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Abstraet : The effect of ground relief upon sunshine duration, is examined from data
of a couple of meteorologieal stations on Mt Olympus: the Olympus Scientific Center
(Aytos Antonios peak, elevation 2817 m) and the Skiing Center (inside the Ayios
Antonios - Sparmnos ravine, elecation 1.850 m) eovering the summer seasons of 1966-
1973.

The effect of the cloudiness factor, and the role this factor plays in the final re-
sulls is defined.

INTRODUCTION

The surrounding topography or ground relief may be a permanent
and steady factor affecting sunshine duration. This factor becomes
more important in a mountainous* country, like Greece, whose low-
lands are plains enclosed on two or three sides. by mountains, more
than 1.000 m high and in many cases 2.000 m high, while some peaks
rise as high as 3.000 m. As a rule every work concerning sunshine dura-
tion or in any way related to this subject, mentions the effect of the
ground reliel (GeiceR 45.8)) while it is a prerequisite for works concern-
ing the area of Greece.

Listed below are the principal works on sunshine duration in the
area of Greece, which mainly relate to the two major cities: Athens and
Thessaloniki.

I. D. Aecinitis! in 1907, writing about the climate of Athens,

* The former of us thinks that one of the most accurate descriptions of the
ground relief of Greece was given by Kenneth Matthews in «Memories of a Mountain
Wars, Greece 1944-1949 (Longman Group Ltd, London 1972} : p. 28 . . . The plaing
so-called, are troughs in which the centuries’ torrents have deposited some tribute
of alluvial mud. All Greece is mountain, as relief map {or an aeroplane} shows -
wave after wave of barren summits driving their children to the sea’s edge . . . »,
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calculated that the effect of the ground relief, in this case Mt Hymettus
(elev. 1026}, is to delay the sunrise by 5° 55, while Mt Korydhallos
(elev. 453 - 468 m) precipitates sunset by 20 15",

IT. A. N. LivaTHINOS 13 in 1926, writing about insolation in Greece,
accepts the influence of ground relief on the duration of sunshine, and
mentions the same figures as Aeginitis.

ITIT. E. G. Martoropouros ™ in 1936, in the Chapter on Insola-
tion, writes among others «. . . .Even a small distance between two sites
may result, if orographic conditions differ, in the increase or decrease
of sunshine duration . . ... *.

IV. The same author in 1938 '%, makes the same remark in his
«Climate of Greece».

V. V. A, Sakaris' in 1951, studying the climate of Athens
assumes that the ground relief of the area (Mt Hymettus 1026 m to the
east, and Aegaleo 468 m, Pikilon 453 m and Kithairon 1411 m {o the
west} results in the decrease of sunshine duration in the plain of Attica,
by 115 hours yearly.

V1. Pr. Kapapiperis 7 in 1965 mentions the effect of the ground
relief in Attica on the course of the diurnal variation of sunshine dura-
tion.

VII & VIII. L. Arexanprov 22 in 1933, studying the climate
of Thessaloniki also mentions the effect of the ground relief on sun-
shine duration. «.... Mt Chortiates (elev. 1199 m) standing to the east
of the city delays the sunrise by about 20 in winter and about 40" in
the summer, while the range of Pieria mountains {elev. 1878 m, hori-
zontal distance 60-70 km) extending to the west brings sunset in the
city of Thessaloniki some 5 min earlier, in winter and summer as well...».

The same scientist in 19403, writing about sunshine duration in
Thessaloniki accepts the same figures, attributing the decrease of sun-
shine duration to the ground relief.

I1X., B. KYriazorouros 8, in his work on «The Climate of Central
Greek Macedonian (1938) also admits the same figures.

X & XI. Similar statements about the effect of ground relief on
sunshine duration are mentioned by Livapas - Mavwpovanms - Fro-
cas ® 1970 and Livapas - FLocas 1? in 1972.

XII. Livapas - Pennas™ in 1973 studying sunshine duration
in Neos Marmaras, Chalkidiki, also mention the effect of the ground
relief; this is also the first Greek work that makes use of «horizontio-
grams.

