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INTRODUCTION

The main objective of the research topic is thewdedge of spatial and temporal
distribution of high intensity rainfalls, to deteima the aero synoptic and mesoscale
conditions and to contribute to the improvementigh intensity rainfall forecasting, by
determining its dynamic parameters (direction armkes). Spatial and temporal
distribution of precipitations sets the context dmdits of rainfalls occurrence and
provides an overview of the defining elements ¢f #nalyzed phenomenon (intensity,
duration, quantity etc.); the synoptic scale andsesealeconditions are determining
elements of genesis and of occurrence in a ceat@a of the atmospheric precipitations,
which influence the rainfall parameters like theaqtity of fallen water, the rain intensity
and duration etc.; the motion parameters of comecystems represent supplementary
elements useful to anticipate the time and placéhefrain events, by determining the
connection between mesoscale and synoptic scale.

The importance of the topic is given by the eleaftthe annual maximum intensity
rainfalls and heavy rains have in the actual cdntéxclimatic changes. The mentioned
rain events generate, most frequently, flash flpedpecially in small water basins areas
and in urban areas, with immediate effects on theérenment. The chosen topic is meant
to be contributing to the determination of the falintriggering factors and of the elements
that influence the spatial evolution of the cloodiations responsible for these categories
of rainfalls.

The numerous approaches in the meteorologicahlitee emphasize the relevance
of the issue at the national or international levdle most notable recent studies at the
national level are ones of Popovici, Drag@nd Niculescu (1999) that follow the
statistical analysis of torrential rain parameteBgigdan and Niculescu (1999), who
consider that the most powerful downpours takeegpiadhe most arid regions of Romania;
Dragoti (2006), who observes the inhomogeneous territdigtibution of rains; Tudose
and Moldovan (2009 and 2010perban (2010). At international level, it can be
distinguished the studies of Brooks and Stensr@®(p, that are interested in monthly
frequency and spatial distribution of heavy raif®n and coauthors (2001), who
approaches the thermal convection clouds frequesslye; Nesbitt and Zisper (2003),
studying the Mesoscale Convective Systems and ri@pitations they generate; Dairaku

and coauthors (2004), interested in some correlstibetween the torrential rains
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parameters and altitude; Endo and coauthors (200%) analyze the precipitation
quantities tendency.

The aim of this analysis is to find the synoptimtext in which the torrential rains
and the annual maximum intensity rainfalls occardétermine a series of particularities,
as well as to increase forecast accuracy of thesa@pitations. In the scientific literature,
the extreme rainfall events issue has been appeda@iom different points of view,
quantitative and qualitative, spatial and tempoaalwell as in connection with different
weather events. This paper brings a series of nememts regarding the spatial and
temporal distribution of these extreme events im@a which has been less analyzed from
this perspective, by using an extended databasge@s) and a series of correlations with
meteorological radar-measured products (radar ateflgy, vertical integrated liquid,
direction and motion speed of clouds formations)ett also establishes a quick way to

determine the movement of mesoscale structuredwgthpotential to generate heavy rains.

The database

For the present analysis, cartographical and nwaledata has been used. The
cartographical database contains the synoptic miie European continent, of the North
Atlantic Ocean and of the western side of Asia,thar 1975-2012 period, as well as maps
of the sea pressure level, of the geopotentiatamgperature level-standard (925. 850, 700,
500, 400 and 300 hPa) and maps of humidity fietdte 700 hPa level. These were used
to determine the characteristics of air masses dlfffact the study area (thermal and
humidity characteristics), of associated frontsr(wacold, occluded) and of synoptic-scale
pressure structures (cyclones, anticyclones, ridgesghs, cut-off lows). At the storm
scale (mesoscale), the most recent data startitng20D4, regarding storms has been used.
These include thematic images representing ther naafkectivity, one and three hours
precipitations estimation, speed motion of the eative storms, vertical integrated liquid,
cloud masses height etc. These were used in arddetermine the direction and motion
speed of the convective storms, as well as to agtitihe solid and liquid water content of
the storm clouds, the height of convective systerd to determine the types of the
convective systems (single cell, multicells, supbsg. All these thematic materials have
helped to outline the atmospheric fields’ structate a certain time, structures that
facilitate, generate and intensify the convectiygams.

