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     Abstract. At the end of summer, the episode of atmospheric 
instability in the Moldavia region, is attributed to the predominantly 
eastern circulation, which directed air masses from the Asian continent 
to Romania. This context is the result of the presence of a high-pressure 
area, located in northern Siberia and extended to north-eastern Europe. 
Romania was located in the flow of the eastern circulation, behind the 
warm front.  

     The emersion of unforeseen factors, as was the case with the 
transport of dust from the dry regions of Asia, due to background of a 
circulation from the east, or the specificities of the relief, make it 
difficult to forecast the phenomena associated with instability. In this 
sense, atmospheric soundings are among the most used tools in 
forecasting atmospheric instability. In this sense, we used atmospheric 
soundings estimated by the GFS and ECMWF numerical forecast 
models to analyze the atmosphere vertically. Also, the cross-section 
profiles drawn in the EUMeTrain application showed the differences 
between the west and the east of Moldavia and described the vertical 
atmosphere in the analysed interval.  

     The evolution of the convective episode was described through 
satellite images. The forecast models anticipated the instability but did 
not estimate the amounts of cumulative precipitation. The increase in 
the amount of precipitation was, among other things, attributed to the 
existence in the atmosphere of Moldavia of dust particles that acted as 
condensation nuclei that increased the amount of precipitation. High 
concentrations of dust were also noticed after consistent rain showers, 
as explained by Cloudnet data processed. 

     The analysed case was one of the most representative instability 
episodes for summer of 2022 in Moldavia and played a decisive role 
in the soil water reserve. 

mailto:cazacumarius@gmail.com
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     Here's how air quality and changes in the atmosphere have a 
major impact on the environment. The notable frequency of detected 
electrical discharges, was probably also the result of the presence in 
the atmosphere of suspended dust particles (due to a natural air 
pollution process), driven towards the Moldavia region. 
 

     Keywords: atmospheric soundings, forecasting, meteorology, 
environment, pollution. 

 

1. Introduction 

 
Distribution of baric formations over the European continent significantly influences 

August’s general meteorological characteristics. The stability of the air masses in the European region 

this month, is attributed to the Azores anticyclonic ridge, which is advancing strongly on the 

continent, up to over Eastern Europe. Added to this context are the frequent penetrations of tropical 

air from the north of the African continent. Theoretically, August is the sunniest month of the year. 

The presence of an altitude nucleus, located in the eastern basin of the Mediterranean Sea, allowed 

moisture supply especially in the south and east of Romania, the Moldavia region being on the 

ascending side of the long-wave trough. The orographic convection, produced especially against the 

background of circulation from the east of the continent, led to the recording of significant amounts 

of water, especially in the mountain and submountain regions of Moldavia. The 24 hours fallen 

precipitation outlined an asymmetric panel for this region [1 – 3]. In the west, considerable amounts 

of water have fallen on extensive areas, compared to the situation in the east of the region, where 

precipitation was on limited areas and quantitatively weak Most of the time, severe meteorological 

manifestations associated with episodes of atmospheric instability are quite complex [4], also 

temporal and spatial predictability can sometimes become difficult [5, 6]. In the present paper, the 

description of the meteorological events on the night of 23/24 August 2022, was based on the Skew-

T log-P diagrams, and on the impact of the unusual circulation of air masses at the continental level, 

on the Moldavia region [7]. 

 

 2. Methods and Materials Used 

 
For this paper we used ground-level and altitude synoptic maps from GFS (Global Forecast 

System) reanalysis data [8 – 11] and Deutscher Wetterdienst – Analysis and forecast charts EuropeDE 

[12], MODIS (Moderate Resolution Imaging Spectroradiometer) satellite data [13].  
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The paper is based on atmospheric soundings, selected for a number of stations in the 

Moldavian region, estimated by ECMWF [14] and GFS [15].  

The vertical sections were made with the Cross-Sections tool, made available by IBL 

Weather Software Solutions- EUMeTrain – ePort [16], and the radar imagery was taken from the 

same source, from observations data section – OPERA Radar Europe (Operational Program for 

Exchange of Weather Radar Information). The estimation of the amounts of precipitation resulting 

from the episode of instability analyzed, was taken from MeteologixRO website [17], ECMWF 

(European Centre for Medium-Range Weather Forecasts) model, and the actual amounts of 

accumulated precipitation were also taken from the same source, from observation data. 

The cartographic representations expressing the presence of PM10 and PM2.5 particles [18, 

19] at the continental level were taken from the (CAMS) Copernicus Atmosphere Monitoring Service, 

ECMWF model [20]. 

The information about the amount of PM10 and PM2.5 particles insignificant for human health 

was documented on the CalitateAer website [21]. 

