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Summary : Temperatures of bare - sotl surface and
at 10 em above i are examined herein, for the city of Thessalo-
niki (Greece) and for the period between the years 1930 - 1970.
Normal temperature calues are given (annual, monthly, and
daily ones), as well as the extreme values recorded during the
period examined.

There ts proof of a temperature inversion belween ground -
surface and air - temperature (inside the meteorological screen ),
as well as between bare - soil surface and 10 em above it, during
the cold season; while there is a permanent inversion, the whole
year through, between the levels of 10 em above bare ground and
1,5 m above it.

Measurements of bare soil surface temperature were begun in the
Meteorological and Climatological Institute of the Aristotelian Univer-
ity on April 1, 1930 (Mariolopoulos 1933 1, Alexandrou 1939 2} and con-
tinued till October 31, 1940; then they were resumed on April 1, 1946.
Thus the interval of World War 11, is not included in the period examined
herein.

The Met. Station has been functioning in the same location till
December 31, 1959; then it was moved to its new installations near
the new building of the Met. Institute (Livadas, 19723) which lies

Notice: A couple of thermometers (max. and min.) are horizontally placed
upon Lhe bare ground and their bulbs covered with a thin layer, 1 - 2 mm thick, of
natural soil, from the surrounding area, in order to record the temperature of the
s0 - called «inner ground surfaces. The range of earh - surface thermometers used
in Greece is, ——30.0°C to +75.0"C (D. Kyriazopoulos - G. Livadas 1969 7},
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some 220m to the east of the old one, both inside the University
campus.

Data used in this paper for the most part have been published in
the series «Annuaire de I'Institut Metéorologique et Climatologique de
Thessaloniki» (Mariolopoulos 4, Kyriazopoulos 5, Livadas ¢). We examine
herewith the whole amount of data obtained from observations of the
1930 - 1970 period, except for the war period, as already mentioned.

a. Mean Annugl Temperature. The mean annual temperature, on
the bare - soil surface, for the 33 full years in the area examined, is
given in Table 1.

TABILE 7T

Mean and extreme values of bare - soil surface temperature in Thessaloniki
{periods: 1931 - 39 and 1947 - 1970).

Warmest year 22.51 € (1952}
Mean Annual 20,50 C 4+ 1.02
Coldest year 18.55 C {1969)

From Table 1 we find that extreme values do not differ very much
from each other.
b. Mean Monthly Temperature.

Mean monthly values as well as extreme monthly values of hare - soil
surface temperature for the period examined are included in Table 11,
and illustrated in Graph 1.

TABLE JI

Mean and extreme montly values of bare - soil lemperature (period: 1930 - 1970).

Maximum Mean +a coel. of Minimum A
warmest variation coldest
J 9.61 1936 5.24 1.84 35.1 9% 1.98 1947 7.63
F 11.79 1966 7.61 1.99 26.1 3.28 1954 8.45
M 16.93 1947 12.30 2.10 17.1 7.90 1956 9.03
A 25.61 1952 20,42 2.561 12.3 15.51 1969 10.10
M 31.98 1951 27.41 2.46 9.0 21.39 1970 10.59
J 37.60 1954 33.67 2,40 7.1 27.45 1968 1015
J 41.81 1950 37.14 2.10 5.7 31.55 1969 10.26
A 40,96 1946 35.53 2.49 7.0 29.11 1968 11.85
S 34.15 1946 28.17 2.35 8.3 24.61 1968 9.54
O 23.74 1935 19.30 1.89 9.8 14.66 1951 9.08
N 14.89 1963 12.37 1.17 9.5 9.05 1953 5.84
D 10.31 1960 6.97 1.77 25.4 2.08 1948 8.23
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TABLE III

Frequeney of monthly mean vcalues

41 - 42
40 - 41
39 - 40
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Table 1l and Graph I show that January has the smallest bare -
soil surface temperature values, mean monthly and extreme ones as
well; while July has the largest corresponding values.

a

[H

1
40

30

GRAPH 1

The mean annual temperature range of bare - soil surface is: 31.90° C.

There is also a close equivalence between standard deviation {S.D.)
and monthly range of temperature values. The smallest range is record-
ed in November; this month has also a small 5.D. value. November,being
the first month of the winter season, has many rains but no sudden
changes of weather conditions,

Also the coefficient of variation has high values during the main
winter season (December - February), with its maximum in January,
and small values during the warm season {(June - August) with its mi-
nimum in July.

