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SUMMARY

To meet the lack of correlated weather data to be used with
design of buildings e.g. calculations of indoor climate a
"Reference Year" has been selected.

The Reference Year is based on’Danish meteorological observa-
tions through eleven years and is built up by typical months
from the eleven years period. Each month contains all obser-
vations made at one location in accordance with international
codes for meteorological observations and is supplementeéd with
data for solar radiation.

The selection igs based on the mean dry bulb temperature, daily
maximum dry bulb temperature and the daily total of solar
radiation.

The selection of each typical month is carried out using the
following criteria:

A: Exclusion of months where the mean value of cne or more
of 20 observed parameters deviate more than the standard
deviation of the same mean value for 30 years of observa-
tions.

B: Determining months having the best mean value for daily
mean dry bulb temperature, daily maximum dry buldb tempe-
rature and daily sum of solar radiation.

C: Determining months having the most typical variations
from day to day in the above mentioned three parameters.

For each day and parameter in a month the difference between
the actual observation and the mean value for the eleven years
observation period for the same day is found. The monthly mean
value of these differences divided by the standard deviation

of the eleven months differences gives one figure for each of
the three parameters which classifies the month according to
criterion B.



Doing the same procedure with the deviation for the differences,
another figure for each parameter comes out, which classifies
the month according to criterion C.

The highest of these six figures (two figures for each of three
parameters) describing one month is used as classification
number to put each January, February etc. in a row where the
one having the lowest classification number is the best.

The data which amounts to approx. 80.000 covering 34 parameters,
most of them given for each hour, are available on magnetic
tape suited for EDP treatment.

Some of those data of greatest interest are also given in
tables in the appendix 4 in the report,

The data are recommended as usable for Denmark as a whole

except for Copenhagen City and areas app. 200 m from the coast-
line.

INTRODUCTION

The reference year consists of outdoor climatic data for a
whole year built up of typical whole months. Each month
comprises for every hour throughout the month recorded
outdoor climatic data observed at the same locality. The
reference year thus provides simultaneous values of 34
weather parameters (fig. 1) and moreover illustrates the
natural variation of the weather parameters throughout the
year. In this it differs from the ordinarily available
data and is thus useful for calculations in which more than
one parameter or the variations of the parameters with time
are of importance. The values of the reference year have
been selected with a view on particular to calculations of
heating and ventilating installations.

The reference year has been built up month by month from
recorded weather pérameters selected among observations made
at the alr base at Varlgse and at Hgjbakkegdrd at Tastrup
throughout a period of eleven years (1959-1969). The manner
in which the individual months of the reference year have

been selected ensures that they are typical as regards monthly
mean values and variations throughout the month of daily mean
temperature, daily maximum t>mperature and daily total of
solar radiation. In additiou the selection is based on a
comprehensive evaluation of a large number of weather para-
meters compared with the parameters of the 30-years normal
period for Denmark. On the basis of these criteria the most
suitable month of January, month of February, etc. were chosen.

The reference year resulting from this selection consists of
recorded weather parameters for every hour of the following

months:

January 1961 May 1967 September 1965
February 1964 June 1961 October 1962
March 1960 July 1963 November 1964

April 1960 August 1960 December 1961



Because of the way in which the reference year has been built
up and its months selected it reflects the natural correlation
between the weather parameters as well as their variation
throughout the year. The reference year is therefore particu-
larly suitable for calculations in connection, for instance,
with snow-melting equipment, weather resistance of building
materials, vapour diffusion through walls and roofs, and plan-
ning of outdoor areas.

Another important field of application is calculation of indoor
temperatures according to the so~called heat-balance methods.
For this purpose the outdoor climatic data of the reference
year will ensure results which are more accurate and more
widely applicable than those available hitherto. Clients,
architects, and engineers are thus enabled really to judge the
indoor climatic and economic consequences of different disigns
of buildings and ventilating equipment.

The reference year or the total material of outdoor climatic
data from which it has been selected may also be used as basis
for the selection of simpler types of weather data suitable for
special purposes, as for instance frequency analyses of heat
and moilsture contents of the atmosphere or weather data for the
hottest or coldest periods throughout the year.

Copies of the weather data of the reference year on punched
cards or magnetilc tape are available on application to SBI
(Danish Building Research Institute), P.O.Box 119, 2970 H¢rsholm.

WEATHER OBSERVATIONS

Selection of months for the reference year is based on weather
observations made at the air base at Varlgse during the years
1959-1969, both years included, supplemented with observations
of solar radiation made at Hpjbakkegdrd near Tastrup, and
numbers of hours of sunshine observed at the meteorological
station at the Copenhagen port. The material has been placed
at our disposal by the Meteorological Institute and the Vete-
rinary and Agricultural University.

The Air Force Base at Varlywe (20 km NW of Copenhagen) is a
main synoptic weather station in Denmark where observations
and recording of the individual weather parameters are made
every hour according to i1 :rnational rules as mentioned in
(1) and in Appendix 1: "Measurement of Weather Parameters”.
The weather parameters of the reference year are thus directly
comparable with weather parameters observed at other synoptic
stations in Denmark and abread.

Since solar intensity and solar radiation are not observed

at Vaerlgse, we have used for these parameters data obtained

at the experimental farm, Hgjbakkegird, near T&strup (20 km

W of Copenhagen), which belongs to the Agricultural and Vete-
rinary University. For the majority of the months selected
for the reference year the only data available for total
radiation derive from measurements made on a horizontal surface
{global radiation). During the period 1966-1965 separate
measurements of diffuse radiation have been made in addition
to the measurements of global radiation. However, from this
period only one month has been selected, and for the sake of
uniformity we have for all months of the reference year con-
sidered the global radiation solely. For calculations con-
cerned with indoor climates it is of importance, however, also
to know the normal radiation, i.e. the direct solar radiation
impinging on a surface at normal to the direction to the sun.



