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GROUND SURFACE TEMPERATURE
PART 11 GRASS- COVERED GROUND
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Summary : Temperature of grass - covered ground surface and at 10 cm aboce it are
examined herein, for the city of Thessaloniki {Greece) and for the period between 1.1,
1931 - 31.10.1540 and 1.1.1954 - 31.12.1960. Normal temperature calues are given
{annual, monthly, and daily ones), as well as the extreme calues recorded during the
period examined,

There is proof of a temperature incersion between ground surfoee and air - tempera-
ture (instde the meteorological screen), as well as betiwveen grass - covered ground surface
end I0 cm above it, during the eold season.

In a previous paper the authors studied the bare - soil surface
temperature (Livadas - Goutsidou 19721'); in the present paper we
examine the grass- covered ground surface temperature in Thessalo-
niki.

The couple of grass thermometers (Max. and Min.) was horizontal-
ly exposed within a small plot of 2-3 m?2, covered by thick grass, in
a manner that while they were touching the ground they were also
covered by grass which was maintained at a height of about 10 cm.

It should be noted that because of climatological conditions in
the area of Thessaloniki (the type of its climate, according to Képpen's
classification, is «Csa») the maintainance of a grass plot is a continuous
problem : During the summer season it has to be watered (by sprinkling
irrigation) and this was done just after the morning observation at
06.00 GMT (08.00 local time). On the other hand the extremely low
winter temperatures (ground frosts) often kill the grass. The only suc-
cessful way for facing these difficulties in summer as well as in winter,
is the use of «double plots), meaning that we cultivated grass in two
adjoining plots, alternatively, so that there was a difference in the age»
of the grass in each plot; thus it was possible to place instruments under
and above grass, which was some 10 cm high. 1t should be noted how-
ever that, traditional lawn - grass doesn’t thrive in the climate of Thes-
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saleniki, dry and hot in summer and extremely cold in winter.

Measurements of temperature on grass- covered ground hold
two periods : a) from 1.1.1931 till 31.10.1940. b) they were resumed on
1.1.1904.

The met. station of the Institute of Meteorology has been function-
ing in the garden of the old building of the University from 1930 till
1958; then it was moved on 1.4.1959 to its new position, some 220 m
from the old one, near the new building of the Institute (Livanas 19732).

A large part of the material used herein has been published in the
series «Observations Météorologiques de Thessaloniki» (MarioLoPoOU-
Los ®, KynriazorouLos 4, Livapas ¥), while the rest has been taken from
the records of the Institute of Meteorology and Climatology.

A. GRASS-COVERED GROUND SURFACE.

a. Annual Mean.

The annual mean as well as the warmest and coldest vear at the
grass covered ground surface, for the 27 full years of the period examined,
{1931 - 1940 and 1954 - 1970), are given in lbhe following Table I.

TARLE 1
Warmest year 18.96°C{1938)
Annual mean 17.05 - 1.09
Coldest year 15.50°C{1934)

From the above Table T and from the following Table II, containing
frequencies of annnal values, we find that the range of the mean annual
temperature is ~3,50° C.

‘TABLFE 11

Freguency of mean annual temperature values of grass covered ground

surface.
19,00 - 18,51 5 years 17,00 - 16,51 3 years
18,50 - 18,01 1 16,50 - 16,01 8
18,00 - 17,51 0 16,00 - 15,51 A oo»
17,50 - 17,01 5 15,50 - 15,00 1

b. Monthly mean

Mean monthly values of the period examined, as well as extreme
monthly temperature values of grass covered ground snrface, are in-
cluded in Table IIT and illustrated in Graph 1. From the above
mentioned Table and Graph we find that grass - covered ground surface
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temperatures, like those of bare ground surface, have their smallest
values in the month of January (mean and extreme monthly values
as well), while July has the highest corresponding values.

TABLE III

Mean and exireme monthly lemperature values of grass covered ground

surface
(1930 - 1940 & 1954-1970)
Warmest Coef. of Coldest
month Mean + o variation month A(range)
J 8.96 1955 4.67 1.87 40.049, 1.61 1964 7.35
F 10.90 1955 6.53 2.31 35.38 2.37 1932 8.33
M 12.91 1936 10.29 1.54 14.97 6.97 1956 5.94
A 19,02 1957 16.32 1.96 12.01 13.00 1931 6.02
M 27.57 1962 22 85 2.33 10.2¢ 19.51 1930 8.06
J 32.20 1930 27.99 2.44 8.72 21.19 1939 11.01
J 36.45 1958 29.59 2.57 8.69 24.82 1934 11.63
A 35.50 1956 28.25 3.30 11.68 23.21 1967 12.29
3 28.94 1954 23.24 2.35 10.11 19.41 1966 9.53
0 20.28 1961 17.21 1.53 8.89 13.76 1968 6.52
1962
N 13.22 11.53 1.09 9.45 8.89 1967 4.33
1963
D 9.41 1960 6.52 1.48 22,70 3.05 1931 6.36

