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CONCE~" ING THE CONCEPT OF THE CENTRAL MOUNTAIN FOEHN

H G. Koch

Extreme values and thermograph recordings of

pairs of stations situated at equal altitude on the
j -indward and leeward side of the Thuringian Forest
are evaluated. The annual variation of the
Southwest-foehn is shown to be related to the fre-
quency of westerly weather conditions. Furthermore,
the existence of a Northeast-foehn is revealed.
Both wind directions may be accompanied by "true"

-re, while the sky is overcast onf oth1n sidesu. of es
both sides of the Forek-4 with low clcud heights
and a small but distinct temperature increase on
the lee-side of the mountain range. As regards
temperatures and the number of occurrences, cases
are more evident when by windward cloud lifting and
lee-side dissipation contrasts are more pronounced.
The foehn is associated with warm fronts and, chiefly,
post-cold frontal and unstable conditions, which
therefore add considerably to the conventional high
ountain foehn criteria. It is proposed to use the
temperature and humidity differences of both moun-
tain sides as a criterion to determine the foehn
of the Central Mountains. However, the influence

p of fair weather upon valley and local basin condi-
tions has to be taken into account; hence, steep
slope stations are definitely preferable.

1. Introduction

Discussions concerning the foehn have recently been intensi-

fied - primarily in bioclimatology [1]. The fact that the

"foehn problem" is even discussed for Northern Germany [2) and
can also be observed with certainty in the Central Mountain

] region, even wnen there are no general symptoms of an orographic

k foehn, clearly demonstrates, on the one hand, that the concept

of the "foehn" is -ery greatly diluted, and on the othar hand a
clarification of the concepts should first be provided for the

mountainous regions themselves. The Central Mountains, in their
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intermediate position between the high mountains and the hills

or lowlands, have the disadvantage that the temperature and

humidi.ty effects, duE to the small heiqht differences, are not

so strikingly manifested and, however, possess the priceless

advantage of a more easy survey as to the weather events at the

windward and leeward, and better monitoring of the terrain by

suitable weather stations.

In regard to foehn processes in the Central Mountains, we

have rather good information since the classical descriptions

=1 of Assmann from 1885 [3] and from numerous other works in

reference to individual phenomena and certain effects in the

wind, temperature, and humidity field. However with regard to

the climatic, or long term effects of the seasonal occurrence

and especially a classification of the manifold foehn-like

situations, there 3s much vhich is unclear. The simple question

of characterizing a foehn situation by certain criteria is very

Pdiverse for the high mountains, but for the Central Mountains it

has not even been mentioned. Finally, in this connection, we

must raise the question as to whether purely dynamically condi-

tioned warnings during a cyclonal foehn can be detected under

the slight altitude differerccs in the Central Mountains, and

whether we nay- in -act sneak of an o-oaravhic foehn at all. In

this sense, the following remarks should contribute to a solu-

The climatic effect of the Central M.'ourtain foehn is
= ! wIithout doubt most i-mpressive in the precipitation distribution

pattern. he numerous daily, monthly, and yearly charts prcide

N excellent examples of this - especially under consideration of

the C sasona! differences. But even in regard to the tenerature

relationships, which represent a reliable existence criterion

for the high mountain foehn, a statement as to the degree of

effectiveness is very difficult. Often by means of yearly or

monthly mean temperatures, the temperature excess of the affected

2
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lee district is demonstrated by a reduction to the NN or to a

contmon mean height. But in this way - usually employing the

ER von Elsner gradients - large errors occur, which are to be

attributed to the daily course, as well as the weather situation

and local influences of the measurement positions; these them-

selves can hardly be eliminated in the long-term mean, or under

consideration of certain frequencies of the weather conditions.

However the "fair weather effect" of the valleys is responsible

I for unforeseeable reduction errors. In this sense, e.g., the

Thuringian stations of Grossbreitenbach and Oberhain (both prior

M to 1891), often cited from the "climate zone" for the demonstra-
tion of a leeward warming, misleadingly reveal a temperature

excess which is much too high (also cf. (41).

I It is therefore necessary only to compare station pairs of

I the saie sea-level, previously checking these for possible

terrain features by contrasting the extreme temperatures of

several neighboring weather stations. Only a few mountain

situations meet this criterion.

2. Differences of the Extremes in the Course of the Year.

From the weather networ" of the Bureau for Meteorology

J and llydrology of W-eimar, in the region of the Thuringian

mountains (which shall include the Thuringian Forest and its

southeast projection, the Thuringian schist mountains as well

as the "Frankenwald") the pair of stations Sonneberg-Neufang

(636) at the windward and Lehesten (640 m) in the lee, at

* medium and high s-ituations, are suitable (Table 1)

VThe comparison o f these 10-year climate means in no way

reveals any distinct tendency. It is thus better to ci aracterize

the daily differences of the lee minus the windward side for the

daily maxima and minima by means of frequency distributions. In

order to disclose possible fair weather effects, an immediate

3
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'Table 1. Daily Mean Temperatures as Well as Mean Maxima and
Minima of Sonneberg-Neu ang and Lehesten 1947/56

S -r "n, ,ftsi

"--

i i;.2 -- 1;_2 I l.l [).:1 11.3 :"
1 .-.. 2" ! 3. -15

distinction was made between the fair and all other days (Fig. 1).

It can be clearly seen that the differences of the daily minima
of Lehesten minus Sonneberg are always negative, especially on

fair days (top right) This signifies that Lehesten at the

Frankenwald margin of the highlands is fundamentally too cold at

all times of the year, in consequence of the nocturnal formation

I of cold air, and therefore is excluded with respect to the minima

for comparison purposes. But the daily maxima are free of local

effects (Sonneberg both day and night is free from local weather

formations which, again by comparison with Brotterode and

Schmiedefeld, R. a. a. 0., has been established). While on the

I annual mean the frequencies of positive and negative differences

between the dailv maxima on fair and on all other days are

balanced out (Fig. 1, left), in the annual course of the latter

there is a distinct pattern: in January 47.3% of all days at

Lehesten have a higher maximm than Sonneberg, but 20.7% have a

lower, and on 32% of all days these places differ by only

<0.3C. However in July Lehesten is colder than Sonneberg on

'35% of the days. Thus it is seen that a first indication of the

annual course of the foehn effect is immediately revealed from

the daily maximum te.,era-tures.

