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0. UVOD

Raziskovalci, ki se ukvarjajo z ocenami ogre-
valnih in hladilnih potreb stavb pri svojem delu

vse bolj uporabljajo dinamiéne simulirne medele s

podrobno urne ¢asovno skalo (11, (21, 13, [4], (5],
[6]. V teh modelih pomenijo hkratne vrednost
atmosferskih parametrov okolja, kakrine so: tem-
peratura zraka, globalno sonéno obsevanje In nje-
govo trajanje, parni tlak, hitrost vetra, oblaénost
Itn., pomembne In motno spremenljive pogonske
parametre modelov.

Glede na upravidenost rezultatov taklh raz-
Iskav, na katere vpliva vellka spremenljivost at-
mosferskih parametrov okolja v prostoru in &asu,
Je treba v modelih uporabljati njihove hkratne re-
prezentativne vrednosti kakor tudi njlhove skraj-
nostl, npr. 1zrazito topla In izrazito hladna meteo-
rolozka leta [7]. Priti do njih pa ni zelo preprosto,

=a] obstajajo Stevilne omejitve in zahteve. Posebej
moramo obravnavatl posamezne lokaclje. na voljo
moramo Imetl cel niz opazovanj (vsaj 30 let) teh
parametrov v urni &éasovnl skall In metode za
oblikovanje njihovih reprezentativnih in skrajnih

vrednostl.

Pri poglobljenlh raziskavah vplivov okolja na

delovanje sistemov, katerih rezultate bomo upora-
bill za natrtovanje sistemov, ki bodo delovall ne-
kaj desetletij, pa bomo morall upostevatl tudl oce-

ne Klimatskih sprememb, ki za daljsa obdobja niso

zanemarljlve.

V Sloveniji smo se z dinamiénimi simulirnimi

metodami zacell ukvarjatl v preteklem desetletju.
V ta ¢as sodijo tudi prve raziskave testnih refe-
renénih let za Ljubljano [8] ter Ljubljano, Maribor
in Koper [9]. Za njihovo izdelavo so bile uporablje-
ne razlitne metode.

Na vseh lokacijah ne merijo istih parametrov:

nekje globalno sontno obsevanje in trajanje sontne-

ga obsevanja, drugje pa samo trajanje obsevanja;
zato so tudi podatki hkratnih urnih vrednosti test-
nega meteorologkega leta razliéni. MNekaterih test-
nih referen¢nih let ne moremo neposredno upora-
biti v gimulirnth medelih in rezultatov primerjati.

0. INTRODUCTION

Dynamic simulation models with a fine time
scale [11, [2], [3), (4], (5], [G) are used more and
more In theoretical studies of heating and cooling
requirements of bulldings. In these models, synch-
ronous values of varlous atmospherlc parameters
of the environment l.e. alr temperature, global ra-
diation, sunshine duration, vapour pressure, wind
velocity, cloudiness, etc. are Important and highly
variable driving variables of the models.

In order for the results of such research
work, which Is Influenced by large spatial and
time variabllity of the meteorological parameters
of the environment, to be reusable, synchronous
and representative values have to be used in such
models together with extremes, e.g.. extremely
warm and extremely cold meteorologlcal years [7].
To obtain such values iz not easy, =ince there are
numerous restrictions and demands. Particular
locations have to be studied separately. there must
be a long time series of observation (30 years
minimum) of parameters required on an hourly
basis and methods are needed to create representa-
tive hourly values and to chose extreme values.

Environmental influences on system func-
tioning results which will be used for the planning
of systems which will operate for several decades
have to take into account an assessment of climate
change. which cannot be neglected over an exten-
ded time perlod.

Dynamic simulation modelling was started in
Slovenla In the past decade. The first studies of
test reference vears for Ljubljana (8] and for
Ljubljana, Maribor and Koper [9] were published
during this period. Various methods were used In
thelr creation.

