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Abstract: Average number of days with fog in Slol'akia over the observed period moved in an interval from 20 to

300 days. On the basis of average annua.l number of days, its annual course and orographic conditions. -l main

regions of the fog occurence in Slovakia were distinguished and were also represented by fog limited prevalently to

winter months. The region of mountain advecti!€ fogs is marked by tlle highest frequenc)- of fogs and more or less

by regllar increase of days with fog on altitude (average gradient 20 days with fog per 100 m a.s.l.). For a more

comprehensive knol'ledge of fog occurrence on the vaious territory of Slovakia. tlree stations were investigated in
great cletail: Sliad (valley), Telgfut (submontane slope location) and Chopok (Alpine ridge) where also aral.Ysis of
the dependence of the fog occrurence on individual weather t'?es was carried out. Cyclonal weather t-lpes are

absolutely dominant in the fog formation in mountain regions. Towards lhe submontane regions up to hollo$s the

proportion of ryclonal and anticyclonal weatier t!?es does not prevail (it reaches tlrc ma-rimum ratio 1:l). A freld

study was conducted on the mountain-top site in the KJemnicke l'rchy region (started in 1989. 890 m a.s.l.) ard in a

slope zone of Pol'ana mountain region (started in 1993, 850 m a.s.l.) respectively. Fog-cloud water has been

col-lected by modified passive Grunow collector (sample area 1000 cm' ). The pH of fog/cloud ranged from 2.45 to

7.54 (Brestove) and from 2.54 to ?.30 Gol'ana). The highest values of ennchment factors were obtained for NOi
(EF = 9-20 Brestova, 17-25 Polana). The time linear trend of pH values does not show any statistically significant
long-term changes (Brestove). Linear trend of nitrate concentartion poinls out the nitrale increase in fog which is

more pronounced in t}re localiq of Brestova.

1. INTRODUCTION

Occult ard wet deposition is very important as a

source of input of chemical elements into forest
ecosystems. As the wet pathways of acid deposition
are connected with all kinds of precipitation - vertical
(rain, snow etc.) and horizontal (fog, dew, rime etc.),

it is necessary to obtain tle data about physical and
chemical parameters lor each hJ'drometeor. The ltrst
results of the occurrence and chemical composition
analyses of fog in Slovakia (Skvarenina 1990) made

us consider fog as one of the potential cause of forest
damage in mountainous regions in Slovakia.

2. MI,THODOLOGY

The occurrence and meteorologrcal parameters of
fogs in Slovakia were characterised by an alalysis of
data from 52 meteorological stations in the vertical
range of altitudes from 200 to 2 000 m a.s.l. The
average number of days with fog occurrence for

individual months during a 1-ear over the period of 20

years (from 1971 to 1990) has been elaboraled for
indiyiddal meteorological stations. A detailed anall'sis
of the vertical fog distribution and its duration
expressed in hours as well as the relation of the fog
occurrence according to individual *eather
situations has been made on a chosen altitudinal
profile of the Low Tatras (Sliad. 313 rn a.s.l. -
Telg:irt. 901 m a.s.l. - Chopok. 2008 m a.s.1.)

The experimental sample plots for collecting tlre

fog and the venical precipitation were found in tie
following mountain regrons: Pol'ana (slope locatior.
850 m a.s.l.) a Brestove (mountain valley. 890 m
a.s.l.). For collecting of fog $'ater a passive collector
was used based on ttre principle of inenial impaction
of fog droplets (Grunow 1955). Its collecting area is
1000 cm:. The droplets of fog impact on the barrier of
a collector and grorv up to a larger diameler. Finall-y

they flow down and are collected in a polyethylene
bottle which is protected by aluminium folia against
heating. The rain and snow water was collected in a

polyethylene open collector with intercepting area of
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1400 cmz. Samples were gathered from collecto$
once a week and after every gathering the collectors
were rinsed with deionized water.