Sonneberg ani Lehesten lie at a distance of 25 km on the

same streamline for both S or SW winds, and between these there

is also a range which is hardly impressive. Therefore, in 1949/52

at Burkersdorf (615 m) above Schwarzburg a parallel station was-

maintained, situated exactly 30 km northeast of the free upland

yf*_U- -g4
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f ar ndbottomr for all other days.

-~ 'I sation of Sonneberg- and near the center of the large negative
preipiCatonanonaly of the leeward side nf t lehc ist mountains.

. by H. E. Jacob graduate student in

igo. seuvt dons of extrene temperatures at

t4ffeencordially been made available for the

rsummer months of 19-56/58 [5] , so that three annual courses for
the winter -..onths, five Cr the spring and summner, and six for

the utun ae ava-iable for th station pa'r ofl Sonneber-
B frkersdorf in ordr to form the differences.

For all 12 montss of the year, the differences of the

extreme ten-eraturcs in freauencv diaram s a-re shown nv
Fig. 2. ito is to be noted that, when the class size is 0.50,

differences of -0.26 to +0.240 are coordinated with the class

mean of 0.00 etc. The numbers to the left and right of the
distribution diagrams signify percentage below and above this
class mean. The differences between the daily minima, free of

5
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~ itatio effecs, al'low a distinct difference to appear be-

v; ~ ~ ~ ~ C i nAi-, -

04 31

Sr

..4 .

:II

Bu k rd r (--- mi6 6 -

b4 ius S nnebfg-t (uj 1) fr 1

m' - s F U- vers -9495, ad 156/5. Te nuber
next~-~ M-hwfeunyd armsid ct pretg4: yr j pst'e Bres f iwre)

I .5 ,~. ;.7 - *1 f=6



-A-

Even viore impressive, how~ever, is the influence- ofE the
foreh n Weather sit-uatio-n (righ colum- n of Fig 2) , wh1Ii ch dis

-ncv obeys anM a nn ua 1Course in the case of the Maaxxrma: from
-ovember to bAruarv te S IN a n el wea'hrr sxta~- and thus

o n"s -ai nr ,evai uin 'L sai
u5t L. ui- hs uu-- mild winters.

DacMnz t:" a in~ishge in Burkersdorf than in
Sonncene ra on-0 of all davs! The snr,4rg m-inha of April a-nd

~v ~ fre~ ubject to NE winds -corresponding to the ana

rthi of the wi nd vector -so that Bur'kersdorf is warmer on
onlyI -35 to 3%of all* dAays; the "nortmern foehln" is thien man'-

festd, -onnber- ber~zwarmr o a -os halfof a13 da-ys. With

the cool sumwner weather the SW- wind's and th-eo-tbo f -h-
situations aain boce frequent-L; from %June to Oc-tober

Burkersdor-f iwamron anuroxamatl-ely 50% of- the days.

Wile Fic. 2 corrIesponds basica' 1" to- the lonc--terni average
relIati on ship it ' is stil11 groatily influe nced by thwnivda

nature of thes-e few rear-s. in any clase, tefamiH - r avervane

annual cour-se of the wind dirc--ction freuny with peak s of the

LSWEs satnzticns in t- he winter and at the height of sRnr, I
S distinctly reflected.

in cn--r4ac- the- J4 -rw 0 .o-l ccnvention&l techninueso

caar ae-r-r '" ;-- f'-Ae - j MI we-h- s-i-ataons by-v.means of certain

tErer-ahuro an -ardi.2 - t-1.r-sno1d - sucxi as the height of- thr
vertic& - te di ff-ence between peak a-= ialn'

thvv=-aar shall thro =- aqhj- investgate all wiin-4d y
a-S to whether- there i-any teneatr difrnc-btwe mh

Vwinda'rd- anex ±eewaro., ann wetnver incontrast an2 ini- crease in

'hen aL the southern fln of tne MO-unt-ains can be nstablisahed L
onN 1a nd NE -Win daysv The results o-a r unvsort' o a

th e years 1902, carried ouJih 6hsnln r sho n

Fig. 3. In the upper row (sunm.er and winter) in comparing the

daily means, the daily minima, and (especially convincing) the
daily maxima, the excess heat of the lee station Burkercdorf on4

7



Sw wind days is fully disclosed. All six distribution curves

shwa-eodrneo h iferences These are
'1. cenerallv larcer in w.nter than in su.ser. in the cold time

o the ear, Burkcrs6or-f is warmer than Sonneberq on 86- of all

i S. wind days, usually b- 0.3 to -.so; but there are also
individual instances of a diffeCrnce un to +4g. In the sumer,I-:7 % of the days in Burkersdorf are warmer, but only by 0.3 tolb i 1.2 " larger cirferences are more seldom than in the winter.

As a confirmation, th lower row of this figure shows a

rt fferences under NE winds, althoughI these are lower than on .,e STN wind days. E-en so, the variation
a: of t1 e d ifferen es is smaller, and as consequence of the lesser

I number or cases the distribution curve is less smooth. But
-i still in the w'-nter urke rs- d-rf is warnte on - wind das

only 29% of the cases, or l0% n the Suimer, whil e in 44 and

65% of the cases, respectivel, it is colder than Sonne'rg

(rounded-off daa in rig. 3).

- I
t . Nence, the existence of both a southwest and a northeast

A:3! foehn should be regarded as proved.

3. Leenard/ Windward Differen-es in theDaily Temperature Course

A m uch bette bilit- for appra isinc Use thetai foeh
Seffccts than the dai- means and extremes are current teinoera

- tine (and hmiditv) reaisrat Ions at leeward and windmard sta-

tions of ident-tical ali d These wer fior the

sumz-ronths of ju.y t-hrown hcntober and June through August
1957 ba special ne eU on hth sides of h e- schist

mou tains ;.or forestry cit fufmet (f a more details,of. iS)).

i the Schiagetal near uraritreis euhaus/R., 10 km north

- - of the Rennsteig, an oportunity was found to set up leeward

j stations in an exact west-east direction of a segment of the

I7J
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steep and narrow Kerbtal, and windward stations in the parallel
Steinbachtal, a steep, incised side valley of the Neumanisgrunde,

5 km south of the Rennsteig. The "valley stations" both lay at

Lao 500 in above NN. the two "north slope" and the two "south slope

I stations" at 660 m, the peak station of Meura at 706, and the

other peak station at 764 m sea-level in an angle between

Neumannsgrunde and Steinbachtal. In addition to the measurement
, ,sites at the slope of the V-shaped valley, all the stations were

erected in the original range of rather old spruce trees without

a shrub cover, at identical height and with identical degree of

enclosure, so that the measurements are definitely comparable.

