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SOIL TEMPEBRATURE IN THESSALONIKI] - GREECE

by
(. C.LIVADAS and YAN. A, GOUTSIDOU
{Institute of Meteorology and Climatology, Aristotelian University of Thessalonihi).

{ Recelved, 16.10.1974)

Abstraet: Temperature of the soil at various depths (0.02m to 3.00m) is siudied from
data of the A.U.T. meteorological station (¢ = 4037 N, i = 2267V'E, Hz: 30.40m).
Mean annual and monthly values are given, as well as extreme calues for cach month
separately.

Cases of ground frost (t< 0° C'} and of frozen ground are examined, and conelusions
are drawn as to the frequency of such eases at various depths.

INTRODUCTION.

Although the subject of soil temperature at various depths 1s very
interesting, involving such sciences as Agriculture, Soil Science etc.,
research papers concerning the area of Greece are quite rare covering
rather short observational periods and regarding only two districts:

a. Athens (National Observatory): AzrcINITIS', MARIOLOPOU-
LOS 13,14’15-

b. Thessaloniki (Met. station of A.U.T.): ALExanprou ®, Kymia-
ZOPOULOS °.

Of these last two scienlists, ALExANDROU * based his work on
data of the years 1931-1935, while Kyriazopoulos included in his study,
besides the above, data of the years 1936 and 1937.

We, in this work, examine temperature of the soil at various depths
down to 3 m, using data of the period between 1946-197( from the meteo-
rological station of the Aristotelian University of Thessaloniki. Part of
these data have been published in the series «Observations Météorologi-
ques de Thessaloniki» Marrororouros®, KyriazopouLos®, Liva-
pas ', while the rest have been taken from the files and records of the
above station.

In previous works the authors sludied data of soil surface tempe-
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rature (Part I - Bare Soil Surface / Part II - Grass covered Ground)
(Livapas - Govrsmou »'"),

MATERIAL.

Measurements of soil temperature in the met. station of the Univer-
sity of Thessaloniki were started on 1.1.1930, while data till the year
1937 have been studied, as already mentioned by ALzxaxprovu ° and
Kvyriszorouros °.

During the second World War (1940-1945) measurments of soil tem-
perature were interrupted and that is why in our own study we are
restricted to the period between the years 1946-1970. It should be men-
tioned also that in 1959, soil thermometers were moved to the new site
of the met. station within the campus, at about 200 m to the NE of its
former site (Livanas "'). However since measurements conducted si-
multaneously at the two sites in 1958 resulted in monthly mean values
differing <0.1 - 0.3*C at various depths, we consider this series continous
(uniform).

Today in this station are installed the following sets of soil tber-
mometers.

1. Simple seil thermometers at depths of 0.02 - 0.05 - 0.10 - 0.25 -
0.50 m (since the vear 1946).

11. Soil thermometers in metal shields at depths of 0.30 - 0.60 -
1.20 - 1.80 - 3.00 m ({since 1959).

ITI. Soil thermometers in Lamont-box, at depths of 0.25-0.50 -
1.00-1.50 m (since 1946).

Observations are effected thrice daily, at 08 : 00,14 : 00,20 : 00 hours
(Liocal Time = GMT -} 2h).

The instruments of sets 1, Il and II1 have all been manufactured
by R. Fuess-West Berlin,

Soil temperature at various depths.

a. Set 1. Simple soil thermometers.

Monthly mean values of soil temperature at depths 0.02, 0.05, 0.10,
0,25, 0.50 m for the period investigated, are included in Table I :
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Monthly mean velues of soil temperatures at depths 0.02, 0.05, 0.10, 0.25, 0.50 m.
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The absolute maximum and minima of the same period have been
included in Table {1,

TABLE II

Absolute marima and minima of soil temperature at various depths in Thessaloniki.
{1946-1970 ). -

Absolute maximum Absolute minimum
0.02 0.05 0.10 0.25 0.50 0.02 0.05 0.10 0.25 0.50 Surface L.G-

