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COOLING POWER DURING THE WARM SEASON AT VARIOUS
ELEVATIONS IN NORTHERN GREECE
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CHRISTOS J. BALAFOUTIS*

* [nstitnte of Meteorology and Climatology, Arisiotelioan University of Thessaloniki
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Abstract: Cooling-power during the warm guarter (July-September) ai the city
of Thessaloniki and on the mounfain mass of Upper Olympus, is studied based
on data of the years 1963-1973 (excluding 7966, and 1969) for the stations of Thes-
saloniki and dyios Antonics (Olympus Scienisfic Center) while for the station of
Mympus Skitng Center we had only data of the years 1977-73.

Values of eaeh stalion are examined separately and in context with each other,
and differences between stations ars explained.

Moreover, the magnitude of cocling power values ab each stalion is accounted
Jor; while the bioclimatic vpe of these stalions is also defined.

Introduction

In this paper we examine cooling power during the warm quarter
{(July-August-September) at the following three meteorological stations,
with considerable differences in their elevation.

1. Meteorological station of the Aristotelian U-
niversity of Thessaloniki (A.U.T.) (Hp=44.65 m, o=
40% 37" N, 3= 22" 57" E). Observations are conducted here on the rcof
of the Meteorological Institute building (roof exposure} with a free ho-
rizon on all sides. From this station we take observations of the years
1965-1973 (excluding 1966 and 1969) for the above quarter.

2.Meteorological Stationof OlympusSkiing Cen-
ter (Sk. G) (Hp=1860 m, ¢= 40° 02'30"N, »=22° 20" 25" E). This
stands inside a valley whose axis is oriented N to 8. To the NE —SE
rises the mountain mass of Kakavrakas (el. 2618 m) to W - NW {he
mountain mass of Dhiakoptis (el. 2349 m) and to N rises the cone of
Ayios Antonios peak (el. 2817 m). Finally the horizon is completely
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free to the S (Fig. 1)*. From this station we have observations of the
warm quarter of the years 1971-1972-1973.

3. 0lympus Scientific Center (0.8.C) (Hy =2817m, 9 =
40° 04 107 N, »=22° 21" 10" E}. This statlon stands on the cane of Ay-
ios Antonios peak, with a completely free horizon. From this station
we have observations for the same period as for the station of Thessalo-
niki.

Observations in all three slations were effected simultaneously
thrice daily, at 08:30, 13:30 and 18:30 (Local Time = GMT4-2h) with
a Hill Katathermometer (red spirit)™*

Measured Values of Cooling Power.

The total number of observations effected during the period exa-
mined are given in Tahle [. In this Table (as well as in those following),
values inside intercalation, correspond to observations of the period
of 1971-1973.

From this Table we note that cases when c. p. measurements were

* Pig. 1: The meteorological station of the Sking Center viewed from the 0.8.C
*% 1], Ficks-England and R. Fuess-W. Berlin.
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impossible because of extremely high temperature values (overheating}
oceur enly in Thessaloniki and mainly at 130 30'.

Cooling power values have been reduced al mean sea ievel, accord-
ing to the relation:

Heg = Hy | (2)

where the factor [ is given for heights of the above stations, as follows:

AUT. Ii = 44.65 m f=1.001
SK.C. h = 1360 m f=1.119
0.5.C. h=2817 m i=1.176

This reduction of cooling power values at mean sea level, resulted
m the monthly mean c¢.p. values given in Table Il

Tn Tables Illa and HIb we have the extreme values of ¢. p., also
reduced at mean sea level

From Tables 1[, Illa and I1Tb we draw the following conclusions:

a) At the stations of A.U.T., aud O.S.C. the smallest mean c¢. p.
values are observed at 130 30"; on the contrary at the Sk. C. station
at this time are recorded the highest mean c. p. values.

b) If from Table II we define the ratios between mean c. p. values
of the Sk. C. and A.U.T. stations on one hand and hetween 0.5.C. and
Sk. C. on the other, we obtain

1, Sk.C./A.U.T. (Ah~1800 m)

08:30 14.95/8.95=1.67

13:30 15.77 /6.65==2.37

18:30 15.65/8.85=1.77
9. 0.8.C./Sk.C. (Ah=~1000 m)

08:30 39.71 /14.95=2.66

13:30 33.67/15.77=2.14

18:30 42.20/15.65=2.70

From the above ratios we observe that the increase rate of c. p.
is quite smaller for the first 1800 m of height difference than it is for
the remaining 1000 m of height difference.