For the present purposes, both of the valley stations, as well

as the two north slope stations were chosen for the evaluation,

the latter primarily because any incrk- in the daily tempera-

ture at the southern slopes by direct sunlight had been excluded.

The deviations of the temperature curves of the valley and

slope stations provide an idea as to how greatly and variably

the "fair weather effects" influence the daily course. When t he
sky was overcast all day, the slope stations could not fail to

-:IT

!- assume a lower and parallel course both day and night,

correspondinq to the altitude difference of 160 m. Depending

on the degree of cover and the cloud density, however, the

valley becowes colder at night and warmer throughout the day,

Lthan the slope (much less the summit) with its equalized

- amplitudes, by an amount which is in fact the larger the more
-the periodic daily sunlight effects are able to manifest

_- themselves. In the summuer - more or less - this is a!:ways -the

- Y case. The q-uestion as to a leeward heating by the effects of

the foehn, can only be answered under consideration of this
fair weather .nfluence, since there are considerable differences

between bo-th halves of the mountain chain, even- on fair days

with little wind. A heating of the lee side by: tl foehn will

only be real, therefore, if the above influence is distinctly

superimposed or entirely overcompensated.

_ - 10
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For this reason, in Fig. 4 the mean temperature course for

26 definitely fair and nonwindy days is shown. This is primarily

characterized by a very large amplitude - especially for the

valley stations. Furthermore, however, there are also differ-

ences between Schlagetal and Steinbachtal, which are orographi-

lc '1y occasioned- the valley station in Schlagetal lies in a

segment of the valley in which the steep slopes at both sides

of the Bachbett somewhat recede and only reach to 170 m. For

this reason, the solid angle of the unscreened portion of the

sky and thus the effective radiation is stronger. In comparisoni

at the bottom of the valley of the narrow, 270 m deep, incised

-iSteinbachtal with its narrow gorge at the windward side of the

range it is several degrees warmer at night, but here throughout

the day there is less sunlight, due to the greatly constricted

horizon, and the overall valley cross section remains colder

than in the case of IMeura. Thus, at the valley and slope sta-

IT tions of Meura there is a heat excess in the day and a deficit

at night.

The deviations of the hourly temperature difference leeward

minus windward (Fig. 7a and b) have very large variations in

individual cases on fair days (point cloud representation not

shown). Thus, at sunrise, the values are between -5.0 and
+2.50 at midday between -4.5 and +6.50, at evening between

-5.0 and +4.5', and at midnight still between -6.5 and +4.0°

an indication of the great fluctuations from day to day in the
temperature field of the air layers near the ground.

]The duration of sunshine, according to t..2 data of the
heliographs of Sonneberg-Stadtberg and Saalfeld-Feengrotten,

is hardly reduced at all and e:.activ identical on the average;
only early in the morning and in the evening does the outlet of

the valley of Feengrotten experience much shadowing.

We must now verify whether on days with southwest winds,

1MCC
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Fig. 4 Cont'd.
1956 and 1957. Top, 26 fair and low-wind days, middle 60 SW-wind
days, bottom 18 NE-wind days. Key: a) fair days; b) hours of
sunshine; c) valley stations; d) north slope; e) Schlagetal is= warmer; f) Steinbachtal is warmer; g) hours.

of which in Fig. A, middle, 60 items have been com. ised in an

average daily course without allowing for the weather situation,

- important foehn-occasioned temperature effects can be established

- :as deviating from this fair weather picture. it is seen that

the daily amplitudes of the valley and slope stations are con-

tracted at the half, and also the temperature increase with

height in both cross sections of the valley, as well as the

windward/leeward differences at night, are greatly reduced, an

indication of a significant, but not yet total elimination of

the fair weather effects by clouds and wind. But in the day

the difference of the lee minus the windward side at both sta-

tions is greatly increased, so that the anticipated heat increase

at the lee side is in fact fully manifested.

i h 5 "In connection with this obvious effect of the foehn, the

aluation of the sunshine utographs reveals that, on these

60 SW-wind days, Saalfeld receives constantly more direct sun-

light, and in fact. reaches the hourly excess at noon in an
-Lar In order to better depict this phenomenon,

M- &significant for the heating of the lee side, let us further

present a frequency sorting of the half-day differences in sun-

M, both sides cf the mountain (Table 2):

rl 2 Frequencies of the Half-Day Differences of Duration of
Sunshine Saalfeld-F. Minus Sonneberg-St. in Percentage on 60 Days: 2:;_j wit*-h "N-'Ni"j.n; •

' iz e of DJffe- pogitive I wgaitive
V.Pe Din5-44-33-22I 1 -0 0-I 1-2 2-3 3-4
Foon :~.Op.5 3,5 It3 18,0 X9.6 13.8 0 1.7

R Afternoon 1,8 3,0 3.| 21.8 JS-2 23.6 5,, 1.8 0

0 13
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I ii
Although Sonnebcrg-St. with 636 in represents a mountainous

I q situation at the southern marginal fault of the schist mountains,

the data is still sic-ificant for the shadow-covered foothills.

Since here more than 1/3 of all SW-wi,d days in Sonneberg for
half the day have only 0 to 1 hour less sunshine, and 1/5 of the

Kdas .1 to 2 hours les, than Saal-fLd0, can be attributed to the

fac- that many fair days have been included, on which there were

little or no condensations of clouds at the windward side, when

the level of condensation lies far beyond the height of the

M ; sumuit. The significance of the sunlight differences for the
heat available to both halves of the mountain chain is nonethe-
less distinctly revealed.

As a control test for the heat excess of the north side,

Fig. 4 shows the daily course of the temperature and the

duration of sunshine on all available days with northeast wind.

Here the fair weather effect is even more manifested, as theI proportion of fair days is larger, by the fact that the daily

F L amplitude is larger than that on days with SW wind. But the

temperature difference North minus South at night has become

negative only at the slope--, but in the days at the slopes and

K in the valley; i.e. Steinbachtal, which now lies in the lee,

is warmer across the entire section of the valley than the

Meura stations to the north of the ridge! Also with respect to

the duration of sunshine the southern side - repre,--nted here

-iiby the "open country station" of Rauenstein (555 m) - is

definitely preferred over the similar stations at Neura (560).

