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AMENDMENT NO 1 TO
CLIMATOLOGICAL MEMCRANDUM NO 65 - "THE CLIMATE OF THS TAYSIDE REGION OF SCOTLAND"

When consulting the solar chart at Figure 2, page £5 and the explanatory note on
page 82 it should be borne in mind that the times on the chart and in the note are in
Local Apparent Time i.e. the time registered by sundials and sunshine recorders.

In the Tayside region, the combined corrections for longitude and equation of time
necessary to convert from Local Apparent Time to Greenwich Mean Time range from about
minus 7 minutes to plus 25 minutes - see Table X, Appendix V to the 3rd Edition of "The
Observer's Handbook" - HMSO.

In the example quoted on page 82 of the Tayside memorandum, the sun is at the posi-
tion given on 23 August at 0830 hours Local Apparent Time, 0842 hours Greenwich Mean
Time and 0942 hours British Summer Time.

Meteorological Office
26 Palmerston Place
EDINBURGH

EH12 5AN

January 1973




FOREWORD

The Meteorological Office at 26 Palmerston Place, Edinburgh, EH12 5AN and
the Glasgow Weather Centre at 118 Waterloo Street, Glasgow, G2 TDN, receive an
ever increasing number of requests from all sections of the comnunity, especially
from members of the building and construction industries, for information about
the past weather at places in Scotland,

It is not yet possible to issue precise long range weather forecasts and one
can only plan or design on the basis of past experience i,e. by consulting re-
corded facts and statistics of the type contained in this memorandum, but from
these one can at least set limits and assess the probabilities.,

This memorandum on the Tayside Region of Scotland is similar in general
content to the previously published Meteorological Office memoranda on Edinburgh,
Glasgow, Aberdeen, the Coastal Region of the Moray Firth, West Lothian and the
Ayr-Kilmarnock-Irvine Region of Ayrshire. It includes certain data which will
be of particular interest at the tendering or design stages of a building
contract. For example, building contractors will be interested in the figures
showing the probable amount of working time during which outdoor work may be
hampered or have to cease because of rainfall, low temperatures and high winds,”™
Similarly, engineers concerned with the design and efficiency of heating and air

architects and engineers. It is hoped that the information contained in this
memorandum will also be of interest to students and the general reader.

Metrication

Metric units have now been in use in the Meteorological Office for several
years. For example, in the case of temperature, the changeover from degrees
Fahrenheit to degrees Centigrade took place on 1 January 1961, However, Leuchars
is the only Meteorological Office weather station in the Tayside region and most

Perth and St Andrews which co-operate with the Meteorological Office on a
voluntary basis., Until very recently, all of these co-operating stations record-
ed rainfall in inches and temperature in degrees Fahrenheit.

Accordingly, when compiling this memorandum, it has been necessary to
present the available records and statistics in both metric and non-metric units,
Generally speaking, the rainfall and temperature data have been presented in the
units in which these elements were originally recorded at the individual stations
but in some cases, the metric values from Leuchars have been converted to non-
metric values for ease of comparison with the data from the co-operating stations.

Many of the tables of data in this memorandum bear headings in metric units
with equivalent values in non-metric units but in some cases, conversion to
metric units has not been practicable because of restrictions in overall page
size or because the inclusion of precise metric equivalents would be too cumb er-
some, Tables for converting amounts of rainfall from inches to millimetres,
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temperatures from degrees Fahrenheit to degrees Centigrade, and wind speeds from
miles per hour to metres per second, have been included in the sections dealing
with rainfall, temperature and winds.,

June 1972 Meteorological Office #
26 Palmerston Place
EDINBURGH
EH12 5AN %
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The climate of the Tayside region of Scotland

by J 4 Plant* and A Dunsire*

Introduction

The area under review is the region stretching eastwards from Perth to the
North See along the northern and southern sides of the Firth of Tay. The Sidlaw
Hills and their continueticn eastwsrds ic iionircse in a series of separate ridges
mark the northern boundary of the region while on the southern side of the Firth
of Tay, two belts of high ground reach eastwards into the county of Fife. One
belt extends from the Ochils in the west along the south bank of the Tay while
the other is the central hill belt of Fife comprising the Lomond Hills and the
hills of the East Neuk which together form the southern boundary of the region.
Between the two belts of high ground on the Fife side of the Tay lies the Howe of
Fife or valley of the River Zden which extends for nearly 30 miles.,

Although often descrited as a coastal lowland area, the region is by no
means all flat. For example, Dundee, the main centre of population, lies on a
distinct south facing slope and Craigowl Hill (altitude 1,492 feet) the highest
point in the Sidlaw Hills, lies only 6 miles to the north of Dundee. Perth, the
second city of the region lies on flat ground but is almost completely surrounded
by hills while on the southern side of the Tay the terrain in Fife has a mainly
undulating or "tumbled" type of appearance. Norman's Law (altitude 935 feet) is
the highest point in the hills bordering the south bank of the Tay while in the
central hill belt of #ife further to the south, West Lomond Hill rises to a
height of 1,712 feet.

Between lionifieth and Montrose on the northern side of the Tay estuary and
between Tayport and 5t Andrews on the southern side, the coastal terrain is very
similar to the terrain near the estuaries of other Firths on the east coast of
Scotland and could perhaps best be described as typical seaside "golf links"
country consisting mainly of raised beaches and tracts of sand dunes. Tentsmuir
in the northeast corner of Fife between the estuaries of the Tay &and Eden used to
be claimed as one of the largest tracts of sand dunes in Scotland but nowadays

supports about 5,000 acres of Forestry Commission conifers.

*Meteorological Office
26 Palmerston Place
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With a relatively low rainfall and a duration of sunshine which is high in
rel-tion to the latitude, the Tayside region has a climate which is broadly
typical of the east coast of Scotland as & whole. {~lthough in common with
Bdinburgh and the Firth of Forth region most of the gales and strong winds
experienced on Tayside come from westerly directions, it could be said thet
nearly zll the worst aspects of the locezl climate ere associrsted with winds
which have hed =z track over the North Sea. For example, during the winter and
spring months, fresh easterly winds on days with high relative humidities end
low zir temperatures bring a distinct touch of rawness to the weather and in the
late svring and summer, North See fog sometimes brings unplezsant weather
conditions perticularly to eastern coastel districts near the estuaries of the
Tay and Eden.

The separate aspects of the climete of the Tayside regfon are discussed in

L

more detail in the remainder of this memorandum. ’




1. Rainfall

It can be seen from the rainfall map at Figure 1 that the annual average
rainfall at the main centres of population in the Tayside region ranges from
about 26 to 31 inches per year but increases to more than 35 inches over the
high ground of the Sidlaws and to more than 40 inches per year over the Ochil
and Lomond Hills. Annual averages of rainfall for a small selection of other

locations in the British Isles are given below for purposes of comparison.

Edinburgh 27
Glasgow 40
Dumfries 43
London 25
Birmingham o3
Liverpool 35
Belfast 38
Huddersfield 38
Morecambe 38
Plymouth 38
Cardiff 42

Monthl& and annual averages of rainfall for a number of rainfall measuring

stations in or near the region are given in Tables 1 and 1A. The rainfall
averages quoted in Table 1 are actual averages over the 35 years from 1916 to
1950 (the standard period for rainfall averages in current use in the British
Isles), while the averages in Table 1A have been estimated from shorter‘term
or broken periods of records.

Cumulative averages of daily rainfall from which the average rainfall over any

period of the year can be calculated are given for Montrose and Perth in Table 1B.




Statistics of monthly and annual rainfalls f'or Dundee are given in Table 1C.

Total monthly and annual durations of rainfall recorded at Leuchars during the

20 years from 1951 to 1970 are given in “able 1u. The iieteorological Office at
Leuchars is the only location in the region for which this type of information is
available.

It can be seen {rom Table 1D that at Leuchars, rain falls in measurable
amounts for 585 hours per year, that is about one hour in 15. Over nearly all
southeast England, rain falls in measurable amounts f'or about 500 hours in the
year, that is about one hour in 17.

Cumulative frequencies of daily rainfall f'or Lundee which show the total number

of days in 30 years with specif'ied amounts of rain (i.e. the number of days in
30 years with 0.5 inches or more, 1 inch or more, 2 inches or more etc) are
given in Table 1E.

haximum daily rainfalls recorded at liontrose, Arbroath, Dundee, Perth, Leuchars

and St Andrews are given in Table 11'.

saximum and minimum monthly and annual totals of reinfall recorded at liontrose,

‘rbroath, Dundee, Perth, Leuchars and 5t .indrews are given in Tables 1G and 1H.

Jettest months

The daily rainfalls recorded at Dundee in October 1932, August 1948,
September 1950, November 1951 and November 1963 are given in Table 1I. These
months, which all had more than 6.50 inches of rain, were the five wettest months
at Dundee during the 48 years from 1923 to 1970.

Intense falls of rain in short periods of time

Examination of rainfall records reveals that the intensity is always chang-
ing and that within any period of rain, a shorter period will always be found
where the intensity is greater than that of' the whole. Usually, the most intense
falls of short duration are associated with thunderstorms or thundery activity.
Tayside does exverience intense falls of short duration but since the frequency

of thunderstorms in this region is less than in the upland parts of Scotland and




the more thundery areas in central and southwest Scotland, it is reasonable to
suppose that the probability of an intense fall of rain in a short period of time
is less than in these more thundery areas. Parts of central and southern England
have two to three times as many thunderstorms and therefore the probability of an
intense rainfall of short duration in the area under consideration is much less
than in those areas.

Table 1J gives the number of days in each year irom 1937 to 1970 with
specified amounts of rain falling in specified times at the iieteorological Office
at Leuchars. The total number of days over the whole period of 34 years is shown
at the foot of the Table. Leuchars is the only location in the region for which
statistics of this type are available. However, it is by no means certain
whether the intensities of rainfall recorded at Leuchars during the years from
1937 to 1970 are typical of the intensities experienced at other locations in
tne region.

There are very few long period records of rainfall intensities for places in
Scotland and therefore drainage engineers make fairly wide use of the Bilham
formula(1) for obtaining probabilities of intense falls of rain in short periods
of time. Following a recent investigation by D J Holland(Q) it has become
necessary to modify the frequencies obtained from Bilham's formula in respect of
intensities greater than 1.25 inches per hour and the figures given in the upper
table of Table 1K which refer to falls with durations of 2 hours or less, are
based on Bilham's formula modified where necessary by Holland. However, it can
be seen irom Table 1L which compares the estimated frequencies obtained from the
modified Bilham formula with observed frequencies obtained from the Leuchars
records, that for durations up to about 2 hours, the frequencies obtained from
the modified Bilham f'ormula appear to be much too high when related to Leuchars.

Experience suggests that for durations up to about 2 hours, the freguencies
obtained from the modified Bilham formula could be halved when applied to cities

and towns like iiontrose, irbroath, Dundee, Perth, Cupar and St Andrews i.e. a




return period of "5 years" obtained from the upper table of Table 1K would
become "10 years". Alternatively, for durations up to 2 hours, a 20 per cent
reduction could be made to the amounts quoted in the upper table of Tzble 1K

to relate the intensities calculated from the modified Bilhem formula to these

centres of population.

The Perth area is probably & border line case as far as reductions to the
Bilham frequencies are concerned and although the reductions mentioned in the
previous paragraph should bc in order for the city of Perth, reductions can not
be recommended for locations in or nearer the hills surrounding Perth in view
of the possible higher frequency of thunderstorms and thundery downpours over
these hills. Similarly, until much more recorded evidence becomes availeble,
reductions to the "ilhem frequenciescan not be recommended zt the present time

for other arees of high ground in the region.

The reader will notice from Teble 1L thet for rainfalls with durations in
excess of 2 hours, the observed frecuencies at Leuchars are much nearer to the
frecuencies estimated from the Bilham formula and in the case of fells with
durations of 8 hours or more, the observed frequencies are actuslly higher than
the estimated freauencies. Investigation has shown(3) that there is a link
between annual average rainfall and the more prolonged falls with durations of
4 to 8 hours or more znd over the wetter parts of the region, the frequency of
falls with duration of 4 to 8 hours or more is almost certainly higher then

the frequencies recorded at Leuchars.