Interval or
For this reason the hourly global radiation has been divided up. Observation . t:auon time
onse
Based on cloud observations at Varlgse, direct as well as
diffuse radiation on a horizontal surface have been calculated, °
Dry bulb temperature C h
whereupon the hourly global radiation actually measured at Dew point temperature o¢ h
Hgjbakkegdrd has been divided into diffuse radiation and Relative humidity % h
Entalphi, calc. kJ/kg h
normal radiation. In this connection both Varlgse and Hej- phds -
Minimum temperature ° 7 and 19 CET
bakkegdrd may be considered to be representative of the country Maximum temperature ¢
Snowcover and-thickness, 13 CET
as a whole with the exception of narrow areas along the coasts State of ground surface
and central city areas, and the errors introduced by combining Hours with clear sun no 28 cET
Global radiation {on horizontal} W/m h
observations from two stations at a distance of 15 km are con- Diffuse radiation, calc. w/md n
sidered to be insignificant for the purpose. Normal radiation, calc. w/m? h
Precipitation mm 1,7,13 and 19 CET
In order to be able to describe the climate at points of obser- Cloud cover h
vation in Demmark it is necessary to have observations from a Wind direction h
. Wind speed knots h
thirty-year period. From Varlgse useful observations were Visibility h
available from an eleven-year period only, and there are no Weather h
Weather since last major
other synoptic stations with longer periods of observation. observation . h
Also for this reason a thorough comparison has been carried out Cloud gwerinlawotmuumn n
altitude
between the individual months of the observation period and the Cloud types, low altitude 3n
corresponding months of the Danish normal period 1931 through Altitude of lowest clouds 3h
1960 Cloud types, medfum altitude Ih
’ Cloud types, high altitude 3h
The reference year contains all the weather parameters recorded, C1°“d;‘5"/’§‘gf1‘s’;'§” clouds h
fig. 1. The most important parameters are given by their nume- Cloud type herein h
h £
rical value, while the remaining are given in the same codes as A et venibaiity h
in synoptic weather reports, (1). The units stated in connec- Cloud fﬁ\/'gr,flo:est clouds .
& of sky
tion with the reference year are the same as those used in Cloud type herein h
synoptic weather reports. When values have been calculated by Altitude . h
the ki ST i h b a Barometrie pressure mbar ' 3h
worxing group, units have been used. Character of change in pressure 3h
1
Errors might occur in all measurements, and the material has wem?i;ixgmlS(nOta‘“ys h
therefore been studied with a view to the detection of errors Month, day, hour

in the most important weather parameters. Appendix 3:"Errors
"

and Missings in Weather Data" describes the technique applied Fig. 1. Weather parameters in the "Reference Year".

and the corrections made. "h" indicates hourly presence, "3h" every third
hour (the "synoptic" hours 1, 4, 7, 10 -~- CET).
CET means Central European Time ~ GMT + 1. All
temperatures are given with 0.19C, pressure with
0.1 mbar, precipitation 0.1 mm, and radiation with
1 W/m2 and wind speed with 1 knot as least signifi-
cant digit



SELECTION OF MONTHS

The months of the reference year were selected according to
three criteria:

A Months with abnormal weather conditions were excluded.
Comparison between about twenty different weather para-
meters of each of the months of the observation period
and the corresponding normal values from the period
1931-1960.

B Selection of months with typical mean values of the most
important weather parameters.
As regards daily mean temperature, daily maximum tempera-
ture, and daily total of solar radiation: a comparison
between monthly mean values for every month of the obser-
vation period and the average values of the eleven corre-
sponding months of the observation period.

C Selection of months with typical variations, i.e. with
both hot and cold days.
As regards daily mean temperature, daily maximum tempera-
ture, and daily total of solar radiation: a comparison
between deviations from the mean values shown by the data
for each day of a month during the observation period and
the mean deviations during the eleven corresponding months
of the observation periocd.

Applying criteria B and C, the months of the eleven years are
arranged according to suitability as far as the three most
important weather parameters are concerned. The most suitable
month is selected, if it is not to be rejected according to
criterion A.

With a view to the object of the reference year - and the selec-

tion criteria - we have determined to build up the reference

year of individual months. Shorter periods would result in too

small deviations from mean values and too many abrupt changes
in values on going from one period the the next.

Criterion A

To enable complete evaluation of the climatic conditions at
a point of observation in Denmark it is necessary to make
observations of the weather throughout a period of thirty
years. For the purpose of excluding months with abnormal
weather conditions a comprehensive meteorological evaluation
has been made of every month of the Period 1959-1969 by com~
paring with mean values from the whole of the country for the
same month during the thirty-year normal period for Denmark,
i.e. 1931-1960, both years included. )

This evaluation has been made by an expérienced meteorologist
on the basis of monthly mean values of about twenty different
weather parameters, see fig. 2.

Monthly mean temperature x
Mean of daily maximum temperatures
Mean of daily minimum temperatures

®

Absolute value of monthly maximum temperature
Absolute value of monthly minimum temperature
Frequencies of wind velociries

Frequencies of wind directions

Monthly mean atmospheric pressure

E T I

Hours of sunshine
Number of days with precipitation
Monthly amount of precipitation
Monthly mean humidity . x
Number of days with fog

" Number of cloudless days

%

Number of overcast days

Fig. 2. Weather parameters included in the comprehensive
meteorological evaluation according to criterion A.
In addition to the above parameters the number of
days during winter with frost, ice, and snow and
depth of snow fall have also been considered.

With regard to the summer months it has been consi-
dered whether the number of days with maximum tempe-
ratures above 25°C and the number of days with
thunder are normal. Weather parameters which are
considered to be particularly important to the eva--
luation are marked with an x.



~ 10 -

As basis for the comparisons between weather conditions of

the individual months we have used monthly means at the air
base at Verlgse and monthly means and standard deviations of
the means in Denmark during the normal period 1931-1960.

