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1 INTRODUCTION 
 
The characteristic feature of urban climate is radiation relations, diametrically opposed to rural areas. 
First of all, the differences concern lower amount of incident solar radiation, which, in consequence, 
generate different character of daily variability of total solar radiation in the city. The main cause of this 
effect is an active surface character: flat in rural areas (in the most cases) and geometrically and 
physically complicated in the city. 
 
The aim of this paper is, firstly, present of total solar radiation measurements results carried out  
in spring 2002 in urban canyons, with comparison in measurements carried out at the roof of 
Departments building in Lipowa Street (upper level of urban canopy layer). Secondly, this work 
includes results of numerical models application to estimation of total solar radiation during the day for 
both flat reference surface and in urban canyon.  

 
2 METHODS 
 
2.1 MEASUREMENTS  
 
This paper shows results of total solar incoming radiation measurements, made in Lodz in May and 
June 2002 (Podstawczynska and Pawlak, 2003). During measurements two CM11 radiometers 
(Kipp&Zonen, Holland) were used. The first sensor, mounted on the Department’s building roof 18 m 
above the ground (Lipowa street, west part of center of the city), measured total solar radiation on the 
upper part of urban canopy layer and it was the point of reference (SVF = 0.993, fig. 1d). The second 
sensor, mounted 1.8 m above the ground, was a part of mobile measurements station, and measured 
incoming total solar radiation in three measurement sites in the city. Experiment was carry out in the 
city center, in two different urban canyons: north – south oriented (21.05 and 04.06.2002, Piotrkowska 
street, fig. 1a and 1b) and east – west oriented (05.06.2002, Wieckowskiego street, fig. 1c). Because 
of street traffic the measurement sites were located near the canyon walls (not in the middle of street): 
21 of May – canyon NS, sensor mounted 3 meters from east wall (fig. 1a), 4 of June – canyon NS 
sensor mounted 3 meters from west wall (fig. 1b) and 5 of June – canyon EW, sensor mounted  
3 meters from the north wall (fig. 1c).  

 

a) 

 

b)

 
 Canyon NS (east side) SVF = 0.432; H/W = 1.1  Canyon NS (west side) SVF = 0.424; H/W = 1.1 

c) 

 

d)

 
 Canyon EW (north side) SVF = 0.368; H/W = 1.5  Lipowa Meteo Station SVF = 0.993 

Fig.1. Measurements sites in the urban canyon NS (a, b), EW (c) and at Lipowa meteorological station 
(d) – fisheye photographs. 
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The canyon walls were made of concrete (painted gray and beige), and were covered with windows in 
40% on average. The canyon floor consisted of gray concrete and asphalt. Height to width relation 
(H/W ratio) was 1.1 (Piotrkowska street – canyon NS) and 1.5 (Wieckowskiego street – canyon EW). 
There was no rain during measurements, weather was cloudless until noon, when convective clouds 
occurred. 
 
2.2  NUMERICAL MODELS – THEORETICAL BACKGROUND 
 
Solar radiation is the main energy source in urban canyon and the measurements of radiation 
variability are particularly important. Observations carried out in city center caused a lot of problems, 
both technical and logistic, therefore numerical models describing variation of total solar radiation and 
albedo in urban structures appeared for a about twenty years (Aida and Gotoh, 1982; Sievers and 
Zdunkowski; 1985; Masson, 2000; Montavez, 2000; Kondo et al., 2001; Sailor and Fan, 2002). In this 
work, authors used two different numerical algorithms which takes into account multiple isotropic 
reflection both direct and diffuse radiation in the canyon. Moreover, models consider infinite length of 
canyon and partition of walls and street for a finite number of segments. These models are used to 
calculating radiative properties of urban canyon (effective albedo, total, direct and diffuse solar 
radiation). Both models were tested on Aida’s effective albedo data (Aida, 1982) and data collected 
during effective albedo of physical model of the city measurement experiment performed in 2002 and 
2003 (Pawlak and Fortuniak, 2003b). Models input data are: Sun height, Sun azimuth (changing 
during the day), intensity of direct and diffuse radiation on an horizontal surface, height and width and 
azimuth of canyon, walls and street albedo.  
 
