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1 INTRODUCTION 
 
Urban atmospheres differ from surrounding ones due to chemical and mechanical pollution. As a 
result, the incoming shortwave radiation at  roof level in a city is reduced in comparison to the rural 
area and the longwave downward radiation may be amplified by increased absorption of the polluted 
air. Information on the incoming radiation (longwave and shortwave) is required in many models 
calculating bioclimatical indices within the urban canopy. In the absence of measurements these input 
parameters must be estimated with the aid of simple or more advanced models. However, most of the 
parameterizations have been developed for the non-urban atmosphere. Parameterisation of net all-
wave radiation for Łódź was studied by Offerle at al. (2003). The main purpose of this work is to test a 
few simple parameterisations of incoming longwave and shortwave radiation in urban air conditions 
and to propose modifications for the city of Łódź.  
 
The data used in the evaluation were collected at a measurement point situated in the west core of the 
old centre of Łódź in the densely built up area (further details in Offerle at al. 2005). Radiation sensors 
were mounted of the roof of five storey (17m in height) University building. 
 
2 SHORTWAVE RADIATION 
 
Shortwave incoming radiation data used in this study come from measurements made in the period 
1997-2002. The pyranometer, located on the roof of University building, measured K↓ every 10 
minutes. The data were used to test seven simple parameterisations of global shortwave irradiance, 
mainly those studied by Badescu (1997) for non-urban areas. Five of them: DPP (Paltridge and 
Proctor 1976, Daneshyar 1978), KC (Kasten and Czeplak, 1980), H (Hourwitz 1945), BD (Berger 
1979) and ABCG (Adnot et al. 1979) belong to the very simple category of models which use only 
solar altitude as an input parameter. The other two, DSN (Davis at. al 1975) and MAC (Davis and 
McKay 1982), are more complicated. In the DSN model the total irradiance is calculated as the 
product of extraterrestrial solar insolation, the cosine of zenith angle and uses transmissivities for 
water vapour absorption, aerosol absorption, water vapour scattering, Rayleigh scattering and aerosol 
scattering. Similar processes are considered in the MAC model. In both these models precipitable 
water was taken as a climatological mean for a given day, unit air mass aerosol transmissivity was 
taken as k=0.91, and optical air mass was calculated from Kasten’s (1966) formula. For the fivee very 
simple models the parameters were fitted to get the best representation of the data (Table 1).  
 
Table 1. Five very simple parameterisations of K↓ [Wm–2] with parameters fitted to data from Łódź. 
(see text for information on these models). 
 

Model Equation 

DPP K↓ = 1519·[0.871-exp(-0.991·hs)]+(52·hs+49) 
KC K↓ = 1100.5·sin(hs)] – 62 
H K↓ = 1107·sin(hs) · exp(-0.638/sin(hs)) 
BD K↓ = 1350·0.747·sin(hs) 
ABCG K↓ = 1048·sin1.113(hs) 

 
The comparison of measured and modelled irradiance at noon over the course of the year (fig. 1) 
shows that in general simple models represent solar conditions for the city centre quite well. For 
cloudless conditions, these very simple parameterisations predict results  within the natural variability 
of K↓. However, the very simple models do not consider annual changes in atmospheric transparency 
and as a consequence they underestimate K↓ in the spring. The daily course of K↓ is also well 
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reproduced by the DSN and MAC models (fig.2). However, in general, the very simple models 
underestimate radiation in early morning and late evening and overestimate values at noon and in the 
afternoon hours.  

 

 
Fig. 1 Total solar irradiance and its parameterisation with different algorithms at noon for selected 
cloudless days for the period 1997-2002 in Łódź.DOY day of year. Details on models given in text 
above. 
 
 

 
Fig. 2 Comparison of measured daily course of K↓ for 10 July 1999 with outputs of different 
parameterisations. 
 
3 LONGWAVE RADIATION 
 
The analysis of the downward longwave radiation is based on the measurements made in Łódź in the 
period from November 2000 to August 2003. Components of the radiation balance were measured by 
a CNR1 radiometer (Kipp & Zonen) mounted on the top of the 20m mast located on the roof of the 
University building (total height 37m above ground level) (more details in Offerle et al., 2003). 
Additionally, air temperature and humidity were recorded at the same height and at screen level (in a 
typical meteorological screen situated in the small lawn in the front of the building). Data were stored 
every 15 min by dataloggers. 
 
