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ABSTRACT. The present study investigates the frequency with which the fog 
phenomenon occured in the urban areas of the Romanian Plain, between 1961-2007 
through a detailed statistical analysis of its monthly, annually and seasonally levels. The 
main purpose is to highlight the differentiated exposure of selected cities to the 
occurence of this type of climatic hazard whose territorial distribution is closely 
dependent on the presence of evaporation sources in the region and which contributes to 
its intensification. In this sense, the relative air humidity ≥80% at 1 p.m. was also taken 
into account, so that the cumulative contribution of the two analzyed climatic 
parameters showed a high predisposition to the occurence of the fog phenomenon in  
general and especially in the cold season of the year. Although the evolution trends of 
the fog phenomenon are generally declining, there is the possibility of occurence of 
higher values than those registered for all the analyzed urban ecosystems. 
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1. INTRODUCTION 
 

This paper augments and completes at the same time the overview on the fog 
pheonomenon in Romania and targets the urban areas in the southern part of the 
country (Romanian Plain). These were selected mainly according to their 
demographic size, but also from the point of view of the spatial representativeness 
within the region of the meteorological stations related to them. The present study 
focuses on these urban areas by aiming to investigate how the frequency of the fog 
phenomenon makes its presence felt and influences the human population and its 
activities at different time scales (annual, monthly and seasonal) in the context of 
current trends climate change, demographics and regional development. 

In the literature, it is known that fog is the suspension in the lower tropospheric 
layer of small drops of water fine ice crystals or drops and crystals together which 
decreases below 1 km the horizontal visibility of the lower air layer (below 2 m). 
(Instrucţiuni pentru staţiile meteorologice, 1995).  
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The most favorable meteorological conditions for the production of the fog 
phenomenon are given by values of the air humidity >80%, the air temperatures 
between -5° and +5°C and wind speeds of 1-3...6 m/s. The accumulation of such 
conditions is difficult to meet and depends in turn over factors related  in particular 
to the general circulation of the atmosphere and local factors such as the 
characteristics the active surface, the existence of water basins and their extent, the 
presence of forests, sites industrial, etc.) (Bogdan, Mihai, 1972). 

The most persistent fogs occur as a result of radiative cooling processes 
(radiation fog) and due to the advection of hot and humid air on cold surfaces 
(advection fog) or simultaneously through the combined action of advective and 
radiative processes (advective-radiative fog) (Țâștea, Sârbu, 1984). 

These are also the most common types of fog in the Romanian Plain and their 
specificity is the frequency of days with relative humidity ≥80% at 1 p.m., which 
symbolizes the presence of excess moisture in the air and contributes to the 
intensity of the phenomenon, if we take into account the fact for the air near the 
earth surface be supersaturated with moisture >100% and for its disappearance, the 
air must become unsaturated. When through its duration and intensity, the fog 
associated with high values of relative humidity ≥80% at 1 p.m. become climatic 
hazard, they put stress on the population in urban areas but also in periurban areas, 
which is exposed for several days in a row to their vulnerability, with values very 
different from the typical ordinary situation. From the definition of the 
phenomenon, its results that the fog is not so dangerous because of the amount of 
water it contains, but because it reduces visibility, so it can have a number of 
negative effects on society generating significant economic losses especially in the 
field of transport (road, naval, air, through conductors) so that it can be included in 
the category of climatic hazards (Bogdan, Marinică, 2007). On the other hand, the 
Romanian Plain is one of the regions in the country were the fog phenomenon has 
a rather significant incidence (from 30 to >60 days/year) and due to their position, 
the urban areas within are vulnerable to the occurrence of such climate hazard 
(Clima României, 2008). However, regardless of the geographical location of these 
urban ecosystems within the analyzed area, the relief subunits they belong to or 
their stage of economic development, the climate of each of them has common 
climatic features with the climatic area in which they are located. The Romanian 
Plain has a temperate-continental climate with sub-Mediterranean influences (more 
pronounced west of Olt river, especially in the southwest of the Oltenia Plain) and 
aridity (more pronounced east of Argeș, especially in the east of Bărăgan Plain). In 
its central part there is a transition region, located at the interference of the eastern 
and western circulations (Geografia României, V, 2005). 