The numerical database contaimain data (rainfall duration, water quantity,

medium and maximum intensity, maximum intensity atian, the starting hour of the



rainfall and of the time maximum intensitgata regarding the water quantitiesased on
meteorological, rain and hydrometric stations wagsj data regarding meteorological
parameters from the atmospheric soundiag and dew point temperature, wind speed and
direction).

There have been analyzed 14 meteorological stationated on different
landforms: in the plains, valleys or depressioreaghe Satu Mare, Supuru de Jos, Baia
Mare, Sighetu Marnieei, OcnaSugatag, Zalu, Cluj-Napoca, Huedin, Turda, Dej and
Bistrita stations has been used and from mountain aéégnaBa, Vhdeasa 1800 and lezer

has been under study, to which rainfall and hydtomstations were added.

Research methods

In the case of duration, frequency and rain intgnsarameters as well as in order
to determine the atmospheric stability indices nestablish the convective cells direction
and motion speed, the method of statistical amalizsis been used and for the annual
maximum intensity rainfalls, the method of frequgranalysis. There have been computed
frequencies and probabilities (in the third and rfiou Chapters), and synoptic
configurations, specific to each instability tyjprased orwww.esrl.noaa.gosite facilities
(Chapter 4) have been built.

The convective cells direction and speed motiorerd@nation, from Chapter 5,
required a more laborious work, consisting in tmangformation of inverse polar
coordinates (azimuth and distance) into cartes@rdinates, considering the site of the
two radars (Oradea and Bobohalma) as origin, aftetsy the results being compared with
the considered main air flowror the statistical analysis, the facilities of EkcXIStat,

Curve Expert and Hyfran programs has been used.

1. THE CURRENT INTERNATIONAL AND NATIONAL STATUS OF
RESEARCH OF THE PRESENT THEME

On international level, the diurnal variation @&ins has been studied by Hann
(1901); the diurnal variation frequency and therhointensity of rains has been a base of
study for McDonald (1929); the diurnal frequencypoécipitation occurrence represented
high interest for Howard (1942) and Wallace (197%)e duration, frequency and intensity
of rainfalls has been approached by Fassig (192f®);rains frequency and intensity
recorded with the pluviograph was studied by Coua&33); the diurnal variation of



precipitations quantity and the convective or #tvah genesis of rainfalls represented a
research subject for Nesbitt and Zipser (2003) fandairaku and coauthors (2004); and
also Brooks and Stensrud (2000) studied the toalerdinfalls frequency. Humphreys
(1919) classified the rain characteristics accaydin the recorded water quantity,
establishing the raindrops falling speed and thghteof clouds base; Zawadzki and Ro
(1978) analyzed the correlation between the maximate of precipitation and mesoscale
parameters; Sun and coauthors (2001) observedntreasing frequency of nebulosity
generated by the convective clouds during the sunseeson etc.

Other remarkable studies that analyze the rainfatameters, as follows: Drufuca
and Zawadzki (1975) took into consideration a seoé statistical parameters, such as
duration, medium and maximum intensity, the stashdi@viation, variance, autocorrelation
function and the quantity of rainfalls during th@mww season; Sharrat (2001) studied the
precipitation frequency north of Corn Belt (USA)ai§2001), follows the diurnal variation
of the precipitations and storms frequency; Tank likénnen (2003) approached the study
of the tendency of some indexes of extreme prextipits tendency in Europe; Endo and
coauthors (2005) studied the quantity of precitet tendency and the number of rainy
days and torrential rainfalls during the summesagean China, for the period of 1961-2000.

In Romania, the studies refer to significant quest of precipitations recorded
during the last century, or on single events, aezlidue to severe weather conditions, but
also to the high quantity precipitations regimesame specific periods (seasons or years),
as well as to the determination of rainfalls parearemethodologies. To these studies can
be added a series of synthesis which regard theak@ad temporal distribution of
important quantities of precipitations. Furthergréh are mentioned some approaches
concerning the rainfall parameters analysis (intgnduration, quantity), including heavy
rains: Predescu (1973), &run (1956), Platagea (1959), Cristodor and Dati®68),
Stoenescu and coauthors (1965), Buzea anda GhbP68), Tistea and Miha (1978),
Popovici and coauthors (1998), Bogdan and Nicul€$889), Dragat (2006), Tudose and
Moldovan (2009 and 20103erban (2010). Some other important studies at maltievel
usually make a theme of the Annual Session of #timiCommunications of National
Administration of Meteorology, that include the ,YAther Forecast” section, where the
case studies about severe weather events havgesslaare.