From the adjoined Table fIf, containing frequencies of mean
monthly values, we find that the cold month of January, regarding
the frequency of mean monthly values, holds the lower grades of the
temperature scale, and is followed by the months of December and
February. The warm month of July holds the highest grades of the
scale, outranking even the month of August.
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¢. Daily mean.

The mean monthly, mean maximum and mean minimum values
as well as absolute minimum and absolute maximum wvalues of bare -
goil surface temperature, are included in the following Table IV, and
illustrated in Graph 1.

TABLE IV
Maximum Minimum
Absol, Mean Mean +a Mean Absol.

J 29.6 1963 13.21 5.24 1.84 —2.23 —13.0 1968
F 38.1 1960 18.52 7.61 1.99 0.27 — 9.4 1956
M 48.5 1947 26.13 12.30 2.10 3.07 — 7.5 1949
A 63.4 1947 37.36 20.42 2.51 7.29 — 4.5 1966
M 67.8 1951 45.87 27.41 2.46 12.46 0.4 1966
J 67.8 1939 52.84 33.67 2.40 16.59 5.2 1948
J 70.5 . 1939 57.08 37.14 210 18.94 10.5 1957
A 68.7 1935 55.91 35.53 2,49 18.39 7.7 1930
3 65.0 1952 6,22 28.17 2.35 14.80 .5 1948
O 54.2 1935 33.00 19.30 1.89 10.20 0.9 1936
N 39.8 1965 21.96 12.37 1.17 6.19 — 6.0 1953
D 32.4 1955 14.60 6.97 1.77 1.68 —10.5 1948
Year 35.23 20.51 8.96

From this Table we find that the absolule range of bare - soil sur-
face temperature is 83,50 C.

In Table IV as in Table II, January, the coldest month of the
year, has the smallest temperature values in every column of both
tables for the whole period examined. On the other hand July, the hot-
test month of the vear, has the largest values of bare - soil surface te-
mperature, in all the columns of the above two tables.

All the above speak for the existence of a clese correspondence
between temperatures of the lower lavers of the atmposphere, that
is air temperatures in the shade (within the met. screen and at a
height of 1,50m), and bare - soll surface temperatures.

Moreover, from Table 1V we also lind that there have been record-
ed ground - frosts on the bare - so1l surface, that 1s temperatures <0 C,
from November till April; the earliest date of ground frost being

- 4111969 and the latest 12.4.1949. This means that the absolute ma-

ximum of the frost - free period on the bare - soil surface is 205 days.
From the adjoined Table V, containing frequencies of daily minima

WnoiakA BiBAI0BAKkN OedppacTog - TuAua MewAoyiag. A.MN.0.



70
Lol

56

62 T

58

54 4 7
.50

. [

41

28 %

24 4 L
2 4

25 ]

22 /

1

e

1]

6

F M A H T 7 A 5 o N Fij

J
GRAPH 1I

of bare - soil surface temperature, we draw the following conclusions:

a. Temperatures <-—10,0°C have been recorded during the two
months of December and January.

b. Temperatures <0.0°C have been recorded during the six-
months period from November to April; while the probability of ground
frost on the bare - soil surface increases from November till January
and then gradually decreases till April.
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TABLE VI

Probability of ground - frost occurence on bare - soil surface.

Observational Days with %
Days ground frost
November 990 97 9.80
December 1091 382 37.41
January 1054 605 57.40
February 960 474 4£9.38
March 1054 204 19.35
April 1020 10 0.98
1772

Generally out of 12350 observational days on which temperatures

were taken with minimum thermometer:

—1.772 days, that 1s a percentage of 14,35 9, had temperatures
<0,0° C.

—4.744 days, that 1s a percentage of 38.41 9,, had minimum values
between 0.0°C and 4-10.0°C.

—5.115 days, that is a percentage of 41 - 42 9%, had values between
10.1® and 20.0°C.

-—718 days, that i1s a percentage of 5.81 ¢, had values between 20.1°
and 30.1°C.

—1 day only, the 31.7.1958 had a value of 33.2°C.

d. Temperature at 10 ecm above ground.

Of paramount importance for the applications of Meteorology in
Agriculture, are «frost days» (that is a period of 24 hours, in which the
minimum air temperature in the screen, at 1,50 m from the ground,
was below 0°C), as well as «ground frost dayss.

For the determination of «ground frost days», besides readings
of grass minimum thermometers, we have used minimum thermometers
mounted on special stands so that their bulbs would be at 10cm above
ground; for the grass mmimum thermometer, mounted at 10cm above
ground, the grass tops were maintained at the same height.