¢) From Table 1T we observe that at the 0.5.C. and A.U.T. stations
as well, the difference between monthly mean maximum and monthly
mean minimum values is considerable, while lhis difference is very
small at the Sk. C., proving the homogeneity of the bioclimate pre-
valling at this station.

WYneiakni BiBAI0BRKkN ©edppaocTog - TuAua MewAoyiag. A.l.0.



Monthly mean cooling power values of the three slations reduced at seu level

Olympus

Scientilic Center

Skiing

Thessaloniki

Cenler

TABLE IT

{Values itn purenthesis cover the period 1877-7973)

Years
1965
1967
1968
1920
1971
1972
1973

Mean

1971
1972
1973

Mean

1965
1967
1968
1970
1971
1972
1973

Mean
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AMean

08:30
25.96 £ 10.77
37.42 4 15.83
30.52 4 11.02
32.56 & 12.42
33.27 &£ 16.17
30.41 4+ 10.96
36.28 4 14.72
32,42 (35.49)

16.67 £ 4.19
14.33 & 873
13.23 & 3.20

14.74

8.42 -k 3.22
6.39 4 2.21
11.70

7.18 + 3.11
9.76 &+ 3.95
7.63 £ 3.38
7.77 &+ 3.60

8.4l (8.39)

July

13:30
20.80 & 7.44
24.99 £+ 6.70
25.70 & 6.89
27.00 4 10.72
27.80 4 10.17
29.33 £+ 8.03
35.19 £ 14.42

27.26 (30.77)

16.33 £ 4.10
13.82 & 3.49
14.61 £ 4.91

14.92

6.27 L 2.60
2.94 + 3.32
5.25

2.78 = 3.15
7.85 & 3.60
467 + 3.37
3.52 & 3.34
4.75 (5.35)

Monthly Value £ ¢

18; 30
28.32 1 9.21
37.46 4 13.66
32.38 £ 9.31
32.69 + 10.70
33.72 1 9.27
36.05 1 8.51
38.88 - 12.33

17.60 & 4.47
13.38 & 3.68
15.00 & 4.54

15.33

7.1 4 1.80
.92 + 3.52
9.15

6.37 + 2.77
10.03 4 8.19
7.12 4+ 2.50
6.13 4+ &.08
7.26 (7.76)



1965
1967
g
= 1
. 968
ERS
g o 1970
==
5= 1971
=
7 1972
1973
Mean
1971
F e 1972
=
%3 1973
Mean
1965
1967
= 1968
=
(=]
= 1970
o
g
£ 1971
1972
1973
Mean

TABLE II (continued}

Mecan

0.8:30
30.65 £ 9.84
25.25 £ 8.25
33.36 £ 12,53
3603 £ 11.14
38.34 + 11.35
39.49 £+ 14.04
37.80 £+ 11.99
34.42 (38.54)

14,48 £ 2.78
13.70 £ 345
15.19 £ 2.90

t4.46

10.2%0 £ 516
5.70 £ 3.77
918 £ 4£.04
7.76 £ 3.66
8.87 4 3.61
8.40 4 5.08
7.20 £ 313

.19 (8.16)

August

Monthly Value

13:30
26.25 £ 11.56
20.21 £ 5.54
3130 £ 10.26
2804 = 8.23
2574 + 8.24
35.81 4+ 18.23
29.47 £ 1017
27.98 (30.01)

15.24 £ 3.94
14.28 £ 4.76
15.55 £ 2.39

15.02

7.28 4 3.32
1.59 42,37
A4 F 8.2
3.60 + 2.03
6.61 = 38,12
517 - h.43
467 +1.72
4.74 {5.48)

+ o

18:30

34.44 £11.03
29.90 &£ 7.34
37.43 £ 1141
4046 £ 11.71
3450 £ 9.37
43.62 £ 12.41
43.06 & 9.46

37.64 {40.42)