Chemical analyses included measuring of the pH

value ald electric conductivity (EC) €otentiometdc
mettrod) and determination of soluble SO4'?', NOi,
NlIr-, Cl (Ion chomatogaphy), K*, Na*, Ca']*, vg'?*
(ICP emrssion specfometry, Atomic absorption

spectrophotometry) .

3. RESULTS AND DISCUSSION

3.1 Occurrence and characteristics of fogs in
Slovakia

Average number of days with fog occurrence for
the observed period moved in ar interva.l from 20 to
310 days. On the basis of mean amual number of
days wrth fog occurence, its annual course aad
orographic conditions 4 main regions of the fog
occurrence in Slovakia (1, U, UI, I\) were
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Region I is characterised by a low fog occurrence
with a very rare occurrence of fogs over the period
from April to August.
Resion II is characterised by the occurence of the
radiation fogs in antiq'clonal weather qpes, mainly
during the winter half of the year.

Region III is characlerised by a combination of the
occrlrence of both the mdiation and advective fogs
The isolated fog occunence is rare in this regron.

Resion Ms characterised b.v different tlpes of fogs
whose dominant feature is d1'namic character
connected with warm or cold advection, transition of
frontal s-vstems (mountain-valley breezes). etc. This
region is also characterised by the highest number of
days with fog occurrence v'ith the average vertical
gradi€nt of 20 days with fog occurrence per 100 m
a.s.l.

Vertical fog occlurence was analysed on the basis

of tfuee meteorological stations characterizing
individual regions of fog occurrence: Sliad-S (II).
Telgrirt-T (III). Chopok-Ch (2008 m a.s.l.). Average
number of days with fog occurrence during the

Slovakia
observ'ation period. and
the average duration of
fogs expressed in
hours per year was as

follows: Sliae - 94

days. 17"1 hours:
Telgrirt - 34 days. 195

hours, Chopok - 309

days, ,1864 hours.

Results of the analysis
of the structue of
vertical fog occurrence

are grven in Fig. 1. The
most frequent is the fog
occlurence or y on the
Chopok station, the
second most frequent
occurence has been
found on tle stations

Chopok and Sliad. The
analysis of the relation
of fog occurrence
according to individual
reather q?es pointed
out their significant
differences (dominance

of cl'clonal situations at
fog occurence in
mountainous regions.
unlike the dorninance of

antlc-vclonal situations in the lower part of the venical
profile).
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Table I Characteristic oIndtvtdual rep,ions occurrence 1n

Fog
re8lo

Me4n @ual ournb€{
ofdals withlog

C'emorphological
draderi$ic

Ttpical fog t}?€s Rdio of rycloric a.ad

adiryclcnic w€lther t?es
with fos ocsrrence rc:a)

I

u

III

w

20-45

40-100

20-50

50-300

lnwlaads

Holo\r\ basins
ard valleF

Submontane and
mounlain slopes
Top moudaiDs

advective radiation fogs
adve.tion fogs
radiatiod fogs, valleys
fogt
invenion fogs,
orographic fogs
o.ogEphic fogs, nontal
foss- a&edion fos

1.3:1

l: It

4-3:l

6-3:1

Chopok, 2008 m a.s.l.
Simultaneous vertical fog occurrence

IV

#

-'
Telgari, 901 m a.s

-.)
'Sltaa,313 m a,s.l.

<-

IT

II

Mean amual number of davs wilh fos 2r6.5 18.4 15.5 5,1.4 2.0 16 18',7

l5:1 ll5:1 1.3:l 28 1 I t0 l:68 l:41
Figure I Characteristic of simultaneous vertical fog occurrence in Lov Tatras regioll

distingurshed (Tab. 1).