So far, the data discussed refer to rainfall at a point, but arezl rain-
fall is recuired for most design purposes. Because of the variability of
intense rain in space and time, the areal rainfall for & given duration and
return period is always smaller than the corresponding point reinfall. To
obtain areal rainfall, the point rainfall should be multiplied by the approp-
riate factor in the lower table of Table 1K. These factors were derived from
a formula by D J Holland, assuming a roughly circular arez and a roughly equal
contribution to the drainage system from all parts of the area. The formula
is based on results from an experimentzl reingauge network a2t Cardington near
Bedford(4). Advice on how to apply these factors to the more difficult cases
can usually be given by the lMeteorologiccl Office or the Transvort and Road

Research Laboratory of the Ministry of Transport.



Rain as a factor interrupting outdoor work

Table 1M gives the total number of days per month curing the 10 years from
1961 to 1970 on which 0.1 millimetres (.004 inches) or more of rain fell at
Leuchars during the working part of the day i.e. between 0700 and 1700 hours
Greenwich lean Time (8 am and 6 pm British Standerd Time). Table 1M also gives
for the same 10 year period, the total number of hours per month between 0700
and 1700 hours GMT with a total of O.1 millimetres or more of rein falling
within the hour. Days and hours with only a few spots of rein amounting to
less than .05 millimetres have not been included in Teble 1M but otherwise this
Teble includes all occesions of "measurable" rain i.e., all occesions of 'slight!',
'moderate!' or 'heavy'! rein.

There is prectically no experimental evidence on the subject of rain as a
factor effecting outdoor work but it is thought that a rate of rzinfell of
0.5 mm/hr or more is a reasonable figure to adopt in assessing how rein might
interfere with building operations. This rete of 0.5 mm/hr corresponds to the
lower 1limit of the Meteorological Office classification of "moderate" rainfall
i,e, rain falling fast enough to form puddles rapidly. Thus, occasions with
rain falling at a rate of 0.5 mm/hr or more can be thought of more simply as
occasions with "moderate" or "heavy" rain.

Table 1N gives the total duration in hours and tenths of rain falling at a
rate of 0.5 mm/hr or more between the hours of 0700 and 1700 GMT during the
10 years from 1961 to 1970. However, the actual amount of working time lost in
a day because of rain will seldom lieep in step with the duration of moderate or
heavy rzin on that day. For example, if moderate or heavy rain fell continuous-
ly for a period of say 30 minutes during psrt of the working day, the working
time lost from the cessation to the resumption of work would almost certainly
be considerably more thzn 30 minutes., It should also be borne in mind that,
more often than not, a period of "moderate" or "heavy" rain is preceded or

followed by & period of "slight" rain,




the majority ol cases, the durstion

perhans grossly underesiimste, the pro-

 would ve lost on outdoor woriz, However, the duration

S rma 3 o P TRday P e e | el ) 3 W by - pUAAL 3
Lgures an Uepde 1ii are useful in that they serve as an indication of

¥ o R M

dower 1linis of the woriing tine liloly to bo

1 EaTriaid e+ J R s PR Y ey L F T T ey RS B A
LGC TN G VC GO, TS T Eeures 1N Yable Ll are LEALCsS sTnicn

show the number of nours during which modersie or hecavy rain fell for some tine

during the hour. Table 1C provides this type of information and contrises tne

tetal number of dao;s ner nmonih over the 10 years from 1961 4o 197C on yhich
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moderczte or heavy rain fell zt some tinme during the working day from 0700 to 1700

hours Giff, Similarly, this Table also gives the totsl number of "hours" per

monil between G700 and 1700 rours CG.T in which moderute or heavy rain foll at
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sone vime during the hour. The figures in Teble 10 may overestlimate ike actual

tine lost on outdoor work because of rain although therc is litile doubt that
these figures will urovide a saf'er and perhaps more realistic guide for planning
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or tendering purposcs ¢ the figures giving the actual durations of moderste
or heavy rzin.
Perzans it should be stressed that whiie the figures in Tables 1ii, 1N and 10

D

orovide a guide to the duration of rainfall during the working part of the day,

Ll

the {ipgures de not provide a zuide to the duration of the effects of the rain.

Por examnle, o localisaa neavy dovmpour of rain of short duration could flood a

- . - . . . ; . . ' . X . .
puilding site (especially at the excoveiion or earth-moving stage) bringing vorlk

to & stondstill for severazl cdays, but such a dovmpour nigsht contribute a value

of say only onc or two extra hours with moderate or heavy rain., Clearly, a heavy
downpour of rain falling outside the 1C hour veriod from 0700 to 1700 hours could
oring about a siniler stonpage.

The Ietcorological 0ffice at Leuchars is tne ornly location in the region for
which it is possible to rrovide the {ypes of data conteined in Tables 1ii, 1IN and
10. However, it is considered that the Digures in Tables i end 10 should give

D3 e .

2 reasonebly rzood guide to tne region as a whole althncugh the duration fizures

in Yable 1 may be a 1itile or the low side whien apnlicd to Dundec, Perth and

8



olher places in the regilon which have a higher rainfall than Leuchers.

when consulting Tables 1ii to 10 it should be borne in mind that the figures
relave to a /-day working week and not to a 5-day working week,

4 table for converting amounts of rainfall in millimetres into amounis in
inches is given at Table 1P,

Svenoration

Zstinated average values of potential transpiration (ie the water loss from
an established turf surface assuming that the roots never run short of water)
for the Tayside counties of lingus, Perth and Fife are given in "Potential trans-
piration" - Technical Bulletin No. 16 of the Linistiry of Agriculture, Fisheries
and Food. Iurther information on this subject is contained in "The cslculation
of irrigation need" - Technical Bulletin No. 4. Both of these Bulletins are
publisned by Hli Stationery Office.

The water losses due to potential transpiration are not directly comparable
with water losses from an open water surface. However, from some seasonal
rztios of potential transpiration to open water evavoration given below it can
be seen that, during the main evaporation period of the year, the evaporation
from an open water surface is of the order of 25 per cent higher than the losses
due to potential transpiration. ~

Ratio of Potential

Transviration to
Open Water Zvaporation

liay to August 0.8
September to October and llarch to April 0.7
November to February 0.6
s The available evidence suggests that the maximum evaporation from an open

weter surface in the area under consideration (ie during very warm weather with
low humidities and fresh winds) is likely to be of the order of 0.3 inches in a

day, 1.25 to 1.50 inches in a week and 3.00 to 4.00 inches in a month.




Driving nain

Statistics of winq driven rain are not availzble for the Tayside region but
a study of the l.euchurs records suggests thot the most frequent occasions of
driving rain will occur with winds from the sector between southwest and west.
However, in the Tayside region, the most prolonged and heaviest downpours of
rain, of the order of 1 inch or more in 24 hours, are usually associated with
easterly winds. Easterly winds in the region are normelly much less strong than
westerly winds but nevertheless there are occ2sions when strong winds bring )
driving rain from the ecst, particularly from the sector between northesst and
east. Although the incidence of driving rein from the east appears to be much
less frequent than the incidence from the west, the occasions from the eest are
likely to be more prolonged and perhaps more severe.

In considering the exposure of 2 building to driving razin, it has hitherto
been necessary to use rather indefinite terms such as "sheltered", "moderste" or
"severe". Howcver, Building Research Stztion bigest No. 127 "An index of exposure
to driving rain" by R B Lacy, rublished in kerch 1971, describes the development
of & numericel driving rain index and suggests how it can be used to give these
terms a more quantitative basis. Maps are also included in BRS Digest No. 127
showing how the severity of driving rain conditions varies over Great Dritain
as a whole.

Performance requirements for windows

Specifications of tests to be applied for weather tightness of windows
including their resistance to wind driven rain, are given in Technical Note No. 1
"Performance requirements for windows" published in 1970 by the Directorate of
Research and Information of the Department of the Environment on behalf of the .
Inter-departmental Sub-Committee for Component Co-ordination.

The available statistics of wind driven rezin for places in Scotland are
included in a report by the Scottish Working Party on Component Performance |
"1. Window Report", copies of which are available on recuest from The Architects
Division, Room 415, Scottish Development Department, 83 Princes Street,

Edinburgh EH2 2ER,
10
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Cumulative mean daily rainfall, in inches, 20 years from 1916 to 1950

liontrose

Date Jan Feb Mar - fior. Hay Jun Jul Aug Ser Oct Hlov Dec
1 C.10 2.54 4. 45 6.04 7.68 10,19 11.99 14.97 17.75 20.38 25.48 26,27
2 O ID T 2,637 48 Gl 7594 10425 12, 0L:15.07 17.8Y4 20,47 23.60 26,34
3 0.2 2.71 L4.57 6,22 8.03 10.30 12,18 15.08 17.93 20.62 23.69 26.39 i
b Qe 1 2076/ K61+ 6,281 8,k 10.38'12.98" 15, 1k 16.05 20471 23,79 26.46
5 0,38 2.85 4.67 6,33 8.28 10.47 12.4C 15.22 18,08 20.68 25.89 26.51
6 0.46 2.94 4.70 6,39 8.40 10.57 12.48 15.32 18.19 20.95 23.96 26459
7 052 3.00 L.74 6.45 8.48 10,63 12,65 15.40 18,28 21.08 24,03 26.68 %
8 0.57 3.07 L4.77 6.5C 8,59 10.73 12,74 15.49 15,39 21,20 24.10 26.76
S 0.66 3.14 4,81 6.5, 8,65 10,81 12,83 15.53 18,46 21,34 21,18 26,86

10 Co7h 3.20 L4ou7 6.60 8,70 10,88 12.90 15.59 18.53 21.L44 21,28 26.95
3. 0.79 3.23 L4.92 6.65 8,76 10.91 12.96 15,68 16.57 21.49 24,36 27.09
12 0.88 3.29 4.97 6.75 8.85 10.98 13.02 15,8 15,65 21.58 24,41 27.16
13 0.96 3.95 5,02 "B.79 8.96 11.02.15.15 15,95 18,7921 .66 DLl 97,25
1L 1504 502508 5 6591901 12512 13,18 16,02 16.86 21.68 24.58 27.35
15 L6389+ 5,15 60951'9,12 V1.16°13,26 16.15:16.99.9).7% 8. 66-77. 18

16 L 100895 5,00 . 7202 e 9089 1090 13.34 16,25 19.07 21.79 24.76 27.56

17 Log —5.00 5,21 7,11 009,06 1195 G349 1641 19 47 21.90 24,92 27,62

18 1,35°%3:65 5.30 7.1579.31 11,26 95.568 16,57 19.91, 21,97 25.10.97.68

1) Lalis . 5572  5.35 7.2 9.3L.311,30:13.68 16.55 19,38 22,02 95.95 7. 7%

20 1,50 3478 . 5.40 7.25 9,42 11.35 153.83 16,69 19.53 22,09 265,37 27.78
23 1.59 3,86 5.15 7.30 7946 11,45 13.97.16.78:19.62 29,22 25:h:1 21365

22 207 . 3,90, 5,50 7055 9. 53 171 51 11008 Ta A LSl 22550 25235h: 27«9k

23 Lol 5,98 5.5k bl 9,59 1156 21,11 1690 19,83 -22. 51" 95 71-28.00

2l 1.90 4.01 5.58 7.48 9.65 11.59 14.20 16.94 19.89 22,60 25.76 28.06

25 2.00° L.,08 5,62 7,55 9,71 11.62 1L.29 17.11 19.95 22,75 .25.82 28,17

26 2.05 4.18 5.67 7.58 9.77 11.69 14.38 17.20 20,03 22.86 25.92 28.29

27 2.10 425 5.73 7.66 9.63 11.77 1hel46 17.28 20.08 22,94 25.99 28.34
28 2.18 4,30 5,76 7.7h 9.89 11,83 11,58 17.41 20,1k 23,10 26,06 28,42
29 geed L350 5.0k 7079 119,92 1187 .66 17,50 20,18°2%: 20 26,12 28,51
50 2.35 9«92 7:685 9,99 11292 14,75 1757 :20.26 25:29.26.18 28,59
31 2.48 5,00 10,11 1a 8517565 23.35 28,65
Note: The entry opposite any particular date is the mean rainfzll from

the beginning of the year to that date. The mean rainfall for

any period of the year can be obtained from the table by sub-

tracting the cumulative total at the beginning of the required

period from the corresponding total at the end of the recuired

period,

-
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TABLE 1B (Contd)