15.28 £ 5.86
13.62 + 4.0%
18,57 = 4.00

14.82

8.69 4 2,12
5.04 L 2.32
9.82 + 3,96
6.84 L 2.42
9.00 4 3.50
7.35 4 3.76
7.12 4 1.73
7.70 {7.84)
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TARLE [T { Conteinyed)

Replember

Mean Monlhly Valee £ o

08 :30 13:30¢ (8:30
1965 30.22 4 13 58 2200 4721 L4 &+ 970
1967 2261 £ 12.6% 22,22 410066 38.03 + 11.09
1965 3175 £ 1159 3170 4-12.05 39.85 £ 12.65
1970 34.42 4+ 18.85 2564 + 8.29 5999 £ 9,62
1971 A6.89 4 1768 40,97 £ 2113 48,99 - 16.41
1972 50 74 4- 25,49 A616 + 2141 56.66 - 28.534
1973 43.65 4 16.81 33 56 = 10.26 4519 41390
Mean  38.61 (57.09) 33.04 (40.28) 42,69 (49.95)

197¢  47.84 £ 3.35 18.89 L 4.5 18.77 4+ 6.67

1972 L4.91 4 3.19 17.94 + 2.60 16.00 - 3.49

1973 14,68 4+ 4.37 15.65 &= 3.70 153.62 -+ 3.50

AMean  15.64 17.30 16.80

1963 8,95 £+ 2.23 6.60 + 1.51 7.95 + 1.07

1967 .84 4 2.22 5.44 +2.19 742 + 2,62

1968 11.92 4 5.01 5.50 4+ 3.99 11.82 45.15

1970 10.78 4+ 4.97 6.50 & 3.37 9.30 L 4.00

197¢ 11.08 -+ 5.76 Q.41 4 444 12,18 4+ 5.32
1972 11.27 £ 6.36 LO.16 4 4.57 11.48 + 5.62
1973 8.56 + 4.28 779 .- 383 945 4+ 2.48
Mean  10.05 & {10.30) 763 (9.12) 3.91 (10.94)
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d) In Tahle IIIa we observe that c.p. values increase with height:
Thus the absolute maximum ¢.p. value for the period examined is:

-AUT.: 30.73 mg.cal.em—? sec—' (18:30/28-1X-72)
-Sk.C.: 40.88 mg.cal.em™? sec—t (18:30/7-1X-71)
-0.5.C0 121,71 mg.cal.em=2 sec—! (18:30/9-T1X-72)

We ohserve again thal for the first 1800 m of height difference the
increase of the absolute maximum value is rather small {40.88/30.73=
1.33), while it is quite strong for the remaining 1000 m of height dif-
terence (121.71/4£0.88=2.98).

e) From Table I1Ib, we observe that the absolute minima at Lhe
0.5.C. slation stand as a rule between 10-20 mg. cal.om—2 sec! (abs
min. 7.70/22-VI1-1965/13:30}, at the Sk. C. such values are as a rule
smaller than 40 mg. cal.em~? sec~!, while finally at Thessaloniki
(AU.T.) we have cases of overheating due to extremely hight tem-
peratures.

Standard deviation has been caleulated for daily c. p. values (1.2%)
with considerable deviation (»4-3¢), while at the O.5.C. such cases
amount to 12 (0.7%).

Such c. p. values were recorded on days with very bad weather
conditions (1. e. at 13:30/28-1X-72, at the O.5.C. station we had:
air = 2.3°C, V=320 m/se¢c and rain, while the station was in the
damp cloud; thus the c.p. recorded 118.33 mg. cal.em—2zec—?).

3 Comparison belween cp. valnes of the {three
stations.

Examination of ¢.p. data from the three above menlioned stations,
indicates an increase of these c. p. values with height; this is better
illustrated in Graph 1.

The curve in Graph | simply joins values of the three stations. 1t
is not possible to plot the real curve of ¢.p. as a function of elevalion
because the variation of c.p. values does not depend absolutely on ele-
vation alone; it depends also from the following factors:

a) Latitude: this factor may be disregarded here, as its amplitude
is extremely small, especially for the two mountain-stations.

b} Local conditions (wind, radialion, air temperature, ground mor-
phology). '

As a matter of fact local conditions play an’ important role in coo-
ling power values. Thus D orno® found that the c.p. value at various

WYnoeiakA BiBAI0BAKN Oed@pacTos - TuAua MewAoyiag. A.l.O.
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elevations grealely depends on the area’s exposure to the wind; while
Morikofer® proved that in mountain areas,-the behavior ol c.p.
depends more on local conditions, and especially on wind exposure,
than on elevation.