A month is described as "not qualified" if the mean value

of one of the parameters described as particularly important
differs by more than the standard deviation from the mean
value of the same parameter and month during the normal period.
Correspondingly, a month is described as "not qualified" if
several of the other weather parameters differ by more than I
the standard deviation from the mean of the normal period.

As regards certaln weather parameters the difference has been

further narrowed when the standard deviations of the monthly

means are large on account of abnormal distribution of weather
conditions during the normal period. This applies in particu-

lar to the winter months in the case of which the difference

as regards outdoor temperatures has been halved. The results

of the evaluation are given in fig. 3 in which limiting cases

are in addition marked by brackets. i

Year Jan. Feb. Mar. Apr. May June July Aug. Sep. Oct. Nov. Dec.

1959 (k) i i i i i i i i (k) (k) i
1960 (k) (1) (k) (k) i (k) i (1) i i (k) i
1961 (k) i i i (x) (k) i (1) i i i (1)
1962 i i i k i i i i i (k) (1) i
1963 i i i i i (k) (k) i (k) (k) i i
1964 i k) i (k) i i i (1) (k) i k (x)
1965 i k k i i (k) i i (k) i i i
1966 i i (1) i k (k} i i i (1) i T
1967 (k) i i (k) (k) i (k) (1) () i (k) (1)
1968 (1) k i i i i i i i i i i
1969 i i i k}y (1) & ) i i i i i

]
|
Fig.3. Comprehensive meteorological evaluation of the suitability ]
of the months as reference months according to comparison, based

on a great number of weather parameters, with the months of the
normal perjiod 1931-1960. WNone of the months of August occurring
during the period 1959-1969 ware typical judged according to cri-
tgrion A. The months of the eleven years are classified accor-
ding to criterion A using the following scale: k: qualified,

(k) : qualified, but not completely in agreement with the weather
during the normal period, (i): not qualified, but may be used in !
the absence of better qualified months, i: not gualified.
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Criteria B and C

As regards the most important weather parameters the reference
year must reflect the typical annual variations, but at the
same time it must show typical deviations from the annual
variation. This is of particular importance in connection

with heat-balance calculations. For the purpose of finding

the months which in the best possible way fulfil these require-
ments the daily mean temperatures, daily maximum temperatures
and daily solar radiation have been treated statistically.
Other weather parameters might have been included, for instance
absolute humidity and cloudiness, but it was considered that
the correlation to these parameters was positive.

The deviation of a month from the typical annual variation
{criterion B) was found for each parameter by calculating for
each day of the month the deviation from the average value of
the means of the day in question during the eleven year period,
and then to obtaiﬁ the monthly mean values from these deviations.

To enable comparisons to be made between the deviations found

for the three parameters the ratio of the average deviation of
the month to the standard deviation of the average deviations

of the eleven months was set up.

In addition the standard deviation was found for the deviations
from the typical annual variations calculated for each month.

The deviation of this standard deviation from the standard devia-
tior for the same month of the - even years is a measure of the
typical variations from the mean value, i.e. the smaller the
deviation the more typical the variations {criterion C).

In order to enable comparisons also between these values with
regard to the three parameters, and also with criterion B,
division by the standard deviation of the standard deviations

was also carried out in this case.
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Fig. 4. Graphical representation of the figures used for the selec-

tion of the month of April for the reference year according
to criteria B and C. For each of the months of April of the
eleven years and for each criterion the height of the lines
represents the characteristic figures of the three parameters,
the characteristic figures being a measure of their deviations
from the typical course. The order in which the parameters

is given 1s daily mean temperature, daily maximum temperature,
and total of solar radiation. 0 denotes the decisive classi-
fication figure of the months which are to be compared.

The year with the lowest decisive classification figure is
preferred. 1In the case of April it is thus 1960.

Classification According to Criteria B and C

In this way we have for each month of the eleven years two fi~
gures for each parameter, altogether 2 x 3 figures, which charac-
terize the month. Of these six figures the greatest 1is used

for classification of the month. The most suitable month is

the month which has the smallest classification figure, i.e.

the month which differs least from the typical course.
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Fig. 4 shows for each of the eleven years the six figures for
the month of April which represent the deviation from the ty-
pical course, refer criteria B and C. It appears for instance
from fig. 4 that the classification figure for April 1960 is
0.56, the smallest of all during these years, for April 1969
it is 0.65, and for aApril 1962 it is 0.99.

Consequently the most suitable month is April of 1960, the
second best April of 1969 and the third best April of 1962.

The mathematical description of the selection according. to
criteria B and C will appear from Appendix 2.

Fig. 5 gives the classification figures for the three best years
which are used for the selection of the months of the reference

year.
Month l.selection 2.selection 3.selection
year class. year class. year class.
Jan. 61 0.56 59 0.92 67 1.19
Feb. (69 0.92) 64  0.99 (62 1.11)
Mar. (62 1.13) 60 1.21 (64 1.22)
Apr. 60 0.56 69 0.65 62 0.99
May 67 0.69 61 0.77 (60 1.08)
June 61 1.00 (64 1.16) (66 1.26)
July (60 0.63) 63 0.97 {61 1.10)
Aug. 60 0.50 1 1.06 (68 1.20)
Sept. 65 1.00 [ 1.13) (60 1.21)
Oct. 62 1.00 (69 1.09) 63 1.12
Nov. 64 0.75 60 0.83 66 0.90
Dec. 61 0.75 (63 0.91) {68 1.18)

Fig. 5. The three bhest months and their classification
figures according to criteria B and C. Brackets
denote that the mon...s in question must be excluded
according to criterion A. The months selected
for the reference year are underlined.