CONIERENCE ON FOG AND FOG COLLECTION VANCOLryER. CANADA, I 9-24 JI'LY 1 998

75-percentiles suggests that more than 15 yo of l\e
samples analysed during the period of obsen'ation do

not reach the value of 5.0. rvhich is a limit detectlng

the inlluence of lhe anthtopogenic pollution The

minimal pH-vatues found in individual -Years

dropped mostly under the value of 3 0. being

considercd as exlreme acid values. The analysis of the

time course of the fog pH-va1ue in Pol'ana and

Brestovd regions (Fig.3) has sholvn that low pH-

values were found predominantly in \ainter period

whereas tie high pH-values. above 5.0. fall almost

exclusively within the summer period. This fact can

be due to the seasonal increase of emissions as a result

of buming fossil fuels in winter period as rvell as to

the decreased occurrence of the inorganic (soil ard
rock) aerosol (base cations) in the atmosphere during

the occurrence of snow cover. The time linear trend

does not show any statistically signiflcant long-term

changes. Untike the found increased pH-values of
precipitation (rain/snolv) Mtoiinlorii 1997). the

time linear trend does not show anY

statistically sigrlificant long-term
changes.

Sulphates. In Brestov:i. the annual

weighted means of sulphates ranged

from 2ojl to 37.5 mg.l-' , in Pol'ana

region from t 1.6 to 18.0 berng

approxinatel-v twice lolver values In
compalrson wt$ venical preciptution.

the sulphate concentrations in fog
water are 2.3 - 4.6 times higher in the

Polana region and 3 - 5.6 dmes

higher in Brestova region. Higher
values in Brestova maY be due to the

local sources oI su]phur emissions

being approximately 15 km far from
llus region. $hich has been shoun in

the eraluarion of uajeclories of air
circulation in relation to

concentrations found in fog.
( Skvarenina. Mind'iis 1991 ).
Nitrates. Ar[Iual weighted means of
the nifate concentrations ranged from
32.6 to 48.2 mg.l'r in the Pol'ara

region and ftom 34.7 to 51.24 mg l't in
the Brestova region. Compared to

vertical precipitation , they represent

tle highest factor of enrichment (Tab

2). In Brestola. the Proportion of
sulphates and nitrates (annual

weighted means) was 0.5-1:1. whereas

rn Polana region lt \ as louer ranging

from 0 2-0.5.I Lrnear Lrend of rutrate

concenl,artion polnts out lhe ruuale
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3.2 Fog/cloud chemistry in mountainous regions of
Slovakia

The pH value of raill in natural conditions is thought

to be - 5.6, which represents the acidity of pure water

in equilibrium with the mean atmospheric

concentration of COz ald otlrcr gases. However, tJle

acidity of natual fog varies in different inten'als tnn
acidity of rain. The analyses showed that the pH of

rain water, inlluenced by sulphur compounds, can be

expected to be about 4.5 - 5 0 Therefore' t]le pH value

of fog water below - 5.0 is assumed to be inlluenced

by antlllopogenic pollution (Li&Aleja 1992)

Basic Statistical characteristics of pH values

(weighted mean, median, 25 arrd '75 percentiles,

minimum and marimum values), are presented in

Fis.2.
Comparison of the weighted means per year of fog

samples in Brestov6 ald Polana points out slightly

mort acid values in the PoLana locality The value of
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Figure 2 Statistical chqracteristics of pH values, sulphates and nitrates

of fos/cloud water at Polqnq (1993-96) and Brestova (1989-96) sites
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Figure 3 Time changes qnd linear trends of pHvalues and No3- concentrations offog/cloud
vater at Polana and Brestora sites
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Table 2 Range of enrichment factars offog/cloud water (compared to

rain/snow water) for selected ions at Polanq, Brestova and 2 sites in

Bohemia

increase in fog witich is more pronounced in the

locality of Brestova. This fact is in keeping mth the

observed trends of nitrate occurence in precipitation
in western Europe (Matzner, Meiwes 1994).

Amnonium ion. Compared to nifales, the

concentartions of HN,,* were 2 - 3 times lower with
the enrichment factor nnging from 3.8 to 8 5

(Brestovd) or 6.7 - 9.2 (Polhna).

Base cations. From among the base cations @C),
calcrum reaches the bighest concenuadons

representing about 50 % of the total sum of BC and

together with sodium, it reaches tlle highest

enrichment factors in relation to vertical precipitation.
(Tab. 2 ).
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