Cunulative mcan daily rainfall, in inches, 35 years from 1916 to 1950
Perth
Date Jan Feb lfar ay Jun Jul Lug Sep Oct Nov Dec
1 0.12 3.16 5,26 8.89 11.2) 13.13 16,36 19.37 22.01 25,30 28.0I,
< 0625 3,27 18599 8.94 11.31 13.19 16,45 19.46 22,1k 25.40 28.1L
3 0,297 3371 533 8.98 11.37 13.31 16.48 19.57 22.27 25.47 28.21
& 036 3.4 " k1 9.10 11,44 13.49 16,53 19.71 22.36 25.59 28,28
5 Qeld  365L 5,53 9.22 11.50 13.62 16.59 19.76 22,51 25.71 28.35
6 0,50 3.6L 5.57 9.31 11.60 13.71 16.69 19,84 22,62 25,78 28.L43
7 0,61 3.74 5.60 7.55 9.39 11.69 13.90 16.81 19.94 22.73 25.85 28.50
8 0.69 3.8, 5.64 7.61 9.46 11.75 14.02 16.92 20,00 22.85 25.91 28.56
9 0.83 3.95 5.69 7.67 9.50 11.85 14.10 16,97 20,09 23.08 25.99 28.68
10 0,92 5,00 5,76 - 7.73 9.5 11493 14.21 17.07 20.16 23.18:26:07 28.78
11 0.99 4.06 5.86 7.79 9.59 11.99 14.29 17.17 20.23 23.2L 26.16 28.87
12 1.12 4,11 5.92 7.86 9.66 12,05 14.35 17.29 20.29 23.35 26.23 28.95
13 1.22 4.18 5.96 7.91 9.74 12,09 14,48 17.36 20.43 23.42 26.33 29,01
1k 1.32 L4.26 6,01 8,00 9.83 12.17 14.56 17.48 20.51 23.46 26,4 29.10
15 1.40 4.35 6.18 8.08 9.92 12,22 14.66 17.57 20.57 23.51 26.53 29.19
16 149 438 6.20 8,15 9.95 12,27 1475 17.71 20.73 23.60. 26,61 29,30
17 1556 U3 6,26 8,23 10,07 12,31 14,91 117.84 20,88 23,75 £6. 72 29.540
18 1.68 4.50 6.33 8.25 10.14 12,36 15.03 17.92 20.94 23.82 26,92 29.51
19 179 456 6,41 8,29 10,18 12,40 1511 18,02 21,09 25:9%:07.07 29. 62
20 1.90 4.62 6.48 8.35 10.25 12.46 15.20 18,20 21.21 25,98 27.18 29.69
21 2500 5569 6,55 8,40 10,35 12,55 15.30 18,28 21,29 2119 07,96 29,76
22 2,11 475 6,59 8.46 10,41 12.65 15.37 18.34 21.40 21,25 27.35 29.83
23 2,22 L.81 6,62 8,52 10,49 12,69 15.46 18.40 21.45 24,0 27.50 29.87
2L 2.34° 4,88 6.67 8,62 10,57 12.74 15.52 18,46 21.52 24.52 27.56 29.95
25 2.50 4,95 6.73 8.68 10,66 12.79 15.60 18.63 21.57 24.6l 27.64 30.09
26 2255 5405 16,79 BTl 10,75912.8k 15568 18,77 21,64 24.75 27. 71 30:23
27 2.63 5.12 6.83 8.75 10.82 12.92 15.75 18.86 21.69 24.83 27.77 30.31
28 2.72 5.14 6,86 8,79 10,91 12,97 15.89 18.99 21,77 24.91 27.83 30.43
29 2.82 5,21 6.97 8.82 10.96 13,02 16,00 19,09 21.79 25.01 27.90 30.53
30 2.87 7.06 8.84 11.04 13.07 16,11 19,16 21.87 25,09 27.97 30.62
31 3.02 7.12 1 1 16.25 19,22 25.17 30,69

Jjote: The entry opposite any particular date is the mean rainfall from
the beginning of the year to that date.
any period of the year can be obtained from the table by sub-
tracting the cumulative total at the beginning of the recuired
period from the corresponding total at the end of the required
period.
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_tagist-cs of monthly 2nd :nnuel rzinf:ils for jundee
~ (Feriod of reccord - 48 ye:rs from 1923 to 1970)
otetistice of monthly rcinfalls
Tainfall nainfell
Highest Seldom¥* Seldonm¥ Lowest
Month Rainfall Above llediant Zelow Zainfall
January 4.85 inches in 3.98 inches 2.21 inches 1.59 inches 0.66 inches in
January 1948 axery 1953
February 4,98 inches in 2.882 inches 1.69 inches 1.07 inches 0.07 inches in
Pebruary 1926 February 1934
Harch 5.73 inches in 2.40 inches 1.61 inches 0.82 inches 0,19 inches in
March 1958 llearch 1629
April 5.06 inches in 2.52 inches 1.63 inches 1.08 inches 0.05 inches in
April 1934 April 1938
Hay 577 inches in 3.73 inches 2.09 inches 1.49 inches C.73 inches in
Yey 1969 Hay 1959
June 4,76 inches in 3%.02 inches 2.14 inches 1.12 inches 0,46 inches in
June 1931 June 1940
July 5.81 inches in 4.11 inches 3.13 inches 2,05 inches 0.95 inches in
July 1940 July 1955
Lugust 6.80 inches in 4.87 inches 3,20 inches 1,68 inches 0.49 inches in
August 1948 August 1955
September 6,63 inches in 3.69 inches 2.59 inches 1.59 inches 0,59 inches in
September 1950 September 1929
Octcber 6.69 inches in 4.23 inches 2.79 inches 1,42 inches 0.45 inches in
October 1932 October 1946
November 6,80 inches in 4.19 inches 2,29 inches 1.29 inches 0,46 inches in
November 1951 Novenber 1942
December 5.7 inches in 3.58 inches 2,34 inches 1.27 inches 0,21 inches in
December 1945 Lecenber 1926
Statistics of annual rainfalls
Highest Annual innusl Lowest
Period of Annual Rainfall Rainfall Annual
Record ~ Rainfall  Seldom* above  ledian'  Seldon® helow  Kainfell
48 years 40,16 inches 3%,74 inches 3%0.17 inches 25.25 inches 20,53 inches
in 1948 in 1955
*Seldom = 20 per cent of occasions or one year in 5; the fipures given
are the upper and lower ocuintiles
Tiiedian = the "middle" valuve i.e. helf the rainfalls exceed it and

half fal

1 below it.

16
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TABLE 1D

Total durations in hours of measurable* rain recorded in each month and year

1951
1958
1953
1954
1955
1956
1957
1958
1959
1960
1961
1962
1963
1964
1965
1966
1967
1968
1969
1970

20 year
means

during the 20 years from 1951 to 1970 by the autographic rain recording

Jan Feb

Mar

Apr

instrument at Leuchars

May

Jun Jul

Aug Sep

Oct

Nov Dec

82.6
34.7
25.0
45.8
41,2
57.7
62.8
42.3
16.9
90.5
56.6
61.0
S5k.7
27.2
52.3 T.k4
73.2 90.2
45.5 35.7
39.0 35.1
77.0 56.0
112.0 39.6

67.0
16.9
30.6
70,2
36.7
37.0
69.9
58.3
1969
53.8
46.8
22.9
47.0
29.9

54,8 43.3

1.4
59.5
10.9
52.1
57.5
30.7
58.6
86.7
4i.9
60.0
22.0
33.4
68.9
80.6
65.7
20.1
21.2
22,53
110.3
20.7

L9.7

3347
22,6
55.9
39.4
33.6
18.9
21.2
47.0
48.5
50.0
75.9
52.3
53.4
43.0
28.5
104. 6
17.8
35.6
45.2
25.8

55.3
Lh.l
44,0
80.0
43.8
18.0
3743
52.1

Lol
22.9
19.5
3042
39.3
2t
46.3

(hours)

35.6 62.9
75.6 32,8
26.9 56.0
61.2 42.6
2771 19,3
47.2 61.0
13.4 7548
54e6 73.1
L5.7 L4h.7
36.9 57.6
26.9 45.8
17.2 40.1
40.8 52,1
48.8 27.8
50.3 77.0

61.4 67.6 26.5
82.4 18.5 23.2

89.2

18.7

14.8 61.9

1372 852 25,7

28.4 47.8

42,6 47.7 39.3 46.6

70.5 36.0
510 2557
37.6 49.8
62.6 47.8
15.4 25.1
88.3 58.0
39.1 30.5
53+9 539
12.7 18.1
70.7 46,4
66.9 40.9
83.2 76.6

101.8 40.0

62.0 45.0
39.0 76.2
90.3 37.2
38.2 43.6
30.1 39.9
21.3 4l.4
37.0 49.2

54.0 42.9

13.3
51.5
51.6
89.0
3
32.3
31.5
28.2
36.0
112.3
65.1
10.0

32.4 147.3

40.1
514D
47.2
5ke5
97.9
22.3
42.6

46.3

120.1 64.6
66.1 49.8
60.7 70.8
78.6 62,2
28.6 85.6
12,0 80.4
38.7 60.4
21.0 70.1

104.6 97.6
56.3 5khe7
35.7 59.0
73.8 68.6

14.8

20.1 60.3

65.8 59.3

28.5 67.0

47.5 20.9

k7.1 35.3

46.8 59.3

82.3 24.9

59.1 5843

*The autographic rain recording instrument does not register the
duration of very small amounts of rain, drizzle, snow etc, eg
occasions with only a "few spots" of rain.
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TABLE 1E

Cumulative frequencies of daily rainfalls in inches with eguivalents

in millimetres at Dundee
(30 years from 1941 to 1970)

Daily Rainfalls Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Year
(inches) (mm)
2.50 63.4 1 1
2.00 50.7 1 1 6
1.50 38.0 2 1 51 1 5 20
1.00 25.4 2 3 2 5 2 6 10 7 6 4 55
0.50 12.6 28 AT Al o6 24 ie6 5 BB S B 58 T 29 369
0.20 560 130 98 85 B7 341 116 - 1471887 152 A2 A40: 198 1479
0.10 2.5 239 1835 161 160 222 199 231 236 219 211 228 251 2540
0.04 150 344208 270 272 336 3530, 335 351 351 340 3754 3558 3919
0.01 0.2 491 425 399 406 442 431 459 481 469 451 492 513 5459
*£.004 *£0.15 439 422 531 494 483 469 471 449 431 479 408 417 5498
Totel number of  oz5 gi7 930 900 930 900 930 930 900 930 900 930 10957

days in 30 years

¥Including days with no rain.

Example: In the 30 Januerys during the years 1941 to 1970, there was a total of
28 days with 24 hour rainfall amounts of 0.50 inches or more (12.6
millimetres or more).

Note: The contents of the raingauge at Dundee are emptied and measured

once-daily at 0900 hours Greenwich Mean Time to obtain the 24 hour
amount of precipitation collected in the gauge since the measurement
made at 0900 hours on the previous day.

When the gauge contains solid precipitation in the form of hail or
snow, the contents are melted by warming to give the equivalent amount
of rainwater.

