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Abstract. The latter part of the 2007 autumn was characterized by a rather
high frequency of the intervals with persisting fog over Romania (especially
over the low areas from the south, east and centre of the country), but also in
the neighbouring countries. The long-lasting presence at ground level of a
high pressure field was the main cause that led to the occurrence and
persistency of this weather phenomenon for days on end, with a marked
impact on the proper ongoing of the road and air traffic. This paper aims to
establish the synoptic context of the intervals with persisting fog through
identifying the existing air masses and pressure systems, as well as through
classifying fog function of the synoptic situation using the available
atmospheric soundings, of the ECMWF global model analyses and the
ALADIN limited area model. A particular attention was given to the
importance of satellite products (Meteosat 9) in identifying and monitoring
the analysed phenomenon (in daytime and night time respectively) using
different products developed with the RGB (RedGreenBlue) compositing
technique, which offers the possibility of compressing multi-spectral
information content for optimum visualisation.
Keywords: fog, cold season, risk phenomenon.

1. INTRODUCTION
Fog is defined a mist of water vapor in the surface layers of the
atmosphere which is caused by a suspension of water droplets, with or
without smoke particles, and which is defined by international agreement as
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reducing surface visibility to less than 1 km (WMO, 1992). Considering the
synoptic conditions favouring the fog occurrence, there are two fog types
(radiation fog and advection fog) and depending on the visisbility limit four
types are known: very dense, dense, moderate and light). Even if the
synoptic structures gerating the fog are generally known (Petterssen, 1940;
Kurz, 1998; Triplet and Roche, 1986; Stefan, 2004; Malardel, 2005), special
regional characteristics appear in terms of the local conditions (for example,
topography).
The typical pressure structures causing the fog to occur over the
Romanian territory were classified over time by different authors in several
broad categories. Bordei-Ion et al. (1983) shows that the active
Mediterranean cyclones, engaged on trans-Balkan trajectories are, as a rule,
responsible for the advection fog. During the cold season, the ridge of the
Azores High, expanded as far east as over our country (Danut, 2004), leads
to oceanic air gradually cooling becoming stable, which can generate in
Romania dense and persistent radiation fog, common in central and western
regions of the country but less in the south. Dima (2002) shows two types of
pressure structures favoring fog occurrence: a) anticyclonic east and eastEuropean structures, with ridge support in the altitude, penetrating above
Romania from the Black Sea; b) central-European high pressure nucleus,
emerged either from an Azores ridge, or even from the withdrawing EastEuropean High. The high relief of the Carpathians causes the anticyclone to
stagnate (not necessarily an east-European one, but possibly originating
above Turkey also, or of any other origin, on condition it had evolved over
the Black Sea) on the outer side of the Carpathian chain, implicitly
triggering sedimentation of the cold air, with thermal inversions occurrence
(Pinelis 2004).
Besides known classical fields (grid point data set derived from
available numerical forecasting models) used in analysis of synoptic
conditions generating the fog fenomenon, other new information are now
available for meteorologists. These refer to satellite data set. The objective
of this paper is to analyse the fog phenomenon during the cold season 20072008 using a complex data set, including satellite products. Details on
methods and data used in this study are presented in Section 2.

2. DATA AND METHODS
This paper will be limited at two types of fog (radiation and
advection) and their derivatives, considered as representative for the cold
season 2007-2008 in Romania.
The synoptic and mesoscale analysis of the event was performed,
using the analysis of ECMWF numerical model and ALADIN limited area
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numerical model, atmospheric soundings from Bucharest and observed data
from entire network of meteorological stations.
The most important data we used it was the satellite products
(Meteosat 9) for monitoring the analysed fenomena (day and night): RGB
(RedGreenBlue) Composite NIR 1.6, VIS 0.8, VIS 0.6; RGB Composite IR
12.0 – IR10.8, IR 10.8 – IR 3.9, IR 10.8; RGB Composite VIS 0.8, NIR1.6,
IR 3.9r and Fog Depth Color Enhancement IR 3.9 – IR 10.8.
In Romania, during the cold season 2007-2008, there were reported 66
days with fog (43.42%) as shown in Table 1.
Table 1: Frequency of various types of fog during the cold season 2007-2008.

MONTH
Number of days with fog
% (monthly percentage)
Number of days with
radiation fog
%
Number of days with
advection fog
%
Number of days with other
types of fog
%

X
14
45.16

XI
9
30

XII
20
64.51

I
14
45.16

II
9
31.30

Total
66
43.42

13

6

13

2

7

41

41.93

20

41.93

6.45

24.13

26.97

1

-

3

3

2

9

3.22

-

9.67

9.67

6.89

5.92

-

3

4

9

-

16

-

10

12.9

29.03

-

10.52

To exemplify how satellite imagery, numerical models, atmospheric
soundings and observation data were used in the operational activity of the
National Weather Forecasting Centre, which were selected and analysed,
function of the targeted type of fog, the situations from the intervals 28-31
December 2007 and 10-12 January 2008.