3
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REFERENCE YEAR

The Reference Year chosen holds a number of weather data so
large that in full it is too unmanageable for manual calcula-
tions, and so the total number of data does only exist on
punched cards and magnetic tapes. However, a selection of
the most important weather data are stated in tabular form

in the appendix 4: Selected weather data from the Reference
Year,

At the selection of the individual months for the Reference
Year it has been tried to find months typical for the most
important weather parameters, as regards both monthly mean
values and variations throughout the month, and in addition
to this, not atypical for a considerable number of other
weather parameters. Fig. 4 and 5 show, however, that it is
not possible to have the three selection criteria fulfilled
to perfection. This is due toc the fact that the observation
period of eleven years is not quite sufficient as a basis for
the selection - for which normally a period of 3o years would
be used. §Still, the Reference Year is the most suitable one,
which can be built up now and within the next few years,

The meteorological observations forming the basis of the Re-
ference Year have been made at Verlgse, and of the solar ra-
diation, at Tastrup. These locations are representative of
the surroundings of Copenhagen, whereas there will be smaller
differences from the weather conditions at other locations.
These differences will be examined by members of the working
group.

For rough calculations and for use at particularly complicated
EDP calculations it will be advantageous with more simple
weather data for special purposes, corresponding to the ones
already known, as for instance the warmest and the coldest

days of the year, or frequencies of certain weather condi-

- 15 ~

tions. Results of calculation achieved on this basis will be
comparable with equivalent results achieved by means of the
weather data of the Reference Year. A selection of more
simple weather data is being considered by the working group.
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FIELDS OF APPLICATION

Design of buildings and of ventilating equipment for buildings
demands heat balance calculations to find the type which is
most favourable as regards quality of indoor climate and ini-
tial and working costs. The weather data of the reference
year are particularly useful for heat balance calculations,
and members of the working group are preparing the necessary
computer programs.

Also in connection with many other technical problems in
heating and ventilating engineering the weather data of the
reference year will provide improved basis for evaluations.

As examples we may mention the dimensioning of snow melting
equipment, control of and working costs of ventilating systems,
planning of outdoor areas in which thermal comfort must be
provided, choice of the type of energy and control devices to
be used in heating systems, and moisture diffusion through
walls and roofs.

On the other hand the data of the reference year are not suitable
for the solution of problems in which infrequent extremes are
decisive, as for instance in judging the risk of storm damage.
For this purpose it is necessary to use statistical information
based on observations throughout long periods, possibly the
eleven-year period, or better, the thirty-year normal period.

The reference year will also be useful for the solution of
problems ocutside the field of heating and ventilating. This
applies for instance to weather resistance of building materials,
storage of materials and possibly planning of building activities.

The members of the working group will be glad to receive commu-
nications from persons or organisations who intend to utilize
the reference year or corresponding weather data within fields
other than those mentioned.
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APPENDIX 2

Description of Mathematical Selection Criteria

We have for every day of elev-~n years observations of three
meteorological characteristics which at the day t are denoted
Xi1pr ¥op and Xqp OF Xy4. The observations may be assumed to
be results of a stochastic process which is periodic, the
length of the period being one year. It is necessary there-~
fore first and foremost to eleminate seasonal variatilons from
X4y SO as to arrive at a residual element which may reasonably
be assumed to be the result of a stationary process. This
should actually be done by considering the deviations of the
observations from the true mean. Since this value is not
known, we use instead as an estimated value the average through-
out the eleven years at the time t, x(ll)t?) This means that
instead of the observations of the individual characteristics
X4, We may congider the difference

Yie = *1¢ ~ *aane

Since the distribution of Yie is not known, it is assumed to
be a normal distribution. This assumption together with the
fact that possible correlation between the individual charac-
teristics as well as possible autoregression in the process
have been neglected is A& considerable simplification of the
actual conditions. But since the object is solely to select
typical months and neither to judge estimated values nor to
test hypotheses, this simplification is considered to be per-
missible.

If the individual year is denoted j and the individual month k,
the meaning of t will be the individual day of a month, and
for the month k of the year j it is then possible to calculate
mean and standard deviation of the residual term yijkt'

*)

Using of "smoothed” mean value would have been more correct.
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I1f the value of n is large, both yijk and Sy 4k may be con-
sidered to have a normal distribution, and the average value
for eleven years of both mean and standard deviation {(for the
month k) is found from:

—- _1 ;
Yi.x = 1T ;;i 13k

In this case the quantity §i-k will equal nil, but it is re-
tained in the following expression for the sake of the syste-~
matics:

!
Si.x T IT gé; S13k
- - .2
ﬁi Ty = ¥iox)
s = i=1
(yiik) 10
n o,
;é% (839% = Si.y)
S(si3k) < o

For every month k there are 33 values of the monthly mean Mijk

since there are three characteristics and 11 years. These
33 values are now standardized so as to make them comparable
and we have:

§ijk - §i'k
S (F13k)

fmy g =
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The smaller fmijk the smaller the deviation of §ijk from the
total mean. The standard deviation values, sijk’ may be
standardized in the same way. We have then:

Si3k T S1.x
S (313k)

£343x

For a specified month and a specified year we now have six
standardized values which show how much the mean and the
standard deviation deviates from the average value of the
eleven means and eleven standard deviations of the three cha-
racteristics. The smaller the deviation, the more suitable
the month will be as month of a reference year.

Criteria B and C indicate that for a certain month k, the
year j to be selected is one for which the values of fmijk
and fsijk are sma}l.

The selection method is now as follows: For specified values
of k and j the largest of the six values of fm and fs is
selected. This value is denoted fijk(max). If we select
maximum values out of all the values for j for a given k,

we obtain eleven maximum values which may be arranged accor-
ding to increasing magnitude:

fi(l)k(maX)' fi(z)k(max) ’

fi(ll)k(max)

The brackets around the figures of the subscript indicate that
the expressions are arranged according to magnitude. The year
which should be selected to supply the month k is the one
which is represented by Fi(l)k(max), because this is the year
in which maximum standardized deviation of mean or standard
deviation is smaller than maximum deviation in the case of
any other of the years in question. The next best year is
the one represented by the next term in the series, etc. etc.
Fig. 5 of the report indicates the three most suitable years
for each month.
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vidual months and during the quarters of the year ..