A Thus, similar to the above, it is again demonstrated for the

A station pair of Sonneberg-JBurkersdorf that, depending on the

prevalence of the northern or southern component of the wind,

tbe southern or northern ha' of -1he mountain chain experiences

F. a foehn heating and retreat of the clouds.

In order to consolidate these findings, Fig. 5 shows the

hourly temperature differences of Meura minus Steinbachtal in a

--i 14
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I the exception of the early forenoon, when a fair weather effect

sets in, and then they lie below the zero line; on the other

A hand, they differ in their amplitude of variation. The SW-wind

days generally reveal a very tight bunching on an amplitude of

not much more than 3'. Before noon, the differences vary only

between -1.5 and +30, in the evening between -2 and +20. But

in the hours of the night, th- amplitude of variation again

assumes isolated high points, while in the valleys with cloud

dissipation and increasing wind deficit the valley inversions

return, as could be noted in Fig. 4, middle.

The pair of slope stations reveals a much smaller ampli-

tude of variation of the individual values, as shown by a

i comparison of the point clouds of Fig. 5 below with those of

Fig. 6 top, although these concern the same selected NE-wind

days. It follows at once that, on account of the decrease in
A the daily amplitude of fair weather days and other local

phenomena, slope stations with a maximum angle of inclination

are much superior for demonstrating foehn effects than valley

- stations.

N-A-I
Since the Thuringian ountains basically stretch from SE

to N W, the orographically occasioned temperature differences of

both sides of the range in the event of SW and NE winds must
-I naturally be the largest, and the smallest in the case of N

(and the more seldom SE) winds. This is shown by the lower

point cloud diagram in Fig. 6, which differs only slightly from

h that of the fair days (not shown). The experience that there
'-e no foehn phenomena at the Thuringian Mountains under KW
winds can be demonstrated, e.g., from the daily charts of the

precipitat-ion distribution. A 'io3:-rOw-est calm back-un" or a
I windward intensification in the precipitation in the northern

foothills of the western Thuringian Forest takes place under
- neither NW or N winds. In the majority of post-cold frontal

H-- weather conditions, the wind above 1000 m usually arrives anyway

ii 16_
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from the W or SW; the normal or an irregular precipitation

distribution pattern therefore sets in. Under the 3arge autumn

and winter slip fronts, and therefore also on the yearly average,

_I| the rain maximum on account of the smallness of the mountains

in this part tips over to the Lee side, which is perfectly

regular, but in no case is it north of the mountain border.

The previous results can be sum.marized once again in

Fig. 7, where the daily course of the mean hourly temperature

difference leeward minus windward in the three different main

wind directions for the pair of valley stations can be compared

with that on fair days. In this regard, NW-wind days deviate

only slightly, but SW--;ind days substantially and cloud-rich
NE-wind days fundamentally, from the above.
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The mean daily course of 20 first and 15 second halves of

the day can be seen in Fig. 8 at the top. A-sorting was
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necessary, since in #-'he case of su-,mer warm fronts tn ycoa

I foehn stage endures all day iong only in a few instances, and
the b-coin ning or end usually fall on the intermdiaehor

I flwerr, he itrrupt-ed" half- avs for those hours on whnich

the foehln had n-ct yet begun -or already concluded were given a

comoplete allowa-_nce. Othzrw. ise temperature iumns would also occur

intehalf!-day curves, such as are unavoidable at noon and mid-

Inight, giiven the dif ferent number of days.

-7.
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I N 

4

Fig 1-8. Mea dal coreo hUeprtr n
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noo days wit iamfot ne W id 6
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Fig. 8 Contt d.

2 days with fo congetion at the southern margin
in October 1956. 'K e- a) hours; b) valley sta-
tions; c) northern s-ope; d) Schlac-etal is warmer;
e) Steinbacht as rmer; f) hours of sunshi_-.-.

Although +h choic- o 'he warm Aront situations was made

only with respect to the weather conditions and not the height

4- of the condensation level, the leeward warming is present all
4q day long to a high degree. Especially noteworthy are the fore-

1 noon heat excess or the valley stations at Meura, which greatly

ee he-r diference of the fair days, as well as the night

and forenoon heat increase of the leeward slope stations. Even

the otherwise-effective radiation effect, which persistently

keeps the Schlagetal colder than the narrow Steinbachtal at

night, is comnletelv ccmensated by the foehn influence from

00 to 02 hours! The amount of sunshine at the lee station of

Saalfeld was found to be narticularly effective at midday. The

difference in the daily course of the temperature differences

between the vallev and the slope can be seen from Figs. 9a and

i0a (cf. in particular the high all-day curve of Fig. 10a for

the slope station!).

4 .2. Cloudy SW-Wind Days 

.b0Th sect apear even more clearly 

_U plotting a mean temperature course wit4-h especial!y cloudy or

continuous'y rainy SW-wind days, as cn b en an Pig. 11.

nThese represent the weatner conditions with low conmdensation

level, when not o . the windward side is shrouded in the

low- lIng clouds (Sonnebery station is usually in fog), but also

the north s-de renmains thoroughly overcast, so that there can be

no heatina in this case by direct sunlight. During these 13

half-days, the heliograph of Feengrotten registered a total of

0.4, that of Stadtberg 0.6 hours, so that the thermal differences

can in no way be interpreted as effects of radiation or local

20
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Fig. 10 Contd.
With post-cold' front~l w-cathcr and SWV vt.dnd;

C-davsw lcit 'A Wi -= f a- avmr ti 4- ;T und;5

g) cloudy? nays twth 11, ind.

climae. Te dailyv amlitude conse-quently- aou-ts ton ov 3.50
in the va.llex, a n d on 1.50 on Fhe sioe!~ "Bee the wnua-[ .an ee:adw i' on the s 1 o-c there are mean differences of

0. t'0.0 ~-a 1  
, -ile in the valleys at ni;ght.- they are

0.4, at- middr -1 m -o1.O The vertical temperatue rdinIe pr 10' n e-t er to 0..35 in StLeinbachta' , 0.6 in the !4Seura
valybut a Amddy he latter imay be 0.35Z or l.V~.Whlte3 tner~modenam' ocep20ss of rising and inia a

not cofom pertectiv to an ideal J.rean process, the ascertained

Values muast noneatheless be regarded as genuinely real, and the
felmhn a -4, at: th 'es-T r seUnder a low- conoensa-n level

-- an d close d co ud co.-.r 'rcs b e egaraad as 'qenuine".