In general, the phenomenon of fog is widely addressed in the scientific 
literature, especially in the field of climatology both internationally (Sachweh, 
Koepke, 1997; Hůnová et. al. 2021, etc.), as well as nationally (Apostol, Sfîcă, 
2008; Gaceu, 2009; Croitoru, Holobâcă, Rus, Mureșan, 2011, etc.).  

In this case and based on the definition adopted, a series of objectives were 
pursued to allow the analysis of the frequency of the fog phenomenon in the urban 
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areas of the Romanian Plain, as follows: calculation of the average annual, monthly 
and seasonal number of fog days, analysis by class values of the annual and 
seasonal frequency of the fog phenomenon highlighting its extreme pattern and 
intensity of this type of climate hazard, assessing the evolution trends at annual and 
seasonal level in a time period representative from a climatic point of view, 
estimating its probability of occurrence. 
 
2. DATA AND METHODS 
 

2.1. Data used 
 

The study of the fog frequency regime in the Romanian Plain was carried out 
using the annual and monthly data sets from the National Meteorological 
Administration network characteristics of it, which were recorded at the 17 
meteorological stations in the selected urban areas, during the period 1961-2007. 

 These stations are located at different altitudes, describing a relatively narrow 
altimeter gap between 11 and 90 m. The selected locations reflect different local 
conditions, specific to both the urban space itself and the periurban area in the 
typical plain or low meadow areas of the Danube. 

Also, for a better understanding of the varation in time and space of the fog 
regime, the study integrates and uses data for a common period of 47 years (1961-
2007) regarding the monthly and annual average values of the relative air humidity 
≥80% at 1 p.m., as a climatic parameter that influences the frequency and intensity 
of the phenomenon in the region, included in the calculation of the composite fog 
index. 
 

2.2. Methods 
 
The analysis was performed annually, monthly and seasonally, and the approach 

to the phenomenon and its graphical representation was made taken into account 
the demographic size of the urban areas in question, thus divided into four 
categories: Bucharest City – BC (>1000k), Major Cities – MC with >100k 
(Craiova, Pitești, Ploiești, Buzău and Galați), Mid-Sized Cities – MSC between 
20k-100k (Călărași, Giurgiu, Râmnicu Sărat, Caracal, Tecuci and Roșiori de Vede) 
and last but not least Small Cities – SC <20k (Calafat, Bechet, Zimnicea, Urziceni).  

The statistically processed data that included the analyses of the variability of 
the annual and seasonal frequency of the fog phenomenon were presented in the 
form of suggestive graphs, and the seasonal trends calcultated using the non-
parametric Mann-Kendall and Sen’s slope test in relation to the significance level 
of 10% (Sneyers, 1975) in the form of territorial distribution maps indicating the 
signs of change in the variability of each component analyzed. Highlighting the 
extreme nature of the fog phenomenon influenced by relative air humidity values 
≥80% at 1 p.m. was achieved in both cases by using relevant value thresholds of 
the upper percentiles of P95% and P99%, so that in relation to these extreme 
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thresholds of the percentages the intensity of this type of climate hazard throughout 
the territory was mainly followed. 

In this sense, the composite index of the phenomenon in question was 
calculated (Dumitrașcu et. al, 2018), resulting from the sum of the annual values of 
the fog and relative air humidity 80% at 1 p.m. Finally, the estimation of the 
extreme values corresponding to the periods of return to the fog phenomenon with 
the probability of occurrence of 1, 2, 5, 10, 20, 50 and 100 years, respectively, was 
done with the help of the Gumbel distribution function (Gumbel, 1941), considered 
an appropriate method of quantifying the rarity of extreme events in general, from 
the measurement data from the station. 
 
