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The aim of this pa per is a cre ation of the spa tial dis tri bu tion of the cor re spond ing co ef fi cients
for the in di rect de ter mi na tion of global ra di a tion us ing all di rect mea sure ments data of this
shortwave ra di a tion bal ance com po nent in Ser bia in the stan dard cli mate pe riod
(1961-1990). Based on the global ra di a tion di rect mea sure ments data re corded in the past
and rou tine mea sure ments/ob ser va tions of cloud i ness and sun shine du ra tion, the spa tial dis -
tri bu tion co ef fi cients maps re quired for cal cu la tion of global ra di a tion were pro duced on the
ba sis of sun shine/cloud i ness in an ar bi trary point on the ter ri tory of Ser bia. Be sides, a spe cific
ver i fi ca tion of the pro posed em pir i cal for mula was per formed. This pa per con trib utes to a
wide range of prac ti cal ap pli ca tions as di rect mea sure ments of global ra di a tion are rel a tively
rare, and are not car ried out in Ser bia to day. Sig nif i cant ap pli ca tion is pos si ble in the do main
of re new able en ergy sources. The de vel op ment of method for de ter mi na tion of the global ra -
di a tion has an im por tance from the as pect of the en vi ron men tal pro tec tion; how ever it also
has an eco nomic im por tance through ap pli ca tions in nu mer ous com mer cial pro jects, as it
does not re quire spe cial mea sure ments or ad di tional fi nan cial in vest ments.

Key words: global ra di a tion, sun shine du ra tion, cloud i ness

IN TRO DUC TION

The in ten sity of the so lar short-wave ra di a tion in 
the Earth-at mo sphere sys tem de pends on as tro nom i -
cal fac tors and changes that rays en dure when they
pass through the at mo sphere. The lat ter ra di a tion and
the so lar wind gov ern the weather and at mo spheric
pro cesses [1]. Global ra di a tion has the great est im por -
tance in terms of en ergy and phys i ol ogy. The main pa -
ram e ters that in flu ence the global ra di a tion flux are the
height of the Sun, sun shine du ra tion, at mo spheric lu -
mi nous con di tions and the level of cloud i ness. The
first two pa ram e ters de pend on the Earth’s ro ta tion and 
rev o lu tion and a po ten tial global so lar ra di a tion var ies
with geo graphic lat i tude.

The best way to de ter mine global ra di a tion is by
di rect mea sure ments. These mea sure ments are mostly
lack ing in prac tice and the prob lem could be solved by
a de vel op ment of ap pro pri ate mod els based on usual,
more ac ces si ble mea sure ments of needed pa ram e ters.
For the cal cu la tion of global ra di a tion, the sun shine
du ra tion, cloud i ness, con cen tra tion, and dis tri bu tion
of at mo spheric par ti cles as well as other pa ram e ters

can be used, on which global ra di a tion de pends.
Nu mer ous au thors, with vary ing de gree of suc cess, at -
tempted to reach the ap pro pri ate em pir i cal re la tions
[2-4]. The ap proach to solv ing prob lems is rang ing
from a rel a tively sim ple to the ex tremely com plex nu -
mer i cal mod els, de pend ing on the avail abil ity of in put
data. Some mod els do not even re quire in put data, but
in stead use a sto chas tic tech nique for gen er at ing ra di a -
tion data [5]. Mod els can be based on tele met ric mea -
sure ments by us ing ap pro pri ate sat el lites [6, 7]. How -
ever a draw back of this method is a high com plex ity of
the model and de pend ency of soil pa ram e ters, ob -
tained in this way, from a lot of vari ables.

Mo ti va tion for this pa per re sulted from the fact
that in Ser bia to day the ra di a tion bal ance com po nents
mea sure ments are not car ried out al though a fa vor able
fact is that these mea sure ments ex isted in the past. On
the other hand, there is a great need for dif fer ent mod -
els of nat u ral pro cesses that de pend on the en ergy fac -
tors. To pro vide the phys i cal foun da tion of the model,
it is nec es sary to in clude global ra di a tion in nu mer i cal
re la tions.

In this pa per, for the first time all data of the mea -
sured global ra di a tion in Ser bia for the stan dard cli -
mate pe riod (1961-1990) have been used. On the ba sis
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of sun shine du ra tion mea sure ments and cloud i ness
ob ser va tion data for the same pe riod, us ing a suit able
math e mat i cal model [8, 9], a spa tial dis tri bu tion of the
cor re spond ing co ef fi cients is de ter mined. These co ef -
fi cients may, with suf fi cient ac cu racy, be used to de ter -
mine in di rect global ra di a tion in an ar bi trary point on
the ter ri tory of Ser bia.

