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FARTH TEMPERATURES IN IRELAND 1956-'75.

Barth temperatures are measured at depths of 30 em. (1£t.), 60 cm. (2f%.)
and 120 cm (4ft.) vnder a level unshaded surface covered with short
grass, Mercury-in-glass thermometers are used. These are suspended
inside a metal tube o that the bulb is at the required depth. The
ovulb is embedded in wex and takes about & hour to assume the temperature
of its surroundings; hence, in the period taken to make an observation,
the change in temperature is very small. Conduction and convection of
heat inside the metal tube cause the thermometer %o read too high in
summer. At 120 em. the error is sm=ll but at 30 cm. the reading may

be about 0.500 too high on & hot summer day [ref. (1)]. Ko allowance

is made for this error.

Barth temperatures are measured once deaily at 0900 G.M.T. This is
quite adequate for the 60 cm. and 120 ¢m. depths where the diurmal
variation of temperature is small. At the 30 cm. tevel the diurnal
temperature variation in summer may exceed 2%, A single reading is
less representative and may not be regarded as a mean value. For &
midland site an addition of the order of 0.500 is needed on average 1o
convert the 0900 G.M.T. reading a% 30 cm. into a daily mean value.
Since the methods used in estimating this correction were crude it was

not applied to the 3*0cm. data used in this publication.

Routine measurements of 5, 10 and 20 cm. soil temperatures and of
earth temperatures have been made at all Meteorological Service
stations since late 1953, S0il temperatures have been treated in
Agrometeorological Memorandum No. 3 and the same methods of tabulation
are used here. A mean value of the temperature is given for each
month and also & mean annual value. The scatter of the values about
the mean is measured by the standard deviation. The highest and
lowest values recorded are included to give the range recorded at

each depth.

The period needed to give a stable frequency disitribution was

estimated by calculating the mean, the stendard deviation and the

range at three long-term stations for periods of 10, 13, 1%, 20, 25 and
where possible 30 vears. I+ was found that a 10-year record was
inadequate but 13 years or more gave similar values of the threse
parameters in most cases. Details are given in Appendix (A). 1t

was decided to use only those stations whose period of record was at
least 1% years. No adjustment to the statistics of stations whose
record did not span the full twenty years was considered necessary.

The adequacy of the 13~year period enables us to use several

climatological stations for which readings at 30 cm. and 120 cm. are
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2.

available. A mep of the stations used precedes the tables.
Earth temperatures are influenced by factors of two kinds:

(a) Intringic factors such as site exposure, soil type, soil texture and
moisture content.

(b) Externe: factors which are essentially the weather elesments.

The externsl factors plus the intrinsic properties of location, exposure and
so0ll reflectivity determine the amount of heating at the soil surface. The
other intrinsic factors, like soil moisture content, determine how deeply and
guickly the surface heating penetrates. Soiltypes vary greatly over the
country and on occasion even within the same district. Stations only a few
miles apart and bhaving essentially equal air temperatures may have
gignificantly different earth temperatures. Farth temperatures depend

more on sunshine and rainfall than on air temperatures. In a forest, earth
temperatures are nearly always lower than in adjacent open sites. This is
why thimnming is usually effective inmising both soil and earth itemperatures
in & forest, more §0 when the s0il is dry than when it is wet. Earth
temperatures also decrease with elsvation. Among the many factors playing

& part are
(a) the decrease 1n solay vadigtion due 5o incressed cloudiness

(b) thoe change o the soil type which is usually towards more peat

hN s o N o . ] ot -
(c} the incresase in reinfeil znd in wind.

Compared with adjacent lowland, & mounitain site has less heat reaching and
penetrating the surface and its abiliiy to conduet heat downwards is less.
R.W. Gloyne [ref, (2)] has produced an estimate of 5.5°C for the rate of the
armual average decrease in earth temperature per 1000 metres. While this
is a very rough estimate it is the best figure available for the lapse rate
of earth temperature. Por each station its latitude, longitude and height
above sea level are given together with a brief description of the soil type
ag determined by the Soils Division of An Foras Taluntais. When estimating'
earth temperatures for an area the nearest available station with similar

topography and soil should be used.

Change of Site.

There was a change of site at Shannon Airport in June 1969 from a poorly
drained gley soil of clay loam to a free-draining sandy soll. The

method of determining the effect of such changes is by reference to a
nearby site which bas not been subjected to any disturbance. It ig found
that the difference in earth temperatures between nearby stations is almost
constant; s0 by examining the difference in each month, before and after

the site change, +the eifect of the new site can be estimated. A
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2.
reliable value of this difference is obtained only from a period in
which the temperatures undergo a reasonable range of variatiomn,
both above and below the mean value. For earth temperatures this
period is 13 years or more. The period since 1969 is only about
half this. A further difficulty is that the nearest sitations are
Mallow and Birr. These two factors render uncertain the efficacy
of the corrections; hence it was decided to publish two tables for
Shannon Airport. The first ignores the effect of the change of site.
The second attempts to correct the months which the tests indicate are
affected by the change. Since, in the latier table, the 1956-'69
values are caleculated from readings atancther station no annual or

extreme values are included.

Variation of Temperature with Depth.

Conduction is the main mode of heat transfer in the ground. In the
top layers of soil other processes of heat transfer are important;
these include movement of water, evaporation and the condensation
and diffusion of water vapour. At 30, 80 and 120 cm. levels the

classical theory of heat conduction might be expected to apply.

This presumes that at any point the rate of temperature change with

time depends on
(1) the difference in temperature between it and neighbouring points

(2) +the thermal diffusivity of the soil {K) which is a measure of the
ease with which the s0il changes temperature.

Assuming that the soil temperature varies only with depth (z) and that

the @iffusivity (K) is constant the conduction process is expressed

~T 4
mathematically by the Fourier equation _%%_ = K%—Tz where T is the
z
temperature and t represents the time. For a simplified treatment of

the Fourier equation see Appendix (B).

We may picture surface oscillations, such as the diurnal or annual
variation of temperature, as producing a corresponding temperature
fluctuvation in the soil. The temperzture wave is delayed as it
penetrates into the ground and i1ts amplitude decreases. The amount of
delay and damping is determined by the diffusivity XK. In units of cm2
per sec,K varies from 0.02 for concrete %o 0.002 for dry, sandy, soil.
For a given scil K is dependent on moisture content since water is a
much better conducior of heat ithan any other soll constituent. For
wet sand K is about 0.007. Wet clay has a high diffusivity which may
exceed 0.01 but very dry clay has ¥ values as low as 0.002. The
assumption of comstant diffusivity is not #ery realistic and the results
obtained from solving the Fourier eguation with a constant X value are

subject to this limitation, among others. Considerable insight into

ey



4.
the process of heat transfer can, nonetheless, be gained from the
simplified theory. An average value of X= 0.008 cm? per sec is used
in the calculations which follow.

Result (2) obtained in Appendix (B) may be put in the Following form:
R
1ogw-§p = (0.00262)z

z

If X = 0.008 cm2 pégﬁgec., 1ngf§f o= (0.029)z

where R = daily temperature range (°c) at the surface
Hz = daily temperature range (OC) at depth z{ecm)

Result (3) becomes t;~ to= z(82:9) secs, where o = time of occurence of a

temperature extreme at the surface,t, = time of arrival of that temperature

extreme at level z(cm).

If X = 0.008 cm2 per sec. the time lag between the surface and level

z, t;~to = (0.258)z hours.

The conduction thecry predicts that {(with K = 0.008) the daily temperature

wave wWill be halved in amplitude for egach 10 cm. increase in depth and that

the maxima (and minima) will be delayed by 2% hours. At 30 cm. the delay

would be about 7%~hoursn 4 0900 GMT reading corvesponds to a 0130 GMT

surface value and is something in the nature of a minimum temperature. The

30 cm. daily range is oneeigith of the daily range at the surface. A rough

gstimate of the latter raage is 706 and nence the daily range at 30 cm. is

about 1°C. At 60 cm. the daily range is about one sixtieth of the surface

value and at 120 cm, the daily range i2 guite negligible.

The annual temperature wave is reduced more slowly than the daily wave and
penetr&tesvggb or 19 times as far before being reduced a like amount. 1t
can still be detected in practice down to 1000 cm. The time lag of the

annual wave is 19 times that of the daily wave and amounts to 5 hours per

cm.or 6 days per ft.

