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SUMMARY 

To meet t h e  l ack  o f  c o r r e l a t e d  weather d a t a  t o  be used wi th  

des ign  o f  b u i l d i n g s  e .g .  c a l c u l a t i o n s  o f  indoor c l ima te  a 

"Reference Year" has  been s e l e c t e d .  

The Reference Year is  based on, Danish me teo ro log ica l  observa- 

t i o n s  through e l even  y e a r s  and is b u i l t  up by t y p i c a l  months 

from t h e  e l even  y e a r s  per iod .  Each month c o n t a i n s  a l l  obser-  

v a t i o n s  made a t  one l o c a t i o n  i n  accordance wi th  i n t e r n a t i o n a l  

codes f o r  me teo ro log ica l  obse rva t ions  and is  supplemented wi th  

d a t a  f o r  s o l a r  r a d i a t i o n .  

The s e l e c t i o n  i s  based on t h e  mean d r y  bu lb  tempera ture ,  d a i l y  

maximum d r y  bu lb  tempera ture  and t h e  d a i l y  t o t a l  o f  s o l a r  

r a d i a t i o n .  

The s e l e c t i o n  o f  each t y p i c a l  month i s  c a r r i e d  o u t  u s ing  t h e  

fo l lowing c r i t e r i a :  

A: Exclusion o f  months where t h e  mean v a l u e  o f  one o r  more 

of 20  observed parameters d e v i a t e  more than t h e  s t anda rd  

d e v i a t i o n  of t h e  same mean v a l u e  f o r  30 y e a r s  of  observa- 

t i o n s .  

B: Determining months having t h e  b e s t  mean va lue  f o r  d a i l y  

mean d ry  bu lb  tempera ture ,  d a i l y  maximum d r y  bu lb  tempe- 

r a t u r e  and d a i l y  sum o f  s o l a r  r a d i a t i o n .  

C: Determining months having t h e  most t y p i c a l  v a r i a t i o n s  

from day t o  day i n  the above mentioned t h r e e  parameters.  

For each day and parameter i n  a month t h e  d i f f e r e n c e  between 

t h e  a c t u a l  obse rva t ion  and t h e  mean va lue  f o r  t h e  e l even  y e a r s  

obse rva t ion  pe r iod  f o r  t h e  same day is  found. The monthly mean 

value  o f  t h e s e  d i f f e r e n c e s  d iv ided  by t h e  s t anda rd  d e v i a t i o n  

o f  t h e  e l even  months d i f f e r e n c e s  g ives  one f i g u r e  f o r  each of 

t h e  t h r e e  parameters  which c l a s s i f i e s  t h e  m n t h  according t o  

c y i t e r i o n  B. 



Doing t h e  same procedure wi th  t h e  d e v i a t i o n  f o r  t h e  d i f f e r e n c e s ,  

another  f i g u r e  f o r  each parameter comes o u t ,  which c l a s s i f i e s  

t h e  month according t o  c r i t e r i o n  C. 

The h i g h e s t  o f  t h e s e  s i x  f i g u r e s  (two f i g u r e s  f o r  each o f  t h r e e  
parameters)  d e s c r i b i n g  one month is used a s  c l a s s i f i c a t i o n  

number t o  p u t  each January ,  February e t c .  i n  a row where t h e  
one having t h e  lowest  c l a s s i f i c a t i o n  number i s  t h e  b e s t .  

The d a t a  which amounts t o  approx. 80.000 cover ing  34 parameters,  

mst of them given f o r  each hour ,  a r e  a v a i l a b l e  on magnetic 

tape  s u i t e d  f o r  EDP t rea tment .  

Some of t hose  d a t a  o f  g r e a t e s t  i n t e r e s t  a r e  a l s o  g iven i n  

t a b l e s  i n  t h e  appendix 4 i n  the r e p o r t .  

The d a t a  a r e  recommended a s  usable  f o r  Denmark a s  a whole 

except  f o r  Copenhagen C i t y  and a r e a s  app. 200 m from the  coas t -  
l i n e  . 

INTRODUCTION 

The r e fe rence  y e a r  c o n s i s t s  o f  outdoor  c l i m a t i c  d a t a  f o r  a 

whole yea r  b u i l t  up of t y p i c a l  whole months. Each month 

comprises f o r  eve ry  hour throu5hout t h e  month recorded 

outdoor  c l i m a t i c  d a t a  observed. a t  t h e  same l o c a l i t y .  The 

r e fe rence  yea r  t hus  p rov ides  s imul taneous  va lues  o f  34 

weather parameters  ( f i g .  1) and moreover i l l u s t r a t e s  t h e  

n a t u r a l  v a r i a t i o n  of t h e  weather parameters  throughout  t h e  

year .  I n  t h i s  it d i f f e r s  from t h e  o r d i n a r i l y  a v a i l a b l e  - 

d a t a  and i s  t h u s  u s e f u l  f o r  c a l c u l a t i o n s  i n  which more than 

one parameter o r  t h e  v a r i a t i o n s  of t h e  parameters  w i t h  t ime 

a r e  o f  importance. The va lues  o f  t h e  r e f e r e n c e  yea r  have 

been s e l e c t e d  wi th  a view on p a r t i c u l a r  t o  c a l c u l a t i o n s  of 

h e a t i n g  and v e n t i l a t i n g  i n s t a l l a t i o n s .  

The r e f e r e n c e  yea r  h a s  been b u i l t  up month by month from 

recorded weather parameters s e l e c t e d  among obse rva t ions  made 

a t  t h e  a i r  base  a t  V z r l @ s e  and a t  Hejbakkegbrd a t  Tas t rup  

throughout a pe r iod  of e l even  y e a r s  (1959-1969). The manner 

i n  which t h e  i n d i v i d u a l  months of t h e  r e fe rence  y e a r  have 

been s e l e c t e d  ensu res  t h a t  they  a r e  t y p i c a l  a s  r ega rds  monthly 

mean va lues  and v a r i a t i o n s  throughout  t h e  month of d a i l y  mean 

tempera ture ,  d a i l y  maximum t?mperature and d a i l y  t o t a l  o f  

s o l a r  r a d i a t i o n .  I n  a d d i t i o ~ i  t h e  s e l e c t i o n  is  based on a 

comprehensive e v a l u a t i o n  o f  a l a r g e  number o f  weather para- 

meters compared wi th  t h e  parameters o f  t h e  30-years normal 

pe r iod  f o r  Denmark. On t h e  b a s i s  of  t h e s e  c r i t e r i a  t h e  most 

s u i t a b l e  month o f  January ,  month o f  February,  e t c .  were chosen. 

The r e fe rence  y e a r  r e s u l t i n g  from t h i s  s e l e c t i o n  c o n s i s t s  of 

recorded weather parameters  f o r  every  hour o f  t h e  fo l lowing 

months : 

January  1961 May 1967 September 1965 
February 1964 June 1961 October 1962 
March 1960 J u l y  19 6 3 November 1964 
Apr i l  1960 August 1960 December 1961 



Because of t h e  way i n  which t h e  r e fe rence  yea r  has  been b u i l t  

up and i t s  months s e l e c t e d  it r e f l e c t s  t h e  n a t u r a l  c o r r e l a t i o n  

between t h e  weather parameters a s  w e l l  a s  t h e i r  v a r i a t i o n  

throughout t h e  year .  The r e fe rence  yea r  i s  t h e r e f o r e  p a r t i c u -  

l a r l y  s u i t a b l e  f o r  c a l c u l a t i o n s  i n  connect ion ,  f o r  i n s t a n c e ,  

wi th  snow-melting equipment, weather r e s i s t a n c e  o f  b u i l d i n g  

m a t e r i a l s ,  vapour d i f f u s i o n  through w a l l s  and r o o f s ,  and plan- 

ning o f  outdoor  a r e a s .  

Another impor tant  f i e l d  of a p p l i c a t i o n  is c a l c u l a t i o n  of indoor 

tempera tures  according t o  t h e  so -ca l l ed  heat-balance methods. 

For this purpose t h e  outdoor  c l i m a t i c  d a t a  o f  t h e  r e fe rence  

yea r  w i l l  ensu re  r e s u l t s  which a r e  more accura t e  and more 

widely a p p l i c a b l e  than those  a v a i l a b l e  h i t h e r t o .  C l i e n t s ,  

a r c h i t e c t s ,  and eng inee r s  a r e  t h u s  enabled  r e a l l y  t o  judge t h e  

indoor c l i m a t i c  and economic consequences of d i f f e r e n t  d i s i g n s  

of b u i l d i n g s  and v e n t i l a t i n g  equipment. 

The r e fe rence  yea r  o r  t h e  t o t a l  m a t e r i a l  o f  outdoor  c l i m a t i c  

d a t a  from which it has  been s e l e c t e d  may a l s o  be used a s  b a s i s  

f o r  t h e  s e l e c t i o n  of s imple r  t ypes  o f  weather d a t a  s u i t a b l e  f o r  

s p e c i a l  purposes ,  a s  f o r  i n s t a n c e  frequency ana lyses  o f  h e a t  

and mois ture  con ten t s  o f  t h e  atmosphere o r  weather d a t a  f o r  t h e  

h o t t e s t  o r  c o l d e s t  pe r iods  throughout t h e  year .  