 In this pro ce dure, we started from the fact that
some pa ram e ters, such as po ten tial sun shine du ra tion
and the max i mum pos si ble global ra di a tion, can be
cal cu lated through the cor re spond ing as tro nom i cal
ap proach. At the end of the pro cess, through con crete
ap pli ca tion, in di rect ver i fi ca tion of the co ef fi cients is
per formed for global ra di a tion cal cu la tion. 

DE TER MI NA TION OF SO LAR 
GLOBAL RA DI A TION FLUX ON THE
BA SIS OF SUN SHINE DU RA TION

One of the ba sic fac tors of the en ergy bal ance of
the Earth-at mo sphere sys tem re lates to the ra di a tion
bal ance on the Earth’s sur face as the al ge braic sum of
short-wave and long-wave ra di a tion [10], that is to say

R S D R R R rn a z az= + - + - - (1)

where Rn is the ra di a tion bal ance on the Earth’s sur -
face, S – the di rect so lar ra di a tion, D – the dif fuse ra di -
a tion, R – the re flected ra di a tion, Ra – the at mo spheric
coun ter-ra di a tion, Rz – the Earth’s ra di a tion, and raz –
the at mo spheric coun ter-ra di a tion de ducted from the
Earth’s sur face.

Global ra di a tion (G) en com passes por tion of the
short-wave bal ance spec trum and can be ex pressed as
the sum of di rect so lar and dif fuse ra di a tion, which
reaches the hor i zon tal Earth’s sur face, that is to say

G = S + D (2)

Be tween global ra di a tion that reaches the
Earth’s sur face and sun shine du ra tion it is pos si ble to
es tab lish a re la tion of the form [9]
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where G is the global so lar ra di a tion at the Earth’s sur -
face, GA – the max i mum pos si ble global ra di a tion, n –
the ac tual du ra tion of sun shine, or real sun shine, N – an 
as tro nom i cal last ing of sun shine du ra tion, or po ten tial
sun shine, and an, bn are the mu tu ally in de pend ent co ef -
fi cients. 

For prac ti cal ap pli ca tions of eq. (3) it is nec es -
sary to de ter mine co ef fi cients an and bn. Val ues of as -
tro nom i cal sun shine du ra tion and the max i mum
global ra di a tion can be ob tained by cal cu la tion. As tro -
nom i cal last ing of sun shine du ra tion, or po ten tial sun -
shine, can be cal cu lated [11] by re la tion

N = -
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where f is the geo graphic lat i tude, and d – the Sun’s
dec li na tion de ter mined by the ex pres sion
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where j is the in di cates or di nal num ber of day in a year.
The max i mum pos si ble global ra di a tion can be cal cu -
lated [12] as ex tra ter res trial ra di a tion by us ing the re la -
tion
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The sym bols in re la tion (6) have the fol low ing
mean ing: SA [Wm–2] is the in ten sity of di rect so lar ra -
di a tion at the top of the at mo sphere, RA – the so lar con -
stant (1376 W/m2), azs – the av er age dis tance
Earth-Sun (149.6×109 m), rzs [m] – the Earth-Sun dis -
tance in one day of the year, and qQ[°]– the Sun ze nith
an gle .

The ra tio (azs/rzs)
2 can be [13] cal cu lated through 

re la tion
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where a0 = 2png/360. The square ra tio (azs/rzs)
2 does

not dif fer more than 3.5% in re la tion to the unit and in
prac ti cal cal cu la tions can be ap prox i mated by the unit.
Vari able ng in di cates the or di nal day num ber in a year.

Sun ze nith an gle ( qQ) has a value of 0° when the
Sun is at its ze nith, and 90° when the Sun’s disc is on
the ho ri zon. This value is de fined by the equa tion

cos cos cos cos sin sinq f d d fQ = +t s (8)

where f is the geo graphic lat i tude, d – the Sun’s dec li -
na tion (from 23.5 ° – June 21, to – 23.5° –  De cem ber
22), and ts – the hour an gle of the Sun (0° = noon).

Hour an gle of the Sun ts (°) in its ris ing and set is
given by equa tion

cos t tg tgs = - f d (9)

Val ues GA de pend on the sea son and geo graphic
lat i tude of place.

Based on the se ries of mea sured val ues of global
ra di a tion (G) and the ac tual sun shine (n) in a stan dard
cli mate pe riod, with cal cu lated val ues of po ten tial sun -
shine (N) and ex tra ter res trial ra di a tion (GA) for cor re -
spond ing geo graphic lat i tudes, the co ef fi cients an and
bn can be de ter mined.