3. RESULTS AND DISCUSSIONS 

 
For the urban areas of the Romanian Plain, the annual fog regime is shown in 

Fig. 1. From its graphical representation, it can be seen that the highest average 
annual number of the fog days (60 days/year) was recorded in the Oltenia Plain, in 
Caracal.  

The values remain quite high, 
between 54-55 days/year and in 
other urban areas here (Calafat and 
Craiova), but can decrease down to 
about 50 days/year in the Bucharest 
City (București-Băneasa station) 
and in the Danube Meadow 
(Galați). For the rest of the analyzed 
urban areas, the values are 
maintained between about 30-40 
days/year and reach the minimum  
thereshold of 26-27 days/year, also 
in the Danube Meadow (Zimnicea), but also in the Buzău-Siret Plain (Râmnicu 
Sărat).   

During the year, the most fog days occured in the cold season, with predilection 
between October-March in București-Filaret, Ploiești, Giurgiu, Râmnicu Sărat and 
Zimnicea (Fig. 2).  

However, depending of the position of the urban areas within the Romanian 
Plain, this interval (in which the values remain supra-unitary) is narrower or more 
extended, as follow: October-April (Buzău, Urziceni), September-March (Calafat-
Bechet), September-April (București-Băneasa, Pitești, Caracal and Tecuci), 
September-May (Galați), August-April (Călărași) and August-May (Craiova). 
Within the mentioned intervals, the highest values belong to December and 
January, these being between 6-12 days/month (Zimnicea and Craiova, January), 
and the lowest values, to the months at the two ends of the fog intervals, these 
usually oscillate between 1-3 days/month (București-Băneasa, Galați, Caracal, 
Bechet and Giurgiu, respectively). It should be noted that, in the gap between the 

Fig. 1. Annual average number of fog days 
(1961-2007) 
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subunit values of the fog during the year, there were also cases even when the 
phenomenon did not occur at all, as was the case of the București-Filaret station, in 
July (Fig. 2). 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
By seasons and from those 

presented above, it results that 
winter reaches the highest 
average number of days with 
this phenomenon for the wole 
region (between 15-37 
days/season), while in summer, 
it is the minimum season 
(maxim  3 days/season). The 
distribution of the average 
seasonal number of the fog 
days    (Fig. 3), confirms that 
the minimum and maximum of 
the winter season (DJF)  
mentioned above belong to  
Zimnicea and Caracal stations, so that in the rest of the analyzed urban areas, the 
values characteristic for this season also fall during this time.  

In spring (MAM), the values decrease quite a lot, so the minimum hardly 
reaches 2 days/season in Zimnicea, and the maximum 8 days/season in Galați, 
while the rest of the weather stations also benefit from similar values, between 
these thresholds. In summer (JJA), the values decrease even more and as 
previously mentioned, they reach a maximum of 3 days/season in Craiova. 
Otherwise, they oscillated between 1-2 days/season or even were completely 
absent in București-Filaret, Ploiești, Râmnicu Sărat and Zimnicea. Autumn (SON), 

Fig. 2. Monthly average number of fog days (1961-2007) 

Fig. 3. Seasonal average number of fog days  
(1961-2007) 
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is the second maximum season, when the values increase again from the minimum 
value threshold of 7-8 days/season (Râmnicu Sărat and Ploiești) to the maximum of             
17 days/season (Calafat).  

The variability of the annual frequency of fog days (Fig. 4) indicates that in the 
period 1961-2007, most the fog days in the entire analyzed territory (30-45 days 
with fog /year) occurred in 273 cases/year, with an average frequency of about 
35%. 

 On the other hand, the fewest fog days (>90 zile/an) occurred in 4 cases 
representing 0.5% of the total annual number.  

