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I. INTRODUCTION

Cl ima tolog ical information on standard atmospheric elements
such as temperature or precipitation is abundant . Other moisture
charac te r i s t i cs  such as visibility or clouds are available largely for
airports or in unpublished tabulations . Frequency distributions of the
absolu te  humid i ty  are v i r t u a l l y  non-ex i s t en t . The pr imary  concern of
t h i s  report is the d i s t r i b u t i o n  of the  a b s o l u t e  h u m i d i t y  d u r i n g  fog.
This survey is a qu ick  approxima t ion of t he  a tmosp her ic  water  vapor con-
tent during fog in Ce ntral Europe based on e s t i m a t i o n  via the  tempera-
ture distribution.

Two points may be stressed . First , in the available t ime for
this survey it was not possible to furnish a comp lete distribution of
the absolute humidity during fog because the absolute humidity is not
an ord inary element to be observed and reported in the synoptic code.
Th e es timation wh ich is described in de ta il in Section II serves as a
simp lification for the calculations , and is sufficient for practical
purposes at the moment .

Second , it is well known among meteorolog ists that fog is def ined
as v isibility below or equal to 1 km. It is also well unde rs tood in
atmospheric science that fog has a distinct diurnal and seasonal varia-
t ion as well as an orographic dependence , e.g. see Esse nwanger a nd
Stewart [1, 2, 3]. Thus , fog p robabilities without the proper specifi-
cation of all three stratification factors are of limited value , e.g.
Moulton et al., Table I [4 1,  Bibermari et al ., p. 2 [5].

In the present survey of the absolute humidity . the morning hour
for fog has been chosen for 10 stations during the four seasons . The
limi ta t ions imposed by the selected data are examined in detail in
Sec tion II . It can be conc luded , however , that the results are fairly
represen ta tive .

None theless , the conclusions from this survey should be considered
as tentative , and the actua l numbers may ch tnge sli ghtly if a detailed
and true frequency distribution of the absolute humidity is established .
The results are commensurate , however , with the commonly known behavior
of the atmosphere , and the~- do not surprise the meteorolog ist .

It should he noted first that 45” of th e fog cases in the morning
hours in Central Europe occur during the fall season [September through
November , see Table 2 1.  This fact is frequently overlooked . The
result is not a conclusion from a sing le station but is based on a
10-st ation network , al though probably every individua l author would p ick
a d ifferent set of stations (see Section IlL
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The low absolute humidity for the majority of the fog cases may
surprise the non-meteorolog ist. From the yearly summary of the 10

stations in Centra l Europe , the absolute humidity of 7.5 g/m 3 
is exceeded

roughly only in one-third of the cases , about 80% thereof occur in
summer and fall. As disclosed in Table 2(b) only 7!~ of the fog cases in
spring and 18:7 in fall are associated with an absolute humidity higher

than 9.4 g/m 3
, none in winter . Although this threshold is exceeded in

two-thirds of the summer fogs it must be considered tha t morning fogs
in summer con tribu te onl y a to tal of l5~. to the fog cases of the entire
yea r. In addi tion , the duration of morning fog is considerably red uced
in summer (see Essenwanger and Stewart (II). A d iscussion of the spe-
cifi c tables and grap hs follows .

II. ESTIMATION OF THE FREQUENCY DISTRIBUTION OF THE ABSOLUTE
H U M I D I T Y

It was previous ly mentioned that frequency distributions of
the water vapor content of the atmosphere are not readily available.
The absolu te  humidity is not one of the ordinary elements which is regu-
larl y observed and reported in the synoptic code like temperature and
visibility. Consequently , the absolute humidity must be specially cal-
cula ted before its distribution can be established . Al thoug h th is com-
putation imposes no technical d ifficulty , the establishmen t of a com-
puter program for the calculation of this mois ture parameter is not
simple and is time consuming.

The major interest at the moment is the moisture content during
fog. It is a reasonable assumption that the relative humidity during
fog is close to l00’X~. In fac t, theoretically it should be 1007,, but
in practical work fog is encountered with a relative humidity of less
than l0O7~. Consequently , approximating the absolute humidity in fog
by the absolute humidity at saturation will yield an amount slightly
h igher than the true val ue in some cases . However , the effect on the
s t a t i s t i c a l  characteristics is expected to be nearly negl igible . It
simp l i f ies  the  task  fo r  the  e s t ab l i shmen t  of a f r e q u e n c y  dis tr ibu tion
of absolute humidity cons iderably , howeve r , bec au se th is problem can
now be reduced to the p roducing of f req uency d istribu tion for the
tempera tu res dur ing fog . The temperature can be converted to absolute
humidity by one s imple trans formation , e.g., as p rovided in Table 5
for the class boundaries of this study. The converted value is added
in Table 2(b) and can be simp ly app lied to the other tables.