Persistent aerosol layers between 0 and 4 km were identified in ACTRIS (Aerosol, Clouds 

and Trace Gases Research InfraStructure) Cloudnet images [22, 23]. The picture with the frequency 

and distribution of electrical discharges detected on the night of 23/24 August 2022, was taken from 

the Real Time Lightning and Thunderstorm Network [24]. 

The suggestive photo that captures the atmosphere loaded with dust particles was taken by 

one of this paper authors, on August the 24th 2022 at 15:51 UTC, in the area of Târgu Neamț city, 

Neamț County, on the banks of the Ozana River. 

 

3. Synoptic Situation at European Level 
 

The end of August places Europe in a synoptic context favoring severe weather events. In 

the north-west of the continent, a low-pressure field is well identified, whose trough extends to the 

south-east, favoring the development of a convergence line on its front side (Fig. 1). At the opposite 

pole, in the north-east of the continent, in the Russian Plain region, a vast anticyclonic field is located, 

with atmospheric pressure values up to 1030 mbar. Its activity plays an important role in directing 

atmospheric circulation, drawing air masses from the east towards the center of the continent. 

The activity of the baric formation of low-pressure (Fig. 2) is directly related to the activity 

of the Jet Stream in the upper layers of the atmosphere, at 300 hPa level (Fig. 3), which produces a 

strong vertical wind shear. The line of convergence on the ground level takes shape, to a good extent, 

on the upward side of the jet stream, where have been estimated speeds of over 250 km/h. 
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Fig. 1. Synoptic context at continental level for August the 23rd [5], the black isolines - lines that connect points 

with the same atmospheric pressure (isobars), T- field of low pressure (cyclone),  

H- field of high pressure (anticyclone) 

 

 

Fig. 2. Distribution of the main baric centers and atmospheric fronts on August the 23rd [3] 
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Fig. 3. Jet Stream activity on August the 24th [2] 

 

 
 

Fig. 4. 500 and 850 hPa geopotential level, for August the 23rd (left) and 24th (right) [4] 
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The low-pressure field at the ground level is correlated with a geopotential level at 500 hPa, 

which between August the 21st and 24th gradually changed its position and intensity, so that its long-

wave trough penetrated to the west of the Balkan Peninsula (Fig. 4). It maintained an influx of warm 

and humid air from the Mediterranean Sea towards the Balkan Peninsula [25]. The atmospheric 

stability in the north-east of the continent ensured by the activity of the anticyclone and its ridge 

extended towards the east of Europe, is compensated by specific phenomena of instability in the 

north-west and south-east. 

 
4. Synoptic Context for Romania 

 
For the Moldavia region, the atmospheric pressure during the analyzed period was relatively 

high and slightly variable, as a result of the high-pressure field in the north-east of the continent. Its 

ridge expanded strongly, penetrating to the center of the country. The presence of the anticyclone in 

the Eastern European Plain region dictated the general circulation of air masses in this part of the 

continent. Air masses from the east were drawn towards Europe, with Moldavia implicitly in the path 

of this atypical circulation for the end of August.  

The south of Moldavia is characterized by relatively low values of the atmospheric pressure, 

as a result of the activity of a low-pressure field in the region of the Mediterranean Sea. 

Romania was in the warm sector of the described front, which crossed the east of the 

continent in the previous interval and which was responsible for the precipitation that fell on August 

the 22nd.  

A geopotential cold nucleus took shape in north-western Europe at the end of August was 

responsible for episodes of accentuated atmospheric instability at the continental level. In relation to 

it, Moldavia was on the ascending side of the long-wave trough described by the geopotential nucleus. 

In this context, warm and humid air masses from the Mediterranean crossed southern Romania and 

were transported to the Moldavia region. The altitude nucleus is present throughout the tropospheric 

column, being best represented at 500 hPa level. The bottom of this depression can easily be seen at 

this level as well (Fig. 7). The baric formation crosses the continent from the north-west to the south-

east, giving the atmosphere an unstable character, with violent manifestations of the weather at the 

end of August. 

The severe manifestations of instability surprised the region of Moldavia, culminating with 

the episode of 23/24 August night. On extensive areas in the western region of Moldavia, especially 

in the mountainous and submontane areas, consistent amounts of water, frequent electrical discharges 

and hail were reported. 
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Fig. 5. Mean sea level pressure, August the 23rd – 18 UTC [3] 

 

 
Fig. 6. Streamline direction for August the 23rd (left) and 24th (right) – ECMWF [7] 

 

 
Fig. 7. Geopotential level at 500 and 850 hPa for August the 23rd at 18 UTC [3] 
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5. Characterization of the Weather Events of 23/24 August by Atmospheric Soundings 
Models (ECMWF and GFS Atmospheric Models) 

 
5.1. Analysis of atmospheric soundings forecast for western Moldavia stations 

 
Most of the time atmospheric soundings represent the most used tools for convective 

phenomena forecasting, as they describe the vertical profile of the atmosphere [26, 27]. Analyzing 

the atmospheric soundings (Fig. 8) for a number of stations in Moldavia, differences can be observed 

between the east and west of the region. 