PERLI ODE JAN FEB HAR APR RAJ JUN JUl, AUG SEP OoKY KOV VEC 1ALT

. GENe

Elle UM

SOLSKINSTIMERy H/UAG REFERENCEAR  2¢4 2.4 4.8 6.6 6.0 703 7e3 8.0 4.8 2.8 1.0 G 4.3
MALY VCD TULDBODENs K3He 195969 1.2 240 3.6 Seb 649 HBeH  Oeb 605  Hoe 3.0 1.2 0ol G 9.3
30~ARS PER.: HELE LANUET 1931-60 1e3 23 40l 6.0 843 8.0 8.0 7ol 505 3.2 1e0 S 6 4.7
SKYDEKKEs % REFERENCEAR 63 61 55 53 59 50 6 [-23 53 66 70 58 G [-31
GENNEMSNIT KL 8s 14 0G 21 1959-69 76 74 63 62 59 54 62 S8 54 66 75 T6 6 65
1931-60 74 T2 62 58 S3 55 Y- o7 S50 67 77 Ta G a4

VINOHASTIGHED, M/S REFERENCEAR Sed S.8 Se9 [ X% 4 6e 0 540 I3 .8 Se2 305 5.0 9.1 6 Sel
GENNEMSNIT KL 84 14 G 21 1959-569 Ced Seb [- 79} 5.6 Sel 4.8 4.5 4.6 $e0 S50 5.6 4.9 G Se2
L931-60 &) L 2% 4.5 402 de2 3.9 3ed 3.7 3.t 3a7 4.0 401 4ed @ 4.0

BLESTDOGN. ANTAL DAGN MELD REFERENCEAR 2.0 4.0 7.0 7.0 4.0 240 0.0 Qe 0 1.0 0.0 3.0 Q0eC S 3060
6 BEAUFORY ELLe LEROVER = 1959-69 2e7 3.5 Se} 35 1.9 1e7 Qe? Codd 265 2e% 2.7 Je2 S 30.6
1 0s7M/S KL 8s 184 ELLER 21 1931-60 5.0 3.9 408 4.0 3.0 2.6 2.2 2.9 20 202 43 S 94,0
LUFTTRYK, MB REFERENCEAR 1CLS 1015 1021 1017 1013 1013 1017 1009 1010 1019 1012 100F G 10148
. 1959-69 1013 10iS 101 1013 1015 1015 1018 1012 1014e i0te 1041 100% & 1013

1931-60 1013 1014 1016 1019 1016 101e 1013 1013 1018 1014 1014 1012 G 1018

NEDBIR: MM/MANED REFERENCEAR 23 19 19 27 42 38 79 94 959 i9 3s 40 S 491
19959-69 34 26 21 b 37 40 70 70 48 L L3 44 S 540

1931-60 59 3o s 39 38 438 74 )3 72 70 60 o5 S o446

NEOHERs ANTAL DESGN P REFERENCEAR 10 a8 10 4 18 13 1 11 14 22 8 144
MANED MED MINDST 0,1HM 1959-69 14 12 11 (%] 13 I 13 1& o t2 16 15 S5 159
1931-60 15 13 i0 12 10 111 13 1e 15 16 5 159

FROSTDOGN: ANMTAL DAGN MED REFERENCEAR 190 28,0 21.0 5.0 Oe 0.0 Q.0 0.0 2.0 600 190 S S6.0
MINIMUMTEMPERATUR < 0 °C 1959-69 21c6 20.6 17.9 602 Gel 09 060 0.0 [ 2'Y-1 Lo Tel 19«1 § 928
FRA KL 7 TIL KL ? 1931-60 2120 1940 19<0 60 Vel 0.0 0.0 Qel 2¢0 Bel 180 S 088.0
ISDEGNe ANTAL DJGN MED REFERENCEAR 4.0 640 2.0 GO 040 0.0 00 0+0 0.0 Q.0 0.0 0 S 2040
HAKS IHUMTEMPERATUR <2 0 *C 1959-69 10«0 9e3 2.6 Oel 0.0 0.0 0.0 0.0 0«0 0+40 0s7 Ted S 30.4
FRA KL 7 TIL KL 7 1931-60 8.9 8.5 2.8 0.0 s 0 0.0 0¢0 0.0 0.0 Q0 Qo d 2.8 S5 23.0
SOMMERDAGE: ANTAL DUGN REFERENCEAR 00 0.0 0.0 O Q [ Py ] S.0 4.0 3.0 [+ 27 0a0 0«0 .0e0 S 1240
MED HMAKS] MUMTEMPE RATUR 1959-69 0.0 0.0 0.0 0.0 Oedl 2e7 2.7 265 XY G0 0o 0 G0 S BB
OVER 25 ¢ 1931-00 00 0s0 0e0 0.0 0.6 204 3« 8 3e8 G o3 0.0 G0 G0 S 1000

65} LANDSGENNEMSNEITY FOR LANDSTATIONER

‘Monthly mean values from the reference vear, from the period 1959-1969 from which the months of
the reference year have been selected, and mean values for the entire of Denmark from the normal
period 1931-1960.