XITI. Finally the authors of the present paper in a previous stu-
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dy of sunshine duration in Upper Olympus (Livapas - SEMERTZIDIS 12),
examined systematically the effect of the local ground relief.

The problem of the effect of ground relief on sunshine duration
becomes more acute, but also far more interesting in studies of mount-
ainous areas.

We, for the study of this problem, have selected two met. stations
that function during the summer season in the area of Upper Olympus:

a. The met. station of Olympus Scientific Center {O.S.C. - elevation

2817 m).
b. The met. station of the Skiing Center (Sk. C. elev. 1850 m)
(See Fig. I).

The first of these two stations stands on the Ayios Antonios peak,
which s the third highest peak of Mt Olympus and of Greece at the same
time; while the second is situated inside a deep valley with a north-
-south axis and is surrounded by the mountain masses of Upper Olym-
pus (see Horizontal diagram, Fig. 11}, especially on the north and east
gide,

The data examined herein, are those of the 1966-1973 summer
seasons when Campbell-Stokes sunshine recorders worked simultane-
ously in both stations.

A. Sunshine Duration in Olympus Scientific Center and in the Ski-
ing Center,

As we mentioned in a previous paper (Livanas - SEMERTZIDIS 1%);
«The elevation of Olympus Scientific Center (0.S.C.) is the highest of
all meteorological stations around the Mediterranean and one of the
highest in Europe, while, as far as we know, it holds a very good place
among the twenty most elevated meteorclogical stations of this planet.
Met. stations like that of Ayios Antonios peak, have an entirely free
horizor, where all natural obstacles stand at negative elevations as to
the level of the peak and can consequently be considered as reference
points.

On the contrary, the Skiing Center (Sk. C.) is situated inside a deep
valley, or rather a wide ravine surrounded by the mountaintops Dhia-
koptis - Pyrgos to the west, Trypes - Ayios Antonios (Kastron) to the
north, and Pighes - Kakavrakas to the east, and as a consequence un-
dergoes the effect of the local relief. 1t could be maintained that one of
the main factors diminishing sunshine duration in this station, are the
natural obstacles of the ground relief.
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Fig. I. Contour map of the area
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I. Comparing the recorded mean sunshine duration values for all
the observational days (736 in all) in both met. stations, for the 1966 -
- 1973 period, we observe a considerable and steady difference in sun-
shine duration in the early morning hours between 04:00 - 08:00.
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Fig. I1.

a. In July we observe from 04:00 - 07:00 hours a small superiority
of the 0.8.C. over the Sk. C., amounting to 0.78 hours; this however is
succeeded during the next three hours (07:00-10:00 hours) by a superior-
ity of the 3k. C. by 0.10 hours.

b. In August, during the first three hours of daylight (04:00-07:00)
the sunshine duration in 0O.5.C. is longer than that of the 8k. C. by 0.95
hours, while during the next three hours (07:00-10:00) this difference
becomes only 0.1 hour, the two stations having practically the same
sunshine duration.

WYnoiakA BiBAIoBrAkn OedppaocTog - TuAua Mewloyiag. A.MN.0.



TABLE I

Sunshine duration in Olympus Scientific Center (0.5.C. } and in Skiing Center (Sk. C. ) during the warm season (1966 - 1973).

0.5.C. 45 56 67 7-8 89 910 10-11 11-12 12-13 13-14 14-15
J. 0.08 0.56 068 072 073 0.71 0.71 072 0.73 0.72 0.70
A. 0.00 0.43 0.77 0.81 0.83 0.80 0.76 0.75 0.73 0.73 0.73
S. — 0.02 040 068 0.71 071 0.71 0.50 0.66 0.67 0.66
sk, C.

J. — 0.01 053 0.76 0.77 0.73 0.69 0.67 0.68 0.67 0.67
A. — =~ 0.25 0.80 0.83 0.80 0.75 0.70 0.68 0.66 0.62
8. —  — 0.00 031 067 0.66 0.60 0.55 0.57 0.39 0.56

A.