3. THE FOG EVENT OF 28 – 31 DECEMBER 2007
In December 2007, the mean monthly temperature in Romania was
below the normal values, the precipitation regime displayed deficit in the
western part of the country and excess in the east and south-east of the
territory. As a result, the grounds were covered by snow layer, thicker in the
centre of the country and in the extra-Carpathian areas and fog were
reported, especially in these areas, were the snow cover was deeper. In the
third decade, the expansion and persistency of the phenomenon were
remarkable, and the fog was associated with rime accretion. In that interval,
the pressure pattern in Romania was markedly anticyclonic.
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From 19 to 22 December, the Scandinavian High centered in midmonth over Jutland has move downwards latitudinally towards the
geographic area of our country, preserving the 1043 hPa central pressure.
This was the pressure centre of interest for Romania until 24 December.
Further, the expansion of the East European High towards central-southern
and south-eastern Europe prevailed, along with the emergence of the high
pressure belt, with the Azores ridge developing over the south-west of the
continent. At the level of Romania, the surface pressure reached 1040 hPa
on those days (28 and 29 December), favouring subsidence and radiation
fog occurrence (Figure 1a).

b
a
Figure 1. Sea-level pressure and temperature at 850 hPa, ECMWF numerical model
analysis for 28th (a) and 30th (b) of December 2007, 00h UTC.

In the last days of the month, the cyclonic activity enhanced over the
central Mediterranean, the Icelandic Low also advanced over the continent,
and the high pressure belt got weaker, however preserving rather high
pressure values, of 1028 – 1025 hPa over Romania (Figure 1b) and -1…2ºC,
at the level of 850 hPa.
As regards the upper-air situations, throughout the interval chosen for
analysis (28-31.12), isohypses took a ridge-type shape, with average values
of 560 hPa over the area of Romania (Figure 2).

a
b
Figure 2. Geopotential height and temperature at 500 hPa, ECMWF numerical model
analysis for 28th (a) and 30th (b) of December 2007, 00h UTC.
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In the low troposphere, the existing air mass in our country was
characterized by temperatures of -1…2ºC, at the level of 850 hPa and of 5…-2ºC at the level of 1000 hPa (Figure 3), developing an outstanding
temperature inversion, responsible for the persisting fog from the low areas.
Only in the higher elevation areas, isotherms suggested positive
temperatures at ground level.

b

a

c
Figure 3. Temperature at 850 hPa (a), 925 hPa (b) and 1000 hPa (c), ALADIN numerical
model analysis, from left to righ: 30.12.2007, 00.00 UTC.

For better visualizing the areas characterized by temperature inversion
in the layers immediately near the ground we accomplished the maps with
the difference between the temperature at levels of 925 hPa and 1000 hPa.
Those maps highlight in turn a strong temperature inversion in the low
areas, especially during nights and mornings (Figure 4).
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a

d
c
Figure 4. Difference between the temperature at 925 hPa and 1000 hPa, ECMWF
numerical model analysis, 28.12.2007, 06 UTC (a) and 12 UTC (b); 30.12.2007, 06 UTC
(c) and 12 UTC (d).

The 10-m wind was nearly calm, blowing with only 1...2 m/s
throughout the considered interval, which ensured light propagation to the
air cooled through radiation, from ground surface towards the slightly
higher layers, which, however, did not induce turbulence enough to prevent
fog occurrence (Figure 5).

a
b
Figure 5. 2-m wind, ALADIN numerical model, analysis for 28.12.2007, 00.00 UTC (a)
and 30.12.2007, 00.00 UTC (b)
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From the ALADIN limited area model products, the 2-m humidity
field also supported high probability of fog occurrence - a phenomenon
otherwise very difficult to forecast (Figure 6).
Under such circumstances, temperature values in the extra-Carpathian
and central areas of Romania, where fog was present over almost the whole
of that third decade of December, were rather low, compared to the
multiannual means, down to -22ºC at Miercurea Ciuc, in the morning of 31
December. On the same day, Bucharest recorded -5ºC, both as a maximum,
and as a minimum.
In Bucharest, in the third decade of December, fog occurred on the
22nd, persisting especially during the nights and mornings until 31
December, at 18:00 L.T. when it started snowing again. The snow layer
preceding the fog episode was just 1…2 cm.