For the Suceava station, the model estimated values of over 80% for relative humidity on 

the ground level, and the lifted condensation level was estimated at 900 hPa (Table 1). A drier layer, 

located between 700 and 400 hPa, is preceded by a moist layer, between 300 and 200 hPa, above 

which the equilibrium level is individualized. The 0 degree isotherm is contoured at 650 hPa. 

From the 700 hPa level, the temperature of the air particle becomes higher than the temperature 

estimated by the profile. 
 

 
Fig. 8. Atmospheric soundings forecast for Suceava station 

 (ECMWF- left and GFS- right) [7, 8] 
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Table 1. Data extracted from the atmospheric soundings forecast – Suceava station  
(ECMWF Model 23.08.h12), H - vertical pressure in hPa, T - air temperature, Td - dew point temperature, 

 Mix. R - mixing ratio, RH - relative humidity, wind direction in degrees, wind speed in m/s 

 

 

The atmospheric soundings (ECMWF model) for the Târgu Neamț station, based on the 

12 UTC run, indicates high relative humidity values at 950 hPa- level. The lifted condensation level 

(LCL), respectively the base of the clouds, was estimated at 900 hPa, and starting with the altitude of 

700 hPa, the temperature of the air parcel becomes higher than the temperature of the profile. The 

sounding estimated a high potential for ascent, with relatively high CAPE (Convective Available 

Potential Energy) values - 600 J/Kg. The 0 degree isotherm was described at about 630 hPa (Fig. 9).  

 

 
 

Fig. 9. Atmospheric soundings forecast for Târgu Neamț station (ECMWF- left and GFS- right) [7, 8] 
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In the immediately upper layers, between 850 and 500 hPa, a less humid sector was 

identified, with relative humidity values of 50%. Above it, the air gradually becomes saturated, so 

that between 300 and 250 hPa, the relative humidity is 100% (Table 2). 

Low wind speeds, estimated at the surface and in close proximity to the ground level, are 

offset by high speeds, associated with significant wind shear, in altitude. If on the ground level the 

wind blows from the NW (319 degrees at 950 hPa), in altitude it obeys the dominant circulation of 

the atmosphere (E – SE) (Table 2). 
 

Table 2. Data extracted from the atmospheric soundings forecast – Târgu Neamț 
 station (ECMWF Model 23.08.h12), H - vertical pressure in hPa, T - air temperature, 

 Td - dew point temperature, Mix. R - mixing ratio, RH - relative humidity, 
 wind direction in degrees, wind speed in m/s 

 
 

For Bacău station, the atmospheric soundings indicated humidity values of over 90% on the 

ground surface, and at the altitude of 900 hPa the lifted condensation level was realized. The isotherm 

of 0 degrees at the level of 630 hPa and the base of the clouds at a relatively low altitude, facilitated 

isolated small hail falls (Fig. 10). 
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Fig. 10. Atmospheric soundings forecast for Bacău station (ECMWF- left and GFS- right) [7, 8] 

 

According to sounding, from 700 hPa, the temperature of the air parcel becomes higher than 

the temperature estimated by the profile, and at 250 hPa the equilibrium level is reached. The profile 

indicates a high potential for convection, with high CAPE values (600 J/Kg). A less humid sector is 

individualized between 850 and 500 hPa. From 850 hPa, the relative humidity drops sharply below 

70%, after which, up to 250 hPa, it gradually increases. At this level, the relative humidity is over 

90%. Between 850 and 300 hPa, less moist air is trapped (Table 3).  

 

Table 3. Data extracted from the atmospheric soundings forecast – Bacău (ECMWF Model 23.08.h12), 
 H - vertical pressure in hPa, T - air temperature, Td - dew point temperature, Mix. R - mixing ratio,  

RH - relative humidity, wind direction in degrees, wind speed in m/s 
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If at the ground surface, the model estimates low wind speed values, at altitude the wind 

increases in intensity. After 950 hPa level, the wind suddenly changes direction and reorients 

according to the prevailing circulation in the atmosphere. If on the ground level the wind direction is 

from the NW, at altitude it acts from the predominantly south-east sector. Low wind shear from the 

ground level is compensated in altitude. 