1 0.08 0.55 0.15 -0.04 -0.04 -0.02 0.02 0.05 0.05 0.05 0.03

>

0.00 0.43 0.52 0.01 0.00 0.00 0.01 0.0 0.05 007 0.11
— 0.02 0.40 0.37 004 005 0.1 015 0.09 0.08 0.10

w

15-16 16-17 17-18 18-19 19-20 Total

0.68
0.73
0.63

0.62
0.62
0.52

0.06
011
0.1

0.65
0.70
0.56

0.60
.58
0.42

0.05
0.12
0.14

0.58
0.63
0.31

0.55
0¢.49
0.18

6.03
014
0.43

0.42
0.35
.03

0.24
¢.16
0.00

0.18
0.19
0.03

0.02
0.00

0.00
¢.00

0.02
0.00

hours/day
9.41
9.75
7.45

8.19
7.94
5.63

1.22
1.81
1.82
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c. In September, the O0.5.C. again exceeds the values of the Sk. C.
by 0.79 hours during the first three hours of the day (05:00-08:00); this
superiority lasts throughout the day.

A similar, although not so pronounced, dilference is recorded again
during the last three hours of daylight.

July : 0.23 hour
August : 033 »
September : 0.30 »
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Fig. 111.

This so pronounced superiority of the O.8.C., during the first three
hours of the day is actually due to the ground relief, which also causes
the diminishment of sunshine duration in the second station during
the last three hours of daylight.

I1. Comparing sunshine duration values on sunny days alone in
both stations {97 days in all: 34 in July, 36 in August, 27 in September}.
(Table II), we observe:

a. In clear days of July and August, the difference of sunshine
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duration between the above two stations during the ten-hvurs period
from 07:00 to 17:00, is almost «», while the O.5.C. has higher values at
sunrise and sunset time

Sunrise Sunset
July 45.90 (hours) ~ 15.59
August 48.70 » 16.30

meaning that as an average for the main warm season, on clear days,
sunshine duration is longer in the O.S.C. (elev. 2817 m) by 1.78 hours
in July and 1.80 hours in August. The dimingshment of sunshine dura-
tion in the station with the lower elevation (Sk. C. elev. 1850 m} is due
to the obstruction of sunrise and sunset caused by the local reliel alone.

b. In September, when the time of daylight decreases, the duration
of the day at the Skiing Center is limited to 8 hours {08:00-16:00). In
this month too, the ground relief plays an important role in the decrease
of sunshine duration, as follows:

September: Sunrise 32.25 hours less; sunset 7.75 hours less, meaning
that in September, daily sunshine duration is diminished as an average
by 1.48 hours, because of the ground relief.

DISCUSSION

Comparing the diurnal variation of sunshine duration in the exam-
ined two met. stations of Mt Olympus, for the summer season (July-
-September) of the years 1966 - 1973, we notice the following:

a. Sunshine duration in the wvalley station (Skiing Center-eleva-
tion 1850 m) is always shorter than on the peak (Olympus Scientific
Center - elevation 2.820 m).

As we can see in Table I, this difference is as an average, for the
sum of observational days examined here (736 days in all): July: 1.22
hours, August 1.81 hours, September 1.82 hours.

The above difference is finally the result of two factors:

I. The ground relief is a permanent and steady factor that affects
the duration of daylight at sunrise and sunset, and

IT. The variable factor of cloudiness.

b. In order to define the role of the relief, comparison should be
made between cloudy days and clear days or days with traces of clouds
only. We have selected 97 days with none or traces of elouds out of
the amount of 736 days examined herein, and we observe that the effect
of ground relief is more clearly defined.
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TABLE III

Role of the relief factor and cloudiness factor on days of none or traces of clouds.

Relief - factor Cloudiness - factor
sunrise sunset
July 1.35h 0.460 0.004
August 1.35h 0.45h 0.034
September 1.19h 0.300 0.022

On the contrary, from the amount of observational days, on which
the present research has been based, we observe that the relief factor is
restrained from the coexisting cloudiness factor.

TABLE IV

Role of the relief-factor and cloudiness-factor on the amount of 736 days
of the 1966-1973 summers.