a

b

c
d
Figure 6. 2-m relative humidity, ALADIN numerical model, analysis, from left to right:
28.12.2007, 00.00 UTC (a); 28.12.2007, 12.00 UTC (b); 30.12.2007, 00.00 UTC (c);
30.12.2007, 12.00 UTC (d).
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Atmospheric soundings indicated inversion up towards 700–800 m,
ascertaining the fog and its persistency. Enhanced cooling induced by the
radiation fog in the lower levels and the slight humidity increase, both the
specific and the relative one, were also noticeable, along with the light wind
speed in the layer near the ground (Figure 7).

a
b
Figure 7. Atmospheric soundings, Bucharest, 30.12.2007, 00 UTC (left) and 12 UTC
(right).
The sounding is plotted on a Stuve Diagram which uses pressure (mb in a log form) as its
vertical axis and temperature (ºC) as the horiyontal axis.

At the same time, the 2-m temperature and the dew point graphs
clearly concludes brief interval, at the afternoon hours, as a rule, when the
fog dissipated, only to return because of the intense nocturnal radiation
(Figure 8).

Figure 8: 2-m temperature (blue line) and the dew point (green line), Bucharest, observed
data during 29–31 December 2007.
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The satellite imagery identify very good the presence of the fog in the
geographic area of Romania in the interval of interest, each combination of
channels having the role to highlight specifics and particularities connected
to fog monitoring during the day and night (Figure 9 and Figure 10 –
recommended for monitoring the phenomenon during the day time; Figure
11 and Figure 12 – recommended for monitoring the phenomenon during
the night time).

b

a

c
Figure 9. RGB Composite NIR 1.6, VIS 0.8, VIS 0.6., from left to right:
28.12.2007, 12.00 UTC (a); 29.12.2007, 12.00 UTC (b) and 30.12.2007, 12.00 UTC (c).

The main application of these RGB products is the detection of
fog/low clouds and snow during day-time. In the Natural Color RGB
presented in Figure 9, the fog/low stratus has large reflectance at all three
channels and hence appear whitish, while snow and ice clouds appears cyan
because ice strongly absorbs in NIR1.6. In the color scheme of Figure 10
snow appears red because of the strong absorption in the NIR1.6 and IR3.9
channels, while fog/low clouds appear whitish.
In the next images it is presented a RGB product designed and tuned
to monitor the evolution of night-time fog or low stratus (yellow color). The
Fog/Low Clouds RGB is composed from data from a combination of the
SEVIRI IR3.9, IR10.8 and IR12.0 channels. Other applications are the
detection of fires, low-level moisture boundaries and cloud classification in
general.
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b

a

c
Figure 10. RGB Composite VIS 0.8, NIR1.6, IR 3.9r, from left to right:
28.12.2007, 12.00 UTC (a); 29.12.2007, 12.00 UTC (b) and 30.12.2007, 12.00 UTC (c)

a

b

c
Figure 11. RGB Composite IR 12.0 – IR10.8, IR 10.8 – IR 3.9, IR 10.8for: 28.12.2007,
00.00 UTC (a); 29.12.2007, 00.00 UTC (b) and 30.12.2007, 00.00 UTC (c)
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a

b

c
Figure 12. Fog Depth Color Enhancement IR 3.9 – IR 10.8, from left to right:
28.12.2007, 00.00 UTC (a); 29.12.2007, 00.00 UTC (b) and 30.12.2007, 00.00 UTC (c).

The above color scheme is useful for cloud analysis during the night
time, especially for low clouds or fog that appear in blue-cyan color.

4. THE FOG EVENT OF 10 – 12 JANUARY 2008
The fog episode that comprised the days of 10, 11 and 12 January was
actually part of a longer period with fog present over the Romanian
territory, i.e. 6-20 January.
On 8-9 January 2008 interval, the ridge of the East European High
advanced towards the Balkan Peninsula, causing a pressure rise of 7…8 hPa
at the level of Romania, and the modification of the isobars’ shape: from a
north-to-south trough to a east-to-west ridge. On 10 January, the Icelandic
Low, active in the extreme north-west of the continent started descending in
the latitude, inducing a slightly south-western circulation component over
Central Europe as well. Accordingly, the east-European ridge is located
slightly more to the south, Romanian now remaining in the front, ascending
part of the ridge. On 11 January, the situation have been maintained (Figure
13a), then, on 12 January, the pressure gradient became more intense over
our country, which was, at that time positioned, in a contact area between
the two pressure formations, but still in an anticyclonic field. (Figure 13b).
During the interval of interest, the same south-western circulation was
noticeable in the geopotential field, over central and central-southern
Europe, whereas a south-west-to-north-east ridge captured interest over
Romania (Figure 14).
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a
b
Figure 13. Sea-level pressure and temperature at 850 hPa, ECMWF numerical model
analysis, which was, from left to right: 11 (a) and 12.01.2008 (b), 00 UTC

a
b
Figure 14. Geopotential height and temperature at 500 hPa, ECMWF numerical model
analysis, from left to right: 11 (a) and 12.01.2008 (b), 00 UTC