The atmospheric soundings for the Focșani station estimated values of over 80% for the 

relative humidity, in the immediate vicinity of the ground surface. At 900 hPa is individualized the 

lifted condensation level, and from 730 hPa the air parcel has higher temperature than that estimated 

by the profile (Fig. 11). Between 850 and 400 hPa, the relative humidity has relatively low values, 

but above this level, it exceeds 90%. At 250 hPa the equilibrium level is reached, so the model predicts 

considerable cloud heights. The potential for convection is high and the atmospheric soundings 

indicating high values for CAPE.  

The wind increases in intensity from the ground level to the upper Troposphere, changing 

its direction abruptly: from NW to E and SE. Also, shear increases gradually in the upper layers 

(Table 4). 

 

 
Fig. 11. Atmospheric soundings forecast for Focșani station (ECMWF- left and GFS- right) [7, 8] 
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Table 4. Data extracted from the atmospheric soundings forecast – Focșani station  
(ECMWF Model 23.08.h12), H – vertical pressure in hPa, T - air temperature, Td - dew point temperature, 

Mix. R - mixing ratio, RH - relative humidity, wind direction in degrees, wind speed in m/s 

 
 

5.2. Analysis of atmospheric soundings forecast for eastern Moldavia stations 

For the Botoșani station, the ECMWF model predicts high values for relative humidity at 

the ground surface, respectively 85%. Starting at the level of 850 hPa, the relative humidity begins to 

decrease gradually until 300 hPa, the level at which the relative humidity is above 90%. At this point, 

the equilibrium level is defined (Fig. 12). A layer of less moist air separates between 700 and 400 hPa. 

At 900 hPa, the lifted condensation level is estimated, and from 700 hPa the temperature of the air 

parcel becomes higher than the temperature of the profile.  

 

 
Fig. 12. Atmospheric soundings forecast for Botoșani station (ECMWF- left and GFS- right) [7, 8] 
 
At the ground level, high relative humidity is not supported by high potential energy values 

for convection. The 0 degree isotherm is estimated at 650 hPa. On the ground surface, the wind is 
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oriented from the SW, then at altitude it reorients itself according to the general circulation of the 

atmosphere. Also, low ground level velocities are correlated with weak shear. In the upper layers, the 

shear intensifies and the wind speed increases gradually (Table 5). 
 

Table 5. Data extracted from the atmospheric soundings forecast – Botoșani station  
(ECMWF Model 23.08.h12), H - vertical pressure in hPa, T - air temperature, Td - dew point temperature, 

Mix. R - mixing ratio, RH - relative humidity, wind direction in degrees, wind speed in m/s 

 
 

The forecasted atmospheric soundings for the Iași station estimates high values for relative 

humidity at ground level, over 90%. Above this moist layer held captive at the ground level, the 

relative humidity gradually decreases. At 900 hPa, the lifted condensation level is estimated, and at 

700 hPa the temperature of the air parcel becomes higher than the temperature of the profile. At this 

point the level of free convection (LFC) is estimated. The air particle free ascends on the moist adiabat 

up to 300 hPa, at which point the equilibrium level is reached, and the 0 degree isotherm is located at 

600 hPa (Fig. 13).  
 

 
Fig. 13. Atmospheric soundings forecast for Iași station (ECMWF- left and GFS- right) [7, 8] 
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The model describes modest values for CAPE. On the ground surface, the potential energy 

values for convection tend to 0 J/Kg, increasing insignificantly in altitude.  

The wind suddenly changes its direction: from the NW near the ground level, to the E and 

SE between 850 – 300 hPa. The wind increases slightly in intensity with altitude, as does the shear 

(Table 6). 

 
Table 6. Data extracted from the atmospheric soundings forecast – Iași station  

(ECMWF Model 23.08.h12), H - vertical pressure in hPa, T - air temperature, Td - dew point temperature, 
Mix. R - mixing ratio, RH - relative humidity, wind direction in degrees, wind speed in m/s 

 

 

 
Fig. 14. Atmospheric soundings forecast for Vaslui station (ECMWF- left and GFS- right) [7, 8] 

 

For the Vaslui station, the model estimated values of over 80% for relative humidity at the 

ground surface, but also at 250 hPa. Between these points, but also beyond 250 hPa, the relative 
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humidity decreases considerably (Table 7). At the level of 900 hPa, the model estimates the lifted 

condensation level, respectively the base of the clouds, and at 750 the level of free convection is 

outlined (Fig. 14). From this point, the air parcel ascends directly on the moist adiabatic, up to 300 hPa, 

where the equilibrium level is established. The 0 degree isotherm is described at 650 hPa. On almost 

the entire column, the wind is oriented according to the general circulation of the atmosphere, 

respectively from the E and SE, and the speeds are weak. 
 