Copies of t h e  weather d a t a  o f  t h e  r e fe rence  yea r  on punched 

c a r d s  o r  magnetic t a p e  a r e  a v a i l a b l e  on a p p l i c a t i o n  t o  SBI 

(Danish Bui ld ing Research I n s t i t u t e ) ,  P.O.Box 119,  2970 Hersholm. 

WEATHER OBSERVATIONS 

S e l e c t i o n  o f  months f o r  t h e  r e fe rence  yea r  is  based on weather 

obse rva t ions  made a t  t h e  a i r  base  a t  Var lQse  du r ing  t h e  y e a r s  

1959-1969, bo th  y e a r s  inc luded,  supplemented wi th  obse rva t ions  

of s o l a r  r a d i a t i o n  made a t  Hejbakkegard nea r  Tas t rup ,  and 

numbers of hours of sunshine  observed a t  t h e  me teo ro log ica l  

s t a t i o n  a t  t h e  Copenhagen p o r t .  The m a t e r i a l  has  been p laced 

a t  our  d i s p o s a l  by t h e  Meteorologica l  I n s t i t u t e  and t h e  V e t e -  

r i n a r y  and A g r i c u l t u r a l  Un ive r s i ty .  

The A i r  Force Base a t  V a r l c i e  (20 km NW o f  Copenhagen) is  a 

main synop t i c  weather s t a t i o n  i n  Denmark where obse rva t ions  

and r eco rd ing  o f  t h e  i n d i v i d u a l  weather parameters  a r e  made 

every  hour according t o  i l  ~ r n a t i o n a l  r u l e s  a s  mentioned i n  

(1) and i n  Appendix 1: "Measurement of Weather Parameters".  

The weather parameters o f  the re fe rence  y e a r  a r e  t h u s  d i r e c t l y  

comparable wi th  weather parameters  observed a t  o t h e r  synop t i c  

s t a t i o n s  i n  Denmark and abroad. 

S ince  s o l a r  i n t e n s i t y  and s o l a r  r a d i a t i o n  a r e  n o t  observed 

a t  Vzr lpse ,  we have used f o r  t h e s e  parameters d a t a  ob ta ined  

a t  t h e  exper imenta l  farm, Hejbakkegsrd, nea r  Tas t rup  (20 km 

W of Copenhagen), which belongs  t o  t h e  A g r i c u l t u r a l  and Vete- 

r i n a r y  Un ive r s i ty .  For t h e  ma jo r i ty  of t h e  months s e l e c t e d  

f o r  t h e  r e fe rence  y e a r  t h e  o n l y  d a t a  a v a i l a b l e  f o r  t o t a l  

r a d i a t i o n  d e r i v e  from measurements made on a h o r i z o n t a l  s u r f a c e  

( g l o b a l  r a d i a t i o n ) .  During t h e  pe r iod  1966-1969 s e p a r a t e  

measurements o f  d i f f u s e  r a d i a t i o n  have been made i n  a d d i t i o n  

t o  t h e  measurements of  g l o b a l  r a d i a t i o n .  However, from t h i s  

pe r iod  on ly  one month has  been s e l e c t e d ,  and f o r  t h e  sake  of 

uni formi ty  w e  have f o r  a l l  months of t h e  r e fe rence  yea r  con- 

s i d e r e d  t h e  g l o b a l  r a d i a t i o n  s o l e l y .  For  c a l c u l a t i o n s  con- 

cerned wi th  indoor c l i m a t e s  it is of importance,  however, a l s o  

t o  know t h e  normal r a d i a t i o n ,  i.e. t h e  d i r e c t  s o l a r  r a d i a t i o n  

impinging on a s u r f a c e  a t  normal t o  t h e  d i r e c t i o n  t o  t h e  sun. 



For t h i s  reason t h e  hour lyglobal  r a d i a t i o n  has  been d iv ided  up. 

Based on c loud obse rva t ions  a t  Vs r ldse ,  d i r e c t  a s  w e l l  a s  

d i f f u s e  r a d i a t i o n  on a h o r i z o n t a l  s u r f a c e  have been c a l c u l a t e d ,  

whereupon t h e  hour ly  g l o b a l  r a d i a t i o n  a c t u a l l y  measured a t  

Hdjbakkegdrd h a s  been d iv ided  i n t o  d i f f u s e  r a d i a t i o n  and 

normal r a d i a t i o n .  I n  t h i s  connect ion  both  Vsrlase and Hdj- 

bakkegdrd may be cons idered  t o  be r e p r e s e n t a t i v e  of t h e  country  

a s  a whole wi th  t h e  except ion  o f  narrow a r e a s  a long t h e  c o a s t s  

and c e n t r a l  c i t y  a r e a s ,  and t h e  e r r o r s  in t roduced by combining 

obse rva t ions  from two s t a t i o n s  a t  a d i s t a n c e  of 15 km a r e  con- 

s ide red  t o  be i n s i g n i f i c a n t  f o r  t h e  purpose. 

I n  o r d e r  t o  be a b l e  t o  d e s c r i b e  t h e  c l i m a t e  a t  p o i n t s  o f  obser-  

va t ion  i n  Denmark it is necessary  t o  have obse rva t ions  from a 

th i r ty -yea r  per iod .  From Varlese u s e f u l  obse rva t ions  were 

a v a i l a b l e  from an eleven-year pe r iod  on ly ,  and t h e r e  a r e  no 

o t h e r  synop t i c  s t a t i o n s  wi th  longer  pe r iods  o f  obse rva t ion .  

Also f o r  t h i s  reason a thorough comparison has  been c a r r i e d  o u t  

between t h e  i n d i v i d u a l  months o f  t h e  obse rva t ion  pe r iod  and t h e  

corresponding months of t h e  Danish normal pe r iod  1931 through 

1960. 

The r e fe rence  yea r  c o n t a i n s  a l l  t h e  weather parameters recorded,  

f i g .  1. The most impor tant  parameters a r e  g iven by their nume- 

r i c a l  value,  whi le  t h e  remaining a r e  g iven i n  t h e  same codes a s  

i n  synop t i c  weather r e p o r t s ,  ( l ) .  The u n i t s  s t a t e d  i n  connec- 

t i o n  wi th  t h e  r e fe rence  yea r  a r e  t h e  same a s  those  used i n  

synop t i c  weather r e p o r t s .  When va lues  have been c a l c u l a t e d  by 

the  working qroup, S1 u n i t s  have been used. 

E r r o r s  might occur  i n  a l l  measurements, and t h e  m a t e r i a l  has  

t h e r e f o r e  been s t u d i e d  wi th  a view t o  t h e  d e t e c t i o n  of e r r o r s  

i n  t h e  most impor tant  weather parameters.  Appendix 3:"Errors 

and Missings i n  Weather Data" d e s c r i b e s  t h e  technique  a p p l i e d  

and t h e  c o r r e c t i o n s  made. 
F ig .  1 

Dry bulb temperature 

Observation 

Dew point temperature 

Relative humidity 

Entalphi, calc. 

Minimum temperature 
Maximum temperature 

Snowcover and-thickness, 
state of ground surface 

flours with clear sun 

Global radiation Ion horizontal) 

Interval or 

observation time 

Diffuse radiation, talc. 
Normal radiation, calc. 

Precipitation 

Cloud cover 

Wind direction 

Wind speed 

Visibility 

Weather 

Weather since last major 
observation 

Cloud cover in low or medium 
altitude 

Cloud types, low altitude 

Altitude of lowest clouds 

Cloud types, medium altitude 

Cloud types, hiqh altitude 

knots 

Cloud cover, lowest Clouds 
? 5/8 of sky 

Cloud type herein 

Altitude hereof- or 
vertical visibility 

Cloud cover, lowest clouds 
S 4/8 of sky 

Cloud type herein 

Altitude 

Barometrie pressure mba r 

Character of change in pressure 

Weather symbols (not always 
present) 

Flonth, d ~ y ,  hour 

7 and 19 @T 

2 4  CET 

h 

h 

h 

1,7,13 and 19 

h 

h 

h 

h 

h 

Weather parameters i n  t h e  "Reference Year". 
"h" i n d i c a t e s  hour ly  presence ,  "3hn every  t h i r d  
hour ( t h e  "synopt ic"  hours 1, 4 ,  7 ,  10 --- CET) . 
CET means C e n t r a l  European Time -GMT + 1. A l l  
t empera tures  a r e  given w i t h  0.10C. p r e s s u r e  wi th  
0.1 mbar, p r e c i p i t a t i o n  0.1 mm, and r a d i a t i o n  wi th  
1 w/m2 and wind speed wi th  1 kno t  a s  l e a s t  s i g n i f i -  
c a n t  d i g i t  



SELECTION OF MONTHS 

The months o f  t h e  r e fe rence  y e a r  were s e l e c t e d  according t o  

t h r e e  c r i t e r i a :  

A Months w i t h  abnormal weather cond i t ions  were excluded.  

Comparison between about  twenty d i f f e r e n t  weather para- 

meters of  each o f  t h e  months o f  t h e  obse rva t ion  pe r iod  

and t h e  corresponding normal va lues  from t h e  per iod  

1931-1960. 

B S e l e c t i o n  o f  months wi th  t y p i c a l  mean va lues  o f  t h e  most 

impor tant  weather parameters.  

