Bci. Annals, Fac. Phys. & Mathem., Univ. Thessaloniki, 16, 51 (1976)

FROST PENETRATION INTO THE SOIL AT THE
METEOROLOGICAL STATION OF THE ARISTOTELIAN
UNIVERSITY OF THESSATONIKI
(1930-4974)
by
YAN. A. GOUTSIDOU and G. C. LIVADAS

{fnstitete of Meteorology and Climatology, Aristotelian University of Thessaloniki)
( Received on 77.3.74)

Abstract: We stndy here} Cases when tolal or paviial frost penctrates al depth into
the soil in the urvea of the Meteorological Station of the University during the period
1980-1974; &) the frequency and probabilily of frost penetralion ai vavions depths
during the year,

Results show that partial frost as well as lotal frost eccurs only during the main
wintcr quarter (December - February) and the frost depth does not excsed 10 cm.,

INTRCODUCTION

The subject of total or partial frost penetration into the soil, al-
though of great importance for many scientific fields and practical
applications as well, has been studied only by a few scientists in Greece,
and then for very short intervals. Especially for the area of Thnessalo-
niki we have only the works of Alexandrou®, Kyriazopoulos® and pre-
vious works by the authors (Livadas and Coutsidon®101%),

MATERIAL

Measurements of soil ternperature at various depths were started
at the Meteorological Station of the University of Thessaloniki in 1930
and have been continmed till today.

Data of the years 1930 - 1975, except for the interval of the Second
World War (1840-1945), make up the material of the present work.

It should be mentioned that in 1959 the soil thermometers were
removed to the new Meteorological Station, at some 200 m from its
previous location (Livadast). During the year 1959 a second set of
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soil thermometers, placed in the old site, yielded monthly mean va-
Jues differing < 0.1¢ - 0.3° C at various depths; as a consequence, we
consider this as a single observational series.

Soil thermometers at the Metecrological Station of the University
are placed at depts of 0.02-0.06-0.10 -0.25-0.50 m. The reading
of these thermometers are taken three times daily at 08h- 140 - 20k,
local time (or 06-12-18 GMT); these readings consist the data of
this paper.

Since the information about frosts consists in the readings of 08:00,
14:00, and 20:00 hours, we consider as a «total frost day» those days
on which the readings of soil thermometer have been below 0° C in
all three observations. As «days of partial frostw we consider days on
which even one reading of a soil thermometer was negative.
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1963 6 0 0 6
1964 0 0 0 0
1965 0 L 0 1
1966 3 ] 0 3
1967 & 0 1 5
1968 2 Q 0 2
1969 ] 0 0 0
1970 ¢ 1 0 |
1971 ] 0 ] 0
1972 1 0 0 1
1973 0 0 0 0
1974 0 0 0 G

59 18 0 0 0 35 112

TOTAL FROST

Based on the data of the above mentioned 40 years of observa-
tions, we have drawn Table I, in which we give the number of total
frost days for each month and year of the above period.

These cases amount to 112 for the whole period examined, and
are distributed as follows, per various depths helow soil surface,

9 cases at the first three depths of 0.02-0.05 - 0,40 m.
45  »  at the first two depts of 0.02-0.05 m

10 » at depths of 0.05-0.10 m

21 » at the first depth of 0.02 m

27 » at the depths of 0.05 m

112

From Table I we draw the following conclusions:

a) Total frost penetration into the soil at the city of Thessaloniki
ig limited to the three winter months, December, January and Februa-
ry with highest occurence probability in January.

b) The annual mean value of total frost penetration into the soil
is 2,8 days per vear. The maximum of total frost days per year is 14
days recorded in 1940, while 15 whole years have been without any
day of total frost penetration into the soil, and their frequency di-
stribution per year is.

No. of days 0 1-2 3-5 6-10 11 - 14
No, of years 15 9 7 7 2

The probability of total frost penetration into the soil during the
gix months J-F-M-A-N-D is given in Tahle II.
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The earliest date of total frost has been the 17 - 12 - 1961 and the
latest the 21 -2 - 1940. Thus, the season of the year with total frost
probability is limited to 67 days, while the frost-free period 1s 298 days.