JAN 7/ UDELUF TTEMPERATUR °C / MAKS IMUKRTEMPERATUR °C / GLOBALSTRALING ¥WH/M2 DAG / DUGPUNKTTEMPERATUR <C
7 Cronolo~ Ranked Mean / Cronolo~ Ranked Mean / Cronolo- Ranked Mean + Croolo~ Ranked Mean

DAG 7/ gical ranked 7 gical ranked 7 gical rankeq 7 9ical ranked
i 1.2 -6e5  -9.2 1.8 =3.0 —~4.9 74 45 9z 6«8 =8:8 =~10.5
2. 23 -5.6 ~-7e4 3.0 -2.3 —=3.5 240 74 124 1e& =847 =809
3 2.4 =541 =60l 5.0 ~2.0 =2a7 a5 103 182 1e8 —7¢5 ~708
s 2.8 ~3.7 -5.1 3.3 ~1.0 =2.2 343 i1l 157 1e5 =6od ~6.7
S 1.3 =1e7 =405 3.2 0.0 —1.6 189 149 183 1.0 =Se3 ~6.2
6 1e5 =1lo6 -—307 2.8 0e2 —let 353 167 201 o6 =409 =502
7 163 =15 =3.3 1.9 0.3 =0o8 176 176 241 065  ~4¢5 =446
] 003 -1e3 -3l te2 0.8 =007 305 213 261 ~0e6  ~3086  =—4.1
9 2.5 =1e2 =248 3.3 0.5 -0.3 167 240 281 1.5 =-3.2 =3.8
10 1.6 =1led =2.6 3.2 0.8 ~0.1 111 249 298 0e7  =3ai ~3.6
1 ~0.6 =046 —201 1.0 1.0 0.2 213 308 317 =362 2.9 ~3.2
12 ~1e6 =06 =17 0e3 1.0 0e5 1336 32s 339 ~3al  =2.6 =2.9
13 2.2 0e0 —le& 3.6 1.2 0.7 103 343 369 1s9 ~2.0 =~206
14 1.5 0s2 =140 346 1.3 0e9 993 353 392 1s0 =006 =240
s 203 0e3 -0.6 3.5 t.8 is1 419 371 411 1.8 =006 =~1o?
16 0.8 0e8 =003 3.5 1.8 lea 1039 19 451 =0e6 =064 =151
1?7 0.2 1.2 -0l 1.3 1.9 1.7 566 566 490 -2.0 0e5  -0e9
18 ~1.7 1.3 0o} 0.0 2.8 1.8 1179 669 526 ~5.3 0e5  -0e6
19 ~leb 1o3 0.5 0.5 3.0 2.0 1133 686 564 -] 0cb  ~0c®
2c ~1ol 165 0.6 100 de2 2.3 954 734 586 ~4¢5 0.7 ~0e2
21 “~0e6 1.5 067 1.8 3.2 2.5 937 937 628 . =209 1.0 <000
22 ~1e3 1.6 0.8 0e2 3.3 2.8 609 956 650 ~2e6 10 Ged
23 ~1.2 202 1.1 Ood 3.3 3.0 371 993 681 ~3a4 1.0 004
24 ~3e7 2.3 1.5 1.0 3.5 3.8 1077 1039 732 ~6e) 1e4 0e6
25 -5¢6 2.3 1.7 ~3.0 3.5 3.6 125 1077 800 ~8e7 1.5 Ce9
20 ~6e5 2.6 1.9 -263 3.6 3.8 1540 1133 £63 ~848 1.5 1.0
27 -5.1 2.4 2.2 ~2.0 3.6 8.2 1347 1179 969 ~745 1.8 1¢5
23 0,0 2.5 2.6 G.8 4.3 4.5 249 1255 1110 -0.8 109 1.9
29 3.2 32 3.2 5.0 5.0 Sel 325 1336 1224 2.4 202 243
30 9e2 3.3 3.5 6.7 560 5.5 734 1347 1367 3.6 2.8 2.8
3 3.3 Se2 43 4.3 6e7 6.6 686 1540 1534 2.2 3.6 3.6
Mean 0.2 0.2 =140 1e9 109 1.3 616 616 548 ~1:8 =1.8 ~2,0
Std.dev. for 11 years 2.2 1.7 153 2.4
Mean for 30 years -0at 2.0 HGL MGL
Std.dev. for 30 years 2.4 2.4 MGL MGL
Cromological

Rarked: Ranked in ascending order
Mean ranked: Mean of ranked values for 1l months during 1959-1969
Std.dev.: Standard deviation of monthly mean values

[ %4

January: Dally values of mean temperature, maximum temperature, global radiation and dew point
temperature. Mean values and standard deviations.
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App. 3 to
26 ) Meteorological Data for Design of Building and Installation:
o} . A Reference Year., Danish Building Research Institute, report
Noen- O wmud 9 ocoO ;4-3 89. Translation bx: Thermal Insulation Laboratory.
g == - ﬁ ) 3 —————————————————— - o 2 - e e v o - —— e - - e
Q
‘ 220 ; 5%
~ 52-‘ 2 :ng 2 nno o Q
)
: 0o
b 2':2 Q Me9 n won gg " APPENDIX 3. ERRORS AND MISSINGS IN WEATHER DATA
N - ” - 7N g [s]
W
. 2@ Nen LY. B TS "o At the preparation of the Reference Year, that part of the
| - %:‘3 ¢ Owmny - BN o 5’6
: en= 25 data material being of special interest for HVAC calculations
{ -y H
B N i
: - 355 ° 585 ol Job] nos i were critically examined, i.e. the data material concerning
- L' N - .
- mg' - i tzmperature of outdoor air, iwmidity, radiation, and wind.
N VOO © o9vo 0 -«3 O QR 2d o ; P
T 835 2 mog3n = R0 o E
p - SA s
o :a; o oo N [} 5 o} Subsequently additions and corrections were made according to
N o Mo > mem™
533 * 333 n N3 oy Hem principles as described below, As a principal rule, added or
inkad Y - - - [ i B ]
® 249 ° own @ ~ow D gno wg g\ corrected data are marked, so that it appears that they are
-0 N ODe omn
233 asan gnn N~ 9989 . not authentic, measured values.,
” ;g"o’ : :gz g DN ~ ;DN wgﬁﬁ
- Ne
Sas R ?éé 232 ow & In the original material a number of data are missing, either
S2UHEE
° E§§ 2 533 4 §§; ° §§§ 3 g oo because all measurements at certain hours are missing, or be-
i any - @ - f-;" W‘,é cause for certain hours some of the measurements are missing.
' T 885 2 223 2 283 lo a3 Y Bl @ .
aRE ag3 = 523 903 g&'g "y Moreover it has been necess y to reject some values of mea-
N NN NNy G -
; 9 233 2 832  2g2 ¢ mam :gg.& surement for being beyond reasonable limits. Finally, in some
N~ .
Fedd 529 gna 733 R et cases during the calculation of diverted values (humidity,
¢ Eg;‘, 2 E&E ° §§§ m 52; 'ﬁ :;%)"51 diffuse radiation, normal radiation) discrepancies between the
OO
. DN LAY o ~ o 4 different data of measurement appeared. In order to avoid
| Y223 %333 ¥ gNz v nem £9 08
’ T Roe Y R%Y ' Nz= ney I I such discrepancies, it has been necessary to make a selection
i NN NN oNN Doy o A
9523 2 333 2 2Ng < hos ﬁgsg of the contradictory data, as well as an adjustment of some of
i TS - L S S By .~3 them.
i TrHrud
: 2938 ° g8 @ 922 o goo -
T 533 522 T B33 %23 Hwosy
| NN oA PO S il Measuring at night
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Endndend mmm - 2]
. :" O w38 at 11 p.m., 12 p.m., 2 a.m., nor at 3 a.m. Central European
L CX-1-] nne e o P . .
b ot ada e oln gggs ! Time. Consequently, for those months of the Reference Year
NN ooco oon o4 oy
. e e AR 1 dating from these years all data for these hours are "synthe-
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question, whereas the temperatures are still "synthetic®.