A second problem is the selection of fog conditions . As pointed
ou t e a r l i e r , the t ime and sp Ice variabilities of fog make it extremely
diffic ult to provide a reliable estimate derived from one station . The
author is well aware that the 10 selected stations may not lead to a
prec ise climatolog ical average. I ndeed , Schulze—Neuhoff [6] has only
recently delineated the deficiencies inherent in a limited network o t
stations and has demonstrated the orographic var iability in a s in g l e

4 



weather situation by the utilization of 420 climate stations for the
proper analysis of an area comprising largel y Western (~ermauy . i’he 10
selected stations for this report (see Table 6 and Figure  1) disp lay a
varie ty of mesosca le condi tions . Therefo re , the out’: question remains
whether the summary of these 10 stations proiiides a proper mixture , or
gives disproportionate weights to extreme conditions . A carefu l exami-
nation of the climatic regime under considera t ion reveals , howeve r ,
that the derived estimate from the 10 stations is fairly representative .
An added cl uster of sta tions f rom one side of ex treme fog cond iti ons ,
e .g. too high (see Grafen~.idhr or Fulda), or too low (see Be r l in), appe ars
unwarra nted . However , additions of stations close to the average would
virtually not alter the frequencies .

This leaves undecided the time of the day , be cause the seasona l
fluctuations are included into this report. A closer perusal of the
diurna l variation renders the result that the maximum frequency of fog

shifts from 06
h 

AM G~’1T in summer time to 09
h 

A~’~ (GMI ) in w i n t e r  t ime
- arallel with the cycle of sunrise (see Table 4 ) .  In order to provide

niform time for the total year the morning hour of 06 was f inally
~iosen , where frequency of occurrence is not far behind in winter time .

One may argue t ha t  this  may generate a bias towards lower absolute
humid it ies tha n the one ob ta ined f r om noon data . This is factually
correct. It must be added , however , tha t fog at noon is virtually
non-existent during summer time , where the higher absolute humidity
would coun t . Th us , the bias which lowers the influence of high abso-
lute humidity is neg ligible or may be non-ex istent , and is wLthin the
error range of the estima t ion. It is also compensated in some way by
the assumption of l0O7~ relative humidity .

It must be further taken into account that on days where fog con-
tinues from the morning hours into the day the increase in absolute
humidity is low due to the closeness of the atmosp here to saturation
condi t ions and the  low i n f l u x  of solar radiation for warming .

In conclusion , the estimates given in the subsequent tables may be
considered as fairly representative of the climatic conditions in Centra l
Europe .

III. DISTRIBUTION OF THE ABSOLUTE HUMIDITY

It is obvious from Table 6 tha t  the  period of record fo r  t h e
10 s ta t ions was no t homogeneous , and some d i s t o r t i o n  in t h e  f re qI1& -~ cv
distribution would result from this vary ing length of record . The
t abu la t ion  could have been restricted to the period 1960-1970. It was
des i rab le , however , to i n c l u d e  the da ta fo r t h e  t o t a l  ava i l a b l e  pe r iod
of record largely because of the low f r equency  of fog du r ing  s p r i n g  and
sumer . This longe r per iod prov ides a better balance. In order to
make the material homogeneous , however , the data were standardized 
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a 10-year period of record . Th us , the value N 63.9 of Table 5 for
STU = Stuttgart means that for the winter season (1)ecember through
February) for 900 days during a 10-year period fog occurred on a stan-
dard ized number of 63 .9 days . This figure corresponds to a fo~ fre-
quency of 7 .l”~ in a single winter season in the average. Similar inter-
pretations must be given for the other stations and seasons.

The f requency  d i s t r i b u t i o n  from Table  1 can then be interpreted as
38 .1 days of the 63 .9  days f a l l i n g  into the  class f rom 20° to 32° F .
The t h r e s h o l d  32 v tS chosen because later in t h e  c u m u l a t i v e  s ummary the
“cold fogs ” as defined by fogs w i t h  t e m p e r a t u r e s  below 32 degrees can
he quickl y obta i ned. The expansion of this particular class and the
reduct ion of the adjacent class from 32° to 40°F does not introduce a
bia s into the cumulative distribution . The effect is only an unequa l
spacing of ci ~ses . ~ecause equal spacing in temperature means a non-
l i nea r  progres.~ion of t he  c lass  boundar ies  for  the  a b s o l u t e  h u m i d i t y
t h i s  m o d i f i c a t i o n  is without si g n i f i c a n c e .