@ Thessaloniki /
407 .
(@ skiing Center /
3 os5.C. .-/
35

T

5]

LRty

w
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GRAF 7. Seasonal mean volues of c. p. (July to September) of the Novthern Greece’
stations as a function of altitude (1971 -71§73) (O = 08:30,0 = 13:30, A= 78:30
ohser vation hours)

Ol the 1wo mountain-stations examined herein, that of O.5.C. is
open to every wind, while that of Sk. C. is wind-protected by the
surrounding mountain masses.

One more reason that does not allow the ploiling of a real c.p.
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curve, 18 the lack of more stations that would stand in-belween the
three stations studied herein, thus covering the great height-difference
among them,

In Tables IV and V we give respectively the monthly mean values
of air temperature (* C) and wind velccities (m/sec) for the three sta-
tions.

A study of all the above mentioned Tableg, allows the following
description of conditions preaviling at each of the Lhree stations:

A. Thessaloniki: This station, standing very near the sea-
shore, has very high air temperalares! and small winf velocities® du-
ring the warm season (Tables IV, V).

The effect of such conditions is to produce very small c.p. values's.
The range of coolong power values recorded at the city of Thessaloniki
(Tables IT and 1I1) is explained by the fact that measurements are conduc-
ted on roof exposure and are not wind protected ; thus the winds blow-
ing in the sumer (mainly etesians) procuce relatively high c.p. values,
while whith calms prevailing we have quite small c.p. values®4®® A-
nother factor reducing c.p. values is insolation, and this as depending
from sunshine-duralion is quite high during this season at Thessaloniki®

B. Skiing Center Alr temperature values are here almost
half those of Thessaloniki (Table IV) while winds are not much stronger
(Table V). This small increase of wind force is due to the presence of
high mountain masses surrounding the station and preventing streng
winds from blowing here.

Besides, the station’s southward orientation ig favorable for ir-
radiation conditions, while sunshine duration is not much shorter than
that of AUT*® and 0.8.C* Such conditions produce the prerequisites
for rather small cooling power values {Table IT).

What is more important at this station, is the small range of
monthly c.p. values. This small variation gives 1o the area a well balan-
ced bioclimate.

Tt 15 also worth noting that the mean c¢. p. value of 13:30h is
higher than those of 48:30 and 18:30. From Tables IV and V we observe
that, while air temperature does not increase sensibly during the day,
on the other hand wind velocity increases at mid-day® (valley breezes),
and this results in the increase of cooling power also.

C. Olympus Scientilic Center. Air temperature is
quite small here as compared with that ol the olher two stations (Table
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TABLE V!

Distvibution of cop. values in the grades of Convad’s classification and their per-

centayes.