44.s. Pre-Fronta S-W-ind Days

I n s .a c-.3trast with th ese ove rcas t S 4 A eC a the

aundLMZ S~C S-wdna ocx- eA1 - rn undeAr a

-,-1-~ 4 ah cloud- level disclose tne tvnxpcal roe: n wt
le-c=-r ~ -ms a a neal .s'-~ 4 a

warmudin w-JL fh at tame M& A ± P- ntense global racdia o. howeict

zh' ~re an orgahcclo"A b -np to tbe xw ard
(hi _a"nralew-u cloud -'sim=_ticn, b-Ia r-the both

I wno ~and le.--.are exp-1rence W-ne- cn amth a t the sae
t ME a na aaSl av the same r:oam skLW ,a. even in lowlands away

Io thm r-no m-ain, -mach as N'-ti m G.te'cerman-v, a rvAS
"ft C-p .r-= even ru-eterrotropic foeh! n

I u~roilem can be obs-r-%n-d m- rther larc- ubr ndrvatt

insab I~ts.This concerns almost exclusively thbe laree
tropical air impacts against the front of the East-Atlantic

Depressions, when the condensation level is above 2500 in. As

__import-ant as these unimanily suwnertime situations may be in



I i regard to bioclimatology, their meteorological and biological
I effects must nonetheless be ascribed solely to the pre-frontal

-snoptic codition, to an orogra-hic foehn effect.

in this group of "pre-frontal SW-wind days are includ'ed

certain "unstable" conditions, during which certain pre-frontal

I- - heat waves within the maritime tropical air occasion a tendency

to storms and more intense cumlus formations over all of

s Central Ger-any, without the terrain influences having an effect
FE at the mountain range. The uailv course of the temperature

difference of- !eeward minus windward consequent ly tesembles that

.f the fair days to a qreat extent, only the night differences
being equalined and possibly the windward -cides receiving

slightly less sunshire (cf. Fig. 9c).

n additional foehn-like situation, which greatly favors a

therm al preferment of the lee in the climatolorical mean by

exceptional Isolated cases, is the formation of lo.l0and fog in

the southern foreland and its burn-off u to the mounitain crest.

This fogc still belongs to the anticvclcnal foehn strge. Unless

it conce-ns a ,erticallv extensive radiating fog, fft is to be

undersood t h fog is a low, enclosed corer of stratus

Sclouds, createb the forczd lift~ng of the bcttom layer of

air within -he foundatoiyi layer as a consequence of flowingrfoothis, Tedla the nountains and the norther

- -- foreland ha- no clouds at al in a ffair sky. Under a stronger

- Soutest xvnt%-d ad forenoon tLermai conditions, the cold ai-
rises to t rihe ht of the crest, shrouds the mountains of the

VT -- W snd -t o 600 or -800 ., an. :nterrupts the anti-
v Al fc cfr hourwt r ote ro reess n

and increas in iditv, until itw htnaw-, usuali- by even

- to the southern forreland or, in the event of a high or medium-

- high gathering of clouds, passes into the stationary foehn

stage. The summits and the lee side are usually spared, and

normally the fog quickly dissipates at the lee side after moving

___ 2-3
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beyond the cleft! of the mountain passes. An enclosed, low
Vs-; - !i foehn wall stretches -om the No-'th, above which there is blue

sky. I is clear that in this case the stations of the lee
will register the extreme annual course of the fair days and

full sunshine, while the windward stations will register an
equalized temperature course and no Sun at all, as shown in

Fig. 8 for the example of two days. In autumn and mild winters,

these situations are especially frequent.

4 .4. Post-Cold Front Weather With SW-Wind

The group of foehn weather conditions which is of greatest
I- interest and couprises the most numerous contingent of all foehn-

situations, is surprisingly post-cold frontal weather with

southwest advance of air. In both summers 1956 and 1957, for

which we have available a total of 7 months with thermograph

recordings, there were:

130 half-days with SW-wind, of which there were

21 half-days with "pre-frontal" or "unstable" SW-wind

3 -conditions,
41 half-days with lwarm fronts and SW-winds,

G7 half-days with cold fro-onts and rost-cold front

Sconditions with SW-wind, in addition to
f _7 ]52 half-days with NW-winds and
SZ 30 half-days with N and NE winds.

AR -'Several of these have been counted twice when they concerned

two different weather situations. The selection of the wind

directions was made by climate observations four times a day of
the larger Inselsberg, 60 km away. Since the nu-mber of hours-
with warm fronts is much smaller than that of post-cold front

weather, due to the rapid front passages, the latter conditions

decisively control the weather manifestations, especially during

iPortraits of two such cases are found in [6], p. 109/110.
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41I
the normally changeable months of mid-summer.j

Pi q 11, -middle, shows the mean Caily couirse of the temper-j

ature and duration of sunshine of the valley and slope stations

at leeward and windwarrd for 1.2 post-cold frontal weather half-days.j
Only those dayvs -were chosen which reve-nled rather larae differ-

ences of sunshine duration at both sides. This reveals, in con-

= trast with the curves in Fig. 4, middle, for all SW-wind

post-cold frontal day.s, the foehn effects in full clarity:

1. The leeward stations are warmer, not only at the slope,A

but also in the valley; the fair weather influence at night is
X fully compensated by the foahn ef-fect.

2. The slope statioa, and particularly the valley station

of the 1l,1 is up to !,?70 warmer on the average than the corre-

sponding windward station, in many isolated cases the hourly

value of the temperature difference during the clay rising by
more than 2.50; while the~ windward side is usually irn shadow,

the leeward station has much more Sun and heats up in almost theI-- same fashion as on fLair days; the fair weather and pnre foehn
5effects complament each other and result -,in an overheating of

the lee side, which is therefore aiways the greatest between

the- hours of 08 ane, 17.