The temperatures at 11 p.m. and 12 p.m. were found by linear
interpolation between lo p.m. and 1 a.m. The temperatures at

2 a.m. and 3 a.m. for the months September - April were also
found by linear interpolation between 1 a.m. and 4 a.m. This
can be accepted, because the nightly minimum of the temperature
of the air during these months mainly falls after 5 a.m. As
regards the months May - August, however, a linear interpola-
tion could cause a systematic error. This is why the tempera-
ture at 2 a.m. has been defined as the mean value of the value
interpolated between 1 a.m. and 4 a.m,, and the value found by
extrapolation of the temperatures at lo p.m. and 1 a.m. Analo-
gously the temperature at 3 a.m, has been defined as the mean
value of the value interpolated between 1 a.m. and 4 a.m., and
the value found by extrapolation of the temperatures at 5 a.m.
and 4 a.m. In case the temperature has decreased from 4 a.m.
to 5 a.m., still for the months May = August, too, the tempera-

tures at 2 a.m. and 3 a.m. have been defined by linear inter-
polation only.

Temperature of outdoor air

Gaps in the sequence of outdoor air temperatures due to rejec-
tion or missing records, others than the ohes at night already
mentioned, were filled in by means of linear interpolation.
Most of these gaps are of only one or two hours. There are
found 7 gaps of three hours and upwards, out of which the lar-
gest one of 9 hours, and all 7 in connection with missing tem-
peratures at lo p.m., 1 a.m.,, or 4 a.m,

Criteria for acceptance: Increases of temperature < 3°C/h

Decreases of temperature < 4°C/h.

There are found three sudden increases of temperature, exceed-
ing 3,0°C/h, immediately succeeded by a similar fall of temper-
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ature. All three are considered errors of measurement and
have been altered into mean values of the temperatures preced-

ing and succeeding the increases.

There are found three sudcd.  falls of temperature exceeding
4°C/h. Evidently they are due to showers, and are considered
correct.

Maximum and minimum temperatures

For the months of January, Mc:ch, April, June, August, and
December, in the original material maximum temperatures are
only stated at 7 p.m., for the previous 24 hours, and analogous-
ly minimum temperatures only at 7 a.m.

In the Reference Year maximum and minimum temperatures are
stated at both 7 a.m. and 7 p.m, as 12 hour values.

Criteria and correction of errors: Maximum temperatures below
the highest not rejected hourly values in the preceding period
are raised. Maximum values exceeding the highest registered
hourly values by 2°C are rejected and replaced by the highest
hourly values. Likewise, the minimum temperatures are worked
up. At night, however, extreme temperatures exceeding the
hourly values by max. 4°C are accepted, because of the long in-
tervals where no measuring takes place.

3 temperatures have been rejected for being too extreme, and
about 85 for not being sufficiently extreme.

Humidity of the air

As regards some of the months, in the original material the
relative humidity (RH, Danish: RF) is stated for every hour,
and "wet bulb temperature® (WBT) for certain hours. For other
months WBT is stated for every hour, and RH for certain hours.
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In some cases, in the original material discrepancies between
the two statements of humidity have been found. In those cases
as a principal rule the value stated every hour has been chosen.
The only exception is November, where the statements of WBT
every three hours are considered to be the most correct. The
remaining hourly values were found by interpolation. Therefore
the calculations for the individual months were made on the
following basis:

January 61 WBT July 63 RH
February 64 RH August 6o WBT
March 6o WBT September 65 RH
April 6o WBT October 62 RH
May 67 RH November 64 WBT
June 61 WBT December 61 WBT

Criteria: Wet bulb temperatures above temperature of the air
are not accepted. Changes in the calculated dew point tempera-
tures (DPT) not exceeding 2°C/h are accepted. Greater changes
per hour are accepted if, together with preceding and succeed-
ing values or in connection with the other data ~ changes in
temperature, showers, changing directions of the wind - they
seem to be reasonable. Dew point temperatures above air tem-
perature are not accepted.

In about 4o cases it was judged necessary to make corrections.
Out of these, 3 were that the WBTs were stated as being o,1°C
above the air temperatures, and in 12 cases the DPTs had ex-
ceeded the air temperatures during an interpolation.