Observations for these thermometers too were made thrice daily,
and readings were taken from the position of the spirit within the ther-
mometer tube; also minimum values were taken during the morning
observation.

Notice: Minimum thermometers used, were of the spirit type, ma-
nufactured by R. Fuess, Casella, and others.
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a. Temperature at 10cm above bare ground.

Temperature measurements at 10cm above bare ground were start-
ed on 1.1.1948 and are carried-on ever since.

TABLE VII

Mean and extreme air temperatures at 10cm above bare soil surfaee

( Period : 1948 - 1970)

Mean Mean Minimum Absol. Minimum
J 4.87 — 0,62 —12.3
F 6.42 — (.04 —10.5
M 9.29 2.32 — 7.5
A 14.37 5.25 -— 3.9
M 20.32 9.70 0.2
J 24.86 13.65 5.2
J 27.78 16.06 1.6
A 27.34 15.97 4.5
5] 22.39 13.67 1.5
0 16.48 8.62 0.2
N 11.63 5.23 —10.4
D 6.88 0.77 —15.%

19.254
Y 16.05

In Table VIl we observe that, January is the coldest month for
air temperatures at 10cm above bare groud too, and July the warmest;
while the mean annual temperature range is 22.91°C.

Absolute minima <(® C occur during the six - month period from
November to April, while during the four - month period from Novem-
ber to February they are <—10.0°C.

From Table VIII we find that, out of 8,222 daily observations, in
a percentage of 16,2 %, minimum values are below freezing point (00 C),
in a percentage of 39.8 9%, minimum values are >>10.0° C, while the per-
centage is very small (1,4 9;) lor values >20.0° C.

Conclusions.

From the examination and study ol bare - soil surface temperatures,
we draw the [ollowing conclusions:

a. Mean and extreme bare - soil snrlace lemperature values are
recorded as a rule, the smallest ones during the coldest month ol the
year {(January: mean monthly air temperature inside the screen
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TABLE VIII

Frequency of temperature minima at 10crm above bare ground.

J F M A M J J A S 0 N D
—14,1 - (—16) 1 4
—12.1 - (—14) 2 1
—10,1 - (—12} 11 2 1 10
— 8,1 - (—10} 14 9 8 17
— 6,1+ (— 8) 37 21 9 3 23
— 41-(— 6) 84 56 34 12 60
—21-(— 4&) 97 105 5 4 24 61
— 0 -(— 2 145 139 86 28 54 115
0-2 120 133 134 83 2 1 1 24 57 127
21 -4 68 86 142 118 922 P 6 71 94 111
41- 6 52 73 146 168 77 2 6 3 15 91 105 94
6,1- 8 31 23 76 171 106 17 3 9 26 98 109 49
8,1-10 12 3 25 82 160 43 5 10 66 149 96 30
10,1 - 12 1 3 30 168 106 36 49 134 110 85 5
12,1 - 14 1 3 116 184 101 96 183 104 28 2
14,1 - 16 1 42 182 194 186 139 41 4
16,1 - 18 7 104 188 176 72 2 1
18,1 - 20 3 37 116 115 13 1
20,1 - 22 9 43 43 3
22.1 - 24 7 7
241 - 26 3 2
26,1 - 28
28,1 - 30
30,1 - 32
321 - 34
341 - 36
TOTAL 675 650 709 688 703 684 705 679 658 681 681 709
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-+ 5.86" ), while the largest ones occur in the warmest month (July:
mean monthly air temperature --26.47°C).

TABLE IX

January July
Absol. Max. . 29,60 (1963) 70.50 (1939)
Mean Max. 13.21 57.08
Warmest month 9.61 (1930) 41.81 {1950}
Monlhly mean 5.24 4 1.84 3714 + 2.10
Coldest month 1.98 {1947) 31.55 (1989)
Mean Min. — 2.23 18.94
Absel. Min. —13.00 {1968) 410.50 {1957)
Temp. Range 83.5
Annual range 82.9

b. Something like happens in the layer of 10cm above bare ground:
again the months of January and July hold mostly the extreme values
recorded.

TABLEX

January July
Absol. Minimum —12.30 . +1.50
Mean Minimum — 0.62 16.60
Mean monthly + 4£.87 27.78

c. Comparing temperature values at the following levels: bare
soil surface, 10cm above bare ground, and air-temperature at 1,5 above
ground (inside a Stevenson screen), we observe that the air tempera-
ture in the shade (inside the met. screen, and at 1,5m above ground)
is higher than temperature values upon the bare - soil surface and at
10em above it.

1. During the November - January three-month period, first indi-
cation of temperature inversion in the surface layer in Thessaloniki
(surface inversion).