In practice it is found that the time leg of the maximum daily temperature

is predicted tolerably well but this is often not the case with the minimum.

Depth of FProst Penetration.

Soil water freezes just below 0% in clean sandy soils, in the range -2%

t0 =4°C in mineral soils and about -5°C in clay soils [ref. (3)]. 4
duration factor must also be taken into account. Air temperatures just
below 0°C for a long period have the same sffect as air temperatures well
below 0°C for a short spell, There is a "mero curtain effect" in the
freezing process. As soon as any soil water in the top layer freezes there
is a release of latent heat. The tempersture in the pertly frozen layer
rises towards 0°C and tends to remain steady until all the available water in
the layer has frozen. The greater the soil water content the slower is
frost penetration and the longer the period of the zero curtain. In light

porous soils frost penetrates more deeply than in heavy soils. Similtarly,
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5.
once ice has formed in a layer, the temperature of that layer
eannot rise above 0°%C until all the ice has melted. During a
cold spell the temperature in the ground can hover cloge to 0%
for a considerable time. In 1963, between Jan 24%h and Feb 11th
the 30 cm. earth temperature at Kilkenny ranged from +0.1°%C o
+O.300, in a sandy loam soil. No instance of & 30 cm. earth
temperature below 0°C nas been recorded at our synoptic stations.
However, the effect of grass cover is to raise the temperature in
winter and to lower it in summer compared with bare soil. Depth of
frost penetration is greater in sandy than in Ipam or clay soils and

is deeper in compacted soils than in loose or vegetation covered soils

[ref.(3)].

Extreme Seasons 1956-'75.

In 1959 and 1975 the summers were very warm and d4dry. Mild winters
oceurred in 1956-157 and 1970-'75. The most notable extreme was the
very severe winter of 1962-'63. On Feb 4th 1963, Valentia Observatory
recorded 1.4°C at 30cm.; its lowest 30 cm. value since the 1.4°C  of
Jan 19th 1940. At Birr the value of 0.300 vead on Jan 26th 1963
compares with O.SOO recorded on Jan 22nd 1940 but there was a change

of site in the interim.

Distribution of the Barth Temperatures about the Mean Values.

Mean monthly temperature distributions are often of normal form. Among
other properties this implies that nineteen out of twenty values should
lie within two standard devistions above or below the mean value. In
Appendix(C) the results of the test of normality are discussed. The fit%
of a normal curve to the data varies from good to poor.  However, the
rule that only 5% of values are more than two standard deviations from
the mean held reasonably well when the 1956-'75 means and standard
deviations were used to predict the 30 cm. itemperature range for
earlier periods. This suggests that using the 1956-'75 statistics to
make assertions about future ranges of the 30 cm. temperatures should
give fairly good results. At the 120 cm. level, the 1956-'75 statistics
gave poor estimates of the temperature range for earliier periods and
cannot be used %o predict future values with any confidence

(see Appendix C).



6.
Comparison of the 1956-'75 Earth Temperature Means with those of the
period 1931~155 at Valentia Observatory

Depth Period dJan Feb Mar Apr May June July Aug Sept Oct Nov Dec

30cm. 1956-<75 6.7 6.6 8.0 9.9 12.5 15.1 16.2 16.1 14.7 12.2 9.3 7.8

30cm. 1931455 6.5 6.4 7.7 10,0 12.8 15,3 16.6 16.7 14.9 12.2 9.1 7.4

120cm. 1956475 9.0 8.5 8.6 9.6 11,1 12.9 14.1 14,7 14.4 13,% 1.7 10,2

120cm. 1931455 8.3 7.9 8.2 9.7 11.4 13.3 14.7 15.4 14.9 13.311.2 9.5

The months November to February were colder in the period 1931.955 while
the period May to September was warmer. The differences are more
pronocunced at 120c¢m. Por December; the 193150 mean at 120cm. was 9.2%

and there bas been z tendency for warmer Decembers since 1950,
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EARTH TEMPERATURE STATIONS

Synoptic stotion with eorth thermoreters ot 30, 60 and 120 ¢m,

@ Clmotological station with earth thermometers ot 30 and 120 cm.

() Years of continucus record in the period 1956 - 1975



Belmullet, Co. Mzayo,

8.

54°14'%  10°00'W  Height: 9m.

FPeriod of Record:

1957-1975.

S0il Pype: Black humose loamy sand.
30 em
) Standard Extreme menthiy
Month ?;;?f?; Deviation mean valuss 1957-75
from Average Aaxdmm Minimom
Jan. 5.9 1.0% 7.0 2.9
Feb. 5.9 1.01 7.1 3.0
Mar. 7.0 .85 8.8 5.8
Apr‘ 902 -76 1005 7-3
May 11.8 61 12.8 10.6
June 14.6 .75 16.2 , 13.2
July 15.6 .49 16.6 j 14.6
Aug. 15.6 .60 16.8 . 14.6
Sept. 14,2 .72 15.6 [ 13,1
Oct. 1.9 .82 13,2 40.0
Nov, 8.8 L5 10.1 a5
Dec, 7.2 275 8.9 h.8
Year 10.7 A% 11.5 9.6
60 om
Averace Standard Extreme monthly
konth 1;:?%;; Seviation mean values 19g7-75
from Average | Haximum Minimum
Jan. 6.8 JT7 7.6 4.5
Feb, 6.5 .85 7.5 3.9
Mar' 7«5 c?z 8-9 663
épr. 9.1 Y 10.% 8.1
may 11.4 .57 12.4 10.3
June 13,9 .58 15.2 12.8
July 15.1 46 15.9 14.4
aug. 15.4 .50 16.3 14.5
Sept. 14.4 .62 15.6 13.4
OCt- 1205 l75 13'6 10.5
Nov. 9.9 .67 1.0 8.3
Dec, 8.1 .57 9.5 7o
Year 10.9 .37 11.6 9.9
120 cm
Standard Zxtreme monthly
Month dverage Deviation mean values 1957-75
19575 o A P
from Average Maximum Minimom
Jan, 7.8 57 a
. ] .5 6-4
Feb. 7.3 .65 8.1 5.1
Mar. 7.5 .57 8.7 6.3
A'pr' 8.8 055 9&8 7-7
May 10.6 .49 11.6 9.5
June 12.7 A% 13.6 12.0
July 14.0 40 14.8 13.4
A'ug‘ 14—.6 ,,42 15-2 13.9
gegt- 14.2 .50 15.1 1%,2
xgv: ::gug -5; 13#‘9 ‘]1-6
Dec. 9.7 329 %52% 8.5
Year 10.9 .34 11.5 10.0




9.

Birr, Co. Offaly

53° 05! 7°53'W - Height 70m.

Period of Record; 1956-1975

Soil Type:

Sandy clay loam.

33 em
. ~ Standard Extreme monthly
Month ?ng“?? Deviation mear values 1956-75
729710 4 from iverage Waximum Minimum
Jan. 4.8 1.25 6.7 1.1
Feb. 4.9 1.3%6 6.9 1.7
Mar. 6.5 1.02 8.9 4.9
Apr, 9.0 .69 10.4 7.9
May 12.1 .76 1%.6 10.4 E
June 15.2 .g2 16,7 : 13.4
July 16.4 7T 18.4 I 15.2
Aug. 16.1 .75 18.0 D147
Sept. 14,3 T4 15.8 I 13.3
Qct. 11.5 .87 13.1 : 9.7
Nov. T.8 .82 g.2 6.5
Dec. 5.9 84 7.6 4.4
Year 10.4 A7 11.% 9.2
o0 om
Standard Extreme monthly
Month ?Zigf?; Deviation mean values 1056~75
- from Average Maximur Minimuam
Jan. 5.6 1.04 7.3 2.7
Feb. 5.6 1.11 7.0 2.6
Mar. 6.8 .88 8.5 5.5
Apr. 8.9 .65 10.3 7.8
May 11.7 .62 13.0 10.3
June 14.5 77 15.8 13.1
July 15.0 .70 17.8 14.8
Aug. 15.9 . 56 17, 14.8
Sent. 14,6 .69 15.9 13.6
Cct., 12.1 71 1%3.6 10.6
Nov, 8.5 T4 10.2 T.7
Dec. 6.9 .66 8.0 Heb
Year 10.6 .42 11.5 9.6
20 em
Standard Sxtreme monthly
Month | AVETRE® | oo iition mear. vaiues *956-75
195675 e o - S e
{rom Average w A1 siinimum
Jan, 7.0 .76 8.3 5.2
Feb. 6.6 .83 7.8 4.1
Nar. T .67 8.3 6.0
Apr. 8.5 .55 9.5 T4 :
Kay 10.6 43 11.4 9.5 |
June 12.9 .49 13.7 12.0 :
July 14.4 .57 15.9 13.4 f
aug. 14.9 51 16.2 14.2
Sevt. 14.2 .58 15.4 13,2 f
Oct, 12.6 .55 13,9 11.6 f
Nov. 10.2 .56 1.2 9.3 :
Dec. 8.% A7 9.2 )
Year 10,8 + 30 11.4 9.7




10.
Claremorris, Co. Mayo.
53°431  8°59'W Height 69m.
Period of Record:1956=1975

Soil Type: Free-draining loam.