First algorithm – RAC model (Radiation in Canyon) is an analytical solution of multiple reflection 
problem (described in Fortuniak, 2002). 
 
Second algorithm – MC model (Monte Carlo simulation) uses “photon tracking method” and it is 
modified model which estimated effective albedo of urban canyon (decribed in Pawlak and Fortuniak 
2003a).  
 
3 RESULTS 
 
The variability of total solar radiation in urban canyon has different character in comparison with total 
radiation incidents on a flat surface (fig. 2). In case of horizontal surface the radiation intensity values 
depend only on Sun height. In case of urban canyon the measurements show important role of 
parameters and azimuth of canyon. H/W ratio in NS canyon was greater than 1 (1.1 - walls were 
higher than street width) and radiation intensity observed was lower than 100 W/m2 during almost 
whole day, while in the same period radiation in Lipowa Meteo Station was about 8 times greater.  
In that time canyon street was shaded and the source of solar energy was only multiple reflected 
diffuse radiation. Higher total radiation values was noted only when canyon’s bottom was illuminated 
by direct radiation about noon (the duration was about 3 hours), and total radiation values increased to 
about 800 W/m2 in that period (fig. 2a-d). 
 
Different situation took place in canyon EW oriented (fig. 2e and 2f), where low radiation values were 
observed only after sunrise and before sunset. In spite of higher H/W ratio value (1.5) direct radiation 
illuminate canyon street during almost whole day with momentary radiation decrease at noon (Sun 
was shielded by south wall of canyon). Moreover, daily course of total solar radiation is not the same 
for any part of canyon. In 21st of May , when sensor was placed in NS oriented canyon about 2 m from 
east wall, influence of direct solar radiation started about 11 am, but in 4th of June (sensor near west 
wall) started earlier, about 9 am.  
 
After measurements, an attempt of daily variability of solar radiation intensity in the urban canyons 
estimation was made, with use of algorithms described in section 2. Assumed that canyon street 
albedo equals 0.1, albedo of walls equals 0.3 (NS oriented canyon) and 0.4 (EW oriented canyon), 
and cloudless sky all day long. 
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Fig. 2. Daily courses of incoming total solar radiation on horizontal surface measured (I Lipowa Meteo 
Station) and calculated (Ipot) and in the urban canyon measured (I canyon) and modelled (ImRAC and 
ImMC) in Lodz during measurement days in May and June 2002. 
 
4 DISCUSSION 
  
Issues of total solar radiation measurements and estimation in the urban structures are undertaken 
from about twenty years. Problems with measurements causes that there is still not too many data 
series enable detailed analysis of this matter. Similar situation numerical concern solution of this 
problem. Limitation of computers caused, that models created twenty years ago didn’t concern 
multiple reflection (or limited to a few reflections) and in consequence didn’t describe this problem in 
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right way. Measurements made in Lodz confirmed dependence between the urban canyon parameters 
and the intensity of solar radiation observed in canyon. Presented algorithms created in connection 
with this data allow to analysis of this problem in selected day of the year, for a any canyon 
orientation. Disadvantage of this models is calculation limited to only one urban structure (the urban 
canyon), which characteristic only for city centers, not for suburbs.  
 
5 CONCLUSION 
 
Measurements results described in section 3 shows differences between the daily course of total solar 
radiation incident to horizontal surface and radiation observed in the urban canyon. With lack of direct 
radiation (when canyon walls cover the Sun), intensity of total solar radiation is a part of only about 10 
to 20% potential radiation. Moreover, the time of direct radiation influence in the canyon is dependent 
on H/W ratio and canyon azimuth. In analyzed cases NS oriented canyon received lower values of 
radiation intensity in comparison with EW oriented canyon. 
 
Application of models assumed infinite length of urban canyon, isotropic radiation scattering and 
division of walls and street for segments gives correct effects. Both RAC model (fig. 2a, 2c, 2e) and 
Monte Carlo simulation (fig. 2b, 2d, 2f) correctly calculated total solar radiation in case of horizontal 
surface and urban canyon. Models allow estimation of diffuse and direct solar radiation variability in 
any part of urban canyon.  
 
Funding for this research was provided by Polish Ministry of Science and Information Society 
Technologies (State Committee for Scientific Research) under grant 2P04E04228 and 2P04E04227. 
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