The same meteorological parameters were not
measured at all locations. At some locatlons, global
radiation and sunshine duration are measured and
at others, sunshine duration only. The synchronous
hourly data of meteorological parameters in various
test reference years are different, so some of the
test reference years cannot be used directly In
simulation models. and the results compared.
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V termn kratkem prispevku 2elimo prikazat]
pregled izdelanih testnih referenénlh let sloven-
skih krajev; metode, po katerih so blla lzdelana,
in metodo, & katero smo ocenlll urne vrednostl
globalnepa sonénega obsevanja v krajih, za katere
nimamo meritev. S tem bomo dobill testna refe-
rentna leta treh krajev Slovenlje v oblikl, ki bo
neposredno uporabna v simulirnih modelih.

1. METODE ZA 1ZDELAVO TESTNEGA
REFERENCNEGA LETA

Za lzdelavo testnih referentnih let sta v
rabi dve razliénl skupinl metod: zgodovinska in
sintetiéna.

Zgodovinske metode slonijo na primernl lzbiri
hkratnih nizov opazovanih podatkov, Ki so po svo-
Jih znatiinostih blizu povprednim vrednostim. Pri
tem lahko uporabljamo neparametriéne statistiéne
metode [10]. Tako metodo smo uporabill pri oblike-
vanju testnega referencnega leta za Ljubljano, ki
je sestavljeno iz 12 mesecev, vzetlh iz razliénih
let na podlagl povpretnih meseénih vrednostl 23
meteorolozkih podatkov. Za eosnove te obdelave
smo vzell opazovalno obdobje let 1961—1950.

Zupancic In Pristov [9] sta za oblikovanje
testnega meteoroloskega leta za Ljubljano, Marlbor
in Koper Izbrala metodo numeri¢nega urejanja, ki
na podlagl evklidskih razdalj poiste mesec, ki je
najblizje vzorcu povprecnih vrednosti. Upostevane
so povprecne mesecne vrednosti 26 meteorolodkih
podatkov, za analizo pa je uporabljeno obdobje let
1956—1954.

Med sinteti€éne metode oblikovanja testnih re-
ferenénih let, ki smo jih uporabill pri nas, spadata
le izdelava kratkega meteoroloikega leta [11]1 In
prikaz povpreénega sintetiénega dnevnega poteka
temperature zraka In trajanja sonénega obsevanja
v desetdnevnem obdobju [12]. V tem delu je prika-
zana tudl primerjava vrednostl obeh meteoroloskih
elementov med testnimi referentnimi letl, lzde-
lanimi po dveh razliénih metodah: zgodovinski in
sinteti¢ni. Pri sinteti¢énth metodah moramo pose-
bej opozoriti na problem nelzpolnjevanja zahteve
po hkratnosti sprememb vseh v energijski bilanci
pomembnih parametrov okolja, ki %e nl resen.

2. OCENA URNIH VREDNOSTI
CELOTNEGA OBSEVANJA

Za oceno povpreénih meseénih vrednosti glo-
balnega ohsevanja na podlagl podatkoy o povpreénem
trajanju soncénega obsevanja so znane Stevilne me-
tode, od katerih je najstarejsa Angstromova [131.
Te metode pa niso uporabne prl krajsih ¢asovnlh
intervalih, kakor je pokazala analiza njihovih deset-
dnevnih vrednostl [14]. Za to oceno moramo upora-
biti determinlstiéne dinamiéne metode.

This paper presents a survey of tetst refe-
rence years for locations in Slovenia, of methods
used In their ecreation and of the method of
assessment of hourly values of global radiation
for locations without this measurement. This
will provide test reference years for three loca-
tlons In Slovenla In a form which could be used
directly In slmulation models,

1. METHODS FOR CREATION OF TEST
REFERENCE YEAR

For creation of test reference years two
different groups of methods are used: The first
one |z historical and the second one synthetic.

Historical methods are based on an appropri-
ate choice of a synchronous series of observed
data which are close to mean values. Nonpara-
metric statistical methods can be used In this
procedure, as well [10]. Such a method was used
in the creation of the test reference year for
Ljubljana which consists of 12 months taken from
different vears on the basis of 23 mean monthly
values of meteorological parameters. The
1961—1980 observatlon period was used for this
study [8].