30 em
. Standard Extreme monthly
Month ?;;Ef?g Deviation mean values 1956~75
from Average Maximum Minimm
Jan. 4.9 1.11 6.5 1.6
Feb. 4.9 1.17 6.3 1.4
Mar. 6.2 .97 8.3 4.8
Apr, 8.4 .67 9.7 7.3
May 11.1 .59 2.2 9.9
June 1%.8 .80 15.% 12.3%
July 15,1 .63 16.4 14.1
Aug. 15.1 .80 16.9 1%.9
Sept. 13.8 .70 14,7 12.5
Oct. 11.4 .84 13.0 9.5
Nov. 8.1 .81 9.5 6.5
Dec, 5.0 .59 7.7 5.2
Year 9.9 43 16.7 8.9
RO am
e Standard Extreme monthl
Month | 1350797 | Deviation | nmean values 195675
. from Average | jiaximum Minimum
Jan. 5.7 .93 7.3 3.4
Feb. 5.5 .98 6.8 2.6
Mar. 6.5 .82 8.1 5.2
Apr. 8,2 .66 9.6 7.3
May 10.6 .46 11.3% 9.5
June 1%.1 .58 14.4 11.9
July 14.5 .60 15.7 1%.4
aug. 14.7 ,12 16.4 13.7
Sept. 1%.8 .68 14.9 12.6
Oct. 11.8 .65 13,0 10.4
Nov. 9.0 .76 10,2 7.4
Dec. 71 .61 8,2 5.8
Year 10.0 A2 10.9 9.1
120 c
Standard Extreme monthly
Month ?;ggf?; Deviation mear. vaives 1956-75
from average laximun Minimum
Jan, 7.2 67 8.3 5.5
Feb. 6.7 .72 7.7 4.4
Mar. 6.9 .62 8.0 5.7
ADT. 7.9 .53 9.1 7.0
May 9.6 .38 10,2 8.6
June 11.5 .45 12.3 10.8
July 13.0 .49 14.0 12.1
Aug, 13,7 .55 14,9 12.8
Sept. 13.4 .57 14.4 12.4
Oct. 12.2 .53 131 1.3
Nov, 10.3 .59 11.3 9.3
Dec, 2.5 .51 9.6 7.6
Year 10.1 .38 10.8 9.2
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Clones, Co. Monaghan.

54°11'  7°14'W  Height 87m.

Period of Becord:1956-1975

Soil Type:

Well-drained loam.

30 cm
- ) Standard Extreme monthly
Month ?Vefage Deviation mean values 1956-75
956=75 | trom Average Waximum Minimum
Jan. 4.5 1.24 6.6 1.0
Feb, 4,4 1.23 E.1 1.0
Mar. 5.8 1,08 7.9 4.0
Apr, 8.2 .81 9.7 6.8
May 11.4 .93 13.% 10.0
June 14.3 .97 16.0 11.8
July 15.4 .62 16.8 14.4
Aug. 16,% .62 16.6 14,3
Sept. 13.8 .59 14,8 12.8
Oct. 11.2 .66 12.4 9.8
Nov, 7.7 .69 9,2 6.7
Dec, 5.7 .87 7.2 3.9
Year 9.8 .40 10.6 8.9
£0 cm
Standard Extreme monthly
Month fgigffg Deviation mean values 195679
o from Average { Naximum Minimum
Jan. 5,2 1,04 6.9 2.4
Feb. 5,0 1.04 6.3 1.8
Mar. 6.1 .92 7.9 4.6
apr. 8.2 .78 9.7 7.0
May 11.0 .83 12,6 9.7
June 13,7 .87 15.4 1.7
July 14.9 .62 16.2 1%.9
iug. 15,1 .57 16.2 14.1
Sent. 14.0 .56 14,9 1%.0
Oct. 11.7 .59 12.7 10.2
Nov. 8.6 .59 9.7 T.7
Dec, 6.5 NS 77 5.2
Year 10,0 .38 10.7 3.1
20 em
) Standard Zxtreme monthly
Month ?vegage Deviation mear. values '956-75
956-75 from averagze ilaximum slinimum
Jan, 6.6 .80 7.9 4.8
Feb. 6.1 .85 7.3 %.6
Mazr. 6.5 .71 7.6 5,0
ADT. 7.8 .59 8.9 6.9
lay 9.8 .55 11.0 9.2
June 12.0 .59 13,2 10.8 K
July 13.4 .53 14.5 12.5
Aug. 14.0 .45 14.9 1%.1
Sept. 13.6 AT 14.4 12.9
Oct, 12.2 .44 12.9 11.3 |
Kov. 10.0 47 10.8 9.3
Dec, 8.0 .55 9.0 7.
Year 10.0 .33 10.5 9.1




12.
Dublin Airport, Co. Dublin.
53°26'0  6°14'W -  Keight 68m.
Period of Record.1956-1975.

Soil Type: Moderately well-drained loam.

30 em
, Standard Extreme monthly
Konth ?Vefaﬁe Jeviaticn mean values 1956-75
956=T5 | from Average Maximum Minimum
Jan. 4.7 1.12 6.5 1.8
Feb. 4.7 1.09 6.3 2.1
Mar. Bt 1.14 8.3 4,2
Apr. 8.6 .72 10.0 7.2
May 11.8 .85 13.3 9.9
June 15.3 .97 16.9 12.9
July 16.4 .85 18.1 15.1
Aug. 16,0 .88 18.0 14.3
Sept. 4.1 .84 15.8 12.9
Oct. 11.2 .99 13,2 9.3
Nov. 7.6 .79 9.0 6.2
Dec. 5.7 .79 7.4 4.6
Year 10.2 46 11.1 9.3
A0 oI
Average Standayd fxtreme monthly
Month 1956275 Deviation mean values 1956-75
© | from Average | Naximum Minimum
Jan. 5.6 .92 7.2 3.4
Feb. 5.5 .88 6.6 3.0
Mar, 6.5 .88 8.3 5.1
Apr. 8.7 T2 9.9 T.4
May 11.5 .69 12.7 10.1
June 14.6 .83 16,0 12.8
July 15.9 .31 17.7 14.4
aung. 15.9 76 17.9 14,8
Sept. 14.6 .72 15.8 13.6
Cet. 12.1 .81 13.9 10.5
Nov. 8.9 . 69 10.1 7.8
Dec, 6-8 -58 8.1 5.7
Year 10.6 A5 11.5 9.6
120 cm
Standard ' Txtreme monthly
Month Avegage Deviation mear. vaiues 1956-75
1956-75 from average Maximum Hinimum
Jan, 7.0 .69 a8,% 5.5
Feb. 6.5 .67 7.5 4.4
Mar. 6.9 .69 8.1 5.6
ADT. 8.3 .61 9.4 T3
May 10.4 .51 11.4 9.6
June 12.9 .62 13.8 11.6
July 14.5 .69 16.3 13.3
Aug. 15.0 .69 16.9 13.9
Sept. 14.4 .62 15.6 15.4
Oct. 12,7 .58 14,1 11.8
Nov. 10.% .57 1.4 9.4
Dec, 8.3 .50 9.2 T3
Year 1C.6 .42 11.6 9.7




Soil Type:

13

Kilkenny, Co. Kilkenny.

52°40'%  7°16'W Height:

63m.

Period of Record:

1958-1975.

Wellwdrained gravelly sandy loam.