The above frequency teble has been calculated from records of the 24
hour (0900 hours on one dey to 0900 hours on the next day) measure-
ments mede during the 30 year period from 1941 to 1970. The rainfall
meesured a2t 0900 hours GMT is credited to the previous day.
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TABLE

Daily rainfalls at Dundee during the 5 wettest months in the

48 years from 1923 to 1970

(Daily rainfalls in inches with equivalents in millimetres from 09h GMT
on one day to OSh GMT on the next day)

OCTCBER AUGUST SEFTEMBER NCOVEMBER NOVEMBER
Date 1932 1948 1950 1951 1963
inch mm inch mm inch mm inch mm inch mm
1 Nil Nil 18 4,6 o 24 6.1 |Trace Trace &6 4.1
2 .10 2.5 | Trace Trace .01 Qe ke e .05 15
3 Nil Nil Nil Nil .06 1 75) s 02 05 «39 9.9
4 .04 1.0 Nil Nil «02 0.5 62 15.8 22 5.6
5 .04 1.0 Nil Nil | Trace Trace 12481 = 5756 A5 ALY
6 .04 120 .48 122 « 18 19.8 pERk) B .24 6.1
 f o1 7.9 B0 O 2 %05 %5 .01 045 .09 2
8 1.05 26.7 .09 25 Nil Nil .66 16.8 oD 6.3
9 <15 e Nil Nil Nil Nil A3 53045 .05 s
10 .36 a,1 Nil Nil Salnl 2.8 .82 20.8 1.09 27.7
11 Trace Trace ' ) 58 59 14.9 ol 850 .48 122
12 o f 14.5 1518 29.9 .03 0.8 .02 0.5 .06 §:5
13 .36 9.1 Nil Nil .06 155 Nil Hil Nil Nil
14 Nil Nil -9 14.0 | Trace Trace 532 8.1 Trace Trace '
15 SOT 1.8 .54 13.7 | Trace Trece o3 2.8 | Trace Treace
16 =01 0.3 .99 25,1 66168 a1 7.9 | Trace Trece
17 .86 21:8 .06 155 .04 150 .28 Tal .59 14.9
18 Nil Nil | Trace Trace | Trace Trace .10 2.5 .09 2.3
19 23 5.8 | Trace Trace .04 1.0 .08 2.0 «38 9.7
20 .05 159 Nil Nil | Trace Trace .02 0.5 .03 0.8
21 .61 15.5 ot 13.0 Nil Nil il Nil .07 1.8
22 %) 8.4 s05 0.8 k] 55D Nil Nil .02 9.5
23 | Trace Trace .01 3 o 2 6.8 $558 -:14.0 .59 14.9
24 .04 1.0 34 8.6 2.68 68.1 .04 1.0 .29 6.4
25 .19 4.8 «59 14.9 Arat 6.8 Nil Nil .02 0.5
26 239 2tel Nil Nil «03 0.8 Nil il Trace Trace
27 .01 0.3 Nil Nil .01 0.3 .08 2.0 #5153 33
28 Nil Nil .19 9D Nil Nil o1 2.8 41 10.4
29 24 6.1 Trace Trace | Trace Trace Nil Nil .01 05
30 .ol 5.6 .18 4.6 +D9 14 .0 Nil Nil 2e 5.6
g Nil -Nil 39 9.9
Total | 6.69 169.9 6280 =727 6.63 168.4 680~ 112:T 6.62 168.2
Note: A 'Trace' of rainfall is a very small amount less than

.005 inches (or .05 millimetres).
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TABLE 1K

Maximum rainfs27’1 in inches from modified Bilham formula

R Return Feriod (years)
Btk 1 day 1 day 1 day 1 day 1 day 1 day 1 day
(winites) per per per per per per peET
Annum 2 yrs 5 yrs 10 yrs 20 yrs 5C yrs 100 yrs
2 minutes or less 0.09 0.11 0.14 0.16 0.19 0.22 0.24
4 " o Y 0.15 0.18 0.23 0.27 0.31 0.36 0.40 s
6 9 i " 0.18 0.23 0.30 0.35 0.40 0.48 0.54
8 " Y L 0.21 0.27 0.35 0.41 0.48 0.58 0.65 1
10 2 i 3 0.24 0.30 0.39 0.47 0.55 0.66 0.75
15 s e 0.28 0.36 0.48 0.58 0.68 0.83 0.96
20 a2 Y " 0.31 0.40 C.54 0.66 0.79 0.97 T v 4
25 B L 0 0.34 0.43 0.58 0.72 0.87 1.09 1.27
30 o " " 0.36 0.46 0.62 O.TT 0.94 1.18 1.39
40 " ! " 0.40 0.50 0.68 0.85 1.05 1.34 1.59
50 e : L 0.43 0.54 0 5] 0.91 113 1.46 1.75
60 Al " 2 0.46 0.58 0.78 0.96 1.19 1.56 1.88
90 » o " 0.52 0.66 0.88 1.09 1.35 1.78 2.18
120 o LA 0.58 0.72 0.96 1.19 1.47 1.94 2.38

Example: The maximum rainfzll in 60 minutes or less on one day in

50 years = 1,56 inches.

Factors for converting point rainfalls into areal rainfalls

Duration (minutes)

Area

% 2 6 10 15 30 60 120
100 0.94 0.95 0.9 & = 4 X
150 0.92 0.94 0.95 0.95 0.96 - -
200 0,91 0,95 | 094 0.94 0.95 0.95 0.96
300 089 0,01 7 0:92 0.93 0.94 0.94 0.95
500 0.86 0.89  0.90 0.91 0.92 0.92 0.93
700 0.85 0.87 0.88 0.89 0.90 0.91 0.92 .
1000 0.80 0.85 0.86 0.87 0.88 0.89 0.90
1500 0.75 0,81 0.83 0.84 0.86 0.87 0.88 -
2000 - ¥ 0.80 0.82 0.83 0.85 0.86
3000 & o = 0.78 0.80 0.82 0.83
5000 = 5 = = 0.74 0.76 C.T7
7000 = i < - = 0.72 0.73

|
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Comparison of observed and estimated intensities of

r.aafallsat

Leuchars, Fife

Numtcer of days in 10 years with specified amounts of rain falling in specified

times
A, B. C- Dv
Observed Fre- Period of
Observed Estimated quency as Record used
Freguency Frequency Percentage of for Calcula-
(number of days (number of days Estimated tion of A.
in 10 years) in 10 years) Freguency (years)
imount of 5 millimetres (0.2 inches) falling within:
5 minutes or less 2.0 5¢5% 36 15
10 minutes or less 6,0 1.9 LO%S 15
15 minutes or less 10,0 2245 L5% 15
smount of 10 millimetres (0.4 inches) falling within:
5 minutes or less 0.0 0.3 0% 3l
15 minutes or less 2.1 3.9% 605 3
30 minutes or less 5.2 TeJ Lo 34
50 minutes or less 146 14.6 52% 3l
smount of 15 millimetres (0.6 inches) falling within:
15 minutes or less e 0.9* 33% 3)
30 minutes or less 0.9 252 145 3l
1 hour or less 1.8 Lol 415 3
2 hours or less 5.6 8.8 6L% 3L
4 hours or less 16.8 17,6 955 34
fmount of 20 millimetres (0.8 inches) falling within:
30 minutes or less 0.0 0, 8* 0% 3L
1 hour or less 0.6 1.8 33¢% 34
2 hours or less 1.5 3.6 425 34
L hours or less 6.5 7.2 90¢% 34
8 hours or less 17.9 14,2 1245 34
fmount of 25 millimetres (1.0 inches) falling within:
1 hour or less 0.0 0.9 O‘,’ 3L
2 hours or less 0.3 1.8 17% 34
). hours or less 2.3 Hob e 3
8 hours or less 7 TIRE: 101% 34
16 hours or less 179 1.4 120¢ 34
Notes

1. The observed frequencies in Column

4% agbove were calculated from intensities

of rainfall recorded at Leuchars during the period of years shown in Column

2. The estimated frequencies in Column 'B' above were obtained from Bilham's

ID'.

formula:

n = 15,25% where: n
(r + 0.1) 5455 ¢

i

But the following modification due

frequency (number of days in 10 years)
duration in hours
rainfall in inches

to D J Holland for intensities greater than

1.25 inches per hour was used to estimate the frequencies marked with an

asterisk:

N Eeeay en (l - 0.8r)
t

2425

(r +0.1)
27
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TABLE 1M

Number of days with 0.1 millimetres or more of rain falling at some time during
the 10 hour period between 0700 and 1700 hours Greenwich liean Time (0800
and 1800 hours British Standard Time) in each month and year
during the 10 years i'rom 1961 to 1970 at Leuchars

Year Jan Yeb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Year
Number of days -
1961 R0 6 12 S A0 ' RSEE O B e (1 8= A3 132
1962 14 8 o D 11 e 1006 9 Tl 4 123 .
1963 Re it T S S [ U TEa T I 8 o S 8 150
1961, 7 e i, TR AR PR Lo Lt Mg G e 1) 9 6. A3 119
1965 15 5 o IS Lo S T ST 12 Seiiiiql Biiirgi2er g 137
1966 6029 S 12540 8o 47510 9 QLN AAD 142
1967 1210 o R o g | 5 5 B S Iy 8 7 119
1968 12 9 7 Q%4 6. A1 3 SRS s DR 116
1969 hoveny o i iR T T T e B 6 9 8 5 60041 125
1970 13 7 810 6 6 14 v A 87546 6 112
10 year mean 12.8:30.6 9.3 4119125 8.7 90 413 104 .9.9.11:0°11.3 12735

Number of hours during the 10 hour period between 0700 and 1700 hours Greenwich
liean Time with O.,1 millimetres or more of rain falling at some time
during the hour in each month and year during the 10 years
from 1961 to 1970 at Leuchars

Year

Year Jan l'eb HMar Apr May Jun Jul 4fug Sep Oct Nov Dec Total
Number of hours

1961 S0 30 wth: W5 <2650 Gl Jh A Rl BN 423
1962 48 15 18 A2 9 20" 6h. =58 15255 48 387
1963 W0 e 29 Lok 98 gl e B0 21 23 5905 2D 465
1964 2520l 2 20 200 a0 g6 BE. 2T 3 I 36
1965 P T 33 2R 96 v B Er A8 B - 230 e 62 420
1966 B7:090:0 18 o B2e Lbe e 89 2 20 5 5 S 890 20 Lt B6 518
1967 S e R AR AG Al B0 BB AR SRR Y 333
1968 B2 28D LRl a 2 17 21 13 30 5 41 35 371
1969 Iy i R R Mo T S T M e B U T 25T .
1970 BOs A2 20 22 17 10 i o D)t Dl SRSl R A0 0) 332

10 year mean L2.3 33.4.-29.2 31.7 35.0 23.5 27.4 37.6 32.6 29,7 40.3 39.3 402 ,0

10 year mean

expressed as ; : : :
percentage of W% A% . e 11% A% B e 1% M 100 4%t 1% 1%
total working

time
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TABLE

1N

Total duration in hours and tenths of rain falling at a rate of 0,5 millimetres

or more per hour between the hours of 0700 and 1700 hours Greenwich

Mean Time (0800 and 1800 hours British Standard Time) in each

Year

1966

1967

1968

1969

1970
10 year mean
10 year mean
expressed as
percentage of

total working
time

month and year during the ten years from 1961 to 1970 at

Jan

f'eb

Mar A4pr

Leuchars

May Jun Jul

Aug

20.9
22.8
13.0
1.7
15.3
21.6
15.9
16 .1
28.1
18.8

18.0

6‘/’0

19590 6.2 2003 9.0 - 5.5 10125 .5 112.6:99.5 .10.6 28,0
TR BB 95 75 5.6 35.0
17 8185 10.7 .5 Wh.3:31.7 32.0
8.7 26.8 15.1
0.7.:40:6 7.1 1.0 12.025.6 7.0
51,2 2.3 30:4 224k 20,9 - 6. 2k,6
4.6 10.0 6.2 30.1
108 8.1 11.2:28,0 - 6.1:1%.,810.5
115615519 .0 2.9 12:8 19587 4.8
5.5 K2 867 :B:15.0 20,5 12.0

Sep

Oct

Nov

Dec

Total duration in hours and tenths

Sl 29,9 :9:0:21..9

75 26,7-15.6

19.6:-5.9-22.ly 13.9

7.3
18.8
4.7
15.9
17.7
14.8
16.3

10.0

1 .4 10.8 13.8 16.5 10.9 11.5 18.4 14.8

53

3

5w

50

e
)

11..9 5.6 26,2
9.8« k.2 19.9
11.1 20.9.27.5
7.4 15.328.6

14..0 10.8 6.4

33.7 14.9 10.1

58, 15,5163

10.0 26.3 9.9

3.7 18 . 4-16:9

L%

6

5

187.6
152.5
203 .4
157.5
164..5
255.0
153.3
176.1
182.4
148.6
178 .1

550

29




TABLE 10

Number of days with rain falling at a rate of 0.5 millimetres or more per hour

at some time between the hours of 0700 and 1700 hours Greenwich llean Time

(0800 and 1800 hours British Standard Time) in each month eand year

during the 10 years period from 1961 to 1970 at Leuchsrs

1961
1962
1963
1964
1965
1966
1967
1968
1969
1970

10 year mean

Jan feb [ar pr may Jun Jul dug Sep Uct Nov Dec oAy
at. ALL FUN UonAL - - Al "_'(_)‘t,a_j_
Number of days