3. The differences In the anzount of clouda,; are the greatest

of all the previously adduced instances; while the Feengrotten

receive about 60 to 70% of -the possibl snshine, the Sun at

Sonneberc: appears for only 20 to 40i% of the timie. In a remark-

able manner, in Fig. 3.1, middle, from, 16 hours on the sunshine

1 ancd, eaually, the temperature curves of the windward and leeward

st1-ations d*raw- together, as suddenly there is rnore sunshine at

Sonneberg; thus, between 16 and 17 hours, the windward stations

as well - in comparison with the lee stations and their delay of

i zup to 3 hours -attain an additional distinct daily temperature
IT7 - maximum.

25
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WE Fig. 11 Cont'c3.
for 9 cloudy NE-wind days, at times yb-days.
Key: a) overcast; b) post-cold front weather;
c) cloudy; di) hours of sunshine;- e) hiours;ii f) valley stations; g) north slope; h) Schlagetalis warmer; i) Steinbachtal is warmer.

The close connection between the cloud processes and that

ofr the temperature difference also follows from the hourly values
of 21/7/1957, one such SW1-wind post-cold front weather day:HE

VC Table 3. Hourly Values of the Duration of Sunlight of
Saalfeld-1'. and Sonneberg-St. as Well as the Hourly TemperatureIifrec on 12-19ea Houru. Steinbachtal, Valley and Slope,

'a LClo C' T i ne 12-i:3 13~-14 11-U) B~-16 1 6- 17 1 1-18 I$S-111

08 0,8 1, I tsi 1.0 0,
SonncbrgStaiL1, gi.2 o- 17 E

A Just as, on the lee side during the day the full. sunlight resultsM
-- in an o nverheating, at night a free and, due to the dry air,

ratiler intensive emanation of heat during this post-cold front-
may stimulate the formation of a U-1hin layer of cold -air near the
ground, over which the foehn air glides. At times the latter
may penetrate to the ground and temp orarily interrupt the
ig htly temperatire drop. At rathe lag-onanheights,

-these 1 tparzado-J-3 foehn erfcct%-s Cr especiallv frequertt.1L

4. 5. Cloudy NE-Wind Days

In conclusion IcA. us note the NE-wind s-tUatons, of whc
in Fig. 11, bottom, 9 most cloudy days with leeward waruiig hdVe

- -O-e such case, when Friedrichroda eerenced a comiplete- -fo-&iii-

__while B"ad Koesen under a clear. night only receivmd a-fooh x
= pact, is dapicted in note [61, p. 104.
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been chosen, 4 of which belong to Vb-weather situations. This

pattern differs from that of Fig. 4, below, for all 3.8 NE-wind- days as a consequence of the exclusion of the fair days, speci-

i !I fically :

1 1. by the "lowering of the daily amplitude,

2. by the drawing together of the valley and slope

r stations, and

3. by the prsistent all-day excess heat of the leeward

r (southern) slope and primarily the leeward valley stations.V The excess heat, again, can be ascribed in part to the foehn

r sinking in the lee, but mainly the dissipation of the clouds

at the southern side. As an example, we mention 2/8/1957. From
r : {14 hours, with full sunshin' at windward as well, the differ-I ences immediately recede from 2 to 30 to the customary 1.5 to 00

r of fair days. Also the fact that, in accordance with Fig. 4,

below, the largest windward/leeward differences on the average

of all cloudy NE-wind days occur between 11 and 16 hours,

A indicates the paramount inluence of the sunshine (at night

under clear sky the Meura valley is always colder than the

. t SteinbachI valley , anyw-.,av).

Table 4. Hourly Values of the Durat.on of Sunshine of Saalfeld-F.
and Sonneberg-St. as Well as Meura and Rauenstein (Top), in
Addition to the fourly;' Temperature Differences of Schlaaetal
Minus Steinbachtal (ottom) on 2/8/1957.

9-0 0 1111 1 2 1.,-]4, 11-15; 1 -16 I;1 7 V-I

---- " = ---,h; -. . . .I- , . .

1.0: o %S 0.2- '-, S, .e~c¢ . LO L +. ~ o 1.0 1 1, .L~ o !, 11i0 ,i 0,: 0
Sn.flabrg-$. , 1.0 1t i, 1 S~ 10 .j Ii..0-

0 0,50,0 * ,i 1,0 1.0

1huien t'.vrii a .  0 I,,- 1,1 I- 10 m - l I U - - 0 o0 -,

vs4 -1.,, , 5 1 -2.5 2,4 ,, -- , - 0,9! -o.1 1
,nt sope s --- 1,j-2.0.-2;; -0i 1+7v -2 15 0.1 +0'q
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'The fact that, on the other hand, the southern halves of

the mountains are always slightly warmer, even on completely

overcast da's with NE-wind is shown by the following table, in

which the three Vb-type days are combined into a mean daily

t i cou-se of the temnerature differences:

2 Table 5. Mean Hourly Values of the Temperature Difference of
Schiagetal Minus Steinbachtal on Three Cloudy Days with NE-Wind.

S1cc> T0' -0- 2-1 4=fl 1; S- It O--i 12-14 14- i 16- 1S, 1S '-2 20-22 22-24

v a.- 1-y " 0,2 0.0 oooW v 1.1 _0l 0310

- - - j 0 - -- O.9' 1.1 -,9.I -0.9 -0,7 -0.7'.-0.7
ti i ,

[ On these three days, the Sun appeared in Sonnebor.g for no more

~than 0.4, in Saalfeid 0.5, hours. Nonetheless, as a result of

. a slight "ilt ne cooin o 24/6/1957 in the Steinbachtal1,
acertain daily cour1se can be noted for the valley stations,

but not the stations of the northern slope, so that here the

Sheat e.xcess of the leewvard sout-ern halves of the mountains
ishould be ascribed exclusively to the dynaic hieating of the

* -. foehin process.