2. Only during the estival five months from May to September,
8 the temperature at the level of 10cm above bare ground higher than
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TABLE X1
Air - Temp. Bare - soil surf. 10cm above A

(1930 - 70) bare graund 1-2 1-3 2-3
J 5.86 5.24 4.87 + 0.62 +0.99  +0.37
F 7.30 7.61 6.42 — 0.3 +0.88 119
M 9.92 12.30 9.29 — 2.38 +0.63 3.01
A 14.69 20.42 14.37 — 573 4032 6.05
M 19.58 27.41 20.32 — 7.83 —0.74 7.09
J 23.86 33.67 24.86 — 981 —1.00 8.81
J 26.47 37.14 27.78 —10.67 —1.31 9.36
A 26.28 356.53 27.34 — 9.25 —1.06 8.19
5] 22.32 28.17 22.39 — 5.85 —0.07 5.78
8] 17.31 19.30 16.48 — 1.99 +0.83 2.82
N 12.49 12.37 11.63 + 012 4 0.86 0.74
D 7.95 6.97 6.88 + 0.98 —+1.07 +0.09
Y 16.17 20.51 16.05 — 434 4012 +4.46

081

40 -
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" 301

20
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GRAPH III

that of the 1,5m level. This is the second indication of a surface inversion
in the area examined.

3. The temperature of bare - soil surface is as an average higher
during the whole year than that of the 10cm level. Meaning that we
have a permanent temperature inversion between the ground surface
and the 10cm above bare ground level,
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The above three data, finally prove that in Thessaloniki there is a

strong temperature inversion in the lowest layer of the atmosphere,
which is due to the effects of strong nocturnal radiation in this area.
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Maietarar 4 Oepuoxpaaia the dmpavelas tob yupvel E8dpous, G xal
eic Odog 10 &x. Imepdve adrol, el iy mhiwy thg Qeooahovinne, Sk Ty ypo-
vuery meplodoy 1930 - 1970, AiSovtan 8¢ téoov al péoar wavovirad Trpel Tig
Ozpuonpusotag (Ethawar, prveaior, Auepfictat), Soov wal ol dwpor Tipel of
dmolon Zonuetalnoay watd Thv Oms pedétyy mweplodov,

*Entorne mpoxinra 81ty Uplotavrar dvaotpepal T Bepuoxpasiag, T6-
gov  peTalEld  dmpavelng  E8%gpoug — Ozpuonpaoias dépog  (ueTewporovinoD
wioBol), Goov xal perald Emipavetas yopvel E3dgovg wat 10 &w. bnzpave
adtod, wxatd v Juyeev mepiodov. Mia 8t dvaotoopl Sixtmpoupévy ol
Sy Thy Sudpwetay Tob Froug, uetakd fmpavetag 10 Ex. dmepdver yupvod
ESapoug, xol Empaveios 1,0 g, dmepdver adTob.

WYnoeiakh BiBAI0BAKN Ocd@paaTog - TuAua MewAoyiag. A.lM.O.



REFERENCES

. Martovorovros, E. (. 1933. Observations Météorologiques de Thessaloniki
1930. Annuaire de I’ Institut Météorologique et Climatologique,
No. 1.

. ALExanDroU, L. 1939. «On ground - femperature ctc. in Thessalonikis. Scien-
tific Annales of the Facully of Physics and Mathematics, Univer-
sity of Thessaloniki.

. Livapas, G. C. 1973, Observalions Météorologiques de Thessaloniki {(Numéro
Spécial). Annuaire de 1" Institut Météorologique et Climatologigne,
No. 27,

. ManiorLorouLos, B. G. 1935 - 38. Observations Météorologiques de Thessaloniki
1930 - 1937. Annuaire de I’ Institut Météorologique et Clitnatolegi-
que, Nos 1 - 8.

. Kyrtazorournos, B. D, 1949 - 64. Observations Météorologiques de Thessaloniki.
1938 - 1958. Annuaire de 1’ Institut Météorologique, Nos 9 - 25.
. Livapas, G. (. 1970 - 72, Observations Météorologiques de Thessaleniki 1959,
1960 - 1969. Annuaire de 1’ Institut Météorologique, Nos. 26,
28 - 37.

. Kymniazorouros, B. D, and Livapas, G. C. 1971, Applied Meteorology (3rd
Edition), pp. 54 - 55. Thessaloniki.

17

Wnoiokn BiBAI0Orikn OcdppaoTog - TuAua Mewoyiag. A.MN.0.