A s  r ega rds  d a i l y  mean tempera ture ,  d a i l y  maximum tempera- 

t u r e ,  and d a i l y  t o t a l  o f  s o l a r  r a d i a t i o n :  a comparison 

between monthly mean va lues  f o r  every  month o f  t h e  obser-  

va t ion  per iod  and t h e  average va lues  of t h e  e l even  corre-  

sponding months of t h e  obse rva t ion  pe r iod .  

C S e l e c t i o n  o f  months wi th  t y p i c a l  v a r i a t i o n s ,  i .e. wi th  

both h o t  and co ld  days.  

A s  r ega rds  d a i l y  mean tempera ture ,  d a i l y  maximum tempera- 

t u r e ,  and d a i l y  t o t a l  o f  s o l a r  r a d i a t i o n :  a comparison 

between d e v i a t i o n s  from t h e  mean va lues  shown by t h e  d a t a  

f o r  each day of  a month du r ing  t h e  obse rva t ion  pe r iod  and 

t h e  mean d e v i a t i o n s  du r ing  t h e  e l even  corresponding months 

of t h e  obse rva t ion  per iod .  

Applying c r i t e r i a  B and C ,  t h e  months o f  t h e  e l even  yea r s  a r e  

arranged according t o  s u i t a b i l i t y  as f a r  a s  t h e  t h r e e  most 

impor tant  weather parameters a r e  concerned. The most s u i t a b l e  

month is s e l e c t e d ,  i f  it is  n o t  t o  be  r e j e c t e d  according t o  

c r i t e r i o n  A. 

With a view t o  t h e  o b j e c t  of  t h e  r e fe rence  yea r  - and t h e  se l ec -  
l 

t i o n  c r i t e r i a  - we have determined t o  b u i l d  up t h e  r e fe rence  
I 

year  o f  i n d i v i d u a l  months. S h o r t e r  p e r i o d s  would r e s u l t  i n  t oo  

smal l  d e v i a t i o n s  from mean va lues  and t o o  many ab rup t  changes 

i n  va lues  on going from one per iod  t h e  t h e  nex t .  

C r i t e r i o n  A 

To enab le  complete e v a l u a t i o n  o f  t h e  c l i m a t i c  cond i t ions  a t  

a p o i n t  o f  obse rva t ion  i n  Denmark it i s  necessary  t o  make 

obse rva t ions  o f  t h e  weather  throughout a pe r iod  o f  t h i r t y  

yea r s .  For  t h e  purpose of excluding months wi th  abnormal 

weather c o n d i t i o n s  a comprehensive me teo ro log ica l  e v a l u a t i o n  

has  been made o f  every  month o f  t h e  pe r iod  1959-1969 by com- 

pa r ing  wi th  mean va lues  from t h e  whole o f  t h e  coun t ry  f o r  t h e  

same month du r ing  t h e  t h i r t y - y e a r  normal pe r iod  f o r  Denmark, 

i .e.  1931-1960, both  y e a r s  inc luded.  

This  e v a l u a t i o n  has  been made by an experienced me teo ro log i s t  

on t h e  b a s i s  o f  monthly mean va lues  o f  about  twenty d i f f e r e n t  

weather parameters ,  see f i g .  2. 

Monthly mean tempera ture  

Mean of d a i l y  maximum tempera tures  

Mean of d a i l y  minimum tempera tures  

Absolute va lue  o f  monthly maximum tempera ture  

Absolute va lue  of monthly minimum tempera ture  

Frequencies o f  wind v e l o c i r l e s  

Frequencies  of wind d i r e c t i o n s  

Monthly mean atmospheric p r e s s u r e  

Hours o f  sunshine  

Number o f  days  wi th  p r e c i p i t a t i o n  

Monthly amount of p r e c i p i t a t i o n  

Monthly mean humidity 

Number of days  wi th  fog  

Number of c l o u d l e s s  days 

Number of o v e r c a s t  days 

Fig .  2. Weather parameters inc luded i n  t h e  comprehensive 
me teo ro log ica l  e v a l u a t i o n  according t o  c r i t e r i o n  A. 
I n  a d d i t i o n  t o  t h e  above parameters t h e  number of 
days du r ing  w i n t e r  wi th  f r o s t ,  i c e ,  and snow and 
depth  of snow f a l l  have a l s o  been cons idered .  
With regard  t o  the  summer months it has  been cons i -  
dered  whether t h e  number o f  days wi th  maximum tempe- 
r a t u r e s  above 2S°C and t h e  number of days wi th  
thunder a r e  normal. Weather parameters  which a r e  
cons idered  t o  be p a r t i c u l a r l y  impor tant  t o  t h e  eva-- 
l u a t i o n  a r e  marked wi th  an X.  



A s  b a s i s  f o r  t h e  comparisons between weather c o n d i t i o n s  o f  

t he  i n d i v i d u a l  months w e  have used monthly means a t  t h e  a i r  

base  a t  Var lgse  and monthly means and s t anda rd  d e v i a t i o n s  of 

t h e  means i n  Denmark du r ing  t h e  normal pe r iod  1931-1960. 

A month is desc r ibed  a s  "not  q u a l i f i e d "  i f  t h e  mean va lue  

of one o f  t h e  parameters desc r ibed  a s  p a r t i c u l a r l y  impor tant  

d i f f e r s  by more than the s t anda rd  d e v i a t i o n  from the mean 

value  of t h e  same parameter and month du r ing  t h e  normal per iod .  

Correspondingly, a  month is desc r ibed  a s  "not  q u a l i f i e d *  i f  

s e v e r a l  o f  t h e  o t h e r  weather parameters d i f f e r  by more than 

t h e  s t anda rd  d e v i a t i o n  from t h e  mean of the normal pe r iod .  

A s  r ega rds  c e r t a i n  weather  parameters the d i f f e r e n c e  has  been 

f u r t h e r  narrowed when t h e  s t anda rd  d e v i a t i o n s  o f  t h e  monthly 

means a r e  l a r g e  on account of abnormal d i s t r i b u t i o n  of weather 

cond i t ions  du r ing  t h e  normal per iod .  This  a p p l i e s  i n  p a r t i c u -  

l a r  t o  t h e  w i n t e r  months i n  t h e  case  o f  which t h e  d i f f e r e n c e  

a s  regards  outdoor  tempera tures  has  been halved.  The r e s u l t s  

of  t h e  eva lua t ion  a r e  g iven i n  f i g .  3 i n  which l i m i t i n g  c a s e s  

a r e  i n  a d d i t i o n  marked by b racke t s .  

Year Jan .  Feb. Mar. Apr. May June J u l y  Aug. Sep. Oct. Nov. Dec. 

1959 (k )  i i i i 1 i i i ( k )  (k )  i 

1960 (k)  (i) (k )  (k )  i (k )  i (i) i i (k) i 

1961 (k )  i i i (k)  (k )  i (i) i i i (i) 
1962 i i i k i i i i i (k )  (i) i 
1963 i i i i i (k) (k)  i (k)  (k)  i i 
1964 i lk)  i (k )  i i - i (i) (k)  i k (k )  
1965 i k k i i (k)  i i (k)  i i i 

1966 i i (i) i k i (k)  i i i (i) i 

1967 (k)  i i (k)  (k)  i (k)  (i) (i) i (k)  (i) 
1 9 6 8 ( i ) k  i i i i i i i i i i 

1969 i i i (k)  (i) (k) (i) i i i i i 

~ i g . 3 .  Comprehensive meteorologica l  e v a l u a t i o n  of t h e  s u i t a b i l i t y  
of t h e  months a s  r e fe rence  months according t o  comparison, based 
on a g r e a t  number of weather parameters,  w i th  t h e  months of t h e  
normal pe r iod  1931-1960. None of t h e  months of August occu r r ing  
dur ing  t h e  pe r iod  1959-1969 ware t y p i c a l  judged according t o  c r i -  
t e r i o n  A. The months o f  t h e  e l even  y e a r s  a r e  c l a s s i f i e d  accor-  
d ing  t o  c r i t e r i o n  A u s ing  t h e  fo l lowing s c a l e :  k: q u a l i f i e d ,  
( k ) :  q u a l i f i e d ,  b u t  n o t  completely i n  agreement wi th  t h e  weather 
dur ing  t h e  normal pe r iod ,  (i): n o t  q u a l i f i e d ,  b u t  may be  used i n  
t h e  absence of b e t t e r  q u a l i f i e d  months, i: n o t  q u a l i f i e d .  

C r i t e r i a  B and C 

A s  r ega rds  t h e  most impor tant  weather parameters t h e  r e f e r e n c e  

yea r  must r e f l e c t  t h e  t y p i c a l  annual  v a r i a t i o n s ,  b u t  a t  t h e  

same t i m e  it must show t y p i c a l  d e v i a t i o n s  from t h e  annual  

v a r i a t i o n .  This  is  of p a r t i c u l a r  importance i n  connect ion  

wi th  heat -balance  c a l c u l a t i o n s .  For t h e  purpose o f  f i n d i n g  

t h e  months which i n  t h e  b e s t  p o s s i b l e  way f u l f i l  t h e s e  r equ i r e -  
ments t h e  d a i l y  mean tempera tures ,  d a i l y  maximum tempera tures  

and d a i l y  s o l a r  r a d i a t i o n  have been t r e a t e d  s t a t i s t i c a l l y .  