E 5. o-hnP.,enciii.na and Cloud Formation

T*he previ ously" cited. c-ases clearly sho,:, that, dept h
low lieight Of the Thing Mountains 1 00-900 m), a leeward

mount~ains pe-rp'endicularly' and furthermnore there is either a

differenr.ce in the degree of clo-ad cover at both side- of the
moutais, ra resurebuldup or dissipation1 in the even- of

overca-st slkyl, at least in the lower and middle layers. Cloudless-
Sdays, fair days with equal cloud cover at both sides, and

"pre-frontal" days with high cloud cover or foehn forms indicate$

at any rate, no orographically-occasioned foehn effects, even

V3-.=.--' "' - i  when wind is present.29._ _ ._ -:. -.;__
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Although in many cases the influence of the different

radiation influx and efflux prevails, on the other hand even in

the warm time of the year we may discover a modicum of foehn

* situations, when the radiation effect is entirely excluded and

- the particular warming and drying of the air must be ascribed

to the thrfvai oeh n -process alone. Ais exalmiles ofZ this

- we refer to the above ractically sunless cloudy days of SW and
V NE wind, with a lower windward conden s4-io- limit below the

* mountain crest. All the phenomena in -he thermograms and

I hygrograMs, so characteristic for the mountains, such as the

spikes at the beginning of the foehn warming process or

especiallv the humidity drops at unusual times of the day, which

so excellent y characterize the foehn process, are utilized on aIminiature scale, but with, perfect clarity, in the recordings of

the Central Mountain measurement stations (examples of this are

not reproduced). The amount of leeward warming and drying is

the larer as the temperature (and thus the absolute humidity)

is higher and the condensation level lower. The former produces

I a larger amount of leeward warming for the summer, than the

winter, so that for this reason the summer temperature effects

are more striking; holever in the cold half of the year the

x. condensation levol is more often below the mountain sunmits, so

that the true foehn processes are more numerous than in the

summer, even in consideration of the larger number of overcast

days.

Overheating of the leeward slope stations by 1, which

according to Fig. 11, top, as well as Table 5, is to be regarded

in general as an average working value, presupposes windward

elevations up to 1000 o-- 1200 i, in ;he case of an ideal foehn

!- z nrocess and a condens.-tion leve' . of 800 m above N' in the summer,

or 1200 to 1400 m under mild winter situations. At excess

temperatures of 2 for the medium height situations, which are

more often detected in isolated cases under an overcast sky, we

must assume elevations up to 1200 to 1400 m in the summer, or

30
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1400 to 1700 m in the winter. Since the constrained rising isI J
initiated in the foreground of the mountains and especially in

the Eastern ,.hurin 'an o-ountains there is a sufficient range

I for both halves, . cwarc- elevtions up to these heights and
leeward descents, even though the" are not always pure

dry-adiabatic, are .ene.ally common, so that the ideal foehn
1_ r ca b i aontratee no- only theoretically, but also by

But simolv the tact that, even on overcast days, the leeward

heat increase and the valley/slope temperature gradient is largest

I between 11 and 16 hours, as well as the fact that the nightly

valley inversion within the cross section of the valley very
often remains, indicate that at least in the summer months the

daily effects of the valleys never entirely vanish, and must
-always be taken ino account in the estimation of the degree of

Ithe foehn effects.

I It is thus obvious that, disregarding generally overcast

days both windward and leeward, usually rich in winter precipi-

tation and w ow a loa condensation level, in the Central

Mountains --e cloud build-up of the lee, and less often the

cloud dissination at te lee, principally represents the cause

j of the leeward heat excess. This is therefore a secondary

phenomenon of the cloud cover effect; but it is this which

creates the thermal prcfernrrt of the lee side in the hourly

and daily mean, as well as the monthlv and yearly mean. The

-great preponderance of SW-winds in Central Europe is ultimately

manifestd in the .climatic coefficient of the stations

of the foreland and northernargin of the Thuringian Mountains.

The scale of the cloud patterns, the alterations of which

a re clearly due to the influence of the Central Mountains, and

which produce the heat excess of the lee, is very broad and
embraces - often in purely classical shapes - all the varieties

31

]o77



of windwadpie fair-weather cumnuli above the fog congestion

of the southern side, thlle enclosed stcu and cu banks at the crest,
and oltherwise cloudless wecather, until the lower and middle

cloud levels are dissioatd -id leave behind a precipitation

there are al~so foehn gaps in the as, sometimes higher, as well

as. mccizai t-like obstruction, cloud-*-s with fochn walls over the
moutais (ig. 12 " he peculia-rity of this -phenomenon is that

all possible weather_. conditions, so long as they have a wind

comonntnot parallel to the range and a somewhat low conden-

sation Level, can produce foehn effects.

AAA

Fig. 12. Foehn walls and high obstruction cloudsii above the Central Thuringian Forest, seen fror.
-T -ii Tanroi- en 24/'10/195.1 at 13 hours. Backlighted

0. special frequency and perssence are post-cold frontal
we"DtLhcr cnditionS at the Lrans-i ~Ona seaso-ns -and in the winter

with southw-.est w-.ind, when under an otherwise cloudless sky at
the upper boundary of the ground layer there are formed low

convection cumuli, which only cover several tenths of the sky,Ibut at t-he southern rim of the mountains, as a consequence of a
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Islight upwards conmponent, tnese arec fotfe an ildupit
I' a mssive loud Fringec. The instabilitv of the humidity in this

case obtains only I-n the ground layer; in the cold z.ir- flowing

above, there -prevails a dryness, good visibility, and few clouds.

From the clear northern side of the mountains, usually free of

clouds;, a viewv. to the- south reveals a long, very low, miassive
foehn wall along the mountain crest, which rises curina the day

as the convection intensifies, sometimes was~hn-g over to tho

the crests and summits, as well as the entire southern ha.lf of

Ithe imountain clown to 400-800 i, are veiled in a dense, drifting
I'fog, often -,th heav\- drizzig while a

1 foreland further south is its3eli" free of clouds.

r;.g. 1-3. Intensified Clo-forxnation at the
SW Geof--eCentral Th %A --.

(right-)~es to the north of the
Renstec- jef inthe Picture) iwfr

Phot. lel. Htckel
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Saalfeld - Bad Blankenburg, taken under licht
rain from the roof of the university observatorx'

at Jena on 3/11/1953, 11 hours. PhotL-. Verf.

I For an ant;"clonai northern situation, the opposiLt

develo~pment may a-Iso be ob-servc: on otherwise clo"U' ass da-s
m wt Nr-wind, early in the morning: cumli increase from the

vapor of the vall1ev inversion with the heat_ ing which ecu-ins at
t - t-he northern naroin of the mountais u; oaslgt-=sac

Aover1 thez crest, and aclosed clhain of scn-%redi ssolvirg ciound =

Spilars is formed.