0 S0 i 10) G o 7 LOLRND 16 8= 12 116
14 8 6 9 il ki 2 LY S 6 =i 9 1069
1 12 ko 2] 16 6 12 11577 8] 6 A/ 3 133
5 3 iC 9 12 10 7 il 1C 5] 6 15 109
14 L S el S SR st B oD 852 8 127
i & 16 S 11 11 10 (o} 16 ) 9 9 §:2 150
el 9 9 O 17 5) 5 %) 10 il (b 7 1il
10 G 6 8910 6. 1) 3 R L e e 1086
8 T R R L 6 o 7 L Biin k0 110
16| 7 7 10 6 o 1 7 G231 O 15 5 105
1.0 9= 87 6108 1 H1eh 7.6 B0 1052 9.6 913033 307 116,53

Number of hours with rain falling at a rate of O,

at some time between the hours of

0800 and 1800 hours British Standard Time

millimetres or more per hour
00 and 1700 hours CGreenwich Mean Time

in each month and year

during the 10 years period from 1961 to 1970 at Leuchars

(o
(¢}
o
Lo ]

1961
1962
1963
1964
1965
1966
1967
1965
1969
1970

10 year mean

10 year mean
expressed as

5

: 2 : : ¢ fear

jan Feb iar Apr iay Jun Jul Aug Sep Oct Nov Dec Tota
Number of hours

2oV s 0L Fao 28N PR a6 195 8685 L w22 4k 334
L3 12 10 18 16 9 8174 il 27 15 55 25 235
27 30 50 =25 5 26 29 50 17 17 63 18 369
14 16 Sl -29 1L7 1o 1¢ LOEE 50 21 W 276
52 GopE: Tap s omg ey gl o 3% 06 ol 0 338
58575 PSR R S T e e T 26 40 416
29 25 2 e | it 15 15 2l 059 53 21 0 288
alisdog., 18 20557 16 25 15 Y Selieails) 312
oo a7 30 cldee Pl 1615 22 0 S AR R ) 301
3 1C i) 21 15 29 55 22 22 15 atah 1o 262
159 260 10.6 2Ua5 2947 2150:25:0-31,1 27.1 25.8 30,9 30.9 318.1

percentage of 10j

total working
time —-

e

7

1

10;.

%o

8. 10 1050 %
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TABLE 1P

Table for converting amounts of rainfall in millimetres to inches

mn  inch m  inch mm inch
ot .004 10 «394 100 3937
] .008 15 591 200 7.874
) 012 20 - 187 300 11.811

7 4 .016 25 .984 400 15,748
> .020 30 1.181 500 19,685

3 .6 .024 35 1.378 600 23,622
o .028 40 1.575 700 27.559
.8 .031 45 1,772 800 31.496
.9 .035 50 1,969 900 35.433

1000 39.370

1 .039 55 2,165
2 .079 60 2.362
3 .118 65 2.559
4 <157 70 2,756
5 <197 75 2,953
6 «236 80 3+150
7 276 85 3.346
8 «315 90 3.543
9 «354 95 3.T740
10 <394 100 3.937
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Mave

finter temperatures at the main centres of nonulation in the Tayside region

A
v

are broadly sianilar to winter temperaturcs ei t

nlaces on the eastern side of “ngland,
but becausc of the higher latitude, the very slow rise in sea temnerature at tie
end of wintor and an increased freauerncy of cold easterly winds in the svring, the
rise of® temnerature at the end of winter is delayed. Consequently, the wintry
'period is longer in the Tayside region than in “ngland and spring is later and
cooler.

In summer and early autumn, the efect of latitude on the heat received from
the sun is the dominant facitor and tempevctures in the Tayside region are several
degrees lower than irn the south of England.

Averazes and extremes of maximum, minimum and mean temrer:ture for temperature

recording stations in the Tayside regicn are given in Tables 2, 24 and 2B.

Statistics of monthly and annuzl meon temoeratures for Dundee are given in Table

2C. The ccopcrating weather station at the College Gardens, Haylield, Dundee lics

on the Arbroath Roud about 1 mile northesst of the northern erd of the Tey Rcad

dge

(&

\LJ

tatistics of monthly meximum and minimum temperaturcs for Dundee are given in

4.'40 ecS 2D a 2:.

Statistics of annual marimum and minimum temperatures for temperature recording

stations in the Taoyside region are ziven in Uable 2F.

The resder will notice from the stotistics that nmaxinum tenneratures are
remarkably uniforn from place to nlace within the region especially when the cxtent
of the region and the complexity of the terrain arc taken into account. Perth has
rather hirher naximun icemperatures then other stations in the region but this
could perkans be exnected in view of the fact that Perth lies fufther away fron
tne moderciing influence of the sea and is much less pronc to the effect of cooling
sea breezes on warm devs during the sumner than nlices on the coust. Indeed, it is

interesting to comparc the maximum temperotuces at Porth with the nuch lower values

at Buddon Iless which liszs on & stretch of sand dunes at the tip of the Barry

2%




promontory on the northern side of the Tay estuary.

In contrast to the broad uniformity of the maximum temperet..es, it can be
seen that there is a considerable variation from place to place in minimum
temperatures. These differences in minimum temperatures are ettributable muck
more to the downhill drainage and stagnation of cold air on frostynights (i.e.
the frost-hollow effect) than to the effect of increasing altitude. The distance
of a temperature recording station from the sea and whether the local soil is
sandy or not are also factors which normally have a greater influence on minimum
temperatures during frosty weather thun an increase in altitude. It should be
borne in mind that in winter the mean sea surface temperature of the North Sea is
much higher than the meen air temperature over the edjacent land areas. Thus,
places on the coast near the moderating influence of the sez e.g. Montrose,
Arbroath, Carnoustie and St Andrews normally have higher minimum temperetures
during the winter months than inland stations like Perth and Cupar. An exception
with unexpectedly low minimum temperatures is the station at Buddon Ness sited on
very szndy soil amid sand dunes which probably form & local frost hollow.

Aversges end extremes of dry end wet bulb temperzture et 0000 hours, 0300 hours,

0600 hours, 0900 hours, 120C hours, 1500 hours, 1800 hours, and 2100 hours GMT
are given for Leuchars in Tebles 2G and 2H. (Averages and extremes of relative
humidity for the same hours are given in Section 5. of this memorandum) .

The percentage frequency of occasions with dry and wet bulb temperatures within

certain limits at Leuchars are given in Tables 2I and 2J. (Percentage frequencies

of relative humidity are given in Section 3 of this memorandum) .

The number of days with maximum air temperatures reaching or exceeding 60°F, 65°F,

70°F, 75°F and 80°F are given for Dundee in Table ZK.

The actual and average number of days with air frost for certain temperature

recording stations in the Tayside region are given in Table ZL.

The average and extreme dates of the first and last air frosts are given in

Table 2I1.
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Low temperatures during the working part of the day

Experience suggests tﬂat building contractors are interested in the number
of working days and working hours with air temperatures "below 36°F", "below
34°F" and "below 32°F" during the winter months., Tables 2N, 20 and 2P which
provide this type of information have been prepared from records of hourly read-
ings of air temperature made at Leuchars between 0700 and 1700 hours Greenwich
Mean Time (0800 and 1800 hours British Standard Time) on each day during the
10 years from 1961 to 1970.

The number of days quoted in these Tables may slightly underestimate the
true number of days on which the air temperature fell to below the stated levels
because on several days the minimum air temperature could have fallen below
these levels for a short time during the 60 minutes between the routine hourly
readings.

It should be borne in mind when consulting Tables 2N, 20 and 2P that there
will be occasions when the ground is frozen for several hours with an air temper-
ature higher than 33.9°F or 35.9°F.

The figures in Tables 2N, 20 and 2P relate to a 7-day working week and not
to a 5-day working week.

Averages and extremes of soil temperature at depths of 10 cm (4 inch) and 20 cm

(8 _inch) calculated from readings made once-daily at 0900 hours GMT from thermo-
meters exposed under a surface of bare, consolidated, sandy loam at Mylnefield
'near Invergowrie are given in Tables 2Q and 2R. Mylnefield is the only location
in the region at which readings of soil temperature are made but readings of
earth temperatures at depths of 30 cm (1 ft) and 122 cm (4 ft) under a surface
of short turf are available from other locations in the region - see Tables 2S
and 2T.

Except during the winter months, soil temperatures at 10 cm and 20 cm are
subject to large diurnal fluctuations which make the once-daily readings diffi-
cult to interpret. However, on average, the mean of the once-daily readings at

10 cm is about 2 degrees Fahrenheit below the mean for the day at that depth
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while the mean of the once-daily readings at 20 em is about 1 +» 2 degrees
Fahrenheit below the mean for the day.

When soil is bare or sparsely covered with vegetation, temperatures in the
uppermost layers tend to differ depending on the type of soil. The differences
are most marked when soils are dry and become negligible when soils are water-
logged. For example, the 10 cm temperature in dry, sandy soil during spells of
sunny weather could be of the order of 4 or 5 degrees Fahrenheit higher than in
a heavy clay. At night, temperature differences between soil types are less
marked but temperatures are lowest in a dry sandy soil.

On a monthly average basis, the daily mean soil temperature at 10 cm and
20 cm could differ by as much as 2 degrees Fahrenheit depending on the type of
soil. Clay soils in winter would tend to be slightly warmer than a well drained
sandy soil but the reverse would apply in summer,

The Mylnefield data in Tables 2Q and 2R indicate a definite tendency for the
considerable penetration of frost into the soil during spells of hard winter
weather, particularly during periods when a protective covering of snow is not

present,

Averages and extremes of earth temperature at a depth of 30 cm (1 ft) for Dundee,
Mylnefield, Cupar and St Andrews are given in Table 2S together with a brief

description of the type of soil at each station,

Averages and extremes of earth temperature at a depth of 122 cm ft) for
Mylnefield and St Andrews are given in Table 2T. Readings of earth temperature
at a depth of 122 cm (4 ft) are not available from Dundee and Cupar.

The standard period for averages of earth temperature in current use in the
British Isles is the 30 years from 1931 to 1960, For the stations at Mylnefield
and Cupar where the full 30-year period of records is not available, a 30 year
(1931-60) estimated average has been given in Tables 25 and 2T in order that
comparisons between one station and another can be made, Tables 25 and 2T also
include averages for the actual periods of records available from Mylnefield and

Cupar.

35



At the 30 cm (1 ft) depth, the range of the diurnal variation of temperature

could amount to 5 degrees in summer but is quite small at the 122 cm (4 ft)
depth. The minimum temperature at a depth of 30 cm (1 ft) usually occurs around
0900 hours and the maximum at about 2000 hours. It can be seen from Tables 23
and 2T that the annual variation is quite large at both the 30 cm (1 ft) and

122 cm (4 ft) depths. At 30 cm (1 ft), the highest and lowest temperatures in a
year usually occur in the months with the highest and lowest air temperatures but
at 122 cm (4 ft), the extremes usually lag about one month behind.

Estimated averages of earth temperature at a depth of 1 metre

From Tables 2S and 2T it is possible to estimate averages of earth tempera-
ture at 1 metre by calculating an average thermal diffusivity between 30 cm (1 ft)
and 122 cm (4 ft) and then using two harmonic analyses to estimate the amplitude
of the mean temperature variation at 1 metre. The estimated averages of earth
temperature at a depth of 1 metre calculated in this way are shown in Table 2U.