The d i s t r i b u t i o n  of the  abso lu te  h u m i d i t y  in fog at 06 A7~ (C~1’f)
is disc losed in Table  2 ( a )  and Fi gures 2 and 3 for  the season and t h e
to ta l  year . These summaries  a re  based on the  data of Table 5. As shown
in these data , the mode fo r  the  year occu s in the class  between 4O~
and 50° F . It must be called to the  a t t e n t i o n , however , t h a t  the  class
interval from 32° to 40 ° is shor te r  than the o t h e r  i n t e r v a l s . Tak ing
under consideration the values from 30° to 32° and adding them to thIs
short  interva l class , the t rue  peak shifts into the 30° to 40° class
in terva l [see Figure  3 ( a )  and ad jus t ed  row in T a b l e  2 ( a ) ] .  In t h e  y e a r l y
summary the unequa l class d iv i s ion  introduces  a no t i ceab le  d i s t o r t i o n
in the  f requency  d i s t r i b u t i o n .  W h i l e  t he  a c t u a l  numbers  would change
in the other seasons , too , the mode is not shifted to a n o t h e r  c lass  in
the individual season .

The next to last row of Table 2(a) delineates the convers i on of the
yearly summary to a percentage frequency . It is obvious that values of

an absolute humidity of 9.4 g /m
3 
occur in less than 20: of the fog cases.

This adds up to an average of 63 cases in 10 years per station . A
maximum of 113 is disclosed for Fulda . In terms of the ind ividua l year
th i s  can be interpreted as 6.3 or 11.3 days p er ~‘ear for the average
or maximum (station), respectively.

Th e freq uency density distribution for the annua l summary is
exhibited in l’igure 3(a) which has been converted to equal class inter-
vats of the absolute humidity and is disp layed in Fi g ure 3 ( b ) .

The cumulative percentages for the individua l seasons are exhibited
in ‘I’ahle 2(b) and illustrated in Figure 4. A s expected , the annual per-
centage curve lies between spring and fall , and the extreme bounds are

su mmer and winter . Although 36 of the total cases exceed 7.5 g /n
3 

it

6

_ _ _ _ _ _ _ _ _ _ _ _ _  ‘--— - - -~~~~~~~~~~~~~~ -~~~~~~~~~~~~~



should also be noted that most of these occur in summer and fall [see
Table 2 ( c ) ] .  This amounts to 12 cases per yea r w i t h  an abso lu te  humidi ty

higher than 7.5 g /m
3
, with 4 in the summer season and 7 during fall .

The non-meteorologist accustomed to assuming 7.5 g /m
3 
as an aver-

age value may be somewhat surprised by the lower va l ues of the absolute
humidity. It may be explained , however , that highe r va l ues wou ld be
obtained by the inclusion of all non-fog cases . Furthermore , afternoon
values would be hi g her , too , but the  fog f requency  is cons ide rab l y
red uced , especially in summer (see Table 4).

F i n a l l y ,  Tab le  3 provides the  c u m u l a t i v e  d i s t r i b u t i o n  fo r  the  t o t a l
y e a r  at each individua l s ta t ion .

As previously  mentioned , an added benefit of the frequency distri-
bution of the  abso lu t e  humid i ty  b y t emp e r a t u r e  classes is the informa-
t ion on the murnbe r of cases of “cold” and “war m” fog . As exh ib i ted
in Table 2(b), in the average 64 of the fog cases in winter appear to
be cold fogs , and 267 of the total fog cases per year . Table 6 d is-
p lays this split of fog cases for the year at the individua l stations .
Here 32 °F was assumed as the dividing line althoug h some authors select
30°F.

It  should be r e i t e r a t e d  t h a t  the  g iven survey is a f i r s t  approxi-
m a t i o n .  fore d e t a i l s , and especially the  d iurnal  va ri a t ion  wi l l  be
provided at a later data.

The meteorolog ical definition of fog comprises all data with visi- ’
b i l i t y  less than or equa l  to 1 kin irrespective of the cause of obscura-
tion except for dust storms which are eliminated . These s torms are
extremely rare in Central Europe , but low visibility in winter may be
caused b\- snowfall. Since fogs with precipitation differ considerably
in their droplet size distribution , it is of interest to separate pure
radiation fogs from other types. This problem will be part of a forth-
coming report. Some preliminary results have been presented during a
special conference in December 1976 (see Essenwanger and Stewart [1)).