J 189 17.0 158 133 11.79 —&1 —41 14 1.5 0.8 296 —13.0
F 268 230 196 159 120 —36 —2.6 —1.4 0.8 1.5 381 —%4
M 355 30.7 234 223 152 —3.5 —0.3 1.2 39 30 485 —75
A 452 388 323 240 20.7 3.5 3.9 45 82 7.8 634 —&5
M 546 46.0 38.2 358 264 10.6 9.3 11.2 1341 118 67.8 0.4
J 55.0 48.5 45.0 38.2 29.0 140 144 158 17.2 161 67.8 5.2
J 57.0 49.8 48.2 4.9 324 173 175 19,9 198 203 70.5 10.5
A 56.9 49,2 48.6 39.4 318 132 12.8 145 231 22,2 68.7 7.7
8 51.6 46.0 41.6 36.3 30.7 111 12,0  13.3 171 17.6 65.0 0.5
O 410 4.0 354 276 259 3.0 4.2 6.4 11.4 14.6 542 0.9
N 31.2 288 246 204 202 —3.6 —1.2 0.8 42 B8O 398 —6.0
D 222 212 184 176 146 -—56 —5.4 —3.2 2.5 4.0 324 -—10.5
Abs Range 62.6 55.2 518 411 31.6 83.5

*Livapas - Goutsioou ®,

According to the monthly mean values, we observe that January
is the coldest month of the year, not only on bare-soil surface but also
at all depths down to 1/2 meter.

July, the warmest month of the year, is also warmest at depths of
0.02 to 0.25 m, while at 0.50 m the equally warm month of August comes
first, meaning that there is a certain lag in the heat-trowsfer within the
ground (KyYRiazopouvros 5).

As to the values of the coldest month, we observe that temperature
increases till the depth of 1/2 meter. This applies for every month bet-
ween October to February, that is the two months before and the two
after December, which is the month with the shortest sunshine duration
(Livapas - FLocas ®). On the other hand soil temperature decreases
with depth during the warm season its lapse rate being comnsiderable,
= 5% C, during the main warm period of July and August.

The annual mean temperature also follows this decreasing trend
as a function of depth, of the order of = 2° C, for the depths of group
I examined herein.

Also the annual temperature range, as well as the normal tempe-
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rature range dimishes with depth at a considerable rate, especially in the
upper layer of the soil (0-10 cm). ‘

GRAPH II
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Examination of extreme values, indicates that absolute maxima
have been recorded during the two warmest months, July and August;
it should be noted that values of these months only slightly differ.

Also the absolute maxima even in the smallest depth of 0.02 m
differ by > 10° C from the corresponding values of bare soil surface;
at this depth have been recorded during the five summer months absolute
maxima >50° C. Here we observe again that absolute maxima decrease
at a speedy rate as a function of depth.

The absolute minima of temperature at depths of 0.02, 0.05, 0.10 m
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have been recorded in December, that is the second coldest month of
the year; these values correspond to a strong cold invasion that occured
in the area of Thessaloniki on 30.12.1948. The temperature recorded
on bare soil surface on this same day was —10.5* C (Livapas - GouTsi-
nou ),

{t worth noting that values << (* C have never been recorded at
depths of 0.25 m and 0.50 m Wwhile temperatures below 0° C may be re-
corded at the surface from November till April, at depths between 0.02 -
0.05 m from November till March, and at the depth of (.10 m only during
the main cold December - February quarter.

b. Set Il. Soil thermometers in metal shields.

Monthly mean values of soil temperature at depths of 0.30, 0.60,
1.20, 1.80, 3.00 m for the 1959-1970 period are included in the following
Table I11.

TABLE 111

Monthly mean values of soil temperature at depths of 0.30, 0,60, 1.80, 3.00 m in
Thessaloniki. (1959-1970)

0.30 0.60 1.20 1.80 3.00
I 6.3 7.9 10.8 13.6 16.4
F 7.5 8.1 9.8 11.9 15.0
M 10.4 10.7 11.2 12.3 14.2
A 15.9 15.3 14.3 14.0 14.5
M 21.5 201 17.9 16.5 15.7
J 26.2 24.6 21.6 19.3 17.3
J 291 27.3 24.8 22.4 19.2
A 29.4 28.8 26.3 24.4 20.9
3 25.4 25.4 24.9 23.9 21.7
0 19.7 20.4 21.5 21.9 21.3
N 14.2 15.6 17.8 19.3 20.0
D 8.4 10.5 13.6 17.6 19.9
Year 17.8 17.9 17.9 18.1 18.0
Range 23.1 20.9 16.5 12.5 7.%
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On the other hand absolute maxima and minima recorded during
the same period and the same as above depths have been included in
Table IV.