35 om
. Standard Extreme monthly
Month ?Zg;ﬁ%@ Deviation mean vaiues 1953-75
S from average W aximum Mini mum
Jan, 4.5 1.27 6.5 0.9
Feb. 4.7 1.37 6.5 1.3
Mar. 6.0 .98 8,0 4.1
Apr. B.6 .79 10.4 7.5
May 11.8 1.04 13.9 10.3
June 15.2 1.17 171 12.7
July 16.5 .82 18.0 15.1
Aug. 16.1 .83 18.2 14.7
Sept. 14.7 .94 15.8 12.2
Oct. 1.2 1.05 12.9 3.7
¥ov. 7.4 .95 9.3 6.0
Dec. 5.5 .83 7.4 4.1
Year 10.1 .50 11.2 9.1
60 om
. Standard Extreme monthly
Month ?gi;fg; Deviation mear values 1?581?5
RO from Average Masimm Minimm
Jan, 5.2 1.09 7.1 2.4
Feb. 5.4 1,17 6.9 2.2
Mar. 6.4 .88 8.1 4.8
Apr. 8.6 .77 10.2 7.6
May 11.5 .92 1%,3 10.2
June 14.5 .98 16,4 12.6
July 15.9 .74 17.3 4.7
Aug. 15.9 .75 17.8 14.7
Sept. 14.5 .82 16.3 13.0
Cet. 11.9 .88 13.5 9.9
Nowv. 8.6 .86 10.1 Ted
Dec, 6.4 LE5 7.8 5.3
Year 10.4 .48 11.4 9.4
T em
\ Standard Sxtreme pmonthly
Month ?Vgr?§i Deviation meal vaiues 1958-75
958-75 from average maExizum Minimum
Jan. 6.4 1.17 2.1 2.6
Feb, 6.2 .88 7.5 5.5
Mar. 6.7 .72 7.9 5.5
ADT. 8.1 .65 9.4 7.1 3
WMay 10.% .69 M1.7 G.2 I
June 12.7 .78 14.6 1.4 !
July 14.3 .70 15.8 13.2
Aug. 14.8 . 60 16,3 13.8
Sept. 14.3 .69 15.9 13.2
Oct, 12.5 .70 1%.8 11.0 ;
Nov. 10,0 67 1.1 9.1 ;
Dec. 7.9 251 8.8 7.0
Year 10.3 L 48 19.2 9.2




Malin Head, Co. Donegal.

14.

55° 2215 07° 20'W  Heisht 20m.

Period of Record:1956-1975

Soil Type: Black humose friable loam.
30 cm
. S tandard Extreme monthly
Month ?;;gfi; Deviation mear values 1956-75
' from Average Mavimom Minimum
Jan. 5.6 .82 6.8 7,3
Feb. 5.% .8% 6.3 3.1
Mar., 6.4 .86 8.1 4.8
Apr. 8.3 .68 9.4 £.8
May 11.0 .68 12.6 10,0
June 13.4 .64 14.7 S
July 14.3 .51 15.4 L 13.2
Aug. 14.4 .64 16.0 ! 13.4
Sept. 13.3 .56 14,3 12.2
Oct. 1.1 .60 12.2 10.0
Nov, E.3 .52 9.2 7.5
Dec, .6 .68 8.1 5.3
Year 9,8 .31 10.5 9.%
i) o
k e pacs Standard Extreme monthly
Month 19%6~$5 Deviation | nean values 1956-75
T from Average faximum Minimum
Jan. 6.4 .54 7.5 4.7
Feb. 6.1 €3 6.9 4.2
Mar. 6.7 LT 8.2 5.4
Apr. 8.1 .63 3.2 7.0
May 10.3 .63 11.7 g.5
June 12.4 A48 13.7 11.4
July 15,5 A4 14,2 12.7
Aug. 13.9 .50 15,1 13%3.2
Sent. 1%.2 .49 14.1 12.4
Oct. 11.5 48 12.5 10.6
Nov. 9,2 A3 10.0 8.7
Dec. 7.5 L 51 8.7 6.6
Year 9.9 .30 10.4 9.4
120 om
Standard Ixtreme monthly
Month | (52628 | Deviation mean values 1956-75
' from average Maximum ainimum
Jan. 7.4 .40 8.0 6.
Fev. 6.9 .42 7.4 5.6
¥ar, 7.1 .54 3.3 6.0
Apr. 7.9 .58 8.9 7.0
May 9.5 .51 10.4 8.7
June 1.1 .37 12,2 10.6
July 12.4 .37 1%.1 11.8
Aug. 1%.0 AD 13.9 12.3%
Sept. 12.8 A1 13.5 12.2
Cct. 1.7 .36 12.5 11.0
Yov. 10.0 .34 10.5 9.4
Dec. a. A .37 Gg.1 7.6
Year 9.8 .26 10.% 9.5




15.

Muilingzr, Co. Westmeath.

5z° %11y 7° 21'W Height 108m.

Period of Record:1956-1975.

Soil Type: Well-drained sandy clay loam.
30 con
) Standard Extreme monthly
Konth “vezafe Deviation mean valuss 1956-75
195675 | from average Waximm Mind mum
Jan. 4.4 1,14 6.2 1.4
Feb. 4.4 1.19 6.0 1.0
Mar. 5.9 1.06 8.1 3.9
Apr. 8.4 .68 9.7 7.0
May 11.6 .80 13%.1 10.2
June 14.9 .91 16.6 13,5
July 16.1 .80 17.6 14.8
Aug. 16.0 L72 17.1 14.8
Sept. 14.3% .83 16.7 12.6
Oct. 11.4 .90 13.1 9.%
Nov, 7.7 .70 8.8 £.5
Dec. 5.6 .81 7.1 4.2
Year 10,1 A5 10.8 9.0
&0 cm
Standard Extreme monthl
Month #gerage Deviation mean values 1956{75
956-175 from Avers Do T
rage Naximam Minimum
Jan. 5.2 .97 6.8 2.8
Feb. 4.9 .98 6.2 1.9
Mar. 5.9 .93% 7.7 4.3
Apr. 8.1 L7 9.4 7.0
May 10.9 .69 12.2 9.8
June 1%.8 .87 15.6 12.3
July 15.4 7 16.8 14.0
Aug. 15.6 .70 16.7 14.5
Sept. 14.4 .76 15.7 13.1
Oct. 12,0 .76 13.5 10,1
Nov. 8.7 T2 10,1 7.4
Dec, 6.5 .68 7.7 5.4
Year 10.1 A4 10.8 9.1
120 om
Standzard Lxtreme monthly
Month ?;;ngg Deviation mear, values 1956-75
‘ from average Maximum dinimum
Jan, 6.4 CTT 7.7 4.9
Feb. 5,9 .78 7.0 3.4
Mar. 6.2 .13 7.4 4.7
ADT. 7.5 .63 8.7 6.6
May 9.8 51 10.8 8.8
June 12.2 .60 13,4 11.2
July 13.9 .60 15.0 12.7
Aug. 14.5 .72 15.6 12.8
Sept. 14,1 .66 15.3 131
Oct, 12,5 .66 13.9 11.0
Nov. 10.1 .60 11.2 8.9
Dec. 7.9 .56 8.9 7.0
Year 10.1 A2 10.7 9.1




16.
Roche’s Point, Co. Cork.
51° 48'm 8%°15'W Height 40m.
Record of Period: 1956-1975.

S0il Type: Well-drained gravelly loam.