¢ 0
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TABLE IV

Frequency of monthly-mean temperature values of grass covered ground surface
in Thessaloniki

37 - 38
36 - 37 1
35 - 36
34 - 35
33 - 34
32-33
31 -32
30 -3
29 - 30
28 - 29
27 - 28 2
26 - 27
25 - 26
24 - 25
23 - 24
22 - 23
21 -22
20 - 21
19 - 20 1
18 - 1% 2
17 - 18 6
16 - 17 8
15 - 16 6
14 - 15 3
13 - 14 2
12 - 13
11 - 12
10 - 11
9-10
8- 9
7 -
6 -
5.
4 -
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The mean annual range of grass - covered ground surface tempera-
tures is : 24,920 C.

November has the smallest range and August the largest.

The coefficient of variation at the grass - covered ground surface
too has high values during the main winter season (Desember-February)
with its maximum in January, while its smallest values appear in the
warm season, [rom June to July, with their minimum in July.

From the adjoined Table IV, containing frequencies of mean month-
ly values, we find that : as in the case of bare - soil surface, on grass -
covered ground also the cold month of January holds the lowest grades
of the thermometric scale as to the frequency of mean monthly values,
the months of February and December come next in line; while the
hot month of July holds the highest grades of this scale, outranking
even the equally hot month of August, followed by the month of June.

¢. Daily mean.

We have included monthly mean, and also mean and extreme ma-
ximum and minimum values of grass - covered ground - surface tempe-
ratures in the following Table V; The same are illustrated in Graph
IL.

TABLE ¥

Mazimum Minimum
Abs Mean Mean +a Mean Abs
J 26,1 1957 11,34 4,67 1,87 0,18 —12.8 1968
F 331 19357 15,72 6,53 2,31 0,39 —10,5 1970
M 41,4 1457 20,43 10,29 1,54 3,53 —8,0 1968
A 52,2 1957 29,24 16,32 1,96 7,16 —5,6 1970
M 61,9 1956 37,60 22,85 2,33 12,21 22 1965
J 65,0 1970 41,70 27,99 2,44 16,09 2.4 1940
J 63,0 1970 43,46 29,59 2,57 18,49 6,8 1970
A 63,0 1957 42,11 28,25 3,30 17,70 3,0 1967
8 60,9 1962 36,09 23,24 2,35 14,55 3,8 1970
0 50,9 1956 27,70 17,21 1,53 10,40  —29 1958
N 41,0 1970 19,37 11,53 1,09 6,31 —7,2 1967
D 34,6 1970 13,25 6,02 1,48 1,80 —9.8 1967
28,17 17,08 — 9.07
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From the above Table V we find that the absolute range of tempe-
rature iz : 77,80 C.

From Tables ITI and V we also find that, the coldest month of
the year (January) has the smallest temperature values in all the co-
lumns of both Tables, for the period examined; while the hottest month
of the year (July) has the highest values of grass- covered ground -
surface temperature in almost every column of the same two Tables,
except for the absolute maximum which belongs in June.

From Table V we also find that ground frosts (temperatures <00 C)
have been recorded on grass - covered ground from October till April,
the earliest date of these ground frosts being : October 20, 10, 1967
and the batest April 10, 4, 1956, meaning that we have a frost - free
period of 185 days on grass - covered ground.
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From the adjoined Table VI, containing frequencies of daily
minima on grass - covered ground, we lind that :

a) Temperatures<<-10.0° ( have been recorded in the two - months
of January and February.

b) Temperatures<:0® C have been recorded during the seven -
month period from October to April. While the probability of ground -
frost increases from October till January, and then it decreases untill
April.

TABLE VII

Probability of ground - frost on grass - covered ground surface

Days of observations Days with ground frost 9%
October 836 2 0.24
November 780 65 8.33
December 805 274 34.04
January 836 415 49.64
February 761 331 43.50
March 837 137 16.37
April 810 15 1.85

Conclusively out of 9783 days, on which minimum temperatures
were taken by minimum thermometers :

—1239 days, that is a percentage of 12.66 %, had values<<0.0° C

—3936 days, that is a percentage of 40,23 %, had daily minima
between 0.0 and 10.00 C.