Sum ma riz ing the re sults of re search in this area
gives an ap pro pri ate con tri bu tion to un der stand ing re -
la tion ship be tween global ra di a tion and sun shine du -
ra tion [14].

J. L. Nikoli}, et al.: Spatial Dis tri bu tion of Co ef fi cients for De ter mi na tion of ...
Nu clear Tech nol ogy & Ra di a tion Pro tec tion: Year 2012, Vol. 27, No. 3, pp. 254-259 255



DE TER MI NA TION OF GLOBAL
SO LAR RA DI A TION FLUX
ON THE BA SIS OF CLOUD I NESS

In the ab sence of data re gard ing sun shine du ra -
tion for de ter min ing global ra di a tion the to tal cloud i -
ness data (C) can be suc cess fully ap plied, ob served in
a rel a tively dense net work of cli ma tic sta tions. When
eval u at ing cloud i ness a cloud den sity is not taken into
con sid er ation, but only the area of the sky cov ered.
Cloud i ness is ex pressed in whole num bers from 0 to
10 that in di cate cov er age of the sky in doz ens. As
“clear days” are de fined all days in which av er age
daily cloud i ness C £ 2, that is to say less than of the sky
cov er age with clouds [15].

Daily vari a tions of global so lar ra di a tion flux
with clear sky have a sim ple pat tern on curve of si -
nu soi dal type, with the max i mum around lo cal noon
time. How ever, dif fer ent types of clouds have dif -
fer ent thick ness, height and struc ture and dif fer -
ently leak so lar ra di a tion. The least of global so lar
ra di a tion reaches the ac tive sur face when the sky is
com pletely cov ered with low and mid dle clouds
such as stra tus, stra to cu mu lus, and altocumulus (St,
Sc, As). All the high clouds in the ge nus of cir rus
(Ci) re duce global ra di a tion by very small amount,
es pe cially around mid day hours with high po si tion
of the Sun. Cloud i ness and sun shine du ra tion are in
a close, but in versely pro por tional re la tion ship. For
an av er age day it can be ap prox i mately de rived that
greater cloud i ness means less rel a tive sun shine du -
ra tion and vice versa. That means that the con sid er -
ations listed for sun shine du ra tion can anal o gously
be ap plied to cloud i ness. In do ing so, for mula (3)
can eas ily be “ad justed” so that, in stead of the mea -
sured sun shine pa ram e ter, the ob served val ues of to -
tal cloud i ness are ap plied, that is to say

G G a b C= + -A C C[ ( )]1 (10)

The sym bol in di cates the av er age to tal cloud i -
ness ex pressed in doz ens of sky cov er age with
clouds (0-10), aC and bC are the em pir i cal co ef fi -
cients ob tained on the ba sis of data for to tal cloud i -
ness and other la bels have the same mean ing as in
eq. (3).

SPA TIAL DIS TRI BU TION OF 
CO EF FI CIENTS FOR DE TER MI NA TION
OF GLOBAL RA DI A TION

The pre sented anal y sis shows that the use of em -
pir i cal for mu las to cal cu late global ra di a tion in prac ti -
cal ap pli ca tions re quires their ad ap ta tion to con crete
geo graphic lat i tudes and cli ma tic con di tions. Us ing all 
avail able data re gard ing mea sure ments of global ra di -
a tion on the ter ri tory of Ser bia in the past, co ef fi cients 
an and bn  from eq. 3 are de ter mined by the ap pli ca tion
of the method of least squares on the ba sis of mea sured 
data re gard ing sun shine du ra tion for ter rain of Ser bia
in the same pe riod. Val ues for GA, as well as po ten tial
sun shine, were ob tained by cal cu la tion on the ba sis of
re la tions 6-9 and 4-5, re spec tively. The ob tained re -
sults are pre sented in tab. 1.

Us ing all avail able data from the past re gard ing
mea sure ments of global ra di a tion in Ser bia, co ef fi -
cients aC and bC from for mula 10 are de ter mined by the
method of least squares based on the to tal cloud i ness
data. The ob tained re sults are tab u lated in tab. 2.

The ob tained val ues of co ef fi cients from tab. 1
and tab. 2 are used for spa tial anal y sis and pro duc tion
of maps of their spa tial dis tri bu tion (figs. 1-4) us ing
the soft ware pack age Surfer 10.