Some authors propose the use of statistical artiematical methods to analyze
the climatic events, especially those that mayuesqly become risk phenomena (Haidu,

2002). Thereby, in the annual maximum intensitpfedis case, the probability distribution
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function used varies according to analyzed areapeamohd: in Australia, Eastern Africa
and in the United Kingdom, the Generalized Extraradie distribution (GEV) has been
widely used while in the United States, the Gundsiribution fits better. Koutsoyiannis
and coauthors (1998) used the Gumbel, Gamma, GBY,Rearson Il and Log Normal
Exponential functions; Trefry and coauthors (200€9d the maximum probability method
to determine the probability distribution of maximuwannual values of the precipitations
intensity from Michigan; Trefry and coauthors (2D@Bed the frequency analysis for the
planning management of pluvial water from the US&testof Michigan; Rayford and
coauthors (2007) used the normal probability dgnsiormal Log, GEV, Pearson type llI
and Log Pearson type lll functions in order to gpalthe annual maximum precipitations,
the best results being obtained by using thé tsit; and El-Sayed (2011) discovers, by
using the Hyfran software, that most of the annemaximum intensity series of the
precipitations used for projecting the IDF curvesthe Sinai Peninsula present a Log
Normal and Log-Pearson type Il distribution.

2. PHYSICO-GEOGRAPHICAL CHARACTERISTICS OF THE
STUDIED AREA

The North-Western part of Romania, as it was caeid in this paper, refers to the
area delimited by the territories of the five coestlocated in the North-Western part of
Romania: Satu Mare, MaramygyeSilaj, Cluj and Bistria-Nasaud, with a total surface of
26.615 sgkm, representing 11,2 % out of Romaniarfase. Thus defined, the analyzed
territorial unit stretches, from an administratpaint of view, from the Hungarian border
(in North-West), Ukrainian border (to North), th@ic®ava county in East through the
Mures and Alba counties in South, and Bihor county (@uth-West).

The area is highly heterogeneous, containing adl Endforms (mountains,
plateaus, hills and plains) on various proporti{fiigure 2.1). Because of this fact and of
certain geographic literature opinions regardirgygtacement of certain relief units in one
category or another, a unitary presentation of flatrmal characteristics was fairly difficult,
so it has been resorted to the analysis on levalslief. Thereby, in the mountain level it
has been included the mountain frame and the deldépression areas, situated in the
Northern and Eastern part of the analyzed unityel$ as the South-Western part of the
region, to which was added the ,Intracarpathiangypks it is considered being part of this

category because of its lithologic structure. Trarercomplex hilly and plateaus level has
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been subdivided between the following categories:Hills, the depressions and corridors
that delimit Transylvanian Plain, Silvano-Sareee Hills, the AlmgAgrij Depression and
the Somgan Plateau. In the plain area, there have beeadedltwo major landform units:

the Transylvanian Plain and the Saniai Plain.

25°00"E

22°00'E

Elevatie

Legenda

2300m

28°00°N

®  Municipiul Turda

®  Orasul Beclean

Retea hidrografica
T

’
’

700N
T
|
|
\‘
|
]
|
|
|
\
|

48°0'0"N

A7°0'0"N

0 10 20 40

[ ==
24°00"E 25°0'0"E

22°0'0"E

Fig. 2.1. Elements of geographic location of thelgtarea

3. DIURNAL VARIATION, DURATION AND INTENSITY OF HEA VY
RAINS AND ANNUAL MAXIMUM INTENSITY RAINFALLS

Analysis of liquid precipitation parameters such disrnal variation, intensity,

duration etc, takes into account the spatial amadptgal manifestations from statistical

perspective, achieving an overview of their streetin a certain area.
In the studied area, heavy rains and annual maxirmiensity rainfalls were

analyzed during 1975-2009, being identified a tafl271 heavy rains (0.89% of all
significant rainfall) and 490 cases of annual maximintensity rainfalls. Further, the
statistical analysis of multiple parameters suchfraguency, diurnal variability and

intensity was made in order to find similar mani&i®ns in the area.
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Fig. 3.1. Diurnal variation in the frequency of kigaains (a) and annual maximum intensity rainfés