As to annual mean values, we observe that the layer between
0.30 - 3.00 m is quasi isothermal.

While the annual range is different for each depth, smoothly decrea-
sing as a function of depth, for depths down to 1.80 m the warmest month
is August, while for greater depths down to 3.00 September is the war-
mest month, This means that the rule of delayed maxima, observed in the
thermometers of set I, applies also for the group of thermometers in
metal shields.

The coldest month for small depths of 0.30 and 0.60 m is again
January, just like the former set of small depth thermometers. On the
other hand, is biggest depths the coldest month is February for the depth
of .20 m and 1.80 m and March for the depth of 3.00 m, meaning that
the rule of delayes minima applies also for the coldest months,

As to extreme values, we observe that they also are delayed as a
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TABLE 1v

Absolute mazima and minima of soil temperature at various depths in Thessaloniki
(1959-1970) ’

Abs. Maximum Abs. Minimum
0.30 0.60 1.20 1.80 3.00 0.30 0.60 1.20 1.80 3.00

J 11.8 11.7 13.6 159 18.0 1.6 3.7 7.6 11.4 146
F 13.3 12,5 12.2 13.5 16.3 1.7 3.5 7.0 10.6 13.5
M 15.5 153 134 13.7 149 4.1 6.2 8.5 108 133
A 24.3 20,0 17.3 16.0 157 100 115 147 12,2 135
M 30.7 288 21.7 188 174 140 155 146 13.9 140
J 33.7 296 252 220 189 178 197 185 168 155
J 34.8 320 274 242 200 23.0 233 223 198 17.7
A 39.7 39.0 288 258 22,6 22.7 246 244 22,0 195
s 32,2 30,9 286 260 229 185 202 218 22,2 205
o 28.3 256 252 248 229 128 153 1841 19.6 199
N 19.3 19.8 21.2 218 217 7.8 114 145 17.0 185
D 143 144 17.0 187 20.2 2.6 6.2 103 141 153
Abs 384 355 21.8 15.4 8.6
Range

function of depth thus absolute maxima at the first three levels have been
recorded in August, at the fourth level in September while at the depth
of 3 m absolute maximum have been recorded in September and Oecto-
her.

Absolute minima on their side are also delayed as a function of
depth: thus they have been recorded at 0.30 m in January, at 0.60 and
1.80 m in February, and at 3 m in March.

Comparing monthly mean values of temperature at the depths of
0.30 m with those of bigger depths, we observe that the former are smaller
during the October - March semester, while they remain higher in the
April-September semester,

c. Set IIl. Soil thermometers in Lamont-Box.

Monthly mean values of s0il temperature at depths of 0.25, 0.50, 1.00,
1.50 m, as recorded by Lamont-Box thermometers between the years
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from 1946 to 1970 have been included in Table V, while absolute maxima
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TasLE Vv

Monthly mean soil temperature values at depths of 0.25, 0.50, 1.00, 1.60 m ( Lamont baz)
in Thessaloniki, (1946-1970)

0.25 0.50 1.00 1.50

J 5.8 7.4 10.2 12.3
F 7.2 7.9 9.5 14.0
M 10.5 10.6 111 11.7
A 16.3 15.5 14.3 13.7
M 22.5 20.9 18.3 16.7
J 27.3 25.6 22,2 19.8
J 30.6 29.0 23.5 22.8
A 30.5 29.5 26.8 241
3 25.6 25.8 25.0 23.9
O 18.7 20.0 21.2 21.4
N 12.6 14.7 171 18.4
D 7.8 9.7 12.8 14.4
Year 17.9 18.1 17.8 17.5
Annual
Range 24.8 221 17.3 131
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and minima recorded during the same period are included in Table V1.

TABLE VI

Absolute maxima and minima of soil tempelarure at depths of 0.25, 0.50, 1.00, 1.50
{ Lamont, box), Thessaloniki. (1946-1970).

