
         Astronomický ústav AV ČR, v.v.i.
                                                                                                           Fričova 298, 251 65 Ondřejov

                                                                                   Česká republika

     Ondřejov, November 28, 2017

Univerzita Karlova v Praze
Děkanát Matematicko-fyzikální fakulty
Ke Karlovu 3
121 16 Praha 2

 
,,Broadband radiation scheme fully interacting with clouds”

doctoral thesis by Ján Mašek

Referee report

The PhD thesis of Ján Mašek is devoted to development of the first version of the radiative transfer
scheme ACRANEB (Actif Calcul de RAyonnement et NÉBulosité) as a part of the short range
Numerical  Weather  Prediction  (NWP)  model  ALADIN  (Aire  Limitée  Adaptation  dinamique
Développement InterNational). The author preserved fundamental ACRANEB choices that ensure
efficiency, and improved the weakest part  of this  old scheme, i.e.  gaseous transmissions, cloud
optical properties, and bracketing technique. This redevelopement has led to a new version of the
radiative  transfer  scheme  named  ACRANEB2  with  improved  accuracy  and  reduction  of  the
computational  cost.  The  present  thesis  describes  the  author’s  contribution  to  the  ACRANEB2
radiation  scheme,  which  is  one  of  the  key components  of  the  so-called  ALARO-1 (ALadin  to
AROme)  configuration,  operationally  used  in  the  Czech  Hydrometeorological  Institute.  In  the
context of weather forecasts, the PhD thesis of Ján Mašek is very timely and can help to more
efficient and accurate weather predictions. 

The thesis consists of only two chapters. In the first introductory chapter the radiative transfer in the
NWP context is discussed. The radiative transfer equation and a set of approximations (i.e. plan-
parallel approximation, two-stream approximation, and adding method), which are needed in order
to efficiently solve the equation, are gradually introduced. Two main techniques (the band approach
and  the  correlated  k-distribution  method),  which  decrease  the  computational  cost  of  spectral
integration, and their advantages and disadvantages are also described. In the second chapter the
own  work  of  the  author  is  presented:  key  improvements  which  author  contributed  to  the
ACRANEB2 scheme. This includes improvement of the accuracy of the ACRANEB2 scheme by a
new parametrization of the broadband gaseous transmissions and of the shortwave cloud optical
saturation. Additionally, implementation of selective intermittent update of gaseous transmissions
and revised bracketing technique reduce the computational cost with an acceptable error. At the end
of the thesis two underlying peer-reviewed articles written by the author (one paper as the first
author  and another  paper as the second author)  are attached.  The work presented in this  thesis
shows that Ján Mašek is able to obtain his own valuable scientific results. 
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I  have some specific  comments.  I  would appreciate  very much if  the author  presented a  more
general introduction to the radiative transfer in the Earth atmosphere, especially the terminology
and definitions used,  since they significantly differ  at  least  from those from the field of stellar
atmospheres  (which  is  my  research  field)  and  possibly  also  from other  research  fields.  As  an
example, the optical depth is denoted as δ in the thesis, however, in stellar atmospheres the letter τ
is used for this quantity. Yet it would be helpful if author could give broader overview of the NWP
model ALADIN. All of this could help the readers to follow and understand the thesis more easily.
However, these objections are purely formal and they do not affect my very positive evaluation of
the scientific aspect of the thesis.

I have also some more specific questions concerning the presented work:
 

1. Which specific input data are used to describe 3-D thermodynamic state and composition of
the atmosphere? 

2. What is probability of the stimulated emission in the Earth atmosphere? Do you include it in
the radiative transfer calculations?

3. What  is  the  size  of  the  homogeneous  layers  in  the  atmospheric  column  in  the  adding
method?  Can  these  layers  be  inhomogeneous  in  reality?  Is  there  any  possibility  for
parameterization of the inhomogeneities inside layers, something like using a volume filing
factor?

4. How  is  the  random  overlap  of  cloud  layers  including  maximum-random  overlap
determined? 

5. What  is  the  typical  error  of  radiative  transfer  calculations,  which  is  satisfactory  for
reasonable weather predictions?

6. How a proper treatment of aerosols may affect the obtained results? 
7. How lateral exchanges between clear sky and cloudy layers (parts) could be included in the

ACRANEB2 scheme?

The author obtained valuable scientific results during his PhD study. The results presented in the
thesis have been implemented into ALARO-1 with the ACRANEB2 radiation scheme, which has
been used by eight ALADIN countries. This confirms the validity of the concept developed and the
importance of obtained results. The presented thesis fulfills the requirements for a PhD thesis and I
recommend Ján Mašek to be awarded a PhD degree after a successful defense of the thesis.
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            Mgr. Brankica Kubátová, Ph.D.