Thessaloniki

08 :30 13:30 18:30 Climale Classilication
Noof 9% Neool 9 No of % Alter V. Conrad
(hser. Ohser. Obser.
0-100 438 71 453 735 416 7140  Hel Climate
16.1-20.0 150 244 72 11.7% 139 23.7 Relaxing Climate
20,1 - 80,0 19 3.1 3 0.5 12 2.0 Mild bul bracing Climale
301 - 40.0 0 0.0 0 0.0 1 0.2 Very Bracing Climate
»40.0 0 0.0 0 0.0 0 0.0 Very Cold Climale
Overheating 9 t.5 B8 14.3 18 3.1 {Hot-very Mol Climate)
Pasible 616 3001 616 1060.0 586 100.0
No Data 28 28 58
Tolal 644 644 hak
Skiing Center
ng:3 13:30 18:30 Climate Classilication
Nooof 9% Noo % No ool 9  After V. Conrad
Ohser. Chser, Chser.
0-10.0 19 6.9 16 5.8 23 8.5 Hot Climale
10.1-20.0 298 3.2 216 785 211 77.6 Relaxing Climate
20.1 - 30.0 25 9.1 40 145 37 13.6 Mild buat bracing Climate
30.1 - 40.0 2 0.7 2 0.7 1 0.4 Very Bracing Clunale
>40.0 & 0.0 1 0.4 G 0.0 Very Cold Climale
Overbeating 0 0.0 0 0.0 0 0.0 (Hol-very Hot Climate)
FPosihle 274 99.9 275 0.9 272 100.1
No Data 2 1 4
Tatal 276 276 276
Olympus Scientilic Center
08 :30 13:30 18:30 Climate Classilicalion
Nool 9 - No of 9 No of 9 After V. Conrad
Obser. Ohser. Ohser.
0 -10.0 (! 0.0 2 0.3 0 0.0 Hot Climale
104 - 20.0 85 142 136 21.9 31 5.0  Relaxing Climaie
20.1-30.0 172 27.7 283 37.6 150 24.0  Mild bnt bracing Climate
30.1 - 40.0 161 26.0 148 229 202 324 Very Bracing Climale
»4(h0 199 32.1 101 16.3 241 38.6 Very Cold Climate
Overheating 0 0.0 0 0.0 0 6.0 {Hot-very ITot Climate)
Posible 620 100.0 620 100.¢ 624 100G
Ne Data 24 24 20
Total B4 644 fh4
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IV) while the winds blowing are very strong (Table V). The combination
of these two [factors'* produces very high cocling power values (Tables
II, III).

We should note here the great variation of c.p. values, which is
the result of the intense variations of wind speed, which very olten rea-
ches 40 m /sec's,

This slalion stands free of any natural obstacle ail around, and
represents the real bioclimatic conditions prevailing at the beight of
2.800 m on the moutain mass of Olympus and especialiy of areas to-
tally exposed to the wind.

Froro the above statements we can conclude that the magnitude
of c.p. values greately depends on local conditions of each station. Of
course the elevation lactor plays alsc an important rcle because of air
temperature decrease with height. Yet the relation between cooling
power and elevaticn cannct be delined, because it is practically 1mpos-
sible to have stations with the same exposure conditions.

4. Climatic Classification according to Conrad
The delinition of the bicclimatic type of each station has been ef-

fected according to Cornad’s classification?®.

Distribution of daily c.p. values in grades of Conrad’s scale, produ-
ced Table VI.

From this Table VI we can defline the thermal hioclimate of each
station during the warm period, as follows:

1. Thessaloniki: The thermal biochmate 1s characlerized as
«hoty during the mid-day hours, and as «hot-relaxing» during the mor-
ning and afternoon ones.

2. Skiing Genter: The thermal bioclimate 18 characterized
overall as wrelaxing.

3.0lympus Scientific Center: At this station the hio-
climate varies from «mild bnt bracingn to avery cold climate», while
at mid-day we have a number of observations with relaxing climate.
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MATERIAL

*Apysiov Tawveddy MeTtewookoyiwéy waraypugudy dpvivern tol lvetitedtou Meteo-
poroyiue-Tuuatoroyvins A IL®. '

Archives of meleorological recorder charls of lhe Inslilule of Meteorology
and Climalology A.U.T.
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MEPIAHYIZ

TAXYTHE ATIOVYEEQE KATA THN @QEPMHON IIEPIOAON EIZ
ATAQOPETIKA TYOMETPA

e \
umo

XPHETOY I MITAAAGOTTH

Medetditoar St why mbiw He Oeooahovingg xod v doswviy pdloy 1ol
gver "Ondpmon ) Taydrng dmodbleos wate 18 Ozppdy tpiunvoy ((Tourion, Ad-
vovotou, Zemteufplov) Tdv évdv  1965-1973 (Envée 1966, 1969) Suwx Tév
ataludy 17 Beacanovinns xal ‘Ayiov "Avravion "Ordumou (EKQO) wal tév
grdv 1971-1973 e tdv orabudv KEOA.

Mehettivron ol tipel xard gralupdy, cuyupivovtan 3% petall Toug ol
alttohovolivral ol Swpopal petaly Tév atabudy.

Kaboptlovrar ta aftia 7ob peyéboug tdv pdyv 1hg taydtnres dmodi-
Lewg sl walz orabLdv.

Teroe 32 mpoodiopilerar w6 Prbwiipa ~&v arebudy wdtim.
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