VER I FI CA TION

The ver i fi ca tion of de ter min ing global ra di a tion
was per formed in di rectly, in a unique way, through
prac ti cal ap pli ca tion on the nat u ral pro cess that pri -
mar ily de pends on the en ergy fac tors. The cal cu lated
value of global ra di a tion was ap plied in an ex per i ment
for de ter mi na tion of the evapotranspiration in one
veg e ta tion sea son by us ing the ap pro pri ate model, on
Košutnjak lo ca tion in Bel grade. It is a proven model
for the evap o ra tion of wa ter, which is phys i cally
well-based and re quires, among other things, the in -
clu sion in the global ra di a tion for mula [16-20]. At the
same lo ca tion there is a me te o ro log i cal sta tion for
mea sure ment of stan dard me te o ro log i cal pa ram e ters,
as well as elec tronic weight ing lysimeters for di rect
mea sure ment of wa ter evap o ra tion, which are world -
wide con sid ered as the most ac cu rate mea sur ing de -
vices of the evapotranspiration.
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Ta ble 1. The value of co ef fi cients an and bn on the bases of sun shine data for Ser bia terrain

Ordinal number Place l f ac bc

1 Belgrade 20.53 44.78 0.19 0.51

2 Novi Sad 19.33 45.93 0.17 0.55

3 Zlatibor 19.71 43.74 0.20 0.52

4 Kopaonik 20.80 43.28 0.17 0.52

5 Negotin 22.54 44.24 0.17 0.58

6 Sjenica 19.99 43.27 0.22 0.53

7 Pri{tina 21.14 42.65 0.20 0.53

l – east ern geo graph ical lon gi tude; f – north ern geo graph ical lat i tude



Global ra di a tion is in cluded in the model for cal -
cu lat ing the evapotranspiration ob tained by cal cu la tion
based on the sun shine du ra tion, with co ef fi cients for
this lo ca tion an = 0.19 and bn = 0.51. At the same time
di rect lysimetric mea sure ments of evapotranspiration

were per formed on a smonitza (vertisol), foun da tion
cov ered with grass. The cal cu lated evapotranspiration
ten-day period val ues are in a very good agree ment with 
mea sured val ues (fig. 5), which means that global ra di a -
tion cal cu la tion is done cor rectly. Very sim i lar re sults
are ob tained when us ing global ra di a tion cal cu la tion
based on the cloud i ness.

ECO NOMIC IM POR TANCE

By de vel op ment of the pro ce dure for de ter min -
ing global ra di a tion in Ser bia based on pa ram e ters that
are com monly avail able, a tool was ob tained for a
more suc cess ful solv ing of con crete eco nomic tasks
such as:

J. L. Nikoli}, et al.: Spatial Dis tri bu tion of Co ef fi cients for De ter mi na tion of ...
Nu clear Tech nol ogy & Ra di a tion Pro tec tion: Year 2012, Vol. 27, No. 3, pp. 254-259 257

Ta ble 2. The value of co ef fi cients ac and bc on the
ba sis of cloud i ness data above Serbia

Ordinal
number Place l f ac bc

1 Belgrade 20.53 44.78 0.18 0.53

2 Negotin 22.54 44.24 0.19 0.55

3 Sjenica 19.99 43.27 0.26 0.52

4 Zlatibor 19.71 43.74 0.20 0.54

5 Pri{tina 21.14 42.65 0.20 0.55

Fig ure 1. Spa tial dis tri bu tion of co ef fi cient an for the
ter ri tory of Ser bia ob tained on the ba sis of sun shine

Fig ure 2. Spa tial dis tri bu tion of co ef fi cient bn for the
ter ri tory of Ser bia ob tained on the ba sis of sunshine

Fig ure 3. Spa tial dis tri bu tion of co ef fi cient aC for the
ter ri tory of Ser bia ob tained on the ba sis of to tal
cloud i ness 

Fig ure 4. Spa tial dis tri bu tion of co ef fi cient bC for the
ter ri tory of Ser bia ob tained on the ba sis of to tal
cloud i ness  



– projecting of so lar power sta tions,
– anal y sis of the wa ter bal ance,
– pro ject ing of hy dro elec tric power sta tions on

small un ex plored bas ins,
– plan ning and con trol of wa ter re sources,
– solving the prac ti cal prob lems of wa ter sup ply,
– irrigation and drain age of ter rain,
– projecting of hy dro-con struc tion work and fa cil i -

ties,
– dimensioning of the city’s sew er age sys tem,
– development of waterpower en gi neer ing ba sis of

ba sin ar eas,
– development of hy dro log i cal fore casts,
– de vel op ment of weather fore casts, and
– other prac ti cal ap pli ca tions in me te o ro log i cal, hy -

dro log i cal, hy dro-geo log i cal, for estry, and ag ri -
cul tural prac tice, as well as en vi ron men tal pro tec -
tion.