30 cm
Standard Extreme monthly
Month ?vezage Deviation mean values 1956-75
95615 | from iverage Maximum Minimum
Jan. 6.5 1.08 8.1 %1
Feb. G.4 1.28 8,1 7.9
Mar, 7.3 .94 9.4 5.6
Apr, 9.0 .68 10.5 7.9
May 11.5 .83 13.8 10.4
June 14.1 .93 16.2 11.8
July 15.4 49 16.4 14.4
Ang. 15.4 .5% 16.3 14.4
Sept. 14,3 .70 15.5 13.2
Oct. 12.2 .86 13.8 10.3%
Nov. 9.3 .95 10.8 7.7
Dec. 7.7 64 8.9 6.2
Year 10.8 .38 11.3% .9
G om
Average Standard Lxtreme monthly
Month 195675 Neviation mean values 1956~75
T from Averaze Maximum Minimam
Jan. 7.2 .95 8.6 4.3
Peb. 6.5 1,07 B.3% Lo4
Mar., 7.6 .85 9.3 6.1
Apr. 9.1 .66 10.5 8.2
May 1.3 .82 13.7 10.4
June 1%.6 .88 15.9 1.6
July 15.1 .53 15.9 1%.9
aug. 15.% v 16.1 14.6
Sept. 14,5 .61 15.5 13.5
Oct. 12.7 .72 14,1 11,0
Nov. 10.1 .84 1.4 8.7
Dec, 8.4 .58 9,6 7.2
Tear 11.0 .36 11.5 10.1
120 em
Standard Extreme monthly
Month ?;ggf?? Deviation mearn values 1956-75
from average Maximum Minimum
Jan, 8.2 .72 3.3 6.2
Feb. 7.7 .73 8.7 5.6
Mar. 7.5 .67 8.9 6.9
Apr. 8.8 .54 9,9 8.0
lay 10.5 , 58 12.2 9.7
June 12,4 LB5 14.2 11.0
July 13.8 .58 14,9 12.6
Aug. 14.4 .39 15.1 1%.7
Sept. 14.2 .51 14.9 13,2
Oct, 13,1 .80 15,6 11.7
Nov. 1.1 .65 12,2 10.0
Dec, G.4 .48 10.4 8.7
Year 10.9 .32 1.3 10.1




Rosslare, Co. Wexford.

17.

52915y 6920w,

Height 23m.

Period of Record:

1957-1975.

S0il Type: Poorly-drained loam to clay loam.
30 om
. Standard Extreme monthly
MKonth ?veraie Deviatiocn mean values 1957-75
3 57-15 from Average Waximum Minimum
Jan. 6.3 1.08 T.7 2.8
Feb, 6.2 1.08 7.6 3.5
Mar. 7.3 1.00 9.3 5.8
Apr. 9.6 LT 11.1 8.3
May 12.4 .89 14.3 1.1
June 15.4 .92 17.2 13.4
July 16.9 T4 18.7 15.7
Aug. 16.8 .63 18.7 16.1
Sept. 15.3% .89 17.4 13.6
Oct. 12.6 .88 14.2 10.3
Nov. 9.2 <TT 10.3 7.8
Dec, 7.3 .54 8.3 6.5
Year 11.% .47 12.4 10.4
60 cm
Standard Extreme monthly
Month ?;;;??g Deviation mean values 18g57-75
' from Average | Maximur Minimum
Jan. 6.9 .89 8.2 4.2
Feb. 6.8 .92 7.8 4.2
Mar. 7.5 .87 9.1 6.3
Apr. 9.3 .70 10.7 8.2
May 11.9 .82 13.8 10.9
June 14.7 .90 16.4 12.7
July 16.2 .75 18.1 15.0
AUg. 16.5 .60 18.3 15.6
Sept. 15.4 .81 17.¢ 14.0
Oct. 13,1 .79 14.8 11.0
Nov. 10,1 .69 11.0 8.8
Dec, 8.1 .45 8.9 1.3
Year 11.4 .45 12.5 10.6
120 cm
Standard Extreme monthly
Month ?;S;f?g Deviation mean values 1957-75
from average aximum sinimum
Jan, 7.9 .67 8.8 6.0
Feb. 7.5 .71 8.2 5.1
Mar. 7.7 .71 8.9 6.4
ADT. 8.9 .63 10.1 8.0
Way 10.9 .63 12.4 10.2
June 13.2 LT4 14,7 11.8
July 14.8 .70 16.4 13.7
Aug. 15.4 BT 171 14,6
Sent. 15.0 .68 17.0 14.0
Oct, 12,4 .67 15.3 11.8
Kov. 1.1 .58 12.0 10.0
Dec. 9.1 .42 9.9 B.4
Year 11.3% .41 12.3 10.5




Soil Type:

18.

Shannon Airport, Co. Clare.

52°41'n  8°55'W  Heisht: 3m.

Periocd of Record:

1956-1975,

Poorly drained gley soil to 1969: then rapid

draining loamy sand.

30 cm
i Standard Exireme monthly
Month 1;;2??; Deviation mean values 1956-75
from Avenage Mastimum Mini pm
Jan, 5.4 1.24 Te3 1.7
Feb. 5.5 1.41 7.3 1.8
Mar. 7.0 .99 9.2 5.5
Apl'- 9-5 -73 10‘9 8-4
May 12.6 .86 4.0 1.1
June 15.5 1.00 17.4 13.3
July 16.6 .64 18,2 15.6
Aug. 16.3 T2 17.9 15.3
Sept. 14,8 LT6 16.4 1%.%
Oet. 12.1 .85 13,7 10.0
Nov. 3.5 .89 10.1 5.8
Dez, 6.6 .80 8.7 5.0
Year 10.9 A5 11.58 9.7
BGoom
Averase Standard Extreme monthly
Month 1956n$q Deviation mean values 195675
’ - from Average Maximum Minimume
Jan. 5.8 1.41 7.9 2.1
Feb, 5,7 1.%9 7.6 1.6
Mar. 6.9 1.00 8.8 5.0
Apr, 9.0 87 10.6 7.2
May 1.7 .79 1%.0 9.8
June 14.5 1,04 16.8 12.8
July 15.8 .86 17.8 14.2
Aug. 15.9 .92 17.7 14.3
Sept. 14.8 .94 16.3 1%.1
Oct. 12.4 .93 14.0 10.9
Nov. 9.2 .98 10.9 7.7
Der., 7.2 1.04 8.5 5.2
Year 10.7 77 11.9 9,0
120 cm
Standard Extreme monthly
Month Average Deviation mear, values 1956=75
1956-75 From © ST e
average Maximum Minimum
Jan, 7.6 .68 8.6 5.9
Feb. 7.0 .85 8,0 4.2
War. 7.5 .69 8.7 £.1
4Dr, 8.8 . 60 9.8 TeH
May 10.7 Y 1.7 9.6
June 13.0 . G4 14.6 12.1
July 14,5 .58 16.2 1%.3
Aug. 15.1 .54 16.5 14.4
Sept. 14,7 .58 15,8 13.8
Oct, 1%.2 .59 4.3 1.7
Nov, 11.0 .56 11.9 9.7
Dec. a.0 A4 9.8 8.4
Year 11.0 .38 11,7 10.0




Values for 1956-'69 were ad
type (see notes

19.

Shannon Airport, Co. Clare.

Period of Recoxd:

1956-1975.

gusted to new soil

Asterisk denotes changed valus.

30 om
_ Standard Extreme monthly
Month ?veza$§ Deviation mean values 1956-75
956~ from average Maximum Minimum
Jan. 5.4 1.24
Feb. *5,6 *1,%5
Mar, 7.0 .99
Apr. 9.5 .13
May 12.6 .86
June 15.5 1.00
July 16,6 .64
fug. 16.3 $T2
Sept. 14,8 .76
Oct. 12.1 .86
Nov. B.5 -89
Dec. *6.9 * .66
Year
&0 en
Standard Extreme monthl
Month Average Deviation mean values 1056f75
1956-75 <
from iverage Maximur Minimum
Jan. *6,0 *1.,07
Feb. *6.,1 *1.12
Mar. *T1.3 * .88
Apr. *9,3 * .64
May *#12.0 * .66
June 14.5 1.04
July 15.8 .86
Aug., 15.9 .92
Seni. 14.8 »94
Oct. 12.4 9%
Nov, *9.5 *,75
Dec, *T.5 *,87
Tear
120 cm
Standzrd Extreme monthly
Month ?;ggfgg Deviation mean values 1956~75
: from average waximum Minimum
Jan, * 7.3 * 74
Feb. * 6.9 * .83
Mar. 7.5 .69
ADT, 8.8 .60
May 10.7 .52
June *13.1 * 89
July *14.6 * 56
A\lg. 15-1 .54
Sept. 14.7 .58
Oct, 13.2 .59
Nov. 1.0 .56
Dec. * 8,9 .4

Year




20,

Valentis Observatory, Co. Kerry.