Relief - factor Cloudiness - factor total

sunrige sunset
July 0,78 0,23 0,21 1.21
Aug. 0,95 0,33 0,53 1.81
Sept. 0,79 0,30 0,73 1.82

The cloudiness-factor overlaps the obscuring of sunshine duration
that is caused by the local relief of the ravine station, because of the
increased cloudiness at the Skiing Center. This is made clear if we com-
pare the figures of the cloudiness factor in Tables 11l and I'V: While on
the 97 selected days with none or traces of cloyds, it varies between
0.00 - 0.03 hours, on the amount of days examined (736 observational
days) it becomes 0.21-0.73 hours.
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H EIIAPAZIE TOY ANATAT®OY EIZ THN ATAPKEIAN
THE HAIOPANEIAZ EN OATYMIIQ

Trbd

TEQPTIOYT K. ATBAAA »xt BAAAIMHPOY A. ZEMEPTZIAH
(' Egyaotiipior Metewgoloylas xai Klpatodoyiag)

Meretdton 7 Emtdpaore 105 dvayidpoyv Exmi tFc Stapxctas TR RAopavel-
ag, elg &v Lelyos Metemporoyindy Zraludiv ele Thv meproyhy Tol "Ave "Ondp-
mou. [ M. Zralpos *Emotipovine’d Kevrpou 'Oldpmov Sdop. 2817w, ol
M. Zrefudc Kévrpou “Exmadeicews 'Opetvel ’Ayévos Sdop. 1850 p.].
Tobto Exet pevarny anpaciov clc Ty ‘Exknvochy mepoyfy, Sudte pt Ealpeoiy
v Sutuchy dxthy ("Iéviey [1€davoec) elg olovdnmote &ho onpeiov Tob “Edda-
Sueob yhpou, TO dvdyrupov mepopilel ot o uirkov H Frrov Thy Sudprstay
e uépas (Hrogpavelas).

‘H ueréry Eomnplyln zic tas suyypbvous mapatrpfoets Toe Toaypmato-
novnBeloag xatd Thy Sudpreiay g BeppFs meptédou ((loviiov - ZemrepBplon)
v Bty 1966 - 1973 (8 £mq), fror cvvohikde dni 736 fufpxs.

Ta mpoxbdavra cuurmspaopata Sdvavrtar va cuvabiololdy de wdtwbi:

o "Edv dnplolv 5”&y al wotvarl albplae fuépar (97 Auipm) eig Todg
3o M. Zrabuocds mpoxdmrer &t T dvdyhugoy meptopilet Thv Sudpuetay THc
fihogavelag, xupleg xatd Ty dvatorny (mival Il a, Awyp. III- V). "0 ne-
propLaopde adtds wupaivetor dmd 16 - 21 9, 3ud Ty HAogaveray tot K.E.O.A.,
taw 8t mpooTelF xal 6 meploplopbs wate v Sborv mod xupalvetar peTald
5 % xatl 6%, T4 avayrvgoy clg Thy yapddeav Tob ‘Ay. *Avraviow - Zmappol
mepropiler Thy Rdprctav THe TAlopavelag xatd mosestov 21 - 27 %.

B. "Eav Anply 07" 8dwv 16 clvorov Tév fueply mapampfoswy (736
fieépon), thH7 mpowdmret B anuacie ol Szutépov F petaBinTol mapdyovTeg
neploptopol THe Hlopavelag, fitor tHe vepdosws. ‘O M. Zzafude wol K.E.
0.A. Eyer dyotépay Hhogdvelay, xatd v Deptviy mepioBov, Adyw oymua-
Tiopol vepdiv el THv megroymy Tob dpewol  Syxou Teb YAve ‘Orbumou, # 6-
mola vépuwarg xal meptoptlet Ty Stdpuetay THE HAwpovelug sig Tov yaunhdTe-

7
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pov shptonduevoy M. Traludv, 6 8& mepropopds adfdver 8aov mapépystar 7
droyn: 8 % 'lodhog - 13 % Zemréufpiog.

v. Olowotinds mpoteivetar pélodos: 811 Bitd va peretnBy, % Enidpaoce
Tab dvayhbpou el piav oy (Mer. Traudv) O mpérel va EmdéEwpey pdvov
wifplag Nuépasz, bt 6 mupdywv vépuors ouoxotiler Abye dmzpradifews
ToU TopdyovToS €AVAYALQOUN Ta SYeTIKd dmoTehéopuTa.
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