As regards the thermal stratification of the air mass over Romania
from 10 to 12 January, temperature maps at the levels of 850, 925 and 1000
hPa (Figure 15), highlights the emergence and persistency of a temperature
inversion very much developed in the vertical. This was mainly due to the
advective factor of the circulation component, which transported warm and
moist air from the Mediterranean towards the Romanian territory, but also
to the radiative factor induced by the prevailing high pressure regime.

b
c
a
Figure 15. Temperature at 850 hPa (a), 925 hPa (b) and 1000 hPa (c), ALADIN numerical
model analysis, from left to right: 10.01.2008, 00.00 UTC.
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The maps that render the difference between the temperature at 925
hPa and the temperature at 1000 hPa also highlight the presence of the
inversion layer, more marked in the areas from the south and east of the
country (Figure 16).

a

b

c
d
Figure 16. Difference between the temperature at 925 hPa and 1000 hPa, ECMWF
numerical model analysis, from left to right: 10.01.2008, 00 UTC (a); 11.01.2008, 00 UTC
(b) and 12 UTC (c); 12.01.2008, 00 UTC (d); (from negative values, in blue color to
positive values, in red color)

It is therefore obvious that in the mentioned interval (10-12 January),
fog was frequent and particularly persistent in the central regions of
Romania, where the pre-existing snow layer was very deep, as revealed by
the annexed satellite imagery (Figures 17 and 18 recommended for
monitoring fog during the day time; Figures 19 and 20 – recommended for
monitoring fog during the night time).
In the images presented in Figures 17 and 18 there are a very good
distinction between vegetation, snow (red color in the Figure 18 and cyan in
Figure 17) and fog or low stratus (whitish color in both figures). This
differentiation between areas with fog and the snow is a step forward in
weather monitoring using satellite imagery.
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a

b

c
Figure 17. RGB Composite NIR 1.6, VIS 0.8, VIS 0.6, from left to right: 10.01.2008,
12.00 UTC (a); 11.01.2008, 12.00 UTC (b) and 12.01.2008, 12.00 UTC (c)

a

b

c
Figure 18. RGB Composite VIS 0.8, NIR1.6, IR 3.9r, from left to right: 10.01.2008, 12.00
UTC (a); 11.01.2008, 12.00 UTC (b) and 12.01.2008, 12.00 UTC (c)

The next images provide the same great distinction between fog or
low stratus (yellowish color in Figure 19 and cyan in Figure 20) and
vegetation. The difference is that these products are recommended during
the night. Possibility of identifying and monitoring the fog during the night
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time is among the most important steps of successful new generation of
European satellites.

a

b

c
Figure 19. RGB Composite IR 12.0 – IR10.8, IR 10.8 – IR 3.9, IR 10.8, from left to right:
10.01.2008, 00.00 UTC (a); 11.01.2008, 00.00 UTC (b) and 12.01.2008, 00.00 UTC (c)

a

b

c
Figure 20. Fog Depth Color Enhancement IR 3.9 – IR 10.8, from left to right: 10.01.2008,
00.00 UTC (a); 11.01.2008, 00.00 UTC (b) and 12.01.2008, 00.00 UTC (c)

The atmospheric sounding performed for the area of Bucharest, where
the snow layer still was 20 cm deep, pointed at the penetration of the warm
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air mass and its gradual generalization along the tropospheric column,
determining inversions at more levels, which was specific to the advective
processes that also induced fog in the low layers.

5. CONCLUSIONS
Fog and low stratus clouds are of importance for many aspects of life.
They impact on traffic safety and air quality, act as a modifier in the global
climate system, and they are of ecological importance as a water source in
coastal deserts. Better knowledge of fog and low stratus distribution in time
and space, i.e. an accurate climatology, would be of benefit for assessing
regional risks and potentials in a specific area.
The highest frequency of foggy days during the anlysed period
justifies this study which was oriented mostly to emphasize the importance
of a short time fog forecasting (for next 12 hours) by means of a good
satellites, synoptic and mesoscale analysis and monitoring with the
products available in operational activity.
The ability to produce images using the RGB compositing technique
at a sustained rate of 15 min, which allows – as the paper emphasizes –
identifying and monitoring the fog, is one of the greatest advantages of
geostationary detection; compatibility with routine weather observations at
meteorological stations can be achieved in this way.
On the other hand the utility becomes obvious of operationally using
the product “Temperature difference between the levels of 925 hPa and
1000 hPa” in the cold season, in view to obtain better forecast of the fog
formation or dissipation in various areas.
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