in close relation with the QH 

measured at Lipowa. However, during the day 
smaller differences are noted in case of 
Narutowicza EC system. Mean bias around the 
noon is even close to 0 W·m

-2
. 

In figure 6 the QH computed with two MIX 
algorithms is compared with FREE approach. 
What is meaningful, the algorithm analyzed in 
that study (with u* solved iteratively) results in the 
QH that for very unstable (z/LOB<-1) conditions 
converges with FREE. Furthermore, in case of 
the unstable and near-neutral conditions the 
discrepancies between MIX and FREE increase 
significantly. The MIX algorithm with u* from the 
EC measurements gives QH values that converge 
to FREE for very unstable conditions, but the 
systematic bias from 1:1 line is present for QH 
higher than 150 W·m

-2
.  

 
 

 
 

Fig 6. Comparison of sensible heat flux from BLS 
computed with free convection assumption (QHfree) and 

iteratively (QHBLS).QHBLS obtained with u* solved 
iteratively (left) and QHBLS with u* from EC systems 

(right). 
 

   
4.2 Seasonal Course of Sensible Heat Flux in 
Łódź 

During winter (Fig 7.) the mean QH values do not 
exceed 100 W·m

-2
, however, there are some 

cases when QH is larger. During the night the QH 
obtained with the EC at Narutowicza is generally 
negative, what is not consistent with the BLS 
(MIX approach) and EC data from Lipowa. 
Despite that fact the QH from the BLS distinctly 
follows that from EC. Nevertheless, one must be 
remembered that during winter in cities visibility is 
significantly reduced, what could prevent the BLS 
measurements and in turn the amount of valid 
data is reduced as well.  
In spring mean QH reaches up to 190 W·m

-2
 at 

noon, however, at Lipowa and in case of the BLS 
data it is slightly lower (fig 7.). Worth mentioning 
is the fact that from 8 a.m. to 17 p.m. QH from the 
BLS is at the same magnitude as QH from 
Narutowicza. Discrepancies arises from 5 a.m. to 
8 a.m. and from 17 p.m. to 20 p.m. when the heat 
flux from scinitillometer is higher.   
The greatest differences between the EC and 
BLS data could be seen in summer (Fig 7.). At 
noon the QH from the BLS is few W·m

-2
 higher 

than QH obtained with EC. In general during the 
daytime QH measured with the BLS is larger. 
Similar situation exists in case of autumn, but the 
differences are not so distinctly pronounced.  
Worth to mention is that QH computed with FREE 
is underestimated mainly around the noon and 
during the night.  
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Fig 5. Mean Bias Error (MBE), Root Mean Square 
Error (MSE), Mean Absolute Error (MAE) between BLS 

and EC data (on left with MIX on right with FREE) 
 at a) Lipowa b) Narutowicza 

 

0 6 12 18 24

TIME (UTC+1)

0

20

40

60

80

W
·m

2

RMSE MAE MBE

0 6 12 18 24

TIME (UTC+1)

-40

0

40

80

W
·m

2

RMSE MAE MBE

0 6 12 18 24

TIME (UTC+1)

0

20

40

60

80

W
·m

2

RMSE MAE MBE

0 6 12 18 24

TIME (UTC+1)

-40

0

40

80

W
·m

2

RMSE MAE MBE



ICUC8 – 8
th
 International Conference on Urban Climates, 6

th
-10

th
 August, 2012, UCD, Dublin Ireland. 

  

 
 

Fig 7. Seasonal course of turbulent sensible heat flux from BLS (MIX and FREE) and EC systems at Lipowa and 
Narutowicza. Dashed lines – MIX +/- standard deviation.  

 

 
5. Conclusions 
 
The presented preliminary results of turbulent 
sensible heat flux measurements with the 
scintillometer indicates a good agreement with 
eddy covariance ones.  
Finally, this study has shown that scintillometry 
could be an accurate way of the sensible heat 
flux estimation at a scale of few kilometers in 
urban boundary layer.     
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