Other weather parameters might have been inc luded,  f o r  i n s t a n c e  

a b s o l u t e  humidity and c loud iness ,  b u t  it was cons idered  t h a t  

t h e  c o r r e l a t i o n  t o  t h e s e  parameters  was p o s i t i v e .  

The d e v i a t i o n  o f  a month from t h e  t y p i c a l  annual  v a r i a t i o n  

{ c r i t e r i o n  B )  was found f o r  each parameter by c a l c u l a t i n g  f o r  

each day of t h e  month t h e  d e v i a t i o n  from t h e  average va lue  o f  

t h e  means of t h e  day i n  ques t ion  du r ing  t h e  e l even  y e a r  pe r iod ,  

and then  t o  o b t a i n  the monthly mean v a l u e s  from t h e s e  d e v i a t i o n s .  

To enab le  comparisons t o  b e  made between t h e  d e v i a t i o n s  found 

f o r  the t h r e e  parameters  t h e  r a t i o  o f  t h e  average  d e v i a t i o n  o f  

the month t o  t h e  s t anda rd  d e v i a t i o n  of t h e  average  d e v i a t i o n s  

o f  t h e  e l even  months was s e t  up. 

I n  a d d i t i o n  t h e  s t anda rd  d e v i a t i o n  was found f o r  t h e  d e v i a t i o n s  

from the t y p i c a l  annual  v a r i a t i o n s  c a l c u l a t e d  f o r  each month. 

The d e v i a t i o n  o f  t h i s  s t anda rd  d e v i a t i o n  from t h e  s t anda rd  devia-  

t i o n  f o r  t h e  same month of t h e  - even y e a r s  is  a measure of t h e  

t y p i c a l  v a r i a t i o n s  from t h e  mean v a l u e ,  i.e. t h e  sma l l e r  t h e  

d e v i a t i o n  t h e  more t y p i c a l  t h e  v a r i a t i o n s  ( c r i t e r i o n  C ) .  

I n  o r d e r  t o  enab le  comparisons a l s o  between t h e s e  v a l u e s  wi th  

r ega rd  t o  t h e  t h r e e  parameters ,  and a l s o  wi th  c r i t e r i o n  B, 

d i v i s i o n  by t h e  s t anda rd  d e v i a t i o n  of t h e  s t anda rd  d e v i a t i o n s  

was a l s o  c a r r i e d  o u t  i n  t h i s  ca se .  



Fig .  4  shows f o r  each  of  t h e  e l even  y e a r s  t h e  s i x  f i g u r e s  Tor 

F ig .  4. Graph ica l  r e p r e s e n t a t i o n  o f  t h e  f i g u r e s  used f o r  t h e  s e l e c -  
t i o n  of  the month o f  A p r i l  f o r  t h e  r e f e r e n c e  y e a r  acco rd ing  
t o  c r i t e r i a  B  and C. For  each  o f  t h e  months of  A p r i l  o f  t h e  
e l even  y e a r s  and f o r  each  c r i t e r i o n  t h e  h e i g h t  of  t h e  l i n e s  
r e p r e s e n t s  t h e  c h a r a c t e r i s t i c  f i g u r e s  o f  t h e  t h r e e  pa rame te r s ,  
t h e  c h a r a c t e r i s t i c  f i g u r e s  be ing  a  measure o f  t h e i r  d e v i a t i o n s  
from t h e  t y p i c a l  course .  The o r d e r  i n  which t h e  parameters  
i s  g iven  is  d a i l y  mean tempera ture ,  d a i l y  maximum tempera ture ,  
and t o t a l  o f  s o l a r  r a d i a t i o n .  0  deno te s  t h e  d e c i s i v e  c l a s s i -  
f i c a t i o n  f i g u r e  o f  t h e  months which a r e  t o  be compared. 
The y e a r  w i t h  t h e  l owes t  d e c i s i v e  c l a s s i f i c a t i o n  f i g u r e  i s  
p r e f e r r e d .  I n  t h e  c a s e  o f  A p r i l  i t  is  t h u s  1960. 

C l a s s i f i c a t i o n  According t o  C r i t e r i a  B and C 

I n  t h i s  way we have  f o r  each  month o f  t h e  e l e v e n  y e a r s  two f i -  l 

g u r e s  f o r  each  parameter ,  a l t o g e t h e r  2  X 3  f i g u r e s ,  which charac-  

t e r i z e  t h e  month. Of t h e s e  s i x  f i g u r e s  t h e  g r e a t e s t  is  used 

f o r  c l a s s i f i c a t i o n  o f  t h e  month. The most s u i t a b l e  month is 

t h e  month which has  t h e  s m a l l e s t  c l a s s i f i c a t i o n  f i g u r e ,  i .e.  

t h e  month o f  A p r i l  which r e p r e s e n t  t h e  d e v i a t i o n  from t h e  t y -  

p i c a l  cou r se ,  r e f e r  c r i t e r i a  B  and C. I t  appea r s  f o r  i n s t a n c e  

from f i g .  4  t h a t  t h e  c l a s s i f i c a t i o n  f i g u r e  f o r  A p r i l  1960 i s  

0.56, t h e  s m a l l e s t  o f  a l l  d u r i n g  t h e s e  y e a r s ,  f o r  A p r i l  1969 

it i s  0.65, and f o r  A p r i l  1962 it i s  0.99. 

Consequently t h e  most  s u i t a b l e  month is A p r i l  o f  1960, t h e  

second b e s t  A p r i l  o f  1969 and t h e  t h i r d  b e s t  A p r i l  o f  1962. 

The mathemat ica l  d e s c r i p t i o n  o f  t h e  s e l e c t i o n  acco rd ing  t o  

c r i t e r i a  B  and C  w i l l  appea r  from Appendix 2. 

F ig .  5 g i v e s  t h e  c l a s s i f i c a t i o n  f i g u r e s  f o r  t h e  t h r e e  b e s t  y e a r s  

which a r e  used  f o r  t h e  s e l e c t i o n  o f  t h e  months o f  t h e  r e f e r e n c e  

yea r .  

Month l. s e l e c t i o n  2 . s e l e c t i o n  3 . s e l e c t i o n  

y e a r  c l a s s .  y e a r  c l a s s .  y e a r  c l a s s .  

J an .  6 1  0.56 59 0.92 67 1.19 
Feb. (69 0 . 9 2 )  64 0.99 (62 1.11) 
Mar. (62 1.13) 60 1 .21  ( 6 4  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) 

J u l y  (60 0.63) 63 0.97 (61  1.10) 
Aug. 60 0.50 ' , l  1.06 (68 1.20) 
Sep t .  65  1.00 , O  1.13) (60 1.21) 

O c t .  62 1 - 0 0  (69 1.09) 63 1.12 
Nov. 64 0.75 60 0.83 66 0.90 
Dec. 6 1  0.75 (63  0.91) (68  1.18) 

Fig.  5. The t h r e e  b e s t  months and t h e i r  c l a s s i f i c a t i o n  
f i g u r e s  acco rd ing  tc  c r i t e r i a  B  and C. Bracke t s  
deno te  t h a t  t h e  mor, .S i n  q u e s t i o n  must be  exc luded  
acco rd ing  t o  c r i t e r i o n  A. The months s e l e c t e d  
f o r  t h e  r e f e r e n c e  y e a r  a r e  unde r l i ned .  

'4 

t h e  month which d i f f e r s  l e a s t  from t h e  t y p i c a l  cou r se .  



REFERENCE YEAR 

The Reference Year chosen holds  a number o f  weather d a t a  s o  

l a r g e  t h a t  i n  f u l l  it is  t o o  unmanageable f o r  manual ca l cu la -  

t i o n s ,  and s o  t h e  t o t a l  number of d a t a  does only  e x i s t  on 

punched c a r d s  and magnetic t apes .  However, a s e l e c t i o n  of 

t h e  most impor tant  weather d a t a  a r e  s t a t e d  i n  t a b u l a r  form 

i n  t h e  appendix 4: Se lec t ed  weather d a t a  from t h e  Reference 

Year. 

A t  t h e  s e l e c t i o n  o f  t h e  i n d i v i d u a l  months f o r  t h e  Reference 

Year it has  been t r i e d  t o  f i n d  months t y p i c a l  f o r  t h e  most 

impor tant  weather parameters ,  a s  r ega rds  both monthly mean 

va lues  and v a r i a t i o n s  throughout t h e  month, and i n  a d d i t i o n  

t o  t h i s ,  n o t  a t y p i c a l  f o r  a cons ide rab le  number of o t h e r  

weather parameters.  Fig.  4 and 5 show, however, t h a t  it i s  

n o t  p o s s i b l e  t o  have t h e  t h r e e  s e l e c t i o n  c r i t e r i a  f u l f i l l e d  

t o  pe r fec t ion .  Th i s  i s  due t o  t h e  f a c t  t h a t  t h e  obse rva t ion  

pe r iod  of e leven y e a r s  i s  n o t  q u i t e  s u f f i c i e n t  a s  a b a s i s  f o r  

t h e  s e l e c t i o n  - f o r  which normally a pe r iod  of 30 y e a r s  would 

be used. S t i l l ,  t h e  Reference Year i s  t h e  most s u i t a b l e  one, 

which can be b u i l t  up now and wi th in  t h e  nex t  few years .  