—4135 days, that i1s a percentage of 41,35 %, had daily minima
between 10.1° and 20.00 C,

—472 days, that 13 a percentage of 4,82 9%, had daily minima
between 20.1° and 30.0°¢ C.

B. TEMPERATURES AT 10 CM ABOVE GRASS - COVERED GROUND.

Measurements of temperature at the level of 10 cm above grass -
covered ground cover the period between the years 1954 - 1970.

In Table VIIT we observe that, the coldest month at 10 cm above
grass - covered ground is January, and August the warmest, while
the mean annual range 15 22.290 C. The frost season, that is temperatures
<00 C, is wider here, covering eight months (September - April). Ab-
golute mimima <Z-10.0° C are recorded in the December to February
three - months,
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TABLFE ¥III
Monthly mean and extreme values of air temperature at 10 cm above grass -
covered ground
{pertod : 1954 - 1970)

Mean Mean Minimum Absol. Minimuwm
J 4.23 —2.31 —13.8
F 5.95 —0.40 —12.5
M 8.98 1.64 —9.5
A 14.49 416 —5.4
M 20,22 8.89 0.0
J 24.32 12.32 2.6
J 26.40 14.99 2.2
A 26.52 14,83 3.6
S 21.41 11.37 —0.3
QO 15.78 7.19 —4.5
N 10.91 kA2 —8.5
D 6.23 —0.28 —10.4

From Table IX we find that the percentage of daily minima <<0° C,
is 20,0 9, above grass - covered ground.

Conclusions

From the study of grass - covered ground temperatures, we draw
the following conclusions :

a} The smallest mean and extreme {emperature values of grass -
covered ground - surface are recorded mostly during the coldest month
of the year (January : mean monthly air temperature 45.86° C); while
almost all the highest values are recorded during the warmest month
of the year (July: mean monthly air temperature 426.47¢ C).

It should be noted that the authors came to a similar conclusion,
in the study of bare - soil surface temperatures (Livanas - Goutsipou
1972 1),

b} At the level of 10 cm above grass - covered ground (grass - top),
the month of January has the smallest temperatures :

Absol. minimum —13.80° C
Mean minimum — 2.31¢ C
Mean 4,230 C

On the other hand July only has the absclute minimum of the warm
season, while for the minimum June has 14.99¢ C against 14.83¢ of July,
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TABLE IX
Frequency of temperature minima at 10 em above grass - covered ground.

J F M A M J J A 8 O N D

—-16,1 - (—18)
—441 - (—6} 1 1
—12,1 - (-4} 11 2 13
—101 - (—12) 16 7 2 25 39
—8,1 - (—10] 35 9 2 2 59
—64-(—8) 58 41 10 5 38 152
—41-(—6) 60 47 14 2 2 11 55 191
—24-{—4) 8 80 43 12 6 29 61 317
—0 - (—2) 101 105 7 30 T 11 51 97 474 1193
1.232 19.999,
20,09
0 -2 67 93 129 99 10 5 2% 68 96 590
21 - 4 #5695 105 23 6 3 6 72 64 78 549
41- 6 33 3% 93 111 80 8 3 20 91 105 52 630
6,1 - 8 13 5 48 93 96 27 13 9 54 87 67 19 531
8,4 - 10 5 1 13 40 106 5 19 20 80 102 63 11 511 2.811 45.38%,
45.49)
10,1 - 12 2 15 109 12 47 42 145 71 87 5 567
12,1 - 14 1 65 128 106 108 103 46 8 565
141 - 16 1 27 98 142 176 89 12 545
16,1 - 18 6 49 117 118 25 1 316
18,1 - 20 1 14 64 40 11 130 2.123 34.289)
34,39,
20,1 - 22 1 11 23
22,1 - 24 1 1
24,1 - 26 2 1 3 27 00.43%,
00.4%
100.18
100%

527 4BO 527 509 523 508 526 525 508 5256 510 525 6.193 6.193
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and for the monthly

July.

MDD 2O W e

Absol. Maximum
Mecan »
Warmest month
Monthly mean
Coldest month
Mean Minimum
Absol. »

Annual temp. range
Absel. » »

*Absolule maximum : 65.