 
  
The fog with a duration between 45-60 days/year occupies the second place in 

the share of the phenomenon at regional level with 220 cases and a frequency of 
28%. In 132 cases (about 17% of the total) there were between 15-30 days with 
fog/year reaching a decrease of up to 83 cases (about 11%) for fog with duration of 
60-75 days/year, and in the case lasts less than 15 and over 75 days with fog/year, 
even up to 36-38 cases/year, representing about 5% of the total.  
  Analyzing the seasonal distribution of the frequency of the fog days in the 
urban areas of the Romanian Plain (Fig. 5), it was observed that winter (DJF), most 
of the annual cases were concentrated between 18-27 days with fog/season, 
produced in 260 cases representing about 34% of the total season. At the opposite 
pole is the fog with values >55 days/year produced in only 9 cases, respectively 
1.2%.  
 Between these maximums and minimums is on the second place the value 
threshold between 27-36 days with fog/season produced in 215 cases, respectively 
28%. The values slightly lower than 9-18 days with fog/season take the third place 
in the share of the winter season with 175 cases and a frequency of 23%. From 
here, the situation of fog are reduced from 53 cases/an (about 7%) in the case of 
values between 36-45 days with fog/season, up to 29-30 cases (about 4%) for 
values over 45 and under 9 days with fog/season (Fig. 5). 

Fig. 4.  Variability of the annual average number of fog days (1961-2007) 
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In spring (MAM), the analyzed phenomenon recorded a maximum number of 

346 cases (43.3%) for values below 3 days with fog/season and a minum number 
for those that exceeded >20 days with fog/season produced in one case of 0.1%. 
The fog with values between 3-10 days with fog/season occured between 182-202 
cases with a frequency of 23-25%, and those between 10-20 days with fog/season 
in 12-43 cases with a frequency of 1.5-5% (Fig. 5). 

In autumn (SON), the fog with values between 11-16 days/season was the most 
frequent produced in a maximum number of 284 cases, respectively 35.5% of the 
total. The one with a duration <11 days/season varied between 121-197 cases in 
proportion of 15-25%, so for the fog with values >16 days/season, the number of 
cases starts to decrease from 144 cases (16-21 days with fog/season, 18%), up to  
41 cases (22-27 days with fog/season, 5.1%), so that the fewest days with fog               
(>27 days) occured in 4-8 cases in proportion of 0.5-1.0% (Fig. 5).  

In summer (JJA), the fog which lasted <2 days/season occurred in a 
overwhelming number of 600 cases in proportion of 75.5%, followed by the one 
with a duration of up to 4 days/season produced in 169 cases, respectively 21.2% 
In a single case of 0.1% there were up to 15 days with fog/season, and the fog with 
values between 8-12 days was completely absent. Between these maximum and 

Fig. 5. Variability of the seasonal average number of the fog days (1961-2007) 
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minimum thresholds is the fog with values of 4-8 days/season recorded in 7-19 
cases  with a frequency of about 1-2% (Fig. 5). 

Based on the consideration that climate variability than cause extreme or “rare” 
events in the reference range of statistical distribution characteristic of the fog 
phenomenon, in quantifying them we used the upper percentiles of 95 and 99%, 
given that these two representative indicators also highlight the extreme character 
of the climate of the analyzed region (Bojariu et. al. colab., 2021).  

In this case, the share of the annual values of the fog days and those with 
relative air humidity ≥80% at 1 p.m. 
higher than the 95% and 99% 
percentiles are illustrated in Fig. 6.  

Quantitatively, the values of the 
95th percentile recorded in the 
period 1961-2007 varied between 
60-70 days with fog (BC), over 40-
80 days (MC and MSC) and 
between 60-80 days (SC); while the 
incidence of excesivelly fog days 
expressed by 99th percentile values 
varied for the same categories of 
urban areas between 70-76 days, 
over 40-90 days and respectively 
65-95 days; all this correlated with 
the percentage of the relative air 
humidity ≥80% at 1 p.m. that 
exceeded the  maximum threshold 
of over 99-100% in all the analyzed 
cases, which  indicates the fact the 
air was very humid or even 
suprasaturated in water vapor.   