TAEBLE 1}

Probability of Total Frosi Penetration into the Scil, per month at Thessalonili

Observational days Total-frost days Percentage (%)
N 1200 0 0
D 1240 15 2.9
I 1240 39 4.8
b 1120 18 1.6
M 1240 0 -0
A 1200 0 0
112

Classifying total frost days, in groups of consecutive days of soil
freezing, that is of days on which the readings of soil thermometers
did not rise above 0¢ C, we have drawn Table III.

TABLE IIf
Frequency of sequences of days with toial frost penetration into the soil af
Thessaloniki (1930-7974}

No. of days Total Frosls

in sequence  No. ol cases No. of days Percentage (%)
1 15 19 13.39
2 3 6 5.35
3 3 9 8.03
4 & 16 14.28
5 1 5 4.46
6 6 36 32.14
7 1 7 6.25
9 2 18 16.07

39 112

The duration of total frost penetration into the soil varies from
one to nine consecutive days. The longest run of consecutive days down
to the depth of 10 ¢m below the surface of the soil, lasted from 25.12.
1948 ¢ill 2.1.1949. It should be mentioned that this case was preceded
by a number of partial frost days in a run.

The lowest temperatures recorded were-5.60 C at 0.02 m below
the surface of the soil; -b.4°® C at the depth of 0.05 m and -3.2° C at
the depth of 0.10 m. The date when these negative values were recor-
ded is the 30.12.1948 and it coincides with the run of consecutive frost
days hetween 25.12.1948 and 2.1.1949.
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The study of total frost penetration into the soil in context with
simultaneous readings of bare soil surface and air tempeatures, shows
that soil freezing does not necessarily go with air-frost or soil-surface
frost. We can however state with certainty that total frost penetra-
tion into the soil goes with very small minimum air and s0il surface
temperatures, almost always negative; in a very small number of cases
(12 out of a tolal of 112}, the air temperature minimum was not below
0o C. Such non negative air temperature values, are usually observed
toward the end of a sequence of total frost days in the ground.

In order to illustrate the above, we have drawn Table IV, inclu-
ding the soil temperature readings of the three daily observations for
one sequence of total frost days and the corresponding values of air
temperature and bare - soil surface temperatures.

There have been cases when we had frost on bare soil surface (ground
frost) and not in Lhe air, or vice-versa. This means that frost penetra-
tion into the soil does not follow a certain rule. It can be weaker, or
stronger, or equal fo air frost. Or as in mosl cases, 1l may never cceur
when air frost is not strong enough.

It has been observed that, during the years examined herein, total
frost did never go beneath the first 10 c¢m from the soil surface. Even
in the case of 30-12-48, that is the day with the maximum soil freezing,
this did not reach the depth of 25 cm.

PARTIAL FROST PENIETRATION INTO THE S0IL

In Table V we give the number of partial frost days for each
month and year of the period examined. Such cases amount to 635
for the above period and are distributed as follows, per various depths
below the soil surface:

306 cases only at the depth of 0.02 m
26 » »oo» o» noo» 0.05 m
1 case » » » N » .10 m
243 Cases simultaneously at the depts of 0.02 - 0.05 m
1 case » »oon n » 0.02-010 m
3 cases » » oo » »n  0.02-0.05-0.10 m
635 total.

Tne above data prove that partial frost did never penetrate below
the first 10 e¢m from the soil surface.
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1930
1931
1932
1933
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1936
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1938
1939
1940

1946
1947
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1953
1954
1965
1956
1957
1958
1959
1960
1961
1962
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From Table V we draw the following conclusions:

a) The penetration of partial frost info the soil is limited in the
five months of November till March.

b) The annual mean number of days with partial frost penetra-
tion into the soil, i3 15.88 days per year. The maximum number of
such cases (48) was recorded in 1953, while the only year without any
partial frost cases 1s 1930, against the 15 years without any total frost
days.

The frequency of occurence of partial-frost days per year is given
in Table VI

TABLE ¥VI
Frequency distribution of partial-frost days per year (Thesselonili, 7930-7974)

No. of days No. of years No. of days No. of years

0 1 26-30 3
1- 3 & 31-35 3
6-10 9 36 - 40 0
1-15 8 41 - 45 ]
16 - 20 3 46 - 50 1
21 -25 b

The probability of partial frost penetration into the soil during
the above months, is given in Table VII.