Zupanél® and Pristov [9] used the method of
numerical taxonomy for the creatlon of thelr test
reference year for Ljubljana, Marlbor and Koper.
This method finds the month which Is the closest
to the mean value on the basis of euclidian dis-
tance. The mean monthly values of 26 meteorolo-
glecal elements observed during the perlod
1956—19584 were used.

The creation of a short reference year, only
[11] and the presentation of a synthetic daily cour-
se of alr temperature and sunshine duration as the
means for a ten day period [12] is a synthetic me-
thod used by our group for the creation of a test
reference year. This work compares meteorologl-
cal elements among test reference years created
in two different historical ways and In a synthetic
one. We have to stress that the problem of the
synchronous change of all parameters that effect
the energy balance has not vet been solved.

2. ASSESSMENT OF HOURLY VALUES OF
GLOBAL IRRADIATION

A number of methods have been used to
assess mean monthly values of global irradiation
on the basls of sunshine duration data. the oldest
being that of Angstrom [13]. These metheds cannot
be used for shorter time Intervals, as an analysis
of thelir 10 day averages has shown [14]. Determi-
nisticdynamic methods have tobe used for the asse-
ssment of thelr values for shorter time intervals.
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Pri naih rafunih smo uporabili metodo, ki
sta jo obllkovala Hotevar In Rakovec [13]. Za
vsako uro dneva smo z znanim trajanjem sonénega
obsevanja (D) lzratunall vse tri dele globalnega
ohzevanja: del neposrednega obsevanja, del raz-
prienega obsevanja z jasnega dela neba In del raz-
prienega obhsevanja z oblaénega dela neba z lzra-
Zom:

Jeo

kjer pomenijo: p - razdal jo med Soncem In Zemljo,
I, - solarno konstanto (1353 W/m®), g, In g,
transmisljska koeficlenta atmosfere glede na ab-
sorpcljo In razpriitev, m - optiéno zraéno maso,
Z - zenitnl kot Sonca in Clr,z) - funkcijo, ki je
odvisna od rodu oblakov, kil ustvarjajo oblafnost
(r) In od zenltnega kota.

Vrednostl transmisijskih koeficientov smo
ugotovill na podlagl primerjav med lzmerjenimi
urniml energljaml globalnega obsevanja In trajanja
sontnega obsevanja Ljubljane v letih 19611950,
Zadnje, ponovne analize podatkov o globalnem ob-
sevanju v vsej opazovalnl dobl deslej, s kateriml
se ukvarjajo na Hidrometeorolotkem zavodu Slo-
venlje In 3e niso v celoti kontane, pa kaZejo, da je
globalnega obsevanja ved, kakor Izhaja Iz analiz v
letih 1961 do 1980. Torej imata oba transmisijska
koeficlenta premajhno vrednost!

Ce se 2elimo Izognitl obseznemu In zapletene-
mu ratunanju, Ki uposteva verjetnostne spremembe
Qa: 9s. M In C(r, 2) med letom, gl lahko pomagamo
tudi s priblizno vrednostjo, ki jo doblmo takele: Iz
literature [13] so znane urne vrednosti globalnega
son¢nega obsevanja v povsem jasnem (J,) In v pov-
sem oblatnem vremenu (J,). Ce poznamo urne
vrednosti trajanja sonénega obsevanja, dobimo urne
vrednosti globalnega obsevanja z izrazom:

Jgo = Jy D +

Glede na to, da so vrednostl J; In J, izratu-
nane s prenlzkiml transmisijskimi koeeficlenti,
bodo tudl vse urne vrednostl globalnega cbsevanja
nekolike premajhne. Pravilno pa bodo dokaj dobro
prikazanl dnevnl poteki globalnega obsevanja kakor
tudi absolutne razlike med obdelaniml krail.

3. REZULTATI

V testnih referencénih letih za Ljubljano, Ma-
ribor in Koper, v nekaterih od njih nl podatkov o
globalnem son¢énem obsevanju, je to obsevanje
preraunano na podiagl trajanja sontnega obsevanja
na opisani natin.