51%56'N  10°15'W  Height:- 9m.
Period of Record: 1956-1975,
Soil Type: Well-drained szravelly clay loam.
30 em
Standard Extreme monthly
Month ?;;E?gg Deviation mean values 1956-75
from Average Maximum Minimm
Jan. 6.7 1.29 8.3 2.5
Feb, 6.6 1.35 8.4 3.4
Mar. 8.0 .86 9.9 5.9
Apr. 9.9 .56 11.0 8.7
May 12.5 75 13.4 10.8
June 15.1 .86 16.7 13.5
July 16.2 .54 17.5 15.5
Aug. 16,1 .78 17.4 14.6
Sept. 14.7 .83 16.5 13.1
Oet, 12.2 1.07 14.2 10.6
Nov, 9,3 1.03 11.0 7.7
Dec, 7.8 .97 8.4 5.8
Year 11.73 .58 12,1 9.8
£ om
. Standard Extreme monthly
Month ?;;éf?g Deviation mean values 1956-75
from iverage NMaimum Mindmum
Ja.n.u 7.5 .98 8n7 403
Feb. T.3 1.07 3.5 4.5
Mar. 8.2 T4 9.6 5.8
Apr, 9.9 «53 11.0 8.9
May 12.1 . 61 13.2 10.8
June 14.5 .68 165.7 12.9
July 15.7 44 16.7 15.0
Aug. 15.8 .57 16.9 14.8
Sept. 14.8 .64 16.1 137
Cect. 12.8 .84 14.4 11.0
Nov. 10.% .80 11.6 9.0
Dec, 8.7 .64 10.0 e
Year 11.5 .42 12,1 10,4
120 cm
Standard Extreme monthly
Month #;gz%%; Deviation mean values 1956-75
from average Masximum Minimum
Jan, 9,0 .62 9.8 7.4
Feb. 8.5 TG g.2 6.2
Mar, 8.6 5T 9.4 Te5
Apr' 9.6 ﬁ46 10«:5 8.6
iay 1.1 .38 1.7 10.0
June 12.9 .68 14.8 11.8
July 14.1 A7 14.8 12.9
A\l&'- 14.’? w4-4- 15:4 13‘9
Sept. 14.4 .50 15,3 13.4
Oet., 13.3 .53 4.5 12.%
Nov. 11.7 .55 12.7 10.8
Dec, 10,2 <44 i1.1 9.6
Year 11.5 .37 12.0 10.5




21.

Ballinamore Ag. Inst., Co. Teitrim.
54°04'N _07°4TW __ Height:~ 80m.

Period of Record:1963-1975.
Soil Pype: Poorly drained gley soil of clay loam texture.

30 cm
] Standard Extreme monthly
Month ?gzgfgg Jeviation mear values 1963-75
d : from average Waximum Minimam
Jan, 4.8 1.23 6.2 1.5
Feb. 4.4 1.21 5.7 1.4
Mar. 5.5 .68 6.6 4.1
Apr. 7.7 .70 9.1 6.5
May 10.4 .66 1.6 9.2
June 1%.6 LT 14.8 12.0
July 14.7 .56 16.0 1%.9
Aug. 14.9 .65 16.4 13.9
Sept. 13.3 .69 14.2 i2.0
Oct. 11.0 .92 12.4 9.0
Nov, 7.6 80 8.9 6.3
Dec. 5.9 .79 7.2 4.6
Year 9.5 AT 10.4 8.6
12C cm
Standard Extreme monthly
Month ?;erffg Deviation mear values 196%75
65 from average \aximum Minimum
Jan, 5.7 .58 T.5 5.5
Feb. 6.1 .75 7.1 4.1
Mar. 6.1 .62 6.8 5.0
Apr, 7.1 .46 3.0 6.4
May 8.9 43 9.7 8.0
June 11.0 .40 1.7 10.4
July 12.7 .72 14.5 11.8
Aug. 13.2 45 14.% 12.5
Sevnt, 12.9 .52 13.7 11.9
Oct. 11.7 .55 19.5 10.5
Yov. 9,7 .57 10.5 8.6
Decr. 8.0 .50 3.8 6.9
Year 9.5 .36 10,2 8.8




22.

Ballinrobe (Creach), Go. Mayo.

5538 0916w

Height:-

28m.

S0il Type:

Period of Record:

1963-1975,

Moderately well-drained sandy losm.

30 em
Standard Extreme monthly
Month Average Deviation mean values 1963-75
196575 | rrom Average W asimum Minimm
Jan, 5.6 1.27 6.8 2.0
Feb, 5.% 1.25 5.5 1.8
Har, 6.5 67 7.9 5.2
Apr, 8.8 A6 9.8 8.0
May 11,4 .55 12.% 10.3
Jung 14,7 76 5.8 13,0
July 1.9 40 16.8 15.2
Aug. 16.9 L H6 17.2 14.8
Sept. 14,4 T 15,4 13.0
Oct. 12,1 252 13.6 10.2
Nov. 8.8 « 84 10.8 7.0
Dec. 6.9 i .09 5.2 5.6
| -~
Tear 10.5 | 5% 1.1 9.6
120 cm
iversa Standard ?xtreme monthly
Month | L °"*8 | Deviation mean values 1963 75
96375 from average Maximum Minimum
Jan., 7.3 .70 8.2 5.4
Feb. 6.6 .90 Ta7 4.0
Mar. 7.0 Y 7.8 6.0
Apr. 8.3 .43 9.4 7.7
Way 10.3 .34 10,8 9.7
June 12.8 B4 13.5 11.8
July 14.3 .52 15.4 13.6
Aug. 14,7 .25 15.0 T4.1
Sept. 14.2 53 15.0 13,2
Oct. 12.8 .78 13.8 10.5%
Nov. 10.6 . 84 1.6 8.2
Dec. 8,7 . 60 9.8 TeT
Year 10.6 .30 11,0 9.9




23.

Mallow C.S5.E.T., Co., Cork.

52°08'N  08°42'W  Height:- 56m.

Period of Record: 1956-1975.

S0il Type: Loamy sand.

30 em

. Standard Extreme monthly

Month Average Deviation mean values 1956-75

1956=T5 | from iverage Maximum Minimum
Jan. 5T 1.08 T3 2.6
Feb. 5.7 1.35 Ta7 3.0
Mar. 7.2 .95 9.3 5.8
Apr. 9.4 W60 16.9 8.6
May 12.1 58 12.9 11.%
June i4.6 .91 16.5 1%3.3
July 16.0 .64 17.4 15.1
Aug. 15.9 .92 17.5 14.4
Sept. 14.6 .66 15.9 13.6
Oct. 12.3 .82 14,0 10.6
Nov, 9.1 .93 10.3 7.1
Dec, 7.0 .65 8.2 5.6
Year 10.8 .39 11.6 10.1

120 cm

Standard Extreme monthly

Menth Average Deviation mean values 1956-75

1956-15 from average aximum Minimum
Jan, 7.3 .69 8.3 5,7
Feb. 6.9 .84 8.3 4.7
Mar. 7.5 77 8.8 5.9
ADT. 8.8 .56 10.1 7.9
lay 10.7 V37 11.6 10,2
June 12.7 .58 14,0 11.8
July 14.1 .43 15.0 13.0
Aug. 14.7 49 15.6 13.8
Sept. 14.3 .57 15.3 15.3
Oct, 13.0 .54 14.0 12.0
Nov, 10.8 .58 11.8 9.8
Dec. 8.8 .49 9.7 7.9
Year 10.8 .33 11.5 10.2




Rathdrum (Avondale), Co. Wicklow.

24.

52°55' 06°13'W Height 129m.

Period of Record: 1963%-1975.
Soil Type: Well-drained Brown Earth,
3o Ch
. tandard Extreme monthly
Month | fooieBS | Deviation mean vasuss 1963-75
196375 | fron average Maximum Vinimur
Jan. 4.9 1.12 6.5 5.7
Feb. 4.6 1.21 6.1 1.9
Mar. 5.6 .69 7.2 4.3
ADT, 2.1 A7 G, T4
Kay 11.1 .65 12.1 10.0
June 14,4 .76 15.3 12.9 &
July 15.8 .52 16.6 15.0 »
Aug, 15.8 42 16.4 15.1
Sept. 14.1 .59 15.0 13,3
Got. 11.5 .81 12.7 9.8
¥ov. 2.1 31 9.0 6.7
| Dec. 5.9 .69 7.2 4.8
Tear 10,0 .30 10.4 9.4
20 em
. Itandard Zxtreme monthly
Month nverage Deviation nean values 94375
1963-15 from Adverage Tlaximure sinimun
Jan, 6.7 +35 8.4 53
Feb. 6.0 T4 6.8 4.0
Mar. 6.2 .54 7.1 5.3
apr. Tod .28 7.8 6.8
ay 9.5 .32 10.0 8.7
June 11.8 A2 12,4 1.1 ;
July 1%.5 49 14.5 12.7 ‘
aug. 14.2 <34 14.7 132.6
Sept. 13.7 .40 L 14.4 12.9
Oct. 12.2 .51 P 13,1 1.3
X ov. 10.0 .53 1047 9.2
Dec. 7.9 .53 i 8.5 B8
Year 9.9 .28 | 10.4 9.3




25-
Warrenstown Ag. Coll., Co., Meath.
533110 06°37'W  Height 87m.
Period of Record: 1956-1975.