Table 7. Data extracted from the atmospheric soundings forecast – Vaslui station 
 (ECMWF Model 23.08.h12), H - vertical pressure in hPa, T - air temperature, Td - dew point temperature, 

Mix. R - mixing ratio, RH - relative humidity, wind direction in degrees, wind speed in m/s 

 

 

 

Fig. 15. Atmospheric soundings forecast for Galați station (ECMWF- left and GFS- right) [7, 8] 
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The atmospheric soundings for the Galati station estimated values of over 90% for the 

relative humidity at ground level. Similar to the soundings analyzed for the rest of the stations in 

eastern Moldavia, the relative humidity decreases up to the altitude of 300 hPa, from which point it 

increases, reaching 100 percent at 250 hPa (Table 8). At 900 hPa, the condensation level is outlined, 

and at 700 hPa, the air parcel rises on the moist adiabat up to 300 hPa, at which point the equilibrium 

level is extinguished. The potential energy for convection described by the model is modest in the 

lower layers and becomes moderate between 600 and 300 hPa (Fig. 15). On the ground level, the 

wind acts from the north-west sector, contrary to the general circulation, following that at altitude it 

will reorient itself and increase in intensity. 

 
Table 8. Data extracted from the atmospheric soundings forecast – Galați station  

(ECMWF Model 23.08.h12), H - vertical pressure in hPa, T - air temperature, Td - dew point temperature, 
Mix. R - mixing ratio, RH - relative humidity, wind direction in degrees, wind speed in m/s 

 

 
Comparing the atmospheric soundings for weather stations located at east of Siret, vertical 

differences can be observed. For the Botoșani and Iași stations, the GFS model based on the 18 UTC run, 

estimated modest values for the relative humidity at the ground surface. At 800 hPa, a moist layer 

takes shape, trapped between two drier layers. The lifting condensation level is estimated at 700 hPa, 

and the level of free condensation at 750 hPa. Also, the model estimated modest values for CAPE, 

respectively 173 J/Kg (on the ground surface - Botoșani) and 0 J/Kg (on the ground surface - Iași). 

The wind speed intensifies vertically, and the shear becomes moderate (Table 9). 

At the level of 600 hPa, the isotherm of 0 degrees is estimated, and the equilibrium level is 

reached at 250 hPa. Vertically, the temperature of the air parcel is comparable to the estimated profile 

temperature. 

Similarly, for Vaslui and Galați stations, the model predicted low values for relative 

humidity near the ground surface and up to the 700 hPa level. Above this level, at 650 hPa, the 

sounding estimates a moist layer, with 100% values of relative humidity. At 850 hPa, the lifted 

condensation level is estimated, and the level of free convection at 750 hPa. From this point, the air 
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parcel rises on the moist adiabat up to 400 hPa, at which point the equilibrium level is reached. The 

temperature of the air parcel is similar to the estimated profile temperature, so the model describes 

modest values for CAPE, both at the ground level and altitude. 

At 650 hPa is located the 0 degree isotherm. On the ground surface, the wind is characterized 

by slight intensifications, weak shear in a predominantly north-westerly direction, then at altitude it 

intensifies and reorients itself according to the general circulation of the atmosphere. 

 
Table 9. Data extracted from the atmospheric soundings forecast: 1 - Botoșani station, 2 - Iași station,  
3 - Vaslui station, 4 - Galați station GFS atmospheric model 23.08.h21[8]; the K Index is related to the 
probability of occurrence of a thunderstorm: less than 20- none, 20 to 25- isolated thunderstorms, 26 to  

30- widely scattered thunderstorms, 31 to 35- scattered thunderstorms, above 35- numerous thunderstorms; 
the lifted index (LI): positive number- stable, 0 to -4 marginal instability, -4 to -7- large instability, -8 or  

less- extreme instability; CAPE- Convective Available Potential Energy is the amount of fuel available to a 
developing thunderstorm. 

 
 

6. Analysis of the Vertical Profile of the Atmosphere Using the Cross-Sections Tool 
 

Analyzing the transversal profiles drawn from east to west, which express the divergence, 

convergence and vertical equivalent-potential temperature, several surfaces can be distinguished, 

having different characteristics. Two reference points were selected to capture both the differences 

between the east and west of the region, as well as the vertical ones (Fig. 16), during the maximum 

manifestation of the instability (21:00 and 00:00 UTC). 