TABLE X

January
26.10 {1957}
11.34
8.96 {1955)
4.6711.87
1.61 (1964}
0.18
—12.80 (1968}

24.92
77.8%

0 C  June 1970,

July

63.0% (1970}
43.46

36.45 {1958)
29.594-2.57
24.82 (1934)
18.49

6.80 {1970)

39

mean August has 26.52° C against 26.40° C of

c) Comparing values of temperature at the following levels : grass -
covered ground surface, 10 cm above grass - covered ground, and air
temperature at 1,5 m (inside the Stevenson screen), we observe that:

TABLE XI

(3)

Air Temp. Grass-covered Il0cin above

(1) {2)
ground

5.86 4.67
7.30 6.53
9.92 10.29
14.69 16.32
19.58 22.85
23.86 27.99
26,47 29.59
26.28 28.25
22.32 23.24
17.31 17.21
12.49 11,53
7.95 6.52
16.17 17.08
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grass-copered
ground

£.23

5.95

8.98
14.49
20.22
24.32
26.40
26.52
21.41
15.78
10.91

6.23
15.45

1-2
1.09
0.77
—0.37
—1.53
—3.27
—4,13
—3.12
—1.97
—0.92

0.10

0.96

1.43
—0.91

1-3
1.63
1.3
0.94
0.20

—0.64
—0.46
0.07
—0.24
0.91
1.43
1.58
1.72
0.72

2-3

0.44%
0.58
1.31
1.83
2.63
3.67
3.19
1.73
1.83
1.43
0.62
0.29
1.63



40

] ix\
. . o
e N

GRAPH 11T

L
"
k9
b
x
]
-
b
7]
1~
x
)

I. There exists, as an average throughout the whole year, a per-
manent temperature inversion in the layer between grass - covered
ground - surface and the level at 10 ¢m above it. The magnitude of this
inversion (see columns A 2 - 3, Table XT} is extremely small in December
and remains <<1° ( during the cold season (November - February);
then it becomes >>2¢ C during the warm season {(May - July), with its
maximum in June.

I1. There is, as an average during the October - February period;
a permanent temperature inversion in the layer between grass - covered
ground surface and the height of 1,5 m above it (air temperature inside
the met. screen).

TII. The period of inversion increases from September to April,
if we compare the levels of 10 cm above grass - covered ground and
1,50 m above it.

The above three conclusions, prove that in Thessaloniki there is
a strong temperature inversion at the lowest almosperic layer. This
is due to the strong nocturnal radiation of this are,

The authors have come to similar conclusions (Livapas - GouTst-
pou, 19721), studying temperatures of bare - soil surface and above
it in the same area (Thessaloniki- Greece) for a period including the
one examined herein.

By combining the data of the present and previous work of ours,
we can examine the frost - free and frost - periods in the lowest, next-
to the-ground, layer of the atmosphere.
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From Table X1l and XIla we come to same very interesting conclu-
sions :

a. The frost - free period is considerably reduced between ground
surface and 10 ¢m above it, for bare ground as for grass - covered as
well, while it increases a great deal at the level of 1,5 m.

b. On the other hand, the frost - period increases from the ground -
surface to the level of 10 em above it (again for bare grouud and grass -
covered as well), while the level of 1,5 m has a much shorster frost -
period,
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ODEPIAHYIZ

H OEPMOKPAZIA THE EIIIOANEIAZ TOT EAACOYTE
MEPOZX I1. EIIIPANEIA XAQOEPOT EAAQOTXE

‘Trod
I'. K. AIBAAA wai 1. A, TKOTTZIAOY

(" Ivoritodror Mertewgodoyias xal Kiipatodoyias, IMavemiatnuiov Geoaalovixns)

Meretdtar # Oepponpaaia tie émipavelag Tol yhoepol Eddpoug, Mg wal
el Oog 10 éx. Omepdver adzol, el Ty mwéhw Tijg Oeoaadovinne, St Thv ypo-
voay megtodov 1.1.41931 - 31.10.1940 xai 1.1.1954 - 31.12.1970. Aidov-
Taw 8¢ Téoov al péoor wavoveral Tipel tHg Deppoxpaaiag (Erhouat, wviaior,
fiueprioiat), Boov ol ol dxpor Tipal ol dmolar Eovusidbnooy xata THV Omh
uekhéTny meplodov.

*Erlone mpowdnrer &1, dplotavron dvaotpopal e Oepuonpastag, T6-
oov petaEl Emipavelzs yhoepel Edapoug - Depponpaciag dépog (peTewporo-
yiol xhwfob), Soov xal petall Empavelus yhozsol E8dwoug wal 10 &x. dme-
paver adTol, natd THY Juypsy meplodov.
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