Ev ery thing points to the fact that de ter min ing the
ra di a tion bal ance com po nent has a large and im por tant
ap pli ca tion in the econ omy, with po ten tially sig nif i cant
eco nomic ef fects. The im por tance is also ev i dent in the
en vi ron men tal pro tec tion, par tic u larly in the do main of
re new able en ergy sources (so lar and hy dro en ergy).

CON CLU SIONS

Global ra di a tion en com passes a por tion of the
ra di a tion bal ance on the Earth’s sur face, mean ing that
de ter mi na tion of this com po nent of the bal ance has a

stra te gic im por tance from the phys i o log i cal as pect
and the as pect of en ergy. As the di rect par tial mea sure -
ments of com po nents of the ra di a tion bal ance are rel a -
tively rare, or do not ex ist, math e mat i cal mod els for
the in di rect de ter mi na tion of global ra di a tion by cal cu -
la tions are of spe cial in ter est.

The meth od ol ogy for de ter min ing global ra di a -
tion for ter rains of Ser bia is based on di rect mea sure -
ments of me te o ro log i cal pa ram e ters such as sun shine
du ra tion and cloud i ness. Global ra di a tion is then ob -
tained through cal cu la tion. Due to a pri mary im por -
tance of fac tors of the en ergy bal ance in a va ri ety of
mod els that are ap plied in the econ omy, this method
for de ter min ing global ra di a tion is also im por tant from 
the eco nomic point of view, es pe cially since the
needed pa ram e ters are mea sured rou tinely and are
avail able to re search ers with out in vest ing money.

For ter rains of Ser bia a spa tial dis tri bu tion of
cor re spond ing co ef fi cients is de ter mined, ob tained on
the ba sis of data re gard ing sun shine du ra tion and to tal
cloud i ness, for global ra di a tion cal cu la tion. These co -
ef fi cients may, with suf fi cient ac cu racy, be used to de -
ter mine global ra di a tion by math e mat i cal cal cu la tion
at an ar bi trary point on the ter ri tory of Ser bia. The
meth od olog i cal ap proach is uni ver sal in char ac ter,
how ever when per form ing cal cu la tions out side the
Ser bian ter ri tory co ef fi cients must be checked and if
needed cor rected by the same meth od ol ogy.
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Fig ure 5. The il lus tra tion of in di rect ver i fi ca tion of
global ra di a tion cal cu la tion through graph i cal sur vey of
mea sured (1) and cal cu lated (2) val ues of an
evapotranspiration in the veg e ta tion sea son by ten-day
pe riod, based on sun shine du ra tion

Et [mm] – evapotranspiration, – es tab lished out-of-sys tem
unit in me te o rol ogy for the amount of pre cip i ta tion,
evap o ra tion of wa ter, or a layer of run off, rep re sents the
height of the layer of wa ter that falls, evap o rates or runs-off
from the sur face of one square me ter;
[dec] – ten-day pe riod by month, 10 – or di nal nu meral of the
last day of the first ten-day pe riod in the ob served month, 20
– or di nal nu meral of the last day of the sec ond ten-day pe riod 
in the ob served month, 30/31 – or di nal nu meral of the last
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PROSTORNA  RASPODELA  KOEFICIJENATA
ZA ODRE\IVAWE  GLOBALNOG  ZRA^EWA  NA  PODRU^JU  SRBIJE

Ciq rada je izrada prostorne raspodele odgovaraju}ih koeficijenata za indirektno
odre|ivawe globalnog zra~ewa kori{}ewem svih podataka direktnih merewa ove kratkotalasne
komponente bilansa zra~ewa u Srbiji u standardnom klimatolo{kom periodu (1961-1990). Na
osnovu podataka direktnih merewa globalnog zra~ewa u pro{losti i rutinskih merewa/osmatrawa 
osun~avawa i obla~nosti, izra|ene su karte prostornog rasporeda koeficijenata za izra~unavawe
globalnog zra~ewa na osnovu osun~anosti/obla~nosti u proizvoqnoj ta~ki na podru~ju Srbije i
izvr{ena specifi~na verifikacija predlo`ene empirijske formule. Rad daje doprinos {irokom
spektru prakti~nih primena jer su direktna merewa globalnog zra~ewa relativno retka, a u Srbiji 
danas ne postoje. Primena razvijenog metoda za odre|ivawe globalnog zra~ewa ima zna~aj sa
aspekta za{tite ̀ ivotne sredine, ali ima i ekonomski zna~aj kroz primene u brojnim privrednim
projektima, ne zahteva specijalna merewa niti dodatna finansijska ulagawa.

Kqu~ne re~i: globalno zra~ewe, osun~avawe, obla~nost