 

Fig. 16. Selected points for cross section – ECMWF [7] 
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At 21:00 UTC, from ground surface to 900 hPa, the model captured the most intense 

atmospheric activity. From east to west, a series of upward and downward movements can be 

highlighted. In the extreme west, representing the first point selected, a divergent movement of 

downward takes place at the ground surface. It is the mountainous region, where the specific 

phenomena of instability were fully manifested. It is preceded by an ascending movement, in the 

immediately following region, at the contact with the high region, where the air masses have 

converged, on the background of the atmospheric circulation. Vertically, in the adjacent layer, in the 

extreme east of the drawn profile, there is a movement of divergence and therefore of downward, 

which did not allow the moist air from the surface to continue its upward, keeping it captive, like a 

lid. For this reason, the east of the region was also the most protected from the intense instability 

phenomena, contrary to the pre-existing moisture near the ground surface. Also, between 900 and 

800 hPa, the distance between the isentropes becomes more significant, but still maintains a more 

stable layer (Fig. 17).  

 

 
Fig. 17. Cross-sectional profile: equivalent-potential temperature and  

divergence (blue lines)/convergence (red lines) at 21 UTC [7] 
 
Above this level, the distance between the isentropes begins to increase even more sharply, 

delimiting even a region of great instability, at 600 hPa, where the isentrope is almost closed, 

representing the very west of the region. This layer of instability in the atmosphere is therefore 

positioned above a stable layer. At the 250 hPa level, the Tropopause is separated, marked by a 

closeness of the isentropes and therefore by a great specific stability. The situation changes slightly 

at 00 UTC so that more instability is emerging between 900 and 500 hPa. At the ground level, a 
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region of convergence is evident, also at the contact with the high relief region, where the largest 

amounts of water were recorded. At 900 hPa, to the east of the section, a downward movement is 

delineated, below which the model estimates a weakly developed segment, relatively stable, with 

close isentropes. Between 800 and 500 hPa, the isentropes are at large distances or even closed 

between 700 and 500 hPa, a region of great instability. It should be noted, that this considerably 

unstable layer is positioned above a stable layer with descent movements. Between 400 and 200 hPa, 

the isentropes tend to narrow the space that delimits them, and at 250 hPa the presence of the 

Tropopause is highlighted (Fig. 18). 
 

 
Fig. 18. Cross-sectional profile: equivalent-potential temperature and  

divergence (blue lines)/convergence (red lines) at 00 UTC [7] 
 
Analyzing, for the same section, the potential equivalent temperature and relative humidity 

at 21:00 UTC, their differentiated vertical and horizontal distribution can be observed. A layer with 

relative humidity above 80% is concentrated at the ground surface. In the western part of the profile, 

high relative humidity is found up to the level of 800 hPa, while in the east of the profile, from 900 hPa, 

the relative humidity has modest values, below 60%. The moist air from the ground surface, in the 

east of the region, is therefore held captive under a layer poorer in moisture, having no other lifting 

mechanisms. It is also the region where the atmospheric precipitation was in reduced quantities and 

on small areas. The orographic force represented by the relief that gradually becomes higher from 

east to west, potentiated the upward and convergence of moist air in altitude, thus penetrating the 

adjacent, more stable and drier layer. Between 400 and 250 hPa, the model predicts a stable, moist 

layer with relative humidity values above 80%, sandwiched between two less moist layers (Fig. 19).  
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Fig. 19. Cross-sectional profile: potential-equivalent temperature and relative humidity at 21 UTC [7] 
 

At 00 UTC, the situation changes so that the moisture in the near ground surface layer for 

the west of the profile remains high only up to 900 hPa. Above this layer, the relative humidity 

gradually decreases, even though at 500 hPa an unstable atmosphere is maintained, described by the 

nearly closed isentropes at large distances. However, from 400 hPa, the relative humidity starts to 

increase slightly (Fig. 20). 
 

   
Fig. 20. Cross-sectional profile: potential-equivalent temperature and relative humidity at 00 UTC [7] 
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7. Analysis of Radar Images from August 23/24 
 
On 23rd August, at 06 UTC, the first manifestations of atmospheric instability appeared in 

the west of the country, on background of the presence of an altitude trough in the eastern basin of 

the Mediterranean Sea, on whose ascending part Romania was positioned. Gradually, the area of 

instability expands, the cells sliding towards the north-east of the country. At 12 UTC, the first 

important cloudy developments appear in the west of Moldavia, at the contact with the Carpathian 

chain, then at 18 UTC they will develop in the south and south-west of the region. The instability is 

fully manifested in Moldavia at 21 UTC, when in the west of the region, still rising to the north, 

significant amounts of water accumulated and electrical discharges were reported with a notable 

frequency. Furthermore, the east of the region is safe from these severe manifestations. At 00 UTC, 

the instability persists with considerable energy, but it slides far north-ward and especially into the 

mountain area, where the storms converge, directed by the strong easterly circulation of the continent.  