A table for converting degrees Fahrenheit to degrees Centigrade is at

Table 2V.
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TAZLE 2

sverages of daily maximum, minimum and mean /—é(max + minj / tenperctiuvie
in degrees Fahrenheit for temperature recording stations in the
Tayside area
30 years period from 1931 to 1960

Jan [-ﬁbb Mar | Apr} Nay| Jun| Jul Aug| Sep] Cet] nov Dec Year

LONTROSE :

(altitude 186 feet)
saximum | 41.1 | 43.1 | 46.8 | 52.6 | 56.7 | 62.5] 65.2 | 6L.2 | 61.2| 5h.2 | 47.3| 3.0} 53.2
Einimun { 51.3 | 52.1 §{ 54.5 | 37.5 { 41.6 | 46.5 | 50.1 | 49.7 § 6.6 | 41.91 36.3] 53.71 4041
l.ean :56.2 '57.6 LOGT VR 1 490 1 5L Bk 9717 | 5691 553.8 L 4B Vild. 81 58 5.1 G

£ BEOATH
et = \
(altituce 95 feet)

Maximum | 42.4 [ 45.9 [ 47.1 1 52,0 | 56,1 | 61.5 | 64.8 ] 64.0 ] 60.6 | 54.5 | 48.4 | Lbh. b 592
Linimum 1532341 35.3 1 55.4 | 3823 1 421 1 46.9 ] 50.9 | 50.5 1 47.3 1 4k2.8 ] 37.8 99e ) 41,0
lean ' 37-"{ l 5(40‘3 ‘-1"-0) ‘4)-'- 15901 51}-2 5709 57-3 5)"9 4607 Ll-j-l 5907 1%7-1
CA:NCUSTIE

(altitude 29 feet)

koximum | 52.3 | 4he5 [ 5Cdl | 55.6 [ D7e7 ] 65.0 | 6646 | 6548 § 62.2 | 55.4 | '46.5) bh.0] 5k3
sinimun 15108 | 32.9 13925 | 538297 429 | hloh 151,53 | 507 b a7 L Vhe.6] 57.2 ] Skl AisQ
rean Sl 38 T Y LAaS LE61 1 S0LY [ 5542 1589 5045 1 5408 4930 [Eh259 39,20 - hile ik

BUDDON KNESS

(altituce 15 feet)
Jaximum [ 42.2 J 430k | 46,7 1 51:8 ) 55.9 | 6103 | 6Lhaly'}] 65.8 ) 6047 | Ske5 L 4B | UhS | 55.1 |
iinimum | 31.4 1 31.7 §54.1 ) 36.5 | 40.2 | 45,6 | 49.9 § 49.7 | k6.5 | 42.4 ]| 37.0} 3L.0| 39.9
Liean 36,81 37.5 | 40.4 | 44,1 | 48.1 | 53.5] 57.1 ] 56.7 | 53.6] k8.5 42.5] 39.3] 46s5

DU DK

(altitude 147 feet)
Maximum | 41.4 | 43.2 | 46.9152.5]|57.9] 63.7 ]| 66.9]65.7 ] 61.754e7 | &47.7] 43.7} 53.8
winimum [32.0 | 32.9 | 35.2 | 36.3 | 42.3 { 47.7 | 51,41 50.7 { 66.9 | k2.1 § 36,9 | 34.2| 40.8
liean 36,7 | 36.1 | 43,1 § 45.4 § 50,1 | 55.7 | 59.1 | 5.2 | 5k.3 | 4ok | 42.5| 38.9) 47.3

LYLNEFIALD

(aititude 100 fect)

Maximum [ 41.5 | 42.9 §46.7 152,51 57.2 | 62.7 | 66.1 1 65.5 | 61,2} 54.5 | 47.7 | 435.6] 53.5
Linioum | 30,4 | 30,5 | 34.3 | 57.5 [ 42,1 [ 46.3 [ 49.9 | 49.6 | 46.1 | 42.h ¢ 35,8 33.01 39.7
liean 35.9137.2 1 40.5) 4.6} 49.1 | 54.5] 58.0 ) 57.5] 53.7 | 47.9 | 41.7] 38.4 46.6
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S 2 (ventd)

‘ P S T = BN e :

{ Jan feb | karl] sor 2y ) dur Jul LUg epl Get] Nov Dec | Year

L | o e e i

-
PERTH \
zzltitude 7t fect)
Jaxinun | bead | 459 | 4SoU 54:0 1 59.9 165.5 1 67.8 165,61 62,21 55,0 | 48,01 44ad | 54.7
H : 3 ; S :

linimum | 3.6 § 315 ) 34e3 | 37.0 | 42.1 P 47.7 ) 1.0 } 504 0.6 Y i | 32.G ] 35.5 | 405
lean jU-j t j./’--{‘ IF}-) "0'30 ) ')jw'-,/' ‘)U-'-’ )\/-/‘ t 5"-’-L ;)))--14- 1-5-\405 l-r-:--; )‘-1-7 j-{-ﬂfy-')
CURAR
(altitude &2 fcet)
Kaximum | 42.5 i L3, 55elt {1 5769 1 63:6 } 67.0 | 65671 62.1 } 55,5 § 48.5 } blie7 | Do s
Minimum | 31.5 | 31.9 | 54.9 { 57.€ L6 Lh6.7 Y506 15041 § b6:7 1 4Lab 1736245 1 35673 405
}Jearl 3/ 0 i 5 . }-;410—) l!-aoi‘ 11—:,0 ’)Dol :)(4-7 L);-’) L)I}.l‘} 1'—(")1) 102.,. 59.2 14-].5
L.'UC.....S
(eltitude 34 feet)
}-laximum lp.l.? l[.507 )6-7.5 20’[ '96.7 {2'){ 6906 6L}. (Ja.cj )l#o() 1-0-716 10-.)0 i 55.6
Minimum 5j.5 53.8 jbou 58.7 1-{»206 Lf-“ Blob Dlnl 1{-70:' )0-)05 5‘305 5‘)08 IGJ-OI
ean 37.51 58.7 1 k1.5 ) k5.7 | L9.7 | 59.1 | 5C.7 | 0.0 5le5 thQ.l L5, 1390 VUil T

ST A.DULS
(altituge 135 fect)
u{-u l

maximum e

Jinimum | 32.2 2:9
wean 575 5600

1&7 . j
35.2

l#!-o 3

6547 | Chrals
5-‘05 L.“/o.{

2Ce 2D
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TABLE 2A

Averages of the highest and lowest temperatures in each month in degrees
Fehrennheit for temperature recording stztions in the Tayside area

Jan |Feb |Mar |Apr | May | Jun |Jul | Aug | Sep | Oct | Nov | Dec | Year

Montrose (altitude 186 feet) 17 years from 1954 to 1970

Average of the
. highest each month

L9 | 49| 55| 63| 661 72| 73| 72| 68| 62| 55| 52| 75%

Lverage of the

lowest each month 25 |22} 251 29| 341 39 ) L1 | 41| 38] 33} 27| 24 |18

Arbroath (altitude 95 feet) 49 years from 1922 to 1970

Average of the

highest each month i e e 61 65 72 | 73 | 72| 681:63 1 56| 52 ]76*
Average of the 2
lowest each month

20} 26 1290k 35 138 bolsel ad ) 57151 27k 2k | ioee

Carnoustie (altitude 29 feet ) 20 years from 1951 to 1970

Average of the Z

highest each month 51 1511 56f63) 66 7217} 73] 691:65 | 55]:52:}76*
Average of the
lowest each month

23 {23 ) 26| 31| 36| 39| 43| sa] 39| 33| 27| 24 |20+

Buddon Ness (altitude 15 feet) 30 years from 1941 to 1970

Average of the

highest each month 90:1.5) 1 551 62 | 654 72 | 72| 721 6681 62 } .55 | 52 {7®
Averzge of the -

lowest each month 16 17 19 ez 28 35 38 o 341 29 23 20 115%8
Dundee (altitude 147 feet) 48 years from 1923 to 1970

Aot 51 |52 | 57| 63| 68)75 |77 7] 70| 63 56| 52 |79%

highest each month

Average of the
lowest each month

25 12h 1 27 | 30 Y 3Lk 39 Lok | 43} 57 | 31y 211 25 1e0%s

Mylnefield (altitude 100 feet) 17 years from 1954 to 1970

Average of the 5 :

highest each month o 1 25 63 68 | 74 | 7u | 74| 69 ] 63 | 55 S W

Average of the 1lia a5 Frcue
- lowest each month 19419 1725 | 28 1155 1 38 | 41 § 58 150 1 3 )

Perth (altitude 77 feet) 57 years from 191k to 1970

Average of the gl 80%
i slelalmlnln)e]| o) 6ot
AYRLALR e e 17 120l 23l 27 31 37 s2| 39| 36| 28| 22 | 19 |13

lowest each month
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T4BLE 2A (Contd)

Jan | Feb | Mar | Apr | lay | Jun | Jul } fug | Sep | Oct | Nov | Dec | Year

Cupar (altitude 82 feet) 15 years from 1956 to 1970

Average of the A £
| highest each month 511 521 561.6:] 681 751 4] 7h).HO) 65| . 561531 7¢

Average of the ” &
lowest each month 1B 1. A58 - 201 260 32 I kDL ST Y 9D 30 .20 12015

Leuchars (altitude 34 feet) 49 years from 1922 to 1970

Average of the
highest each month 52| 53] 57| 63| 68 74} 754 7| 70} 6} 57155 L7
ot o the 21| 23| 26| 28| 32| 38| 43| s | 37] 30| 26| 25 |26%

lowest each month

St Andrews (altitude 13 feet) 57 years from 1914 to 1970

Average of the : *
highest each month 521 521574 65 68} k|75 \Qé~_/70 651 56 55178

Average of the i
lowest each month o1 ) 23 251 281 321 8L 2k la] 36)F 301 251 2511

Average of the highest each year
* %

i

Average of the lowest each year



T4BLE 2B

Absclute highest and lowest temperatures in degrees Fahrenheit reccrded in each

month at temverature recording staticns in the Tayside area

Jan | Feb { Mar | Apr | Nay | Jun | Jul | fug | Sep | Oct | Nov | Dec Year
Montrose (altitude 186 feet) 17 years from 1954 to 1970
Absolute highest i _ i
in each month 55 F 561 &7 b 7240 0l .8 SR IT 69 1 58] a0k il
Absolute lowest : » o e
in each month o s e v M el ld I BRI TR O [ [ et B i D
Arbroath (altitude 95 feet) 49 years from 1922 to 1970
Absolute highest ca o , 2 : % ;
RS honth 53 61 68 1 7L 80 &3 86 81 7651 72 67 58 | 86%
s Jonny Ll 1oleslasl sé6fma ks s6l 26F 2 bagtiii b e
in each month 5
Carnoustie (altitude 29 feet) 20 years from 1951 to 1970
sbsolute highest -0 c ¢ - = 2
S e 58359 1651 69 | 7L ¥ 8oL Bri Jrd Tt] 691584 BptlOf
Lbsolute lowest , e
% th Gonith 16-1L 15 T A8 27 291 35 1 39 1 32| 30 1°50° ¢ 215 I8 [r15us
Buddon Ness (altitude 15 feet) 30 years from 1941 to 1970
fbsolute highest s6 1 571 62| 721 72 k9 | 791 791 75} 69| 61 | 58 ] 80*%
in each month
inbSC].‘.lte loV(est 8 5 9 ll 22 24 32 32 25 21 18 13 5::::3:
in each month
Dundee (altitude 147 feet) 48 years from 1923 to 1970
Absolute hlghest 57 58 68 70 78 85 86 8[;.. 79 7l¢- 62 59 86:):
in each month
.{'-.’osolute lowest 11 1 14 23 26 31, 40 38 28 27 21 19 1%
in each month
liylnefield (altitude 100 feet) 17 years from 1954 to 1970
fosolute highest : 8 6 7 | 83*
B 661 554765 | 701 72} 82 | 85 b e FF 59085 3
Absolute lovest 10 i I e G B T S e B L (T SEe Ll e 01 G L
in each month
Perth (altitude 77 feet) 57 years from 191k to 1970
Lbsolute highest 58| s8] 68| 75| 80| 89| e8| &u 28| 771 64| 59 | 89*
in each month
Absolute lowest 0 Lo 1+ 19 25 51 55 52 25 20 _7 7 _73',:*
in each month
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i ! i i ] 1 | 1 :
i 1 [
| Cupar (altitude 82 feet) 15 years from 1956 to 1970
Absolute highest | .4 F v | ! B e , 555t
. - =2 HEE 55 &6 TN FhE BE R80T 8 76 01 591 55 81
in each month G SR GRS S i R B / 271 22 :
! ! ' ! i ) : H
D “ H ' . ' ] ]
Absclute lowest | i aun PO S | i - ;
: 2 e R O e VR b e N R e A (R B TR R R L T o S e B
in each month ‘ i ¢ j i '
! f Tl
Leuchars (altitude 34 feet) L9 years from 1922 to 1970
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g 3 e ¢ ! H ) 1 ] 1 1
fbsolate highest 1+ c9 b} =g i g9 0 9y ) 9o i ' : g S =t s
: ; 457 30 ¢ O PR il A ah.+ 84| 8 2 04 a ol#
in each month ; ; : i fi o ‘ ek e Il T 2 L
' ' - \ ' : i g
'
fbsclute lowest | £ U B L o bl i e
: : e f 10§ a5 {22! 26152 364 361 31195 | 21 +a0 ) A
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e m e
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5tatistics of montily and annual mean / s(max + min) 7 te- . ratures in
degrees Fahrenheit for Dundee
(1.8 years from 1923 to 1570)