IV. CONCLU SIONS

It should be reiterated tha t the frequency distributions of
t h e  a b s o l u t e  h u m i d i t y  d u r i n g  fog in Cent ra l Europe s h o u l d  be considered
as tentative results althoug h the fina l frequenc\’ counts are not expected
to be drastically different . The limitation is largely based on the
f a c t  t h a t  t h e  d i s t r i b u t i o n  is s t r i c t l y  va l i d  fo r  morning fogs .

7



It has been exp lained t h a t  the  ac tua l f r e q u e n c y  d i s L r i ~ it i o n  can
only be established after calculations of the absolute h um i d i t ’~’ con-
tent which was too time consuming at the present t ime , because the
major interest is the distribution of the absolute humidity during fog ,
a relative humidity of IOO was assumed . This p o s t u l a t i o n  red uces  t ’ ic

task to t i e  e s t a b l i s h m e n t  of  a d i s t r i b u t i o n  for the  t e m p e r a L u r e , w~ ic i1
is very simp le .

The major surprise to the non-meteorologist may he the fact t L a t

the absolute humidity is higher than 7.5 g/.m
3 

in on ly  o n e - t h i r d  of t i c

fog cases of which 801 occur in summer and fall.

It  s h o u l d  e s t ressed  tha t  4 5 1  of the  fog cases ( : ur  ‘~ ie 10 st i -
tion network) occurred during fall (September-November). Th is f a c t
changes some of the concept of many fog studies h e c i u s e  t i e  t e r p  r~-
tures are hig her in fall than in winter . Consequent lv , t i e  a h s o l i r e
hum idi ty is hi gher during the fall season . It can he a r ’ d , iowe.er ,

that the absolute humidity is higher than 9.4 g’m
3 

onl y in 18~ of thc
cases in f a l l , and 7 ,  in spring . Whi le  the  t h r e s h o l d  is exceeded in
summertime in two-thirds of the cases , summer fog contributes onl\’
15’ . of the annua l total . Ge nera l ly , summer fogs are of shorter dura-
tion.

It is necessary to provide additiona l inform-~tion for the diurna l
variation of the absolute humidity during fog . This examination will
be part of a forthcoming stud y.

Under cons ideration of attenuation of electro-opt ical systems
a f f e c t e d  by the moisture content of the atmospher e , Figures 3(b) or 4 could
be directl y transformed into a range scale of electro-optica l 

vision.8
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TABLE 2 . D I S T R I B U T i O N  OF TEMP ERATURE DURLN G FOG ~~~~
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TABLE 3. Ci71L L~T l , ’,’E D I S T R I B U T I O N  OF TE~1P ERATURE DURING FOG

AT 06h 
A~1 (GMT ) (TOTAL Y EAR)

,ita t ion -10 0 10 20 32 40 50 60 70’F

7~ N

Stu 0. 2 1. 4 5 . 5 31 .0 56.2  81 .6 98 .9 100 264

Hei 1.0 1.2 2 .7  6 .4 29. 5 52 . 9 81.4 96 .9  100 237

Bit 1.7 18.9 51.0 79.1  98.3 100 361

Ha 0. 1 1. 7 25. 6 51,7 78, 1 97 .8  100 478

Sem 0 . 2 2 .0 19. 6 50 . 1 7 7 . 9  97 .9 100 307

Fue 0.5 5 , 0 13.2 46 . 8 69 .3  88.5 99. 7 100 395

Grd 1.0 2 .7 3.9 22 .1 52.9 85.8 99. 8 100 500

Fra 1. 4 22 . 0 51. 0 79.5 98.0 100 231
Ful 0 .7 1.6 3.9 21. 2 42 . 1 77. 2 98. 4 100 495

Ber 0.3 2 . 0 5 . 0 2 5 . 3  64. 2 89.8 99 .6  100 122
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TABLE 4 . DIURNAL VARIATION OF FREQUENCY (PERCENTAGE)
OF VISIBILITY < 1 km

(a)  December th roug h February

21 A l l
Stat ion 00 03 06 09 12 15 18 GMT ( 1 )

S t u t t g a r t  5 .4 7 .2 7 .9 7 .6 3. 5 2 . 8 2 .9 3.9 5. 1

Heidelberg 7.5 7.9 8.5 11.0 7 .8 6 .3 6 .8 6.2 7 .7

Bitburg 9.6 11.4 12.5 13.2 9.1 7.3 7 .0 7.9 9.8

Hahn 16.2 18.1 18. 1 19. 7 15.8 14.6 14.0 13.5 16 .2

Sembach 6 .7 7 .7 8.5 11.3 7.1 5. 2 5.6 5.7 7 .2
Fuerstenfeldbruck 16.0 16.8 16.3 13.0 7.2 7.2 11.3 14.4 12.8
Grafenwoehr 6.3 6.9 8.6 11,2 5. 2 3.0 4 .4 5 .9 6 .5
F r a n k f u r t/ M a i n  6. 2 6 .8  7. 7 9 .9  6 . 5 6. 2 4 .8 5.3 6 . 7