 

 

Fig. 21. Radar reflectivity captures 23/24 August, UTC time - Europe Radar [9] 
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8. Precipitation Distribution – Forecast and Diagnosis 
 

On the night of 23/24 August, one of the most consistent episodes of atmospheric instability 

occurred in the warm season of 2022, for the region of Moldavia. This episode of instability, through 

the appreciable amounts of precipitation it left, removed the mountainous and submontane regions of 

Moldavia from the sphere of severe drought. Forecast models estimated between 25 and 30 l/m2, on 

the west of Siret River, and to the east the estimated water quantities were 10...15 l/m2 (ECMWF) 

(Fig. 22). These quantities were underestimated even by the most optimistic forecast models, because 

water quantities of 40...50 and even 80 l/m2 were recorded on extensive areas. 

 

Fig. 22. 23/24 August - Estimated amounts of water in 24h - ECMWF model [10] 

 
Gradually, atmospheric instability increased in Moldavia, starting in the evening hours, 

especially in the west and south of the region and manifested itself in torrential downpours and 

electrical discharges. The water quantities recorded (Fig. 23): Bacău county: Cremenea - 84.0 l/m2, 

Helegiu - 77.5 l/m2, P. Uz Dam - 66.7 l/m2, Dofteana - 56.2 l/m2, Borzești - 52.4 l/m2, Onești - 49.6 l/m2, 

Valea Uzului - 42.0 l/m2, Haloș - 39.5 l/m2, Lucăcești - 39.5 l/m2, Scorțeni - 33.6 l/m2, Ghimeș-Făget 

32.5 l/m2, Ferăstrău - 28.7 l/m2, Comănești - 28.0 l/m2, Asău - 28.0 l/m2, Sulita - 23.5 l/m2, Răcăciuni 

- 23.0 l/m2, S.M. Târgu Ocna - 22.0 l/m2, Dărmanesti - 21.1 l/m2; Neamț County: Slobozia - 44.5 l/m2, 

Ceahlău 39.2 l/m2, Cuiejdi - 38.8 l/m2, S.M. Târgu Neamț - 38.0 l/m2, Păstrăveni - 29.0 l/m2, Borlești 
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- 28.4 l/m2, Magazia - 25.3 l/m2, Filioara - 24.7 l/m2, Luminis - 21.3 l/m2, Pluton - 20.4 l/m2; Suceava 

county: Frunzeni - 34.2 l/m2, Straja - 33.0 l/m2, Bogdănești - 31.6 l/m2, Broșteni 29.2 l/m2, Putna - 

25.4 l/m2, Frumosu - 24.3 l/m2, Tupilati - 23.0 l/m2, Stulpicani - 21.6 l/m2, Panaci - 20.5 l/m2; Vrancea 

county: Vrânceni - 50.3 l/m2, Colacu - 39.5 l/m2, Nereju - 36.7 l/m2, Tulnici - 35.2 l/m2, Lepșa - 32.7 

l/m2, Reghiu - 31.8 l/m2, Ciuruc - 21.0 l/m2; Galati county: Bălăbănești - 27.0 l/m2. Hail was reported 

in Bacău and Neamț counties. The wind intensified associated with the shower rain, which 

temporarily had the appearance of squall (Vaslui county), and in the high mountain area, at night, the 

wind gusts reached 90...100 km/h. 

The distribution in the territory shows that the precipitation was concentrated in the west of 

the region, especially in contact with the mountain area. Circulation from the east and the existence 

of the divergent movement between 800 and 900 hPa, did not facilitate significant falls of 

precipitation in the east of Moldavia. The unstable mass was directed to the west, where, forced to 

orographically lift, it left large quantities of water. Among these, the most significant were recorded 

in the counties of Bacău and Neamț. 

 
Fig. 23. 23/24 August - Amounts of water recorded in 24h: at stations on the left and interpolated values on the 

 right – data from observations [10] 
 

9. The Role of Dust Particles Entrained Towards the Moldavia Region, in the Evolution 
of the Convective Episode of August 23/24, 2022 
 

To the north of the Black Sea, the currents transport dust particles entrained from the north 

of the Caucasus, as well as from the north of the Black Sea, regions strongly affected by drought, on 

an easterly circulation. These dust particles also reached the Moldavia region. The existing high 

humidity at the ground surface, the stability of the immediately upper layer, as well as the existence 

of a downward movement, facilitated the retention in the lower Troposphere of the region of fine 
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particles in suspension and led to a dust-laden atmosphere. If in the eastern part, the instability was 

inhibited by the downward movement of air from the altitude, in the west of Moldavia, precisely the 

presence of an upward movement, potentiated the development and manifestation of convection. 