To analyse clear sky longwave radiation, 104 days with fine weather were selected from the 
measurement period. For some of these days only a few cloudless hours were chosen. In total 8832 
15-min values of downward longwave radiation were used to evaluate a simple parameterisations of 
L↓ (Table 2).  
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Details on simple parameterizations used for L↓are presented in Table 2. With the original values of 
parameters, these models represent downward longwave radiation in Łódź poorly (fig. 3). The formula 
given by Ångström (1916) significantly underestimates L↓ at low values Generally,  values are 
underestimated also  by the Idso (1981), Idso and Jackson (1969) and Satterlund (1979) equations. 
The Brutsaert (1975) and Brunt (1932) relations overestimate measured L↓. The Swinbank (1963) 
parameterisation is characterised by a relatively small mean error but high dispersion of errors. The 
best agreements is observed for the most complex Prata (1996) equation, but even in this case it is 
possible to observe a tendency to underestimate low values of L↓ and overestimate high L↓.  
 
Accuracy can be improved by selective choice of parameters. In this work, parameters for the tested 
relations were fitted to minimize mean squared difference between measured and modelled L↓ (MSD): 
MSD=∑(L↓measurement – L↓model)2/n. Using water vapour pressure (eq.1 and 2) as an input parameter 
gives the best approximation. Formulae which use both water vapour pressure and temperature (eq. 5 
– 8) also work quite well. The worst results are given by parameterisations based on temperature only 
(eq. 3 – 4). One of the simplest and the oldest Ångström formula with the parameters set as in Table 3 
seems to be the most appropriate in Łódź, but other ones (eq. 6,2,8,5) work similarly well.    
 
Table 2. Simple parameterisations of L↓ [Wm–2] based on the measurements of temperature, T [K], 
and water vapour pressure, e [hPa] (with original values of parameters). 
 
No. Author Equation Parameters 

1 Ångström (1916) L↓ = [a – b · exp(–c·e)] σT4 a=0.82, b=0.25,c=2.162 
2 Brunt (1932) L↓ = (a + b · ec) σT4 a=0.604, b=0.048, c=0.5 
3 Swinbank (1963) L↓= 9.35 · 10–6 σT6 a=9.35·10–6

4 Idso&Jackson (1969) L↓ = [1 – a · expb · (273 – T)2}] σT4 a=0.261, b=–7.77 · 10–4

5 Brutsaert (1975) L↓ = a · (e/T)b σT4 a=1.24, b=1/7 
6 Satterlund (1979) L↓ = a· [1 – exp(–ebT)] σT4 a=1.08, b=4.96· 10–4

7 Idso (1981) L↓ = [a + b · e · exp(c/T)] σT4 a=0.7, b=5.95·10–5, c=1500 
8 Prata (1996) L↓ =[1 – (1 + ξ) · exp{–(a + b·ξ)c}] σT4,   

where ξ = d·(e/T) 
a=1.2, b=3.0, c=1/2, d=46.5

 
 
 

 

 
Fig. 3 Differences between measured and calculated L↓ as a function of measured L↓ for different 
simple parameterisations (see Table 2). 
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Table 3. Parameters of the simple L↓ estimation obtained by minimization of mean squared difference 
(MSD) between measured and modelled L↓ and MSD values for original and fitted parameters. 
 

Parameter Eq. 
no. a b c d 

MSD for fitted 
parameters 

MSD for original 
parameters 

1 0.860 0.2126 0.118  64.4 579.0 
2 0.494 0.165 0.256  65.7 223.1 
3 9.37·10–6    138.8 140.9 
4 0.272 6.66·10–4   134.0 166.7 
5 1.091 0.0946   68.1 278.8 
6 1.014 6.315·10–4   65.0 135.4 
7 0.702 4.107·10–2 -467.2  79.4 140.6 
8 0.965 11.63 0.423 7.443 66.7 95.5 

 
4 CONCLUSIONS 
 
The results presented suggest that simple models of downward radiation will represent typical values 
of K↓ and L↓ well and can be used to generate input values for simple environmental models.  
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