Fulda 3.5 3.9 7.5 9.7 6.5 3.6 3 .7 2 .2 5.9

Berl in 3.5 4.2 4.9 7. 2 4 .3 2 .9 2 .4 2 .8 4 .0

(b)  June through Augus t

21 All
Stat ion 00 03 06 09 12 15 18 G IlT (7.)

S t u t g a r t  0 . 4 1. 7 2 .2 0.2 - - - 0 . 0 0. 6

Heidelberg 0.2 1.0 1.7 0.2 0.0 0.0 0.0 0.0 0.4

Bitburg 0.8 3 .3 5.5 0.5 0.0 0.1 0.0 0.2 1.3

Hahn 2.3 5.6 6 .5 1.6 0.5 0.3 0.7 1.0 2. 3
Sembach 0.9 3.3 5.3 0 .7 - - 0, 0 0. 2 1. 3

Fuerstenfeldbruck 0.9 3.2 3 .4 0.3 - 0 . 0 0.1 0. 1 1. 0

Grafenwoehr 1.7 6.0 10.6 1.3 0.0 - -  - 0.2 2.4

Frankfurt/Main 0.2 1.5 2 .1 0.2 - 0 .0 0.0 0.0 0 . 5

Fulda 1.3 6.8 11.3 2 .8 0.1 - - - 2 .9

Berlin 0.1 0.4 0.4 0.1 0.0 - 0 .0 0 .0 0. 1

12



-—

TABLE 5 . ABSOLUTE HUMIDITY (SATURATION) AS FUNCTION
OF TEMPERATURE

T -10 0 10 20 32 40 50 60 70 °F

H 0.82 1.29 1.99 3.02 4 .85 6 .55 9 .40 13.27 18.46 g m
3

TABLE 6 . LIST OF STATIONS

Sta tion Stat ion Code Per iod of Reco rd N

1. S t u t t g a r t  34041 1 Oct 46 - 31 Dec 70 212211

2 . Heidelberg 34046 18 Nov 46 - 31 Jul  47 149994
1 Apr 54 - 31 Dec 70

3. Bitb urg 34049 1 Apr 52 - 31 Dec 70 159691

4 . Hahn 34055 23 Jul 53 - 31 Dec 70 151213

5. Semba ch 34056 1 Jul 53 - 31 Dec 70 141517
6 . F u e r s t e n f eld b r u c k  34178 24 Jul 46 - 31 Oc t 57 97824

7. Grafenwoehr  34189 2 Jan 59 - 31 Dec 70 87613

8. F r a n k f u r t/ M a i n  35032 1 Sep 46 - 31 De c 70 203166

9. Fu lda 35053 3 Sep 60 - 31 Dec 70 5884 1

10. Berlin (Tempelhof) 35104 1 Apr 46 - 31 Dec 70 216786

13
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6 0 -  _ _ _

50- 
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4 0 -

Z SUMMER
~ 2 0-
a

10-

C I I

N

20 - SPRING 
_______

F” I

3° - WINTER

20 -

10 -

a I I I I I
—10 0 10 20 30 40 50 60 70 °F
0.8 1.3 2.0 3.0 4.8 6.6 9.4 13.3 18.5 g/m3

Figure 2. Seasonal dis tribution of temperature and absolute humidity
in fog at 06 AM GIlT = 07 AM local t ime .
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(~) DISTI~IBUTION OF ABSOLUTE HUMIDITY (YEAR ) BY
TEMPERATURE CLASSES (06 AM. GMT 07 AM LOCAL
TIME)

— — — ADJUSTED

~~20 - 

. - — j  

ISS

~~10 -

( _ I I I I I I I

—10 0 10 20 32 40 50 60 70 °F
0.8 1.3 2.0 3.0 4.8 6.6 9.4 13.3 18.5 g/m3

(b) DISTRIBUTION OF ABSOLUTE HUMIDITY
(BY HUMIDITY CLASSES)

I5~ ~~~~~~~~~~~~~ 
~~~~~~~~~~~~~~~~~~~~

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
g/m3

Figure 3. Distribution of absolute humidity.
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