Therefore, composit fog and relative humidity index ≥80% at 1 p.m. 
characterized the intensity and duration of the fog phenomenon and its calculation 
involves summing their values during a calendar year. The geographical position of 
the selected urban areas within the Romanian Plain favored the production of high 
durations and intensities of the fog phenomenon, situation well highlighted by the 
values of this index between 113-121 days/period (BC), 109-147 days/period 
(MC), 96-152 days/period (MSC) and respectivelly, 105-143 days/period (SC).  

In the years when the anticyclonic regime prevailed, the fog persisted for 
several days or even weeks. In this situation, the intensity of the phenomenon was 
maximum and occured in different years both at the two meteorological stations in 
Bucharest City (1961, București-Filaret and 1988, București-Băneasa) when the 
maximum annual number  of the fog days varied between 71-78 days/year, as well 
as in the rest of the analyzes urban areas, as follows: 1962 (Ploiești, Galați, 
Râmnicu Sărat, Caracal and Roșiori de Vede, 48-95 days/year); 1970 (Zimnicea 

Fig. 6. Variability of the share of annual 
values of days with fog (left) and those with 
relative air humidity ≥80% at 1 p.m. (right) 
reported percentile values of 95% and 99% in 
urban areas of the Romanian Plain (1961-
2007) 
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and Calafat, 72-98 days/year); 1973 (Urziceni, 69 days/year); 1977-1978 (Craiova, 
89 days/year); 1979 (Bechet, 105 days/year); 1980 (Pitești and Călărași, 71-72 
days/year); 1981 (Tecuci, Buzău, 61-70 days/year) și 1991 (Giurgiu, 65 days/year). 

The annual variation trends 
of the fog phenomenon during 
the analyzed time period (1961-
2007), indicated a decrease of 
the duration and intensity of the 
phenomenon in most of the 
analyzed urban areas in the 
Romanian Plain (Fig. 7), 
against the background of an 
increase of thermal values, 
especially after 1990 (with 
influence on the relative air 
humidity ≥80% at 1 p.m.), a  
situation highlighted by the indicators previously analyzed. Thus, the most 
important reductions in the duration of the phenomenon recorded at these 
meteorological stations related to the selected urban areas were reported in 1968, 
marked by values of annual negative deviations of up to 177 days (Zimnicea) and 
respectively, 46 days (Galați) compared to multiannual average per period (Fig. 7).  

Compared to the seasonal variation trends of the fog phenomenon from the 
scale of the entire study region (Fig. 8), in winter season (DJF) there was a general 
decreasing trend with a level a statistical significance of 95% (Buzău and Giurgiu), 
99% (București-Băneasa) and >99% in the rest of the analyzed urban areas except 
for the Tecuci station, without any statistical significance. In this situation, negative 
values fluctuated in BC between -12 și -27 days/season, in MC (Buzău, Ploiești) 
between -9 days and -25.1 days/season, in MSC (Tecuci and Caracal) between -5.8 
and -32.7 days/season, again in SC (Urziceni and Zimnicea) between -17.4 and -
34.5 days/season.  

In spring (MAM), the trend of generalized and statistically significant decrease 
in proportion of >99% is maintained (București-Filaret, Râmnicu Sărat, Bechet and 
Zimnicea), 99% (Craiova, Ploiești, Călărași, Caracal, Roșiori de Vede and Calafat) 
and between 90-95% significant level (Tecuci and Urziceni). It should be noted, 
that in the northern part of BC (București-Băneasa) and in some MC (Pitești, 
Buzău, Galați) and MSC (Giurgiu), this season it is of no statistical significance. 
Also, the variation rate/season fluctuated in BC between -1.4 și -4.2 days/season, in 
MC (Pitești and Ploiești) between -1.1 și -5.1 days/season, in MSC (Giurgiu and 
Caracal) between -1.4 și -8.4 days/season, again in SC (Urziceni and Calafat) 
between  -3.9…-8.4 days/season (Fig. 8). 