Stetistics of monthly mean temneratures

lionthly mcan llonthly mean
Highast monthly scldom* 4 scldom* Lovest monthly
rionth nean above lledian below mean
T o R OF
qu".uar;" l;.B.O in }9-6 ')‘7-l+ 3!""3 300] in
Januaxry 19352 January 1940
Fobruary = 435.1 in L0.7 3845 G 30,5 in
February 1934 February 1947
Jarch he8.3 in 43.9 41,2 8.1 3o Hiin

liarch 1938 Mareh 1947

spril 4o.7 in 471 e 9 5 PR hilslan
Soril 1943 Zpril 1941

and 1966

Hiay 50.8 5051 40.1 hoed-3n
Jiay 1958
June 5.1 in 57.0 5548 S5holy 5ike 9 N
June 19460 June 1928
guly (12.7 in {)C-j jCOQ 5705 Skl in
July 1933 July 1965
and 1955
SLEUS T 62,510 59.1 Sl e9 5641 5549 in
suzust 1947 sugust 1956
septenber 57.7 in 5640 5545 52,1 15,9 in
Septenber 1949 September 1952
Cctober 54.1 in 50.0 LEL N2 L2.,2 in
October 19369 October 1926
liovember 45.5 in 43.6 2.1 55.3 37.7 in
Iovember 1953 Ilovenber 1925
Dzgember 43,9 in 40,4 3845 by s BV, Py B L
Decenoer 1924 December 1950
Statistics of annusl nean temperatures :
snnual mean /nnual nean
2 % TR S ——————t— ——————————— b
Period of  ilighest annual selaom™ i seldon™ Lowest annual
recordc nean above liedian belowr mean
5 o7 OF iy 47

LS years 9e2 in 1959 48,1 47.1 46.6 45.9 in 1941

#3eldon = 20 per cent of occasions or 1 year in 5; the
figurcs given ere the uoper and lower quintiles.

o 5 TR e SN

vodian = the "middle" veluc, ie nelf the mean temperatures

cxceed it and nelf Tell velow it.

L3
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Statistics of monthly maximum temperatures in degrees Fahrenheit

ifonth

January
February

larch

April

llay

June
July
August

September

October

Novenber

Decenber

for Dundee
(18 years from 1923 to 1970)

Highest monthly lionthly maximum llonthly maximum Lowest monthly

maximun temgcraturc i tomEerature maximun
temperature seldom® above lledian seldom™ below temperature
57°F in BT 51°F LO°F L2°F in
January 1927 January 1940
58°TF in 55°F 53°F LO°F 38°F in
February 1934 Pebruary 1947
68°F in 60°F 56°F 5L°F L8°F in
March 1229 March 1937,
1947 and 1962
70°F in 67°F 63°F 59°F 55°F in
April 1937 and April 1932
1967
78°F in 72°F 68°F 65°F 61°F in
Iy 1939 and May 1930
1948 2
85°F in 79°% 75°F 72°F 66°F in
June 1950 June 1927
86°F in 79°F 77°F 7 65°F in
July 1933 July 1965
8L°F in 7158 7L°F 77%F 67°F in
August 1955 August 1931
79°F in 72°F 69°F 67°F 65°F in
September 1941 September 1935
and 1967
7L°F in 65°F 63°F 62°F 57°F in
October 1926 October 1952
62°F in 58°F 55°F 5L°F 51°TF in
Ilovember 1927 Iovember 1950
and 1966
59°F in 55°F 52°F 50°F LE°F in

December 1942

*Seldon

20 per cent of occasions or 1 year in 5;

the figures given are the upper and lower
quintiles.

1

G
liedian

it.

INA

the "middle" value, ie half the maximum
temperatures exceed it and half fall below

December 1550
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TABLE 2E

Statistics of monthly minimum temperatures in degrees Fahrenheit
for Dundee
(48 years from 1923 to 1970)

Highest monthly ilonthly minimun lMonthly minimum Lowest monthly
ninimun tenperature temperature minimum
‘llonth tenverature seldon* above ledian  seldom™ below temperature
January bl b g e e 19°F 11°F in
January 1925 Januvary 1927
and 1942
February 30°F in 28°F 25°F 20°F - 11°F in
Februvary 1923 February 1956
and 1962
liarch 3L°F in 30°F 27°F 2L°F 14°F in
March 1957 March 1947
April 35°F in 32°F 30°F 28°F 23°F in
April 1937 Lpril 1968
lay LO°F in 36°F 34°F g1°8 26°F in
May 1914 and May 1946
1270
June L7°F in L2°F 39°F 37°F 34°F in
June 1960 June 1941
July 50°F in L6°F LL°F L2°F LO°F in
July 1934 July 1939,
1941 and 1965
August LB8°F in L5°F L3°F LO°F 38°F in
fugust 1936 August 1940
and 194k
September L43°F in LO°F 38°F 35°F 28°F in
September 1933, September 1942
1953, 1958 and
1961
o .
October 37°F in 3L°F » 5298 29°F 27°F in
October 1947 October 1926
and 1969
(o] o :
November 33°F in 29°F 27°F 25°F 21°F in
November 1 November 1947
i 5o and 1952
P o] OF in
December 32°F in 29°F 25°F 21°F 19
Decenber 1924 December 1937,

1947 and 1961

#Seldom = 20 per cent of occasions or 1 year in 5; the
' figures given are the upper and lower quintiles.
+{edian = the "middle" value, ie half the mininmum temperatures

exceed it and half fall below it.
45
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TABLE 2G

iverages and extremes of dry bulb temperature in degrees Centipgrade
at 0000 hours, 0300 hours, 0600 hours, 0900 hours, 1200 hours,
1500 hours, 1800 hours and 2100 hours GiT at Leuchars
(1 years from 1957 to 1970)

pe )

Jan Feb HMar Apr lay Jun Jul dug Sep Oct Nov . Dec Year

OC OC OC OC OC OC OC OC OC QC OC OC OC

Dry bulb temnerature

&t 0020 hours GL.T

averaze DB o R gisn 0" ob N0k 1Y 5.8 10,7 2807 W Bo Bal 6.8
thsolute moximan s 13,7 216220 12.2 13,7 17.2 17:8 19.4 6.2 16.5 15,5 Tkl 19k
rosolute minimum  =8.0 =6.9 =5.7 =2.8 0.4 2.1 5.6 L3 2.7 0.5 =40 7.1 =8.0

At 0300 hours Gi'T

aversse Zed 2.0 I e SR ST 1,2
absolute maximum 10,6 11.0 11.7 12.6 12.8 16.7 17.86 18.3
absolunte minimum -06.1 =8.0 b who2 =1.6 1,0 0

0s3: =8.5., Ll 722971645
6.7 16,2128 12,0 18.5
2.8 -2.2 -4.9 -7.2 -8.0

2t 0600 hours GLIT

Averagze 9iy cip BFRUS e Dy s ahy A ey 3 10, L BB a6 208 L GG
Sbsolute macimum: 1351 10.56 1027 11.7 12:8 16.7 19.0°18.9 17.0'16.1 12.642.2:19.0
ibsolute minimun  «6.0 =9.2 =7.6 =4.6 0.6 5.0 5.4k 2.7 2.4 -0.8=4.1 =7.1 ~9.2
2t 0900 hours G&T

Average Bl .%o a5 B0,2 A5 Akl 10,2 12,5 936 1B 2.8 08
Bl e T 0.6 109 150 1732006 21,4:20.6° 18,5 1656 355 Tl Ao
ibsolute minimim. ~6.5 ~9.8 «5.1 =2.1 2,5 . 8.1 9.7 9.4 7.2 0.9 =5.0 =5.1 -9.8
At 1200 hours GT

Lverage o 0uilieb 6.8 9l ] 6:15.0 16,0 06,0 1he6 119700 Lii B TQGT
Absolute maximum 212.2 12.0 17.0 19.2 90621 ) 25.6:25,2: 2252 195k 1hi 6:10 452542
ibsolute minimun =5.0 =6.2 =0.6 0.0 3.9 8.9 9.7 10.6 9.4 4.9 =2,0 =3.5 -6.2

At 1500 hours GUT

16,4109 127 L4 10,5

Average TS S e s AL R

e il 050 1555 16.5 Tl
Abenilats maxcinoe 2.8 12,5 18:8:2040.22,1 26,7 20 1 2l 2530 20820153 Tl 267
ibsolute minimum =3.3 =2.3 0.1 0.5 8.2 8.6 10,3 9.2 3.3 =0.6 =3.9 =3.9

2t 16800 hours GiT

hvernge 5o pis oG8 £ 0 16,5 15,2 134 10,1 /5k5 5.3 k0
. ibsolute maximum 11.7 11.1 15.9 17.8 21.0.25.0 24.4 22,9 21.7 16.5 1he5" 32,1 2550
fosolute pinimtm 5.6 =750 «1.2 1.0 3.3 6.6 7.7 10.0° 8.4 1L =2, -5.0 -7.0

&4 2100 hours GIT

werage AN Sy B Ve T s T S e M B R I T 1055009 Qe 500 a9 o]
hsolute maximum 13.3 11.6 12.2 13.3 16.2 19.4 20,0 20,5 17.2 16.7 13.3 11.7 20.5
Bbsolute minimum =6.5 =7.9 =5.6 =0.5 2.6 5.8 8.1 7.9 5.5 =0,5 =3.7 =6.0 -7.9
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Averages and extremes of wet bulb temperature in degrees Centigzrade

1500 hours, 1800 hours and 2100 hours GiT at Leuchars

at 0000 hours, 0300 hours, 0600 hours, 0900 hours, 1200 hours,

(14 years from 1957 to 1970)

Sep Oct Nov Dec Year

Aug

lay Jun Jul

Apr

Feb MNar

Jan

OC OC OC OC OC OC OC OC OC
Viet bulb temperature

°c

°c

°c

6.0
7.8
8.0

ik

S IE L kel
Yed 12,0106
03 "‘Li-ao -701F

4t 0900 hours GIT

A

Absolute minimum

!

Absolute maximum
Absolute minimunm

At 0000 hours GMT
At 03500 hours GHT
At 0600 hours GMT

fibsolute maximum

Absoclute maximum
Absolute minimum

Average
Average
Average

O N O

k.