Abs, Maximum Abs. Minima

0.25 0.50 1.00 1.30 0.25 0.50 1.00 1,50
J 12.2 11.5 13.3 14.8 —0.6 3.0 7.0 9.6
F 15.0 12.2 12.5 13.2 0.6 3.0 6.5 8.2
M 20,0 16.6 14.4 13.6 3.0 5.7 7.5 9.5
A 25.6 21.6 18.0 16.3 8.4 9.9 9.9 10.6
M 32.5 26.9 22.4 19.7 11.8 15.2 14.9 141
J 37.6 M.3 26.0 23.5 16.5 19.7 18.7 17.2
J 37.7 35.0 28.4 26.0 21.1 221 21.8 19.8
A 36.4 33.0 29.3 27.3 21.0 24.6 24.1 22.0
3 32.0 31.3 291 27.2 16.3 20.3 21.6 21.2
8] 27.7 26.7 25.6 26.6 10.9 14.4 17.5 18.3
N 20.2 20,0 21.0 21.5 2.9 6.4 12.2 15.3
D 14.9 19.9 16.4 18.0 0.4 3.9 9.0 12.0
Abs.
Range : 38.3 32.0 22.8 19.1

As to monthly mean values we observe that conditions for set ITI
(Lamont box thermometers) are as an average isothermal, at all ite depths.
Here again the annual temperature range decreases as a function of depth.
The absolute temperature range also decreases in the same proportion.
We observe however, in this set too, a certain discontininty in the rate
of decrease of the absolute temperature range between thermometers of
gmall depths < 1.0 m and those of bigger depths.

The warmest month at the depth of 0.25 m is July, while at higher
depths the maximum occurs in August, and at the last depth the warmest
month is September; meaning that in this group too maximum temperatu-
res are delayed.

Coldest month at small depth in January, and at depths = 1.0m
this is February; thus we observe the same delay for minima as well.

From QOctober till March smallest depth is also the coldest, becoming
the warmest during the warm season from April to September.

As to extreme values, we observe that for the two thermometers
that stand at depths <<1.0 m, the absolute maxima are recorded in July,
and for the other two thermometers that stand at depths = 1.0m they
are recorded in August. On the other hand absolute minima for the first
couple are recorded in January and for the second they are recorded in
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February, while at the depth of 0.25 m a value < 0° C has been recorded
once.

FREQUENCY OF TEMPERATURE VALUES AT VaRIOUs DEPTHS,

We have gathered all the temperature values recorded at various
depths from the thermometers of Sets I-111, and the resulting percentages
of various values are given in Tables VII, VIII, I1X. These Tables in-
dicate that temperature values < 0% C rarely occur, all such cases being
gathered in the most shallow levels. As a matter of fact a relative study
{Livapas - Gourtsipovu *) indicated that such cases of depth of 0.02
were B7 out of 9.117 recordings; at the depth of 0.05 they numbered 75
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TABLE viII

Percentage of various soil temperature values at various depths in Thessaloniki. (Set 1}

0.02 0.05 0.190 0.25 0.50

501 - 44.0 0.09 — -— —_ —_
30.1 - 40.0 22.38 17.55 17.17 9.14 3.15
20.1 - 30.0 23.64 26.48 27.61 33.43 38.07
101 - 20.0 27,29 27.79 29.74 31.89 35.63
41 -10.0 20.31 20.97 20.47 22.94 21.16
2.4 - 4.0 3.40 4,51 3.53 2.18 1.70
0.0- 2.0 1.94 1.87 1.36 0.42 0.29

—0.1 - (—2.0) 0.84 0.78 0.12 — -

—2.1 - (—4.0) 0.11 0.04 — — -

TABLE viIl

Percentage of various soil temperature values at various depths in Thessalontki. 1959-1970

(Set 11}
0.30 0.60 1.20 1.80 3.00
301 - 40.0 6.20 3.53 — —_ —_
20,1 - 30.0 37.50 39.07 40.82 37.39 29.71
101 - 20.0 31.58 37.74 51.53 62.61 70.29
541 -10.0 22,69 19.48 7.65 — —
2.1- 4.0 1.70 0.19 — —_ -—
0.0- 2,0 (.33 —_ —_ — _—
—0.1 - (—2.0) — — — — —
TABLE 1x

Percentage of various sotl temperature values at vartous depths in Thessalontki, 1946-1970