The meteorologica l  obse rva t ions  forming t h e  b a s i s  o f  t h e  Re- 

f e r ence  Year have been made a t  Varl@se,  and o f  t h e  s o l a r  r a -  

d i a t i o n ,  a t  Tss t rup .  These l o c a t i o n s  a r e  r e p r e s e n t a t i v e  o f  

t h e  surroundings  o f  Copenhagen, whereas t h e r e  w i l l  be  smaller 
d i f f e r e n c e s  from t h e  weather cond i t ions  a t  o t h e r  l oca t ions .  

These d i f f e r e n c e s  w i l l  be examined by members o f  t h e  working 

group. 

For rough c a l c u l a t i o n s  and f o r  use  a t  p a r t i c u l a r l y  complicated 

EDP c a l c u l a t i o n s  it w i l l  be advantageous wi th  more simple 

weather d a t a  f o r  s p e c i a l  purposes,  corresponding t o  t h e  ones 

a l r eady  known, a s  f o r  i n s t a n c e  t h e  warmest and t h e  c o l d e s t  

days o f  t h e  yea r ,  o r  f r equenc ie s  of c e r t a i n  weather condi- 

t i o n s ,  Resu l t s  of  c a l c u l a t i o n  achieved on t h i s  b a s i s  w i l l  be 

comparable wi th  e q u i v a l e n t  r e s u l t s  achieved by means o f  t h e  

weather d a t a  of t h e  Reference Year. A s e l e c t i o n  of more 

simple weather d a t a  is being cons ide red  by t h e  working group. 



FIELDS OF APPLICATION APPENDIX 2 

Design of b u i l d i n g s  and o f  v e n t i l a t i n g  equipment f o r  b u i l d i n g s  

demands h e a t  ba lance  c a l c u l a t i o n s  t o  f i n d  t h e  type  which is  

most favourable  a s  r ega rds  q u a l i t y  o f  indoor c l ima te  and i n i -  

t i a l  and working c o s t s .  The weather d a t a  of t h e  r e fe rence  
1 y ea r  a r e  p a r t i c u l a r l y  u s e f u l  f o r  h e a t  ba lance  c a l c u l a t i o n s ,  

and members of t h e  working group a r e  p repa r ing  t h e  necessary  

f 
computer programs. 

Also i n  connect ion  wi th  many o t h e r  t e c h n i c a l  problems i n  

hea t ing  and v e n t i l a t i n g  engineer ing  t h e  weather d a t a  o f  t h e  

r e fe rence  yea r  w i l l  provide  improved b a s i s  f o r  eva lua t ions .  

A s  examples w e  may mention t h e  dimensioning o f  snow mel t ing  

equipment, c o n t r o l  o f  and working c o s t s  o f  v e n t i l a t i n g  systems,  

p lanning o f  outdoor  a r e a s  i n  which thermal comfort must be 

provided,  choice  of t h e  type  o f  energy and c o n t r o l  dev ices  t o  

be  used i n  h e a t i n g  systems,  and mois ture  d i f f u s i o n  through 

w a l l s  and roo f s .  

On t h e  o t h e r  hand t h e  d a t a  of t h e  r e fe rence  yea r  a r e  n o t  s u i t a b l e  

f o r  the s o l u t i o n  o f  problems i n  which i n f r e q u e n t  extremes a r e  

d e c i s i v e ,  a s  f o r  i n s t ance  i n  judging t h e  r i s k  of s torm damage. 

For t h i s  purpose it is necessary  t o  use  s t a t i s t i c a l  informat ion  

based on obse rva t ions  throughout long pe r iods ,  p o s s i b l y  t h e  

eleven-year pe r iod ,  o r  b e t t e r ,  t h e  t h i r t y - y e a r  normal per iod .  

The r e fe rence  yea r  w i l l  a l s o  be u s e f u l  f o r  t h e  s o l u t i o n  o f  

problems o u t s i d e  the f i e l d  of h e a t i n g  and v e n t i l a t i n g .  T h i s  

a p p l i e s  f o r  i n s t a n c e  t o  weather r e s i s t a n c e  o f  b u i l d i n g  m a t e r i a l s ,  

s t o r a g e  of m a t e r i a l s  and p o s s i b l y  planning of b u i l d i n g  a c t i v i t i e s .  

i The members of t h e  working group w i l l  be  g l ad  t o  r e c e i v e  comu- 

n i c a t i o n s  from persons  o r  o r g a n i s a t i o n s  who i n t e n d  t o  u t i l i z e  

t h e  r e fe rence  yea r  o r  corresponding weather d a t a  w i t h i n  f i e l d s  

o t h e r  than  those  mentioned. 

Desc r ip t ion  of Mathematical S e l e c t i o n  C r i t e r i a  

W e  have f o r  every  day o f  ele-g-n y e a r s  obse rva t ions  o f  t h r e e  

me teo ro log ica l  c h a r a c t e r i s t i c s  which a t  t h e  day t a r e  denoted 

Xlt' X 2 t  and xJ t  o r  xit. The pbse rva t ions  may be assumed t o  
be r e s u l t s  o f  a s t o c h a s t i c  p rocess  which i s  p e r i o d i c ,  t h e  

l eng th  of t h e  pe r iod  being one yea r .  I t  i s  necessary  the re -  

f o r e  f i r s t  and foremost t o  e l emina te  seasona l  v a r i a t i o n s  from 

xit s o  a s  t o  a r r i v e  a t  a r e s i d u a l  element which may reasonably  

be assumed t o  be  t h e  r e s u l t  o f  a s t a t i o n a r y  process .  This  

should a c t u a l l y  be  done by cons ide r ing  t h e  d e v i a t i o n s  of t h e  

obse rva t ions  from the t r u e  mean. S ince  t h i s  va lue  is  n o t  

known, we use  i n s t e a d  a s  an e s t ima ted  va lue  t h e  average  through- 

o u t  t h e  e l even  y e a r s  a t  t h e  t i m e  t. ~ ( ~ ~ ) ~ f )  Th i s  means t h a t  

i n s t e a d  o f  t h e  obse rva t ions  o f  t h e  i n d i v i d u a l  c h a r a c t e r i s t i c s  

xit w e  may cons ide r  t h e  d i f f e r e n c e  

Since  t h e  d i s t r i b u t i o n  o f  yit i s  n o t  known, it i s  assumed t o  

be  a normal d i s t r i b u t i o n .  This  assumption t o g e t h e r  w i th  t h e  

f a c t  t h a t  p o s s i b l e  c o r r e l a t i o n  between t h e  i n d i v i d u a l  charac- 

t e r i s t i c s  a s  w e l l  a s  p o s s i b l e  au to reg res s ion  i n  t h e  process  

have been neg lec t ed  is  .a cons ide rab le  s i m p l i f i c a t i o n  of t h e  

a c t u a l  cond i t ions .  But s i n c e  t h e  o b j e c t  i s  s o l e l y  t o  select 

t y p i c a l  months and n e i t h e r  t o  judge e s t ima ted  va lues  nor  t o  

t e s t  hypotheses ,  t h i s  s i m p l i f i c a t i o n  is  considered  t o  be  per-  

mi s s ib l e .  

I f  t h e  i n d i v i d u a l  yea r  is  denoted j and t h e  i n d i v i d u a l  month k ,  

t h e  meaning of t w i l l  be  t h e  i n d i v i d u a l  day o f  a month, and 

f o r  t h e  month k o f  t h e  y e a r  j it i s  then p o s s i b l e  t o  c a l c u l a t e  

mean and s t anda rd  d e v i a t i o n  o f  t h e  r e s i d u a l  te rm yijkt. 

Using o f  "smoothed" mean va lue  would have been more c o r r e c t .  



I f  t h e  va lue  o f  n is  l a r g e ,  both Yijk and sijk may be  con- 

s ide red  t o  have a normal d i s t r i b u t i o n ,  and t h e  average va lue  

f o r  e leven yea r s  of both  mean and s t anda rd  d e v i a t i o n  ( f o r  t h e  

month k) i s  found from: 

I n  t h i s  ca se  t h e  q u a n t i t y  Yiak w i l l  equa l  n i l ,  b u t  it is  re- 

t a i n e d  i n  t h e  fo l lowing expres s ion  f o r  t h e  sake of t h e  sys t e -  

ma t i c s  : 

For every  month k t h e r e  a r e  33 va lues  of t h e  monthly mean M 

s i n c e  t h e r e  a r e  t h r e e  c h a r a c t e r i s t i c s  and 11 yea r s .  These 
i j k  

33 va lues  a r e  now s t anda rd ized  s o  a s  t o  make them comparable 

and we have: 

f m i  jk = I 'ijk - 3. k I 
S (yi jk)  

The s m a l l e r  £m i j k  t h e  sma l l e r  t h e  d e v i a t i o n  of yijk from t h e  

t o t a l  mean. The s t anda rd  d e v i a t i o n  va lues ,  sijk, may be 

s t anda rd ized  i n  t h e  same way. We have then:  

For a s p e c i f i e d  month and a s p e c i f i e d  yea r  we now have s i x  

s t anda rd ized  v a l u e s  which show how much t h e  mean and t h e  

s t anda rd  d e v i a t i o n  d e v i a t e s  from t h e  average  va lue  o f  t h e  

e l even  means and e l even  s t anda rd  d e v i a t i o n s  o f  t h e  t h r e e  cha- 

r a c t e r i s t i c s .  The sma l l e r  t h e  d e v i a t i o n ,  t h e  more s u i t a b l e  

t h e  month w i l l  be  a s  month o f  a r e fe rence  year .  