30il Type: Moderately well drained sandy clay loam.

30 cm

. Standard Extreme monthly

Montnh | “VET2ES | neviation mear, values 1956-75

1956-75 | . . " —

from Average a2l mam Minimum
Jan. 4.6 1.46 5.9 1.4
Feb. 4.6 1.41 5.5 0.9
Mar. 6.1 1.18 8.2 %.6
Apr. 8.5 .84 10.3 7.2
May 11.5 .68 12.9 10.0
June 14.6 .83 16.1 L 1%
July 16.0 .76 17.9 15,1
Aug. 15.7 .68 17.5 Lo14.7
Sept. 14,0 .70 15,2 | 13.0
Oct. 1.2 LT7 12.7 ; 9.3
¥ov. 7.8 .92 9.5 6.4
Dec, 7.8 1.01 8.0 4,0
Year 10,0 L 48 11.0 9,0

120 enm

Standard Txtreme monthly

NMonth Average Deviation mear. values 1956-75

1956-75 frg — -

rom average wmaximum Minimum
Jan, 5.9 1.01 7.8 3.9
Feb. 5.7 1.13 7.7 2.7
War. 5.1 .89 7.5 4.5
Apr., 7.7 .89 9.4 5.9
May 10.1 .60 11.7 9.3
June 12.7 .53 13.9 1.7
July 14.6 70 16.4 13.6
Aug. 15.0 .66 17.0 14,2
Sept. 14.2 .62 15.6 13.5
Oct, 12,2 57 13.3 10.9
kov, 9.5 T4 1.0 8.4
Dec. 7.4 .70 9.0 6.1
Year 10,1 .45 11.1 9.1




26,
Appendix A.

Length of record needed to obtain a stable frecuency distribution.

The 30cm. records at three longer-term stations, Mallow, Warrenstown and
Cahirciveen were used.

The mean_T of a sample of nis obtained from
i=n
7.1 z Ti
n iz}
The ‘mbissed estimate of the standard deviation(s) was calculated from

{n- 1)s?= Z (T[-?)z

1=1
i=n I=n 2
0r(n-1)52=2 Tig — Z“ﬂ
=1 i=1
— where s* = variance

The range was determined by inspection. Each of these parameters

was calculated for 10, 13, 15 and 20-year periods and alsc for periods
between 20 and 30 years. The 13-year period was considered because
a number of climatological stations opened during 1962, IT we assume
that our sazmples axe taken from & (roughly) normal population, the
estimate of the population mean obiained from the sample should have a

standard deviation (error) of order ¥n . Purther, the standard deviation

!
]

iny

of the variance {(s%] is of order . & 20-year pericd can be

o

regarded as determining the long-verm (population; mean to0 within about
0.2%, Consequently, differsnces of 0.27C or less between means for
different periods will be ignored. The effect of convection, which can
cause the 30cm. reading to be about O.SOC too high on & hot summer day,
is neglected. In the same way the variance (52) was regarded as stable
when differences were iess than or equal fo O.BOC. The tables which
follow show that periods of 13 years give statistics within the assumed
error of the 20-year values in nearly all cases. In addition 13-year
statistics are reasonably close to the statistics for periods between 20
and 30 years. Hence, means calculated for 13 (or more) years of record
may be taken, without adjustment for the missing years, as 20-year means
and in most cases give a reasonable estimate of 30-year means.

The 120cm. means at Mallow and Warrenstown, and the 60cm.
means at Valentia Cbservatory were similarly tested. The conclusions

were essentizlly the same as for the 30¢m. level.



27.

MATIOW: 30cm.
MONTH PERTOD NUMBER OF MEAN S.D. AND RANGE
YEARS VARTANCE (53
1966-175 70 6.2 | 0.72 (0.52) 2.0
1963-175 13 5.8 | 1.20 {1.45) 4.7
JANUARY 1961-175 15 5.7 {1.16 (1.41) 4.7
1956-175 20 5.7 | 1.08 (1.16) 4.7
1951=175 25 5.7 | 1.00 (1.00) 4.7
1966-"75 10 9.4 | 0.44 (0.19) 1.5
1963-175 13 9.3 | 0.43 (0.19) 1.5
APRIT, 1961-175 15 9.4 | 0.60 (0.36) 2.3
1956-"75 20 9.4 } 0.60 (0.37) 2.3
1951175 25 9.3 | 0.60 (0.36) 2.5
1966-175 10 16.4 | 0.49 (0.24) 1.6
1963-175 13 16.2 | 0.58 20.33) 2.1
JULY 1961~175 15 16.1 1 0.64 (0.41) 2.%
1956175 20 16.0 | 0.64 (0.41) 2.3
1951 =175 25 16.0 | 0.66 {(0.43) 2.3
1966175 10 12.5 | 1.10 (1.21) 3.4
1963175 13 12.4 | 0.97 (0.94) 3.4
OCTOBER 1961-175 15 12.4 | 0.93 {0.86) 3.4
1956=175 20 12.3 | 0.82 50.67) 3.4
1951~"175 25 12.3 | 0.82 (0.67) 3.4

The 10-year period gives ar inadequate estimate of the 20 or 25-year

means in Januvary and July but the 13-year mean is adequate in all

cases.

In Jenuary the 13-year variance estimate is just about

adeqguate for the 20-year period but is beyond the 1limit of error

allowed for the 25-year period.

At 120cm. the 13-year period was adequate in all the months tested.
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WARRENSTOWN: 30 cm.

" yowrH PERIOD | NUMEER OF MEAN , S.D. AND RANGE
! YEARS VARIANCE (
|
1966-175 e 10 5.4 0.90 (0.81) 2.7
1963-175 | 13 4.8 1.53 §2.34g 5.6
FEERUARY |1961-'75 15 4.9 1.45 (2.09) . 5.6
1956-175 20 4.6 1,41 51.983 5.6
1952-175 24 . 4 1.39 {1.93) ' 5.6
1966-175 : 10 C11.3 0.69 (0.48) 2.1
1963175 | 13 ro11.3 0.60 (0.36) 2.1
MAY 1961~175 i 15 ;1.4 0.72 (0.51) 2.9
1956-175 20 S 11,5 0.68 (o.4sg 2.9
1952175 g 24 116 0,77 (0.60 3.4
i 1
1966175 ~ 10 , 15.8 0.69 (0.47) 2.4
1963-'75 13 P15.7 0.67 (0.45) 2.6
ATGUST | 1961-'75 15 15.6 0.69 (0.47) 2.8
1956-175 [ 20 15.7 0.68 (0.46) 2.8
1952175 | 24 15.9 o0.88 (0.77) 3.6
|
1966175 ! 10 8.0 1.09 §1,193 3.1
1963175 ; 13 749 0.97 (0.95 3.1
NOVEMBER | 1961175 15 LT 0.96 gongz) 3.1
1956-175 2C L8 0.92 (0.85) 3.1
1952-175 24 B ¢ 0.90 (0.81) 5.4

in February the 10-year statistics give a poor estimate of the 20

or 24-year values. The 13~year mean is just adequate as an estimator
of the 20-year mean but is inadequate as an estimator for the 24-year
period, in both February and May. In May the 10-year variance

is closer to the 20 and 24~year estimstes than is the 13-year value.

In Auvgust the difference between the 20 and 24-yvear statistics is
due to the very high 30 om. temperature (18.3°C) in 1955. At 120cm.,
the 13-year mean was 0.3°C higher than 1956-175 mean in January but
was within the allewed difference in all other months. In November

and December the 1963-'75 means were 0,300 higher than the 1952-~'75 values.
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VALENTIA OBSERVATORY 30 cm.