TABLE ViI
Probability of partial-frost penetration per month of Thessaloniki
Obgervational Davs of
days partial - {rost Percenlage (%)
N 1200 28 2.33
D 1240 147 11.85
J 1240 238 19.19
r 1120 176 15.71
M 1240 46 371
635

The earliest date for the ocourence of partial frost penetration into
the soil, was the 18-11-1953 and the latest the 18-3-1947. The 18th
of March has been a partial-frost day in a number of years,

Thus the period of the year when partial frost penetration into the
soil is probable, extends to 121 days (that is 54 days longer than the
corresponding total frost period), while the frost -free period is 244
days.
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Classifying partial frost days in groups of consecutive days of par-
tial frost penetration into the soil, we have sequences of up to 10 days.

In Table VIII, is given the frequency of sequences of partial-frost
days.

TABLE VIIT
Freguency of sequences of days with puarticl-frost penciration into the soil ai
Thessoloniki (7930-7974)

No. of days

in sequence No. of cases No. of days Percenlage {%)
1 106 100 15.75
2 58 116 18.27
3 38 114 17.95
& 23 92 14.49
5 12 GO 0.45
& 10 60 9.45
7 3 21 3.31
8 9 16 2.51
9 4 36 5.67
10 2 20 3.19

635

Many times partial frost days are interrupted by a spell of total
frost days in a sequence, and then are resumed again or a frost-free in-
terval elapses and then they start again.

The lowest negative value recorded with partial frost penetration
is-3.6° C at 0.02 below the soil surface, and this in the morning obser-
vation (08h) only.

As already mentioned, total or partial frost did never penetrate
beyond 10 ¢m into the soil. Yet, in another set of soil thermometers
(Lamont case thermometers) negative temperatures have been obser-
ved at the depth of 0.25 m, but in a very small percentage of cases
(0.03%).

CONCLUSIONS
Our study of the above data, led to the following conclusions:

1) Total or partial frost did never penetraté beyond 0.10 m into
the soil.

2}y January has the highest frequency of frost penetration into
the soil. December comes next in cases ol total frost and February in
cases of partial frost.

3) The occurence probability for total frost penetration, extends
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in the main winter three-months, December-February. For partial frosts
the probability extends to the five months from November Lill March.

4) The occurence of total frost penetration into the soil does not
always involve the occurence of ground frost, or air frost and vice
versa.

5) Frost dangers for agriculture are comparatively small, hecause of
their small frequency and their being limited to the main winter months.

Nevertheless, partial frosts are more dangerous in the area of Thes-
saloniki and Northern Greece in general, because of their greatlest fre-
quency and especially their unforeseen occurence in the spring month
of March.

As to technical applications in public works and especially on the
surface of highways, constructors in their surveys should take into
account the frequency of frost penetrafion into the ground, at depths
resultant from the present study.
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AIEIZATZIE ITATETOY EIZ BA®OZ ENTOZ TOY EAA®OTYZ TOY
METEQPOACTIROY ZTAGMOY TOY APIXTOTEAEIOY
IMANEIIIZTHMIOY OEXZAAONIKHOE (1930-1974)

T
TIAN, A, TEKOYTTEIAOTY xei LK. AIBAAA
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N 1200 0 28 0 2.8
A 1240 35 147 2.9 11.8
I 1240 59 238 4.8 19.2
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A 1249 ] 46 0 3.7
A 1200 0 0 0 0
Divoray 7240 112 633 1.5 8.8
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adTédv mordnig SrepPuiver Ty play fpépay (frdme MIINAE TIT natl IITNAE
VI,

Koté iy Omé peddrgy weploSay, dhndg mayetds donpaioby wara 1o
Suaotnpe amd 17 /12 pyer 21 /2 (6 mpditag 76 1964 xal & weheutaiog 76 1940),
freov wed ot Shaxol mayeTol ol Eddgoug mepovcudslnoay waTx TV Ypovidy
meptoSov xatd ol Onotoy mapovsdlovras wal 16 fthicl Ehdytote Tob dépog
(ArBadiic)s.

"Evés 7 meplodog wata wiv dnolay eonueldlin pepide mavetds elva worh
edputépa, 18/11 péypr 18/3 (& mpdrog w6 1993 el & tehevtaiog <o 1947).
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