C r i t e r i a  B and C i n d i c a t e  t h a t  f o r  a c e r t a i n  month k ,  t h e  

y e a r  j t o  b e  s e l e c t e d  is  one f o r  which t h e  va lues  of fm i j k  

and f s  i j k  a r e  smal l .  

The s e l e c t i o n  method is now a s  fo l lows:  For  s p e c i f i e d  va lues  

o f  k and j t h e  l a r g e s t  o f  t h e  s i x  va lues  of fm and f s  i s  

s e l e c t e d .  This  va lue  i s  denoted fijk(max). I f  w e  select 

maximum va lues  o u t  o f  a l l  t h e  v a l u e s  f o r  j f o r  a g iven k ,  

w e  o b t a i n  e l even  maximum va lues  which may be  ar ranged accor-  

d i n g  t o  i n c r e a s i n g  magnitude: 

The b r a c k e t s  around t h e  f i g u r e s  o f  t h e  s u b s c r i p t  i n d i c a t e  t h a t  

the expres s ions  a r e  ar ranged according t o  magnitude. The y e a r  

which should be  s e l e c t e d  t o  supply  t h e  month k is  t h e  one 

which is rep resen ted  by F i ( l )k(max) ,  because t h i s  is t h e  y e a r  

i n  which maximum s t anda rd ized  d e v i a t i o n  of mean o r  s t anda rd  

d e v i a t i o n  is  sma l l e r  than  maximum d e v i a t i o n  i n  t h e  c a s e  o f  

any o t h e r  o f  t h e  y e a r s  i n  ques t ion .  The nex t  b e s t  y e a r  i s  

t h e  one r ep resen ted  by t h e  nex t  t e r m  i n  t h e  s e r i e s ,  etc. e t c .  

F ig .  5 o f  t h e  r e p o r t  i n d i c a t e s  t h e  t h r e e  most s u i t a b l e  y e a r s  

f o r  each month. 



APPENDIX 4 

Tables Giving Weather Data o f  t h e  Reference Year 

Monthly mean v a l u e s  of 21 weather parameters from 

the  r e fe rence  yea r ,  from t h e  pe r iod  1959-1969 and 

from t h e  normal pe r iod  1931-1960 ................... 
Daily va lues  o f  a i r  tempera ture ,  maximum tempera- 

t u r e ,  t o t a l  r a d i a t i o n ,  and dew p o i n t  tempera ture  

du r ing  t h e  months o f  t h e  r e fe rence  yea r  and co r re -  

sponding mean va lues  from t h e  per iod  1959-1969 ..... 
Calcula ted  probable  t o t a l  r a d i a t i o n  on c l e a r  days .. 
Frequency o f  t h e  c o n d i t i o n s  o f  t h e  a i r  w i t h i n  

s p e c i f i e d  tempera ture  and humidity i n t e r v a l s  repre-  

sented  i n  h-X diagrams. Given a s  number o f  hours  

du r ing  t h e  e n t i r e  r e fe rence  y e a r ,  du r ing  each month 

and du r ing  t h e  f o u r  q u a r t e r s  o f  t h e  yea r  ........... 
Cumulated va lues  o f  a i r  tempera ture ,  r e l a t i v e  humi- 

d i t y ,  en tha lpy ,  and abso lu te  humidity. Given i n  

hours dur ing  t h e  e n t i r e  r e fe rence  year ,  du r ing  ind i -  

v idua l  months and dur ing  the  q u a r t e r s  o f  t h e  y e a r  .. 
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WRIOOE JAM FEB MAR APR MAJ JUN JUL AUG SEP W? NL)V OBC 1N.T 
EtN 

ELL. 5UY 

SOLSKINSTIMER. H/UAG HEFCRtNCtAR 2.3 2.4 4.8 6.0 6.0 7.3 7.3 5.0 4.8 2.8 1.0 1.5 G 4.3 
HALT VCD TUCDBOOtN. KjHe 1959-69 1.2 2.0 3.6 5.4 6.9 8.b 0.6 6.5 4 3 - U  1.2 0.b G * a 3  
30-ARS PtR.: HELC LANUET 1931-60 1.3 2.3 4.1 6.0 8.3 d.0 8.0 7.1 5.5 3.2 1.4 0.5 C 4.7 

SKVDIKKE. X REFEHEKEAR 63 61  55 53 59 00 61  6 S3 66 70 b 5 G  D1 
GENkENSNlT KL 8. 14 OG 21  1959-69 76 74 63 62 5 9  54 02 9* 54 06 75 7 0 6  65 

1931-60 74 72 02 58 53 5C 58 S7 S6 67 77 7 0 6  04 

VINDHASTIGHCD. M/S RUFERENCEAR 
GENNEMSNIT KL 8. 14 JG 21 1959-69 

1931-60 * * l  

aLEbTD0bN. ANTAL DOGN M C 0  REFERENCEAR 
b BEhUFURT ELL. DEfiOVtR - 1959-69 
10.7M/S KL 8. 14 ELLtR 21 1931-60 

REFEREKEAR 
1959-69 
1931-do 

NLDMIRI MM/MA NED 

NEDUOR. ANTAL 00GN P4. RtFERENCEAR 
MANED ME0 MlNUST O.IUM 1959-69 

1831-60 

FROSTDIGh. ANTAL DQGN ME0 HEFERENCEhR 19.0 24.0 21.0 5.0 0.0 0.0 0.0 0.0 0.0 2.0 6.0 1Y.O S 90.0 
MINIMI)MTEMPEi+ATUW < 0 'C 1959-69 21.6 20.6 17.9 6.2 0.1 0.0 0.0 0.0 0.5 1.7 7.1 19.1 S 94.b 
FRA KL 7 TIL KL 7 1931-00 21.0 19.0 19.0 6.0 1.0 0.0 0.0 0.0 0.1 2.0 C.1 Ie.0 S 8b.0 

ISDdGN. ANTALDdGNMED NEFERENCEAR 4.0 6.0 2.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 (1.0 S 20.0 
UAKSIMUMTEMPEHATUR <= 0 %  1959-69 10.0 9.3 2.6 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.7 7.4 S 30.1 
FRA &L 9 T IL  KL 7 1931-60 8.9 8.5 2.8 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1 2.8 S 23.0 

SWMEtlDAGE. ANTbAOUGN HEFERENeEAR 0.0 0.0 0.0 0.0 0.0 5.0 4.0 3.0 0.0 0.0 0.0 0.0 S 12.0 
NED MAKSI MUMT tYP€RATUR 1959-69 0.0 0.0 0.0 0.0 0.1 2.7 2.7 2.5 0.4 0.0 0.0 0.0 S 8.5 
OVER 25 .C 1031-U0 0.0 0.0 0.0 0.0 0.6 2.L 3.6 3.4 0.3 0.0 0.0 0.0 S 10.0 

O + )  LANDSGENNEMSNl? FOR LANOSTATIO~H 

' ~ o n t h l ~  mean va lues  from t h e  r e f e r e n c e  yea r ,  from t h e  p e r i o d  1959-1969 from which t h e  months of  E 
t h e  r e f e r e n c e  y e a r  have been s e l e c t e d ,  and mean va lues  f o r  t h e  e n t i r e  o f  Denmark from t h e  normal 
p e r i o d  1931-1960. 

UDELUF TTkMPERAT UR *C / MAKS IMUMTEUPERATUR 'C 

/ ~ l o -  Rank& *an 
/ gical  ranked 

1.8 -3.0 -4.9 
3.0 -2.3 -3.5 
5.0 -2.0 -2.7 
3.3 -1.0 -2.2 
3.2 0.0 -1.6 

/ GLOdALSTRACING MM/* OAG / OUGPUNK TTEUPERA TOR .C 

CrcprJLo- Ranked &an 
9 i d  ranked 

Crorolo- Panked m 
ranked 

1.2 -6.5 -9.2 
2.3 -5.6 -7.4 
2.4 -5.1 -6.1 
2.4 -3.7 -5.1 
1.3 -1.7 -4.5 

/ Cronolo- R a n k e d m  / 
/ gicdl ranked 

74 4 5  92 

Mean 0.2 2 -1.0 I L e 9  1.3 6 1 6  6 1 6  5 4 8  -1.4 -1.4 -2.0 

Std.dev. for  11 yeam 2.2 
Mean fo r30yea r s  -0.1 
Std.dev. for  30 years 2 .4 

Cronological 
Ranked: Parked in ascending order 
Mean ranked: m of ranked valw for 1 1 m t h s  during 1959-1969 

, Std.dw.: Standard deviaticn of mthly man values 

January:  Dai ly  va lues  o f  mean tempera ture ,  maximum tempera ture ,  g l o b a l  r a d i a t i o n  and dew p o i n t  
tempera ture .  Mean v a l u e s  and s t a n d a r d  d e v i a t i o n s .  
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App. 3 t o  
Meteorologica l  Data f o r  Design o f  Bui ld ing and I n s t a l l a t i o n :  
A Reference Year. Danish Building Research I n s t i t u t e ,  r e p o r t  
8_9_ t - -T r~~s_~~~ i -o~ -b~ i - -Th_e_~a -1~ I~~ -~1a - t_ io~ -La_bora_ t_ory~  --------- 

APPENDIX 3. ERRORS AND MISSINGS I N  WEATHER DATA 

A t  t h e  p repa ra t ion  of t h e  Reference Year, t h a t  p a r t  o f  t h e  

d a t a  m a t e r i a l  being o f  s p e c i a l  i n t e r e s t  f o r  HVAC c a l c u l a t i o n s  

were c r i t i c a l l y  examined, i . e .  t h e  d a t a  m a t e r i a l  concerning 

tampera ture  o f  outdoor  a i r ,  i ~ n i d i t y ,  r a d i a t i o n ,  and wind. 