LT 8.6
B 1502 11
L. 0.4 =3

il
81
9

Absolute maximum
Absolute minimum

Average

A S L R T b R e R

At 1500 hours GHT

wverage

)
%

At 1200 hours GIT

At 1800 hours GHT

ibsolute maximum
Absolute minimum
Absolute maximum
Absolute minimum
Absolute maximum

Average
Average

Absolute minimumn

At 2100 hours GMT

2
11
-6

2
0
2

HeD 1oalprl2
Lolp =1y =5

0.4 8.2

—~

Absolute maximum
Absolute minimum

Average




TABLE 21

Percentage number of occasions with dry bulb temperatures at or below certain

1imits at 0000, 0300, 0600, 0900, 1200, 1500, 1800 and 2100 hours GHT

calculated from readings made at Leuchars, Fife, during

the 14 years from 1957 to 1970

e o°g‘ 4°g 8°c j0°0 16°C 20°C
Month i (32.0°F) | (39.2°F) | (46.4°F) | (53.6°F) | (60.8°F) | (68.0°F)
or below or below or below or below or below or below

% % % % % %

0000 22 68 95 100 100 100

0300 22 69 97 100 100 100

0600 g9 71 97 100 100 100

0900 22 69 97 100 100 100

et 1200 9 51 91 100 100 100

1500 5 L7 90 100 100 100

1800 15 6l 93 100 100 100

2100 20 67 93 100 100 100

0000 25 71 9l 100 100 100

0300 28 72 96 100 100 100

0600 29 72 95 100 100 100

0900 25 71 95 100 100 100

februazy - 1 4000 5 46 81, 100 100 100

1500 3 39 80 100 100 100

1800 14 59 91 100 100 100

2100 o0 68 9l 100 100 100

0000 12 5 91 100 100 100

0300 15 58 92 100 100 100

0600 15 60 91 100 100 100

‘ 0900 7 11 86 99 100 100

March 1200 g 19 65 9% 100 100

1500 0 18 61 92 100 100

1800 3 28 75 98 100 100

2100 9 NS 87 100 100 100

0000 5 37 82 99 100 100

0300 9 L2 86 99 100 100

0600 9 3:9 85 100 100 100

: 0900 i 12 59 95 100 100

April 1200 0 5 Zh 79 99 100

1500 0 5 36 73 97 100

1800 0 1. L7 85 99 100

2100 1 23 73 99 100 100
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T.3Ls 2T (Contd)

oy H°6 sle 8°C 12°¢ 16°¢ 20°C
}Month L (32.0°F) | (39.2°F) | (46.4°F) | (53.6°F) | (60.8°F) | (68.0°F)
or below or below or below or below or below or below
Ge G g
0000 0 T 60 97 100 100
0300 1 ik A 70 99 100 100
0600 1 i 62 98 100 100
i 0900 0 0 20 78 99 100
1200 0 0 9 55 92 100
1500 0 0 10 52 90 99
1800 0 1 15 65 95 99
2100 0 1 38 93 100 100
0000 0 1 13 79 99 100
0300 0 2 23 87 100 100
0600 0 0 9 72 99 100
0900 0 0 0 2 87 99
e 1200 0 0 0 12 65 95
1500 0 0 0 11 58 93
1800 0 0 1 18 72 96
2100 0 0 2 52 95 100
0000 0 0 i) 55 98 100
0300 0 0 11 65 99 100
0600 0 0 3 58 98 100
0900 0 0 0 13 79 99
SiELy 1200 0 0 0 6 50 95
1500 0 0 0 L 146 91
1800 0 0 0 9 62 96
2100 0 0 0 28 91 100
0000 0 0 7 53 97 100
0300 0 0 12 61 98 100
0600 0 1 13 59 98 100
s 0900 0 0 0 11 83 99
&4 1200 0 0 0 3 52 95
1500 0 0 0 3 47 93
1800 0 0 0 5 66 97
2100 0 0 0 33 94 100
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T4BLE 2I (Contd)

B o"q LG ’8°c FI°0 1690 2056
lonth s (32.0%F) I (39.2°F) (46.04°F) | (53.6°F) | (60.8°F) | (68.0°F)
= or below or below or below or below or below or below
0000 0 ! 17 68 99 100
0300 0 4 19 19 100 100
0600 0 2 23 75 98 100
g e el i 00 0 0 1 40 96 100
septenner G
; 1200 0 0 0 11 75 99
1500 0 0 0 8 71 98
1800 0 0 0 25 89 99
2100 0 0 8 57 99 100
0000 0 7 39 88 100 100
0300 1 10 L2 89 100 100
0600 1 11 L3 90 100 100
S L 0900 0 3 26 82 99 100
Ogihober. 1200 0 0 6 49 97 100
1500 0 0 7 L7 96 100
1800 0 2 22 78 99 100
2100 1 5 34 85 100 100
0000 1] 40 80 99 100 100
0300 G L2 81 99 100 100
0600 11 L5 81 99 100 100
S 0900 11 L2 81 99 100 100
i 1200 1 16 60 97 100 100
1500 0 16 62 97 100 100
1800 5 35 7 99 100 100
2100 9 L0 80 99 100 100
0000 21 62 92 100 100 100
0300 20 65 93 100 100 100
0500 23 61, 91, 100 100 100
e 0900 22 61, 95 100 100 100
S e 1200 8 L7 89 100 100 100
1500 7 L6 90 100 100 100
15300 15 60 92 100 100 100
2100 17 62 93 100 100 100
axamale:= At 0600 hours GIT in December during the 14 years from 1957 to 1970,

. X . o e}
air temperaturcs were at or below 4 degrees Centigraae (39.2 F) on
6l ver cent of occasions.

51



Percentape

TABLE  2J

number of occasions with wet bulb temperatures at or below certain

limits at 0000, 0300, 0600, 0900, 1200,

1500,

1800 and 2100 hours GMT

calculated from readings made at Leuchars, I'ife, during

the 14 years from 1957 to 1970

X 0°C 4°C 8°C 1290 16°¢ 20°¢
Month i (32.0°F) | (39.2°F) | (46.4°F) | (53.6°F) | (60.8°F) | (68,0°F)
or below or below_ or below or below or below or below

% % % % % %

0000 29 75 97 100 100 100

0300 29 7 99 100 100 100

0600 30 76 99 100 100 100

0900 29 75 99 100 100 100

PRI 1200 20 61 97 100 100 100

1500 13 61 95 100 100 100

1800 25 72 9 100 100 100

2100 27 76 97 100 100 100

0000 32 80 98 100 100 100

0300 35 80 98 100 100 100

0600 35 81 97 100 100 100

0900 33 78 98 100 100 100

February | ,5,, 15 61 93 100 100 100

1500 12 56 92 100 100 100

1800 23 71 96 100 100 100

2100 29 77 97 100 100 100

0000 16 65 95 100 100 100

0300 18 68 96 100 100 100

0600 21 70 96 100 100 100

0900 12 58 95 100 100 100

March 1200 4 39 86 100 100 100

1500 2 36 83 100 100 100

1800 7 46 90 100 100 100

2100 14 60 94 100 100 100

0000 9 48 91 100 100 100

0300 13 53 91 100 100 100

0600 15 51 91 100 100 100

= 0900 1 28 77 100 100 100

Apri 1200 1 17 63 99 100 100

1500 0 15 60 97 100 100

1800 1 20 70 99 100 100

2100 4 36 85 100 100 100
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TABLE _2J (contd)
oo 0°c 4°C 8°C 12°C 16°C 20°¢
Month il (32.0°F) | (39.2°F) | (46.4°F) (53.6°F) | (60.8°F) (68.0°F)
or below | or below | or below | or below | or below | or below

% % % % % %

0000 0 14 75 99 100 100

‘ 0300 1 22 79 100 100 100
0600 1 15 75 100 100 100

= 0900 0 4 45 96 100 100
‘ Y 1200 0 1 55 89 100 100
1500 0 1 28 86 100 100

1800 0 2 39 91 100 100

2100 0 6 61 99 100 100

0000 0 1 24 91 99 100

0300 0 3 34 93 99 100

0600 0 1 17 89 100 100

0900 0 0 5 69 98 100

e 1200 0 0 2 49 96 100
1500 0 0 1 45 96 100

1800 0 0 2 58 97 100

2100 0 0 5 80 99 100

0000 0 0 11 72 99 100

0300 0 0 17 79 99 100

0600 0 0 9 76 99 10075

July 0900 0 0 0 49 97 100
1200 0 0 0 33 91 100

1500 0 0 0 26 88 100

1800 0 0] 0 35 95 100

2100 0 0 1 56 98 100

0000 0 0 12 67 99 100

0300 0 0 17 71 99 100

8388 g 1 15 11 99 100

0 0 45 97 100

Aognat 1200 0 0 0 29 90 100
1500 0 0 0 23 87 100

1800 0 0 0 32 93 100

2100 0 0 o) 56 99 100
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TABLE 2J (contd)

o 0°C 4°C 8°C 12°C 16°C 20°C
Month e (32.0°F) | (39.2°F) | (46.4°F) | (53.6°F) (60.8°F) | (68.0°F)
or helow or below or below or below or bhelow or below
% % % % % %
0000 0 1 22 77 100 100
0300 0 1 28 83 100 100
0600 0 3 31 83 100 100
0900 0 0 7 67 100 100
September | ,on, 0 0 2 53 98 100
1500 0 0 2 46 96 100
1800 0 0 6 59 99 100
2100 0 0 15 73 100 100
0000 0 10 49 93 100 100
0300 1 14 52 92 100 100
0600 2 15 53 95 100 100
0900 0 6 42 93 100 100
October 1200 0 1 20 79 99 100
1500 0 1 20 i 99 100
1800 0 4 36 89 100 100
2100 1 8 46 92 100 100
0000 15 48 86 100 100 100
0300 15 50 87 100 100 100
0600 15 52 89 100 100 100
0900 15 49 87 100 100 100
Hovember - 1 1500 3 31 78 99 100 100
1500 1 28 78 100 100 100
1800 8 45 87 100 100 100
2100 11 47 86 100 100 100
0000 27 73 95 100 100 100
0300 27 73 97 100 100 100
0600 28 74 97 100 100 100
0900 29 75 97 100 100 100
December | 1500 15 61 95 100 100 100
1500 13 60 94 100 100 100
1800 22 71 95 100 100 100
2100 24 73 95 100 100 100
Example:- At 0600 hours GNMT in December during the 14 years from 1957 to 1970,

wet bulb temperatures were at or below 4 degrees Centigrade (39,2°F)

on 74 per cent of occasions.
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lunver of days gLl vemperatures reueiing or exceeding
50°% 5O P rE YR and B0YE 6t dundee
(10 vears from 1951 %o 1970)
: & = s < % % i G . Tear
Year Jan ¢ rap e dpr eyl sdunis Jul smugs sSepa Oet - Novie dec Pot
Lotadl
Nusber of deyc wish naximun gir tempersiures reaching or
; gceading H0°F
1901 1 DB ok s a8 g 20 9 128
19462 Sl o s @ Doy 2 @G sty e 10 113
S o I T ] S | 5 117
166k, [SH s R B N el R | ] i 123
1265 2 ik s ot s R S ) i 92
1966 B 1500 B3 ol 25 w0 116
1967 5 2l R0 28 20 2 112
19638 5 e B ST s 16 e () 8 112
1659 Sac@he il e il 8 T9 Y 126
3970 14 2. 06 i 2k 3 314
10 o i 2 -
10 yecaz o D% ¥ 3L 0. TEoke o owe o 6 €1 0 116
ZVOTBEe
Iumber of deys with mexinum air tempersluies reaching or
excceding 05°F
1961 U008 U et SRR 7 59
1962 1 R b e 1 L 5
1965 2 ke 7 5 b
1960 Jp s ATk 8 60
1965 ‘L B 12 3 g o0y 50
1966 i 5 g 18 i 9 48
1967 3 T 200G 3 53
= z
196G al 1] 7 A 5 5 45
1969 s s g gel P0G 77
x 570 5 126 0. 000 6 6 49
L')?d o : 2 8 < ¥
1€ year o O3 5 St et RS ) 6 <1 0 0 5
< averaye

B A0 "N e o T
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24312 2K (Contd)

Year Jan TFeb liar Apr ligy Jun Jul Aug Sep Oct INov Dec ;stz;
Iiumbexr* of days with maximum air temperatures reaching or
exceeding 70°F
1961 2 2 L 2 10
1962 5 5 1 9
1963 2 L 2 8
1964 L 8 L 16
1965 L 7
1966 1 7 10
1967 2 2 6 i 74
1968 2 1 lovd, 8
1969 Hols 9 5 ik 33
1970 2 I 1 L 8 4
10 year
average 0 0 Bl dg Fie < b 3 5 L. Ao €l 0 0 115
Nunber of days with maxinmum alr temperatures reaching or
exceeding 75°F
1961 1 ! 2
1962 2 2
1963 1k
1964 2 3
1965 1 J;
1966 3 b
1967 ik Al
1968 0
1969 4 2 8
1970 2
G 00 e ol 1 T e 2
average
lote: During the 10 years from 1961 to 1970 there were only 2 days

. . S . s o)
at Dundee with maximum temperatures reaching or exceeding 80°F
viz

80°F on 4 August 196l
80°F on 14 July 1969
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TABLE 2L

Actusl and average number of deys of air frost (minimum air tempersture
less then 32°F) at temperature recomiing stations in the Tayside area
Year Jen Teb llar Apr Iey Jun Jul Aug Sep Oct Nov Dec ;{sizl
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