MONTH PERIOD NUMEER OF MEAN S.D. AND RANGE
YEARS VARIANCE (52)
1966-"75 10 7.4 0.67 (0.45) 1.9
1963175 13 6.8 1.56 Ez 44) 5.8
1961175 15 6.7 1.48 (2.18) 5.8
JANUARY 1956-175 20 6.7 1,29 €1.68§ 5.8
1951-175 25 6.6 1.21 (1.48 5.8
1946-175 30 6.6 1.17 {1.37) 5.8
1966-175 10 10.0 0.39 (0.15; 1.%
1963-'75 1% 9.9 0.52 (0.27 2.3
1961-175 1% 9.9 0.59 %o.ss) 2.3
APRTL 1956175 20 9.9 0.56 (0.31) 2.3
1951-175 25 9.9 0.59 EO'B5§ 2.4
1946175 30 9,9 0.60 (0.36 2.4
1966-175 10 16.5 0.54 (0.29) 1.6
1963175 13 16.4 0.56 (0.31) 2.0
- 1961175 15 16.3 0.57 {0.33) 2,0
1956-175 20 16,2 0.54 (0.30) 2.0
1951-175 25 16.4 0.77 (0.60) 3.7
1946175 30 16.4 0.79 (0.62) 3.7
1966175 10 12.7 1.26 {1.60) 3.6
1963-175 13 12.4 1.47 E1.36% 3.6
1961175 15 12.7% 1.15 (1.32 3.6
OCTOBER | 4956_175 20 12.2 1.07 (1.14 3.6
1951-175 25 12.2 0,98 (0.97 3.6
1946-175 30 12.3 0.95 (0.90) %.6

In January, April and October we have the usuzl trend with the mean
becoming more or less constant as the period of record increases.
13-year statistics are good estimates of even the 30-year statistics
except for the October variance. In July the 10 and 13-year means
are closer to the 30-year mean than the 20~year value; but 1955 had
the warmest July at 30 cm. of the whole 1946-'75 period, while 1949
had the second warmest. Furthermore, in July 1954 the temperature

recorded at 30 cm. was 0.700 lower than in any July of the 1956-'75

period. At 60cm. the 13-year means and variances differed from the

20-year values by less than the error allowed.

The
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Appendix (B )

Simplified Solution of the Heat Conduction Equation.

We neglect any horizontal veriations in temperature T and consider T
as a function of depth (z) and time (t)
The Fourier equation is

T | ol

ot 02?2
By inspection a solution is T(z, t} = f(t-z) « f(t+2)
where f; and f, are arbitrary functions which may be interpreted as
waves travelling down and up the z - axis. We are interested only in
dovnward-travelling waves and so consider solutions of form T = f,(t-z)}
In order to specify the form of T\ we must presume afunctional form for
the temperature at a boundary. A first approximation to the surface
temperature variation is T(O,t) = Ty+ Ajcos wt i.e. the surface
temperature has & mean valueT, , a maximm T+ A, and a minimum Tp- A

as wt varies from Oto 2nduring the cycle {daily or annual). For

convenience use T(Qt) = T+ Aoe"‘”’t where i=)-1 and €% =cosO +ising
By analogy with the procedure in tlecase of ordinary differential equations
consider a solution T{z,t) = T+ A{e™ * ™) where T. A, @ and
b are constant.
Setting z = 0 T{O4) = T+ Ae™

A = A,

We get T - _To
a = iw

Substituting for T(z,t) in the heat conduction equation we get
g = IW = sz )
VW Tty QD)
b=ty K~ V2
Since T(Z,‘Q must be finite as z approaches infiniiy ithe negative sign must

be taken
Then T(zt)

1

T+ Agmeibic (1eis
C &)

25 W
T0+ Ag 2K e'“*'zJ;K

Taking the real part

T(z.¢) T0+Aoéz%< cos(wt—-ﬂ’%{z)

The solution represents a wave undergoing an exponentizl decay in

amplitude and a change of phase as it travels downwards into the soil.

Decay in Amplitude.

Let P = period of the oscillation (daily or annual)
Angular Frequency w = %‘— (P = 86,400 secs for the daily vibration)

Ratio of the amplitudes of the temperature wave at depths Zpond £,

-z, fI%
e % Px

-~ Ty [
=4 Py
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Reanges of temperature atz, and z, are related by

Rz, . 2(21_22)/% o0
Rz,

. _ R22 -z, T

i =0 —= =z g 2@ ________ 2
Rz,

Suppose a temperature maximum occurs at the surface at time t =¢t,
Then wt = 0 (or 21)

This temperature meximum is propagated downwards and it reaches the

i1

depth z; at a time t, given by t- 7 P - 0

2%
P
It reaches the depth z, at @ time t, given by -%§ te 3)/F 7 O

Time lagbebweenthesurfce. maximum and the maximum at z,

_ Z ]/_E
=t %= 3 ok e 3

Time lag between depth Z; and i,

{z,~ z.) P
= T~ 1, = it S0 M AV
2 1 2 oK
A similer argument produces the same formulae for the time lag of

Applicability of the Formulsze.

The assumption T(O,t) = To+ Agcos wt fits best on fine days in summer
and does not represent the noctumal temperature wave well. This is
because the period between minimum ard maximum is shorter than (not
equal to) the period between maximum and minimum. Since the heat
conduction equation is linear, the sum of any number of solutions is also

a solution. If the daily temperature wave is represented at the
(1

surface by the series T(Ok) = Ty+ Z A, cos nwt the solution
. n=d
is
bt ow
T(z.t) = T°+n2=1 Ao 1% cos (nwt - z )

For a daily temperature wave to be well represented we usually need to
take k=2 or 3 [ref. (4)] and formuize (1) to (4) apply only moderately
well. However, the annual temperature wave is well represented Dy a
single harmonic ( n=1 ) and formulae (1) to (4) apply quite well.

Tor a more detailed treatment of the heat conduction equation see ref (5)
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Appendix C.

Tegts of Normality.

The tests used were those in Pearson and Hartley's Biometrica Tables
(1956} pages 61 to 63 and consisted of a test of skewness and Geary's
test of kurtosis.

Results were: (4) Marked skewness in some months particularly

in Januvary and February. The
extreme values in 1963 caused the negative

skewness in these months.

(i1) Geary's test of kurtosis gave results ranging from
poor to good. The failure to fulfil this necessary
condition in a sufficient number of cases means that
a general assumption of normality cannct be made.

Meking the narrower assumption that 19 out of 20 values fall within two
standard deviations of the mean it is found that the 1956-'7% data obeys
the rule well at all three levels. To test whether this rule can be used
to forecast, the 1931-'55 data at 30cm., and 120cm. for Valentia were
examined. The 1956-'75 means and standard deviations were used to set
the limits. The expected score is 23 or 24. The following were the
resultsi-

Valentia Observatory
Depth Period
120cm. 1931-'55

Month Jan Feb Mar Apr May June July 4Aug Sept Oct Nov Dec

Score 19 23 20 23 19 24 20 17 22 e4 20 1

Depth Period

30em. 1931-155
Wonth  Jan  Feb  ®ar  Apr  Mey Jume July Aug oSept 0Oct HNov Dec

Score 25 24 22 20 25 24 19 23 25 25 24 22

Depth Period
30cm. 1946-'55

Month Jan PFeb Mar Apr May June July Aug Sept Oct Nov Dec

Score 10 9 8 9 10 10 8 8 10 10 10 9

At 120cm. the rule was a total failure in Jan, March, May, July, Aug,
Nov and Dec for the period 1931-'55.
At 30cm. the results were better. The rule failed badly in April and

July. Results in March and Dec. were barely acceptable but for & months



33.
the results were good. By taking = shorter period (1946-155) we find

the rule failing badly in July. Results in March and August were hardly
acceptable but for the other nine months, the rule was valid. The rule
failed for April in 1931-755 but gave good resulis for the 1946-'55

pericd.

The number of failures and the particular months in which the rule fails
depends on the similarity of the period chosen to 1956-'7S. Tentatively
we may use 1956-~'75 means and standard deviations to foreeast

ranges for the 30cm. temperatures. While the 1956-'75 statistics may
adequately describe future values of the 120cm. temperatures the evidence
indicates that this is unlikely. Using the 1946-'55 period the number
of total failures reduces from 7 to 5 but this is still much too high.
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