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ABSTRACT 

The dependence on vertical resolution of the clear-sky results produced by two radiation codes 
(a slightly modified version of the ECMWF scheme and the scheme used at the DWD) is 
investigated. Results are presented both for the McClatchey et al. atmospheres and for a set of 
fully detailed sounding profiles measured at Jokioinen, Finland. The effect of vertical discretiz­
ation on shortwave calculations is found to be very small, particularly for the DWD scheme. 
The downward longwave flux at the surface is found to be sensitive to vertical resolution only 
in the lower troposphere, whereas for the upward flux at the top of the atmosphere, upper 
tropospheric resolution seems the most important. The major difference found between the 
smooth McClatchey et al. profiles and the detailed soundings is that discretization errors of 
longwave cooling rates are larger for the latter data set, particularly in the lower troposphere. 
Furthermore, in cases with sharp surface inversions, large errors of downward longwave flux 
at the surface occur if there is poor resolution in the boundary layer. The average errors of the 
longwave fluxes at the boundaries are, however, fairly similar for the two data sets. 
Quantitatively, the discretization errors of longwave fluxes are relatively small, especially for 
the ECMWF scheme. About 20 layers is sufficient for both schemes to keep the maximum 
value of net flux error in the vertical column within 2 Wm - 2 even for most of the detailed 
sounding profiles. For the calculation of radiative fluxes, it seems preferable to have the majority 
of the layers in the troposphere. Finally, the profiles of longwave fluxes and cooling rates in 
surface inversion situations are discussed. 

1. Introduction 

The fundamental role that radiative processes 
play in forming the climate of the Earth makes 
accurate radiation calculations vitally important 
for numerical climate modelling. Yet, in practice, 
various factors cause inaccuracy in the radiation 
schemes. A major effort to evaluate the magnitude 
of the differences between the radiation code 
results, and to understand the causes leading to 
these differences, has been made in the 
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Climate Models (ICRCCM) project (Ellingson 
et al., 1991; Fouquart et al., 1991). 

In this paper, one particular problem related to 
radiation parameterization is addressed: the sensit­
ivity of the results to vertical discretization, that 
is, the number and location of layers in the 
atmospheric model. A few notes on this subject, 
concerning clear-sky longwave calculations, have 
already appeared in the meteorological literature. 
Rodgers and Walshaw ( 1966), testing a narrow­
band model for rather smooth sounding profiles, 
found differences in cooling rates of only 0.01-0.03 
K/d when changing from a grid with 25 layers to 
one with 13 layers. Morcrette and Fouquart 
( 1985), testing their narrow-band model for the 










