(Set 111)
0.25 0.50 1.00 1.50
30.1 - 40.0 12.84 5.73 — —_
20.1 - 30.0 30.78 37.56 40.54 37.34
10.1 - 20.0 30.62 34.66 48.71 61.38
4.1 -10.0 21.78 21.67 10.75 1.28
24 - 4.0 3.09 0.37 — —
0.0~ 2.0 0.86 — — —
—0.1 - (—2.0) 0.03 — — —
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cases out of 9.127, and at the depth 0.10 m they numbered 11 cases out
of 9.122. :

Only the thermometers of Set 11I {Lamont) recorded temperatures
<< 0° C at the depth of 0.25 m in 3 cases out of a total 9.085. All the above
prove that frosts in Thessaloniki seldom penetrate into the ground.

As we advance in depth the temperature ranges are getting smaller:
thus frem —4.0 to -} 44.0 at the depth of 0.02 m (see Table VII), it is
reduced between 10.1-30.0 at the depth of 1.80 m as well asthat of 3,00 m

CONCLUSIONS,

All the above mentioned remarks lead to the following conclusions:

a, The annual temperature range, (that is the difference between
the monthly mean temperature of the warmest month and that of the
coldest month), as well as the absolute temperature range (that is the
difference between absolute maximum and absolute minimum}, both de-
crease ag a function of depth, with a rate that is noteworthy at the first
levels (Graphs II, IV, VI).

The average variation of the annual temperature range
per 1 m is 8.13% C, from the surface down to the depth of 3 m, which
is the limit of our measurements.

b. The annual mean temperature of the soil at various depths is
higher than the normal mean temperature of the air (16.20° C), but smaller
than the mean temperature of bare soil surface (20.51° ().

‘We observe that the annual mean temperature decreases as a function
of depth down to 0.25-0.30 m, while from that point down to 3 m con-
ditions are almost isothermal {(~18°C),

¢. It should be mentioned that differences exist hetween the annual
mean temperatures recorded at various depths by each set of thermo-
meters; however such differences are not considerable.

d. As to monthly mean values, we observe that duringthe summer
months the isotherm of 30° C penetrates down 0.25, while that of 25° C
goes as deep as = 1.20° m,

On the other hand in January we observe a closed isotherm inside
the layer of 0.02 - 0.05 m, while the isotherm of 10° C penetrates down to
1.20 m in February. The effect of this penetration is a closed 1sotherm of
15° C at depths = 2 m during the two cold months January and February.

e. As already mentioned, although frosts are quite frequent (14.35 %)
on bare soil surface, they are extremely rare inside the ground.
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TABLE X

[y

Percentage of frosts (1< 0°) on the surface and at various depths.

Surface 14.35%,
0.02 m 0.94

0.05 m 0.82

0.10 m 0.12

0.25 m {Lamont} 0.03 .

It is our belief that this information alone, that is the fact that

frosts inside the ground are extremely rare, was worth the whole effort
made for this study. Besides, a further investigation of the subject would
prove useful for agricultural research, as well as for the surveying of public
works, and especially in road-building, where as a rule provisions are
made for frost penetration at considerable depths, thus considerably
raising the cost of these works.
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INEPIAHWYIX

GEPMOKPAZIA EAAQOTZ EIZ GEZZAAONIKH - EAAAX

G &

T. K. ATBAAA »ai T'. A. TKOTTZTIAOT
(" Egyaariptor Metewpodoylas xal Kliparoloyieg)

Mererdvrar of Tipal T¥g Beppoxpactag Tob Edagpoug elg Surpopa Bdby
{0,02m-3,00m ) 3w mv ypovoay mepicdov 1946-1970 el 1év M. Zvofipdv
ol AILO. (o= 40937'N, ) = 22°%7'E, He¢ = 30,40m ).

Aldovrot of péowt Tiwel adthc (Evhoue xol wnviedon) G dmlong xal al
dxpot Tural, xxTe Tovg diwgbooug wivag Tl Etouc.

Meretdivrar Emlone al mepimtdone dupovioswe mayetod (t<<00C) dig
xal %) Seloduots wdtel elg Pabog. "Efdyovrar cupmsphopate dg mpdg Ty
suyvbTyTa Epyavicens tobtewv elg Td Supopa Baby dvrtde ol Eddgoue.
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