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ABSTRACT

The proesent study aims do describe the fog phemaimethe Upper Mures Bassin and an
analysis of the persistence of fog in the regidme @ata source is NCDC, comprising data
about fog occurence,average daily visibility, adlae daily minimum temperatures. The
study includes both a descriptive statistics of fihenomena and a part of frequantial
analysis. The descriptive statistics succeedsantifying the valley fog in the area as being
typical to the winter months. The frequential asa\targets both detecting the number of
days with fog in the area with a visibility unde®QD m, as well as the number of
consecutive days in which the mean daily visibiigyunder 1000 m. The result of this
analysis is the statement that, in the long rue,pgtoportion of consecutive days having a
visibility under 1000m with respect to the numerdafys with visibility under 1000m is
around 40% at Joseni and approximately 80% forifapl

*

1. THE FOG PHENOMENA

Fog is an agglomeration of water particles beingending above the ground.
The phenomena appear when water vapors from thesatmere become saturated, mostly
due to the cooling of temperature bellow dew pdiiere are several types of fog,
depending on water condensation conditions:
- Radiation fog is formed by the cooling of grouafter sunset in calm conditions with
clear sky, which produces condensation in the neairb This type of fog could have at
most 1m height from ground in calm conditions.
- Advection fog occurs when moist air appears @veool surface and is cooled. It is
common as a warm front passes over an area witifisant snow.
- Evaporation fog, is the most localized type andreated by cold air passing over much
warmer water or moist land
- Valley fog forms in mountain valleys as the résila temperature inversion, often during
winter. It is caused by heavier cold air settlintpiin a valley, with warmer air passing
over the mountains above. It is in fact a radiafagnblocked by local topography.
- Upslope fog forms when winds blow air up a slagaiabatically cooling (without heat
transfer) appear as it rises, and causing the oreigt it to condense.

2. DESCRIPTIVE STATISTICAL CHARACTERIZATION

The descriptive statistical characterization isessary from multiple motifs.
First of all it's based on this characterizationkes possible the estimation of spatial and
temporal apparition of fog. Regarding the fog phmana an analysis which takes care of
several meteorological factors can identify diffgrgypes of fog. On the other hand a
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spatial correlation between fog apparition,eoregression between topography and fog
apparition could be also useful.
Figure 1 and 2 presents a global aspect of thapparition in the study area.
Comparing these figures the following notificaticem be made:
- The fog apparition and strongly related to it teduced visibility is characteristic for
Calimani station, situated at 2021m altitude;
- Bucin station also situated on a crag at 127%m,different characteristics, the foggy
days and a reduced visibility days with visibiliglow 1000m is comparable with the
stations in the Giurgeu Depression
- Regarding the foggy day number Toplita statios im@re foggy days than Joseni, even if
the mean visibility is much reduced is Joseni thatoplita
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Fig. 1.— Annual average of foggy days

A complete characterization of mean foggy day# witferent visibility limits
is presented bellow.
Annual number of foggy days

Table 1.
JOSENI| TOPLITA | BUCIN | CALIMANI
Annual mean foggy days 59.95 71.09 74.05 211.61
Annual mean days having meat
daily visibility bellow 1000m | 028 | 304 425 | 86.00
Annual mean days having meat|
daily visibility bellow 500m 428 | 128 210 | 8292

The total number of days in which the mean daitybility is below 5m has the
following distribution in the studied period (192202): Joseni 4 days, Toplita 0 days,
Bucin 3 days, Calimani 354 days.
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Fig. 2 Monthly average number of foggy days having meaaily visibility bellow 1000m

It's important to notice that the number of fogiays have a rising trend from
May to October at Toplita comparing with Joseris #iso evident that the fog represents
risk in Giurgeu Depression mostly in winter peri@ased on this observation we start to
study the condition of fog apparition in winter nleifNovember, December, January and
February). The result was that temperature invessare an essential factor in fog
presence, having a daily mean visibility bellow Q60

Studying the station pairs (Joseni-Bucin, TopG@imani) we can conclude
that in case of Joseni-Bucin pair the temperatwersions are strongly correlated with
daily mean visibility, while for Toplita-Joseni $ian this is not obvious. This result is not
surprising because of Calimani station high algtuehcountering almost all times foggy
conditions.
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Fig. 3: Frequency of days with temperature invessi correlated to fog apparition (mean daily
visibility bellow 1000m)
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Fig. 4: Position of meteorological stations in ttetudy area and the longitudinal profiles between
them

An eventual correlation between Joseni and Toptations was also studied,
both of them situated in the Depression.

Percentage of common fog apparition at Joseni andpliza stations
Table 2.

PERCENTAGE OF COMMON
LAIOINI FOG APPARITION

January 74.65%

February 64.65%

November 74.67%

December 65.32%

Almost in 70% of the cases if the fog presenagbserved at Joseni was also
observed at Toplita. The Pearson correlation vasinterpretable values for January,
November and December.

Correlation values of mean daily visibility betwedoseni and Toplia stations

Table 3.
MONTH CORRELATION VALUE
January 0.31
February

November 0.86
December 0.46
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The only month with significant correlation valiseNovember, in case of the
other month the correlation value does not shome dorrelation between mean visibility
values. As a conclusion a visibility interpolatibased on this relation cannot be made.