Subsequently a d d i t i o n s  and c o r r e c t i o n s  were made according t o  

p r i n c i p l e s  a s  desc r ibed  below. A s  a  p r i n c i p a l  r u l e ,  added o r  

c o r r e c t e d  d a t a  a r e  marked, s o  t h a t  it appears  t h a t  t hey  a r e  

n o t  a u t h e n t i c ,  measured values .  

I n  t h e  o r i g i n a l  m a t e r i a l  a  number o f  d a t a  a r e  miss ing ,  e i t h e r  

because a l l  measurements a t  c e r t a i n  hours  a r e  miss ing ,  o r  be- 

cause f o r  c e r t a i n  hours some o f  t h e  measurements a r e  missing.  

Moreover it has  been necess  y t o  r e j e c t  some va lues  o f  mea- 

surement f o r  being beyond reasonable  l i m i t s .  F i n a l l y ,  i n  some 

cases  dur ing  t h e  c a l c u l a t i o n  o f  d i v e r t e d  va lues  (humidity,  

d i f f u s e  r a d i a t i o n ,  normal r a d i a t i o n )  d i sc repanc ie s  between t h e  

d i f f e r e n t  d a t a  of measurement appeared. I n  o r d e r  t o  avoid  

such d i sc repanc ie s ,  it has  been necessary  t o  make a  s e l e c t i o n  

o f  t h e  c o n t r a d i c t o r y  d a t a ,  a s  w e l l  a s  an adjus tment  of  some of 

them. 

Measuring a t  n i g h t  

I n  t h e  y e a r s  be fo re  1963, a t  V ~ r l Q s e  no measurements were taken 

a t  11 p.m., 12 p.m., 2 a.m., nor  a t  3 a.m. Cen t ra l  European 

Time. Consequently, f o r  t hose  months of t h e  Reference Year 

d a t i n g  from t h e s e  y e a r s  a l l  d a t a  f o r  t h e s e  hours a r e  "synthe- 

t i c " ,  i.e. c a l c u l a t e d  on t h e  b a s i s  o f  d a t a  from be fo re  and a f -  

ter t h e  miss ing  hours.  T h i s  a p p l i e s  t o  t h e  honths  o f  January ,  

March, Apr i l ,  June ,  August, October,  and December i n  t h e  Refer- 

ence Year. For t h e  remaining months of t h e  Reference Year 

t h e r e  a r e  obse rva t ions  of cloud cover  a s  w e l l  a s  measurements 

o f  d i r e c t i o n  and v e l o c i t y  of  t h e  wind, made a t  t h e  hours i n  



ques t ion ,  whereas t h e  tempera tures  a r e  s t i l l  " syn the t i c " .  

The tempera tures  a t  11 p.m. and 12 p.m. w e r e  found by l i n e a r  

i n t e r p o l a t i o n  between 10 p.m. and 1 a.m. The tempera tures  a t  

2 a.m. and 3 a.m. f o r  t h e  months September - A p r i l  were a l s o  

found by l i n e a r  i n t e r p o l a t i o n  between 1 a.m. and 4 a.m. This  

can be accepted ,  because t h e  n i g h t l y  minimum of  t h e  tempera ture  

o f  t h e  a i r  dur ing  t h e s e  months mainly f a l l s  a f t e r  5 a.m. A s  

regards  t h e  months May - August, however, a l i n e a r  i n t e r p o l a -  

t i o n  could cause  a sys t ema t i c  e r r o r .  Th i s  is why t h e  tempera- 

t u r e  a t  2 a.m. has  been de f ined  a s  t h e  mean value  o f  t h e  va lue  

i n t e r p o l a t e d  between 1 a.m. and 4 a.m., and t h e  va lue  found by 
l e x t r a p o l a t i o n  o f  t h e  tempera tures  a t  10 p.m. and 1 a.m. Analo- 

gous ly  t h e  tempera ture  a t  3 a.m. has  been def ined a s  t h e  mean 

value  of t h e  va lue  i n t e r p o l a t e d  between 1 a.m. and 4 a.m., and 
l 

t h e  va lue  found by e x t r a p o l a t i o n  of t h e  tempera tures  a t  5 a.m. 

and 4 a.m. I n  case  t h e  tempera ture  has  decreased from 4 a.m. 

t o  5 a.m., s t i l l  f o r  t h e  months May - August, t oo ,  t h e  tempera- 

t u r e s  a t  2 a.m. and 3 a.m. have been de f ined  by l i n e a r  i n t e r -  1 

p o l a t i o n  only.  I 

Temperature of outdoor a i r  I 

Gaps i n  t h e  sequence o f  outdoor a i r  tempera tures  due t o  r e j e c -  

t i o n  o r  miss ing  r eco rds ,  o t h e r s  than  t h e  ones a t  n i g h t  a l r eady  

mentioned, were f i l l e d  i n  by means o f  l i n e a r  i n t e r p o l a t i o n .  

Most o f  t h e s e  gaps a r e  of only  one o r  two hours.  There a r e  
l 

found 7 gaps of t h r e e  hours and upwards, o u t  o f  which t h e  l a r -  

g e s t  one o f  9 hours,  and a l l  7 i n  connect ion  wi th  miss ing  t e m -  l 
l 

p e r a t u r e s  a t  10 p.m., 1 a.m., o r  4 a.m. 

C r i t e r i a  f o r  acceptance:  Inc reases  of tempera ture  d 3OC/h 

Decreases o f  tempera ture  S 4 OC/h. 

There a r e  found t h r e e  sudden i n c r e a s e s  o f  tempera ture ,  exceed- 

ing  3,0°C/h, immediately succeeded by a s i m i l a r  f a l l  o f  temper- 

a t u r e .  A l l  t h r e e  a r e  cons idered  e r r o r s  o f  measurement and 

have been a l t e r e d  i n t o  mean va lues  o f  t h e  tempera tures  preced- 

ing  and succeeding t h e  inc reases .  

There a r e  found t h r e e  sud?. I f a l l s  o f  tempera ture  exceeding 

4OC/h. Evident ly  they a r e  due t o  showers, and a r e  cons idered  

c o r r e c t .  

Maximum and minimum tempera tures  

Fz r  t h e  months of January ,  M, zh, Apr i l ,  June ,  August, and 

December, i n  t h e  o r i g i n a l  m a t e r i a l  maximum tempera tures  a r e  

only  s t a t e d  a t  7 p.m. f o r  t h e  previous  24 hour s ,  and analogous- 

l y  minimum tempera tures  on ly  a t  7 a.m. 

I n  t h e  Reference Year maximum and minimum tempera tures  a r e  

s t a t e d  a t  both  7 a.m. and 7 p.m. a s  12 hour va lues .  

C r i t e r i a  and c o r r e c t i o n  of e r r o r s :  Maximum tempera tures  below 

t h e  h i g h e s t  n o t  r e j e c t e d  hour ly  va lues  i n  t h e  preceding pe r iod  

a r e  r a i sed .  Maximum va lues  exceeding t h e  h i g h e s t  r e g i s t e r e d  

hour ly  va lues  by 2OC a r e  r e j e c t e d  and r ep laced  by t h e  h i g h e s t  

hour ly  va lues .  Likewise,  t h e  minimum tempera tures  a r e  worked 

up. A t  n i g h t ,  however, extreme tempera tures  exceeding t h e  

hour ly  va lues  by max. 4OC a r e  accepted ,  because of t h e  long in -  

t e r v a l s  where no measuring t a k e s  p l ace .  

3 tempera tures  have been r e j e c t e d  f o r  being t o o  extreme, and 

about 85 f o r  n o t  being s u f f i c i e n t l y  ex t r ede .  

Iiumidity o f  t h e  a i r  

A s  regards  some of t h e  months, i n  t h e  o r i g i n a l  m a t e r i a l  t h e  

r e l a t i v e  humidity ( W ,  Danish: RF) is  s t a t e d  f o r  every  hour,  

and " w e t  bulb  tempera tureA (WBT) f o r  c e r t a i n  hours.  For o t h e r  

months WBT i s  s t a t e d  f o r  every  hour,  and RH f o r  c e r t a i n  hours.  



I n  some cases ,  i n  t h e  o r i g i n a l  m a t e r i a l  d i sc repanc ie s  between 

t h e  two s t a t emen t s  o f  humidity have been found. I n  those  c a s e s  

a s  a p r i n c i p a l  r u l e  t h e  va lue  s t a t e d  every  hour has  been chosen. 