Testno referencno leto sestavljajo tako me-
ritve oziroma prerafunane vrednostl naslednjih
mesecev (preglednica 1),

= pil,(gaqs)™ Dcos z + 05 pl,

In our calculations, we used the method deve-
loped by Hotevar and Rakovec [15]. For each hour
of the day, we calculated all three terms of global
irradiation, l.e. direct Irradiation, diffuse irradia-
tion from the clear part of the sky and diffuse
Irradlation from the clouded part of the sky obtal-
ned on & horizontal surface on the basis of hourly
sunshine duration (D) by the followling expression:

ga1-ggleos* 2z (D + (1-D) Clr, 2)) (n

where: p — distance of Sun to Earth, /, — solar
constant (1353 W/m?, g, and g, — transmission
coefficients of the atmosphere In relation to ab-
sorbtlon and scattering, m — optical alr mass,
z — zenith angle of the Sun and Clr, z) — a
function which depends on cloud genera (r) and
on zenith angle.

Values of transmission coefflclents were
obtalned on the basis of comparison between
measured hourly values of global radiation and
sunshine duration at Ljubljana during the period
1961—1950. The later reanalysis of data on global
radlation for the whole observation period to date,
which Is not yet finished, shows that the values
of global radiation are underestimated. The ob-
talined transmission coefficlents are therefore too
gmall!

In order to avold a large and sophisticated
calculation which takes Into account non determi-
nistic changes of g,, g5 m and Clr, 2) during the
yvear, we can use an aproximate value which can
be obtained by the fallowing method: hourly values
of global irradistion at entirely clear (JJJ and at
fully cloudy sky (J,) are known from the litera-
ture [131. If we known hourly values of sunshine
duration, hourly values of global Irradiation can
be estimated using the expression:

Jo(1 = D) (2)

Since values of J; and J, were calculated by
underestimated transmission coefficients, hourly
values of global irradiation will also be somewhat
underestimated. Daily courses of global Irradiation
will be assessed correctly and also absolute diff-
erences among various studied locatlons.

3. RESULTS

In the test reference years for the locations
Ljubljana, Maribor and Koper, where values of
measured global irradiation are lacking, this has
been calculated on the basis of sunshine duration
using the described method.

The test reference year for the varlous lo-
catlons conslsts of measurements or assessed
hourly values of the following months (table 1),
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Preglednica 1: Pregled izbranih mesecev, ki sestavijajo testno referencno leto in obdobje, iz katerega

Je bilo izhrano.

Table 1: Survey of selected months from which the test reference year Is constructed and the period

from which it was selected.

1961—1950 1956—1084 1956—1054

Ljubljana Maribor Koper
januar 67 57 71 January
februar 70 37 60 February
marec lili] 67 fiq March
april 73 53 il April
maj 7d 69 77 May
Junij 72 il 61 June
Jullj ] 56 69 July
avgust 75 63 64 August
september 74 63 a7 September
oktober 63 fifi bt October
november 77 63 % November
december 73 78 70 December

4. SKLEP 4, CONCLUSIONM

Testna referentna leta, ki jih sestavljajo
merjene In preratunane urne vrednostl hkratnih
nizov meteorolodkih podatkov: temperature zraka,
globalnega sonénega obsevanja, parnega tlaka, oblat-
nostl In hitrostl vetra, so za Ljubljano, Maribor In
Koprer na disketi na voljo pri Hidrometeorolozkem
zavodu Slovenije In prl avtorjih tega prispevika.

Pri tem moramo opozoritl, da =0 pri enem
od parametrov — globalnem obsevanju — uporabni
predvsem dnevnl potekl in razlike med posamezni-
mi kraji, absolutne vrednosti pa so nekoliko pre-
nizke. Za oceno odstopanj pa moramo pocakati do
sklepa ponovnih analiz.

Test reference years which consist of me-
asured or assessed hourly values of a synchronous
series of meteorological data, I.e., alr temperature,
global irradiation, vapour pressure, cloudiness
and wind velocity for Ljubljana, Marlbor and Ko-
per can be obtalned from the Hydrometeorological
Institute of Slovenia and from the authors of the
prezent paper on digkette.

It should be noted that in one of the para-
meters - global Irradiation - dally courses and
differences among varlous locatlons are usgeful
ones but the ahsolute values are a little too low.
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