Additional dust particles existing in the area may be responsible for the large amounts of 

water in the carpathian and subcarpathian regions. It appears that the dust particles acted as 

condensation nuclei [28]. 

 

 

Fig. 24. Satellite images capturing dust in the lower atmosphere: 22nd and 23rd August – MODIS [6] 

 
The presence and concentration of dust particles in the Moldavia region, for the analysed 

period, is also captured by the Copernicus Atmosphere Monitoring Service, ECMWF model. For 

August 23rd, the model estimated PM10 amounts of 20...30 μg/m3 across the region. For August 24th, 

the model approximated the same amounts, but narrowly to the north of the region. According to the 

website CalitateAer website, in these days, the daily dose for human health was not exceeded. As for the 

concentration of PM2.5 particles, really harmful to health, and the model did not capture such intrusions. 

In the case of PM2.5 particles, the daily concentration not harmful to human health is 25 μg/m3, 

representing the target value per year. It can be appreciated that the analysed situation does not 
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describe an episode of anthropogenic pollution, but can be categorized as a natural phenomenon, 

potentiated by the general circulation of the atmosphere. The increase in the concentration of PM10 

was therefore not accompanied by increases in the concentration of PM2.5. 

 

 

Fig. 25. PM10 and PM2.5 particles estimated by CAMS, for 23rd and 24th August – ECMWF [11] 

 
Normally, after a rain, especially a downpour, the atmosphere "cleanses", but in the present 

case, the suspended particles continued to persist, due to the easterly circulation. From the radar and 

ceilometer data, obtained courtesy of UGAL – REXDAN cloud remote sensing facility part of 

ACTRIS – RO (Aerosol, Clouds and Trace gases Research InfraStructure – Romania) and RADO 

(Romanian Atmospheric 3D research Observatory), persistent layers of aerosols, between 0 and 4 km 

(Fig. 26). The combined radar/lidar image supports our hypothesis, namely that we were dealing with 

a natural phenomenon, amplified by the general circulation of the atmosphere and not an episode of 

anthropogenic pollution. 
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Fig. 26. Cloudnet image from UGAL – REXDAN, combining radar and lidar data [13] 

 

 

Fig. 27. Frequency and spatial distribution of detected electrical discharges,  

on August the 24th 2022, h00 UTC [14] 

 
The notable frequency of detected electric discharges was also due to the presence of 

suspended dust particles in the atmosphere (Fig. 27). 
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Fig. 28. The atmosphere loaded with dust particles, on August the 24th, 2022 at 15:51 UTC, in the area of the city of 
Târgu Neamț, Neamț county, on the banks of the Ozana river (photo: Adrian Timofte) 

 

10. Conclusions 
 

The convective episode that took place on the night of 23/24 August 2022, was one of the 

most representative episodes of atmospheric instability in this year's warm season. Produced in an 

inappropriate context for the end of August, the atmospheric instability manifested in the analyzed 

interval, had a decisive role on the water reserve in the soil, so that the west of Moldavia, from the 

contact with the mountain area, was removed from the moderate drought that affected the entire 

region. Atmospheric soundings thus represent important materials for capturing the specific 

phenomena of instability. Both the ECMWF and GFS model estimated, to a good extent, the 

convective potential and the intensity of the atmosphere in the analyzed evening. Both models 

captured the differences found between western and eastern Moldavia. Across the region, the models 

captured the moist layer at the land surface, with relative humidity values above 90%, preceded by a 

lower moisture layer between 850 and 500 hPa. 

For the Târgu Neamț station, for example, the numerical forecast models, ECMWF and GFS 

predicted the cloud base at 900 hPa. Starting at the altitude of 700 hPa, was estimated the LFC. From 
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this point, the temperature of the air parcel becomes higher than the ambient temperature. The models 

also predicted the equilibrium level at 250 hPa and a high potential energy for convection. For the 

stations in eastern Moldavia, the models captured the downward of air from altitude and the inhibition 

of convection. For the Iasi and Botoșani stations, the surveys describe an hourglass shape that 

indicates the maintenance of a moist layer on the ground level and the divergent movement that broke 

up the cloud structures and prevented their development. 

Although the models estimated water quantities of up to 30 l/m2, in reality they were far 

exceeded. The addition of water can be attributed to the natural seeding of clouds with suspended 

particles, as a result of the detection in the Moldavia region of a significant supply of dust, transported 

on the eastern circulation. The high frequency of electrical discharges and the concentration of 

instability in the west of the region, at the contact with the mountain area, may be the result of the 

presence of these suspended particles in the atmosphere. It can be considered that the episode of 

instability that happened on the night of August 23/24, represented a classic pattern of orographic 

convection, on the background of circulation from the east. 
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