The only  except ion  i s  November, where t h e  s t a t emen t s  of WBT 

every t h r e e  hours a r e  cons idered  t o  be t h e  most c o r r e c t .  The 

remaining hour ly  va lues  were found by i n t e r p o l a t i o n .  Therefore  

t h e  c a l c u l a t i o n s  f o r  t h e  i n d i v i d u a l  months were made on t h e  

fo l lowing bas i s :  

January  6 1  WBT J u l y  63 RH 

February 64 RH August 60 WBT 

!larch 60 WBT September 65 RH 

Apr i l  60 WBT October 62 RH 

May 67 RH November 64 WBT 

June 61 WBT December 61  WBT 

C r i t e r i a :  Wet bu lb  tempera tures  above tempera ture  o f  t h e  a i r  
a r e  no t  accepted.  Changes i n  t h e  c a l c u l a t e d  dew p o i n t  tempera- 

t u r e s  (DPT) n o t  exceeding 2OC/h a r e  accepted.  G r e a t e r  changes 

per hour a r e  accepted i f ,  t o g e t h e r  wi th  preceding and succeed- 

ing  va lues  o r  i n  connect ion  wi th  t h e  o t h e r  d a t a  - changes i n  

tempera ture ,  showers, changing d i r e c t i o n s  o f  t h e  wind - t hey  

seem t o  be reasonable .  Dew p o i n t  tempera tures  above a i r  tem- 

p e r a t u r e  a r e  n o t  accepted.  

I n  about 40 c a s e s  it was judged necessary  t o  make c o r r e c t i o n s .  

Out o f  t hese ,  3 were t h a t  t h e  WBTs w e r e  s t a t e d  a s  being o , l °C  

above t h e  a i r  tempera tures ,  and i n  12 c a s e s  t h e  DPTs had ex- 

ceeded t h e  a i r  tempera tures  dur ing  an i n t e r p o l a t i o n .  

Presumably a p a r t  o f  t h e  o t h e r  e r r o r s  a r e  due t o  "over-swing" 

i n  h a i r  hygrometers. 

I n  every s i n g l e  case  of i n c o r r e c t  dew p o i n t  tempera tures ,  

t hese  have been r ep laced  by va lues  found by i n t e r p o l a t i o n  be- 

tween t h e  preceding and succeeding va lues ,  o r ,  i n  c a s e s  where 

t h i s  would r a i s e  t h e  DPT till o r  ove r  t h e  tempera ture  o f  t h e  

a i r ,  by a va lue  o , l °C below t h e  a i r  temperature.  

I n  a d d i t i o n  t o  t h i s ,  t h e r e  were r e g i s t e r e d  a l a r g e  number of 

c a s e s ,  where t h e  w e t  bu lb  tempera ture  o r  t h e  dew p o i n t  tempera- 

t u r e  had changed more than  20C/h, bu t  where t h e  measurement 

was judged t o  be acceptable .  

Radia t ion  d a t a  

The hour ly  va lues  f o r  t h e  t o t a l  r a d i a t i o n  a t  Tas t rup  have been 

r ead  o f f  from m u l t i p o i n t  r eco rde r  c h a r t s ,  excep t  f o r  t h e  month 

o f  May. The r e g i s t r a t i o n  appears  i n  t h e  form o f  p o i n t s ,  and 

i n  a l i g h t l y  clouded weather it can be d i f f i c u l t  t o  e s t i m a t e  a 

reasonable  hour ly  mean va lue  from about 24 p o i n t s  extended ove r  

a long i n t e r v a l ,  depende l y  on t h e  a c t u a l  sun and shade.  The 

d a i l y  sms of t h e s e  hour ly  va lues  have been conpared wi th  t h e  

ones found from t h e  same m u l t i p o i n t  r eco rde r  c h a r t s  by t h e  Ily- 

d r o t e c h n i c a l  Laboratory a t  t h e  Royal Ve te r ina ry  and Agr icul tur -  

a l  High School. 

Devia t ions  n o t  exceeding 5 p e r  c e n t  o r  50 w/m2 o f  t h e  24 hcur  

sums, a r e  accepted.  For 34 days wi th  cons ide rab le  d e v i a t i o n s ,  

t h e  reading o f f  from t h e  r e c o r d e r  c h a r t s  has  been r epea ted  and 

checked. 

I n  excess  o f  t h i s  t h e r e  have been 4 per iods  o f  d i f f e r e n t  l e n g h t s ,  

3 - 48 hours ,  f o r  which t h e  r e g i s t r a t i o n  ,is miss ing .  Those a r e  

days wi th  cLoudy weather,  and h e r e  va lues  o f  t h e  t o t a l  r a d i a t i o n  

c a l c u l a t e d  on t h e  b a s i s  o f  c loud obse rva t ions  a t  Vzrlese have 

been i n s e r t e d .  

For t h e  month of May, f o r  every  10 minutes  t h e  r e g i s t r a t i o n  can 

be found on a code t ape .  The hour ly  mean values  a r e  c a l c u l a t e d  

on t h e  b a s i s  of t h e  measurements wi th  t h e  minute i n d i c a t i o n s  of 

40, 50, 00, 10, 20, and 30. 



Discrepancies between t h e  hour ly  va lues  f o r  t h e  measured 

g l o b a l  r a d i a t i o n  a t  Tas t rup  and t h e  observed c loud cover a t  

Varl0se have n e c e s s i t a t e d  i n  a number o f  c a s e s  t h e  use o f  a 

modified c loud cover  f o r  t h e  c a l c u l a t i o n  o f  d i f f u s e  r a d i a t i o n  

and normal r a d i a t i o n  ( r e fe rence  6 ) .  

Wind 

Missing d a t a  on wind v e l o c i t i e s  have been l i n e a r l y  in t e rpo -  

l a t e d .  

Missing d a t a  on wind d i r e c t i o n s  a r e  more s p e c i a l l y  t r e a t e d .  

For miss ing  hour ly  va lues  a l i n e a r  i n t e r p o l a t i o n  v i a  t h e  small-  

e s t  angle  has  been made. A t  i n t e r v a l s  of  two hours ,  t h e  near-  

est  ad jacen t  va lues  have been i n s e r t e d .  For t h r e e  miss ing  

hours ,  t h e  o u t e r  va lues  have been pu t  equa l  t o  t h e  ad jacen t  

va lues ,  a f t e r  which t h e  c e n t r a l  va lue  has  been found by i n t e r -  

po la t ion .  For longe r  i n t e r v a l s ,  however, and i n  some cases  

where t h e  wind has  turned 180° ,  it has  been necessary  t o  manu- 

a l l y  i n s e r t  reasonable  d a t a .  Here comparisons wi th  d a t a  mea- 

su red  a t  Kastrup (Daily Weather Report) have been made. Diff-  

e r e n t  c r i t e r i a  f o r  s o r t i n g  o u t  i n c o r r e c t  d a t a ,  which could 

show a s  unreasonable jumps o f  wind d i r e c t i o n  o r  wind v e l o c i t y ,  

have no t  d i sca rded  any values .  

I n d i c a t i o n  o f  co r rec t ed  and added d a t a  

For each hour o f  t h e  Reference Year an i n d i c a t o r  A ,  which is 0 

i f  a l l  d a t a  a r e  a u t h e n t i c  measured d a t a ,  i s  s t a t e d .  The pre- 

sence of c o r r e c t e d  o r  added ( " syn the t i c " )  d a t a  i s  i n d i c a t e d  by 

A being g iven va lues  d ive rg ing  from 0. 

I n d i c a t o r  A = l o o  Minimum tempera ture  

200 Maximum tempera ture  

10 Di rec t ion  of wind 

20 Veloci ty  o f  wind 

1 Temperature of t h e  a i r  

2 Re la t ive  humidity,  o r  w e t  bu lb  tempera ture  

according t o  t h e  va lue  used 

4 Global  r a d i a t i o n ,  i f  it has  been c a l c u l a t e d  

on t h e  b a s i s  o f  cloud obse rva t ions  a t  V a r -  

1@se, o r  d i s t r i b u t i o n  on d i f f u s e  r a d i a t i o n  

o r  normal r a d i a t i o n ,  i f  it has  been necess-  

a r y  t o  inc lude  a modified c loud cover i n  t h e  

c a l c u l a t i o n s .  

The i n d i c a t o r  va lues  a r e  summed up, i f  s e v e r a l  d a t a  a r e  "syn- 

t h e t i c " .  



APPENDIX 1 

Short translation of app. 1 in: Meteorological data for Design 

of Bbilding and Installation, Reference Year. 

Weather parameters in the Danish 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+1.84*x~t+2500*~ 

where t is temperature, and X = 0.622*pd/(1013-pd) 

pd = 6.106+0.460-td+0.01093-td2+0.000467*td3 

for 0 ° ~ ~ t d S 3 0 0 ~  
t 

p, = 6.106-(1.0852-0.0004*td) d 

f o r - 2 0 ~ ~ 1 t ~ e 0 ~ ~  

and i is enthalpi of air, kJ/kg 
x is moisture content of the air, kg/kg- 

pd is partial pressure of water vapor, mbar 

td 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 . 

Sunradiation. Global radiation on a horizontal surface, in- 
2 tensity W/m . 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 m6dified 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 0.1 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 N= 0 
part of the sky covered: 

1/8 or less 1 

2/8 2 - 
- 
7/8 or more 7 

8/8, overcast 8 

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 in/s)  

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

corrected for temperature. Given in tenth of mbar minus 900 

mbar. 

Example: 1045.6 mbar 4.s given as 1456. 
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