Fig. 7. Trends in annual variation of fog days 
(1961-2007) 
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Fig. 8. Trends in seasonal variation of fog days (1961-2007) 
 
In summer (JJA), the variation rate was negative in Călărași (-1.3 days/season) 

and statistically significant in porportion of >99%, but positive in Giurgiu and 
Calafat in porportion of 95-99%, so that in the rest of the analyzed urban areas, 
they were statistically insignificant (Fig. 8). 

In autumn (SON), the trends registered the same sign of obvious and 
statistically significant decrease in all the analyzed urban areas except for 
București-Băneasa and Giurgiu stations, where the variation rates ranged between  
-1.2 și -2.8 days/season, but had no statistical significance. The most significant 
decreases between -11.1 and -20.4 days/season were registered in the central part 
of BC (stația București-Filaret) and in Zimnicea. For the rest of the weather 
stations, the significance level ranged between 90% for variation rates between -4.2 
and -5 days (Urziceni, Râmnicu Sărat, Roșiori de Vede), respectively between -6.3 
and -7.9 zile (Călărași, Caracal) and 95% for rates ranging from -5 to 6 days 
(Bechet, Galați, Ploiești) (Fig. 8). It turns out that, at the seasonal and regional 
level, the most significant trends in the decrease of the fog phenomenon during 47 
years analyzed were recorded in winter season (DJF) in Buzău-Siret Plain, Danube 
Meadow and in Ialomița Plain; spring (MAM) also in these areas to which is added 
the Oltenia and Teleorman Plain; in summer only in Danube Meadow, and in 
autumn in the Ialomița Plain and Danube Meadow (Fig. 8). 

Finally, the calculation of occurence probabilities (%) and return periods (years) 
for the fog days highlighted the possibility of higher values than those recorded in 
the reference period 1961-2007 in all urban areas analyzed with a return period of 
between 2 and 50 years, so that only once every 100 years there is also the 
possibility that they do not exceed the recorded registered (Table 1). 
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Table 1. The occurrence probabilities of fog days (%) 

 
 
 
4. CONCLUSIONS 

 
The analysis of the frequency of the fog regime in the urban areas of the 

Romanian Plain allowed besides highlighting the main climatic characteristics and 
the way of variation in time and space of the phenomenon, the knowledge of those 
subtle mechanisms that define the relationship between the fog and the relative air 
humidity ≥80% at 1 p.m. Their accumulation contributes to shaping an overview of 
the intensity of this type of climate hazard, influenced in turn by the evaporation 
and condensation processes, the thermal contrast between the air and the active 
surface and, where appropriate, the presence of aquatic surfaces, etc.  

According to the Bryant criterion (1991), the fog ranks last in the hierarchy of 
dangerous meteorological phenomena that affect the urban areas of the Romanian 
Plain with a final average of 3.4, which reflects an average degree of “physical 
exposure” of the region with the potential to cause damage. Under certain weather 
conditions however, it can aquire the character of climatic hazard, a fact 
highlighted by the values of the upper percentiles of 95 and 99%. The climatic 
hazards associated of the occurrence of this phenomenon generally denote extreme 
events of short duration (a few minutes, hours or days), often warned in the 
national weather network by yellow fog code, when visibility falls below 50 m in 
regions with european or national roads, and the situation lasts at least 1 hour. 

In conclusion, the results of such a study may be particularly useful, both in the 
future assessment of favorable weather conditions in general and traffic conditions 
in particular, and in the short-term forecasting activity, if we take into account the 
possibility of values higher than those recorded for all selected return periods and 
for all urban ecosystems analyzed, contrary to the generally declining trend of the 
phenomenon reported at regional level.  
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