Presumably a part of the other errors are due to "over-swing®
in hair hygrometers,

In every single case of incorrect dew point temperatures,
these have been replaced by values found by interpolation be-
tween the preceding and succeeding values, or, in cases where
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this would reise the DPT till or over the temperature of the
air, by a value 0,1°C below the air temperature,

In addition to this, there were registered a large number of
cases, where the wet bulb temperature or the dew point tempera-
ture had changed more than 2°C/h, but where the measurement
was judged to be acceptable.

Radiation data

The hourly values for the total radiation at Tastrup have been
read off from multipoint recorder charts, except for the month
of May. The registration appears in the form of points, and

in a lightly clouded weather it can be difficult to estimate a
reasonable hourly mean value from about 24 points extended over
a long interval, depende .. ly on the actual sun and shade. The
daily sums of these hourly values have been compared with the
ones found from the same multipoint recorder charts by the Hy-
drotechnical Laboratory at the Royal Veterinary and Agricultur-
al High School.

Deviations not exceeding 5 per cent or 50 w/m2 of the 24 hcur
sums, are accepted, For 34 days with considerable deviations,
the reading off from the recorder charts has been repeated and
checked.

In excess of this there have been 4 periods of different lenghts,
3 - 48 hours, for which the registration is missing. Those are
days with cloudy weather, and here value§ of the total radiation
‘calculated on the basis of cloud observations at Varlgse have
been inserted.

For the month of May, for every lo minutes the registration can
be found on a code tape. The hourly mean values are calculated
on the basis of the measurements with the minute indications of

40, 50, oo, lo, 20, and 3o0.
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Discrepancies between the hourly values for the measured
global radiation at Tastrup and the observed cloud cover at
vaerlgse have necessitated in a number of cases the use of a
modified cloud cover for the calculation of diffuse radiation
and normal radiation (reference 6).

wind

Missing data on wind velocities have been linearly interpo-
lated.

Missing data on wind directions are more specially treated,
For missing hourly values a linear interpolation via the small-
est angle has been made. At intervals of two hours, the near-
est adjacent values have been inserted. For three missing
hours, the outer values have been put equal to the adjacent
values, after which the central value has been found by inter~
polation. For longer intervals, however, and in some cases
where the wind has turned 180°, it has been necessary to manu=-
ally insert reasonable data. Here comparisons with data mea-
sured at Kastrup (Daily Weather Report) have been made. Diff-
erent criteria for sorting out incorrect data, which could
show as unreasonable jumps of wind direction or wind velocity,
have not discarded any values.

Indication of corrected and added data

For each hour of the Reference Year an indicator A, which is 0
if all data are authentic measured data, is stated. The pre-
sence of corrected or added ("synthetic") data is indicated by
A being given values diverging from O,

Indicator A = loo Minimum temperature
200 Maximum temperature
lo Direction of wind
20 Velocity of wind
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Temperature of the air
Relative humidity, or wet bulb temperature
according to the value used

4 Global radiation, if it has been calculated
on the basis of cloud observations at Vaer-
lpse, or distribution on diffuse radiation
or normal radiation, if it has been necess-
ary to include a modified cloud cover in the
calculations,

The indicator values are summed up, if several data are "syn-
thetic".
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APPENDIX 1

Short translation of app. 1 in: Meteorological data for Design
of Building and Installation, Reference Year.

Weather parameters in the Danigh Reference Year

All data are given per hour unless otherwise specified.

Dry bulb temperature. Measured in a meteorological hut, 2 m above

ground.
Tenths of degree C

Dew point temperature, tenths of degree C.

Relative humidity, percent.

Enthalpi of air. kJ/kg. Calculated from the expressions:

i = 1.005+t+1.84ex-t+2500x
where t is temperature, and x = 0.622~pd/(1013—pd)

3
Pgq = 6.106+0.46O'td+0.01093'tdz+0.000467°td

for O°C$td$30°c

t
Py = 6.106-(1.0852-0.0004-¢,) "d
for—20°C$td<0°C

and i is enthalpi of air, kJ/kg
x is moisture content of the air, kg/kg
Pg is partial pressure of water vapor, mbar

t

a is dew point temperature, degree C

Maximum and minimum of air temperature

Given at 7 a.m. and 7 p.m., for the preceding 12 hours.

Tenth of degree C.

Snowdepth Given once a day 1 p.m. cm.

sunshine, hours. Given once a day, 11 p.m. total for the day.
Tenths of an hour. Measured at Copenhagen Harbour, (Office of

Customs) .
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Sunradiation. Global radiation on a horizontal surféce, in-

tensity W/mz. Every hour. Measured in Taastrup.

Direct normal radiation (beam radiation)

Diffuse sky radiation on horizontal surface. Direct and
diffuse are values computed from global radiation and cloud

cover observations. A médified Kimura-Stephenson method is
used.

Precipitation mm Given 7 a.m. and 7 p.m., for the preceeding
12 hours. Tenths of mm. -1.0 indicate precipitation less
than o.1 mm.

Cloud Cover Observations. Okta's. Total cloud cover is given
every hour, the others at 1 a.m., 4 a.m., 7 a.m. etc.

Clear sky =0
Part of the sky covered:

1/8 or less 1
2/8 2

7/8 or more

8/8, overcast

Amount of cloud cannot be observed 9
The other cloud data follow the WMO observation practice.
Wind direction and wind speed.

Measured 10 m above ground, mean value for 10 minutes.

Direction is given as tens of degrees from north. 09 is
east, 18 south, 27 west, 36 north, 00 is calm and 99 is un-
steady, low speed.

Wind speed, knots (1 knot = 0,514 m/s)

Barometric pregssure. "Reduced pressure" to sea surface, and

corrected for temperature. Given in tenth of mbar minus 900
mbar.

Example: 1045.6 mbar is given as 1456.
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