The persistence of fog was also studied baseadusecutive days with fog
having visibility bellow 1000m. The study was afsade just for the mentioned winter
month for Joseni and Toplita stations.

The results show up an important correlation betwsuccessive foggy days at
Joseni and Toplita. This correlation values wa$ @or foggy days and a little bit higher
(0.73) when the maximum daily mean1000m visibiits imposed.

The mean annual successive day number, when itigivds bellow 1000m is 2.05 for
Joseni and 1.25 for Toplita.
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Fig. 5: Number of consecutive foggy days (withausibility limitations)
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Fig. 5: Number of consecutive foggy days (mean gaiisibility bellow 1000m)

3. FREQUENCY ANALYSIS

This part of the research wants to determine thetraoitable distribution laws
which can characterize the fog apparition, togethith the return periods for different
guantiles representing annual days number withbilityi bellow 1000m and the longest
number of successive days with mean daily visybidiellow 1000m.

Both characteristics are in discrete space, saalesdistribution laws should be
studied. The used software were EasyFit and R.f@uorer research showed up that R offer
high precision in distribution fitting and quantitietermination for different return periods.
It's only lack is that doesn't have a proper metfardestimating distribution fitting, even if
different statistical test are present (Andersorlidg Kolmogorov-Smirnov, Chi-Square).
For this phase of the analysis EasyFit was used.

The studied discrete distribution laws were:

e binomial
e negative binomial
* Poisson

» discrete uniform
e geometrical
e hypergeometrical
* logarithmical
The following observation should be made beforagitiese laws:
1. the logaritmical law can be used only if the daggsies does not contain zero.
Because of a zero value present at Toplita, ;xghidy thsi law was omitted
2. the parameter estimation was made by fitdistr foncin R, using maximum
likelihood method
3. binomial and hypergeometrical laws does not hgearameter estimation method in
R, so their values was determined manually
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The table bellow holds the estimated parametersvery used discrete distribution

law:
Estimated parameters for different distribution lafor the study of foggy days number
Table 4.
DISTRIBUTION JOSENI TOPLITA BUCIN CALIMANI
Negativ binomial 9.0797; 3.7766; 18.3004; .
(n,1) 6.2857 3.0476 4.2499 7.6998; 86
([;'sget uniforna 1,10 0:9 1;9 28; 123
Geometrid (p) 0.13725 0.24706 0.19048 0.01149
PoissonX) 6.2857 3.0476 4.25 84
. .. 7665; 7665; 7300; .

Binomiak (n,p) 0.00082 |  0.000397 |  0.000582 | #74% 00112
Hipergeometrig 7665; 7665; 64; 7300; 85; 4745; 1118;
(N,m,n) 132; 365 365 365 365

For determining the best distribution the AnderBaling test was used because
this method is more sensible at distribution taeifere the extreme values can appear. Based
on this method the following result were obtained:

Joseni: negative binomial
Toplita: Poisson

Bucin: Poisson

Calimani: negative binomial

The number of foggy days having visibility bellovd@Dm for different return
periods is presented bellow:

Estimated number of foggy days with mean dailyhifity bellow 1000m for different return

periods
Table 5.
Return period JOSENI | TOPLITA BUCIN CALIMANI
(years) i
0 12 6 8 145
= 12 7 9 164
100 16 8 10 178
150 16 8 10 186
200 17 8 10 191
500 18 9 11 207

A similar study was made for determining the maximconsecutive foggy days
with visibility bellow 1000m. The analysis was maaidy for Joseni and Toplita and just for
winter month. The resulted distribution laws are:

Joseni: Poisson
Toplita: hypergeometric
The quantiles for different return periods aredeil
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Estimated numbers of consecutive foggy days wittamdaily visibility bellow 1000m for different
return periods

Table 6.
Return period (years) JOSENI TOPLITA
10 4 4
20 5 5
50 5 5
100 6 6
150 6 6
200 7 6
500 7 7

4. CONCLUSIONS

Using NCDC database we could identify the valley, fcharacteristic for the
study region. For this identification we used thneeteorological components: the presence
of fog, daily mean visibility and daily minimum temrature.

The pronounced correlation between the perioaghich mean daily visibility
is bellow 1000m at Joseni and Toplita stationsteelao that fact that does not exists
significant correlation between daily mean visilyilbetween stations the interpolation of
visibility can be made just for persistent fog.

Comparing the data series presenting foggy datfsdeiily mean visibility
below 1000m and the number of successive daysmatin visibility bellow 1000m both
of them resulted from frequency analysis, we caseole two opposite directions for long
term period (over 200 years) at Joseni and Toglétons. At Joseni we have a slightly
ascending trend (from 36% to 38%) in percentagaiotessive day with mean daily
visibility bellow 1000m from all foggy days with raa visibility bellow 1000m, while at
Toplita we can observe a slightly descending tidran 80% to 77%) for the same
characteristic.

On the other hand for a short time period (0-2&rgewe could observe a
significant percentual rise of successive foggysdaith mean daily visibility bellow
1000m. Noticing the high value of successive fodgys in 2006, related to the fact that
the analyzed data series ends in 2002, we havkditywaf our analysis.
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