I

Al B-UWt also on summer da-_s with s- ah.t routhin wine., wich
I diplaya pronoun1cen aa weather aspect an- a high Cu-condensation

level, an inteOnsified convection and abrunt interruption of th e
latter beyond the crest are distinctly noticed in the different

cumulus patterns of both halves of the mountains (Fig. 13). In
this case, the northern half of the mountains and the foreland

remain nearly free of clouds. From this vantage point, fEm-
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c~untl inU-a sotW~n irection an oiw of a continuous

C, Cu-ehaln -;ov w:h cre, st is granted.

hCe tt'ms durinci rarm tront_ passaes are the rmost
-n fl-1~r u... rnownh in Since there is merelyI

a ~~cduc ~ ~ ~ 4 .='.C inest of rei-itt at th ledring

stroci r a~: lqhtczcarnts 'nhe lovwest levrel over

: the ie s-- c' h 1-40 seen if- this stunitwith g rent reauu-
lC!t- ii-~ - so in th e Ie of isolat-ed mountains, ridges, or

... ~ C"1e and Mob.~ u... is aa n r closed. u

1-1 inIth case of wcZZ-0r zfonts -..-- h -lqht anio as or1 hliqhi st

teecan' be Je-ce--- ls ena, W~eimar or- Erfurt sharply

mnontc ~ ~-'n (ig.34)On the entire range along the
cl e~~Cs ree ml lue uans in thec clouds at distances

or-. mn.Ore. jI ±rs on'- acate of a medium-hich

-pre- frontal updraft the fochni gzps spread van' much and of ten

Sext.9-end -fro the mo-- untains -to teabov--nmea cities. I n thi 1.s

sit-ation, L&. eI-A -.all ioftnabsentE or- onlyv diffuse.ly
formee; for str---.-. rots te edqecof the low-, m'ounta~n-

veil ino s t-clo-1:d- c~ o-r' a' w-s distin-ctly exNpressed on the

nor-th cP of Urrir1 levelsc. it is also interesting
1- to _ ole c e s - oe s s rze nudiso uos and le- 'WZ-

me ou;::-aln r where itcr brcwi and diversety s-aqre

ac~~ros eo'-' - :et- e.gq., the sotenhalves an -e

-cret ti I a ca ro -cves~ in r.Main- an-u clouds , bnt Vne

-- -A -- slores are f'e of clctoucs From teie rfoena

c1cs ~ .= - .. soutnr slotzes C:,c.rece.
CCond -x p, I - .r - n* e ~r~~

trzc orrert rid--0 to - parat-1e-i with th I -

I - - . - r

IThe forAin phenomena are very generally more innressive in
th ar mountains, es-peciall with respect, to te lee effects,

the high obstructi-on clous, and the cloud dissipation to theI
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c- FhC- . ... L e is

01orth-as
- -- - :i '- -?:i ev'-' h--t-r develm-ed than

- i-e s- -e .. the t  Ct 1ins a v si and 16).

*c r the e-rce:a vrcs dscInssin, t n abo: osibe

er -raratue ( - or um -fbard hnd
3-r i. .e:cS=t A

as c ' ri -': -- cncc.e c darati-on, --nd i"l"sit of i-he

oio.Lauhi *yinl"i-h: in view c:/ th2_ -u,, averae heig'--:-
the a-n--u 'rCsboc the tne of day , w-hich cannot always b'

- { escluded, even on overcast days. Instead of the above, theI tempnerature (ard numiditv) differences between leeward and
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:i':rd:t c tf ie n tic a a t iue h ave prove d tbe h i g.ivI% I
Suitabl'e its foehn CrYit r! S;inc te al r"xahre- fcsEo -- 1e 1e -i 1- t 1, e r intensi -c rd1at1ve heat in tzcohe

day, frmation of inversi-ns at n-oht in the case of a foehn,

0o.. "t te in- th-e IcC, 'but particularly in the dissinted cdc:nd

cover of the leo s- de, those aqain c.nnot be u-sed without
eervation. and rnoIA o-flv be reardcd as representative afte

an appraisal in relation to the latter. Steep upper slope

situations in a poor-light northern exposure are most likely

free of local effects and therefore best suited for the siting

of comparative stations.
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[ ) ith the, .. Lrodluctioii of the temtperature and humidity
dif -erc-ces- of~ both !3ide(-s as fcohr.- criteoria, the categorv, of

fcen~ae~ivo :ea;';ci. con fl tions in the Central :AIountains is

of oiisL cos draby -)--clO, lne cold -,ir congestions or
~liqU~'~nstb~hsouthern wea!lhcr conditions form a large

com~ponent, among other. . "'his priimar-Ily perliains to the suimmer.

But the e-a vye?. of in,:lu*.ing " Ia).s" a-, "foehnii-Jiko"

Ssituaticn. or: "traition~al conditions" in the foohn statistics
-. i;k to all rcsearchers of the high moutain foohn who

cemploy, ,-ay, the wind direction, guctiness, a high tem-tperature

gradient or so fortiih as the principal criteria for statistical
analyso's. The "3-criteria charactor is tic" of Co5ad [61 , nam~ely
the wind direction from the mountains, zlic temperature in.crease,
and the drop in tVce relative humidity, is ai.-io in no %...,y capable,

in the Central Mountain~s, as well as the Alps, of distilguishing

a genuine "front" fcehin from a (false) post-cola frontal weather

t 5 "foehn" with south wind, according to the above experie-nces.

B', virtue of. its small meridional exteit iid its very good

road -facili-ties, the Central Mountair rangeofrch datg

(in the present case certainly dubious) of an easy monitoring

of the weather processes by means of rc-gistratio E, synoptical

jiobservations, and transit surveys, ais well. as the possibility

of a thorough sorting and criticism ofl the diverse causative

j~iIfactors. In the iAlps, the breadth and height of the mou tains,
thie low, density of statfons, the absence of pairs of stations21.of ide;_ntLicakl sea-level and in many cases the presence of a
natioral border hinder the necessary synoptical survey. Nior is

Iit possible to decide as to the reality of a genuine fooehn
proces;s by individual e.kinents, a complex of causative factors,

I rthc vic-W.. ofth sky, frocrf a station, no matter how i ~rossive

the weather events in the Alps; it is also very difficult to
F I separate genuine and false foehns from each other, while again

Ithis is possible in the Central M~ountains without difficulty.
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it therefore appears feasible to transfer the data gathered in

'he Central M11ountains with little difficulty to the Alps; it is

better t -ghtly enlarge the category of foehin weather

situatioiis, than to ma, it too restrictivc.
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