Heavy rains structure show high frequency of amnaoe in the depression area of
Maramurg and mountain area (over 6.3% for each station)gbkess frequent in the
lowlands. The highest percentage of occurrenae tise summer (87.1%), especially in the
mountain area, and the most frequent duration as ¢fi 3-6 hours (37.3%). A similar
situation was found by Cristodor and Darie (1968)Bucureati-Baneasa airport as well as
Brooks and Stensrud (2000) which show that the dsglirequency of heavy rains is in
July (20% of all), 81 % of them being recorded fréworil to September. In the case of
annual maximum intensity rainfalls, which are mofeen in the valley corridor areas and

depressions, the highest frequency is in July lbeit toccurrence is high at the beginning
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and the end of warm season, too. Duration anayyssvs that one-third of these rainfalls
are less than one hour and those less than tws hawve a percentage of 63.2.

Diurnal variation shows that heavy rains are moeguent in the afternoon and
evening, occurring 3-4 hours earlier in the mountea than depression one and lowlands
(fig. 3.1, a). A secondary maximum occurs at mibdhign the depression area of
Maramurg and lowlands, caused by rains lasting more thdmow@s. A similar diurnal
variation structure is recorded in the case of ahmaximum intensity rainfalls (fig. 3.1,

b), but their frequency decreases with the incrgpasif rain maximum intensity and
duration.

Table 3.1. The intensity classes frequency of heains and annual maximum intensity rainfalls adooy

to duration (percentage)

Heavy rains Annual maximum intensity
rainfalls
Medium intensity (mm/min)

Duration <0.17 | 0.17-0.41] >0.41 <0.1y 0.17-0.41 >0.41
<1ore - 0.7 24.5 4.7 16.3 13.1
1-2 ore - 14.0 6.3 13.1 15.4 1.2
2-3 ore - 14.8 0.7 11.5 5.3 -
3-6 ore 26.9 10.3 - 13.5 1.2 -
> 6 ore 1.8 - - 4.7 - -
Total 28.7 39.8 31.5 47.5 38.2 14.3

Processed after NMA archive (1975-2009)

In the case of medium intensity, taking into adtothe fact that heavy rains are
determined by a formula which connects their doratind intensity, it can be noted an
inverse relationship between the two elements, timgnout, however, relatively high
frequency of high intensity (31.5% of them over10#m/min) (Table 3.1). Duration-
medium intensity variation type is logarithmic?(R 0.837). The correlation of the two
parameters, determined by Curve Expert 1.3 proghaghlights the regression coefficient
values for each station of 0.82 to 0.98, correfatige being logarithmic or power. Annual
maximum intensity rainfalls present a different mued intensity structure, almost half of
them having relatively low values of intensity (8% below 0.17 mm/min) (Table 3.1).

Maximum intensity class structure stands, in bmatbes of pluviometric events, the
highest percent of those over 1.0 mm/min (85.2%gb(@ 3.2). Duration of maximum
intensity of 2 to 5 min threshold it's over 50 pemtin the case of torrential rains (55.4%),
followed by the 1 min class (almost 25%), and ie #ituation of annual maximum

intensity rainfalls, maximum intensity duration tgp5 min it's 96.1% of the total cases.
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Table 3.2. The maximum intensity classes frequerityeavy rains and annual maximum intensity raiafal

according to duration (percentage)

Heavy rains Annual maximum intensity
rainfalls
Maximum intensity (mm/min)

Duration\] <0.5 | 0.5-1.0| >1.0f <05 05-1p0 >1.0
<1ore - 1.5 23.6 0.2 1.7 32.1
1-2 ore - 15 18.8 - 1.2 28.6
2-3 ore - 15 14.0 - 0.4 16.4
3-6 ore 0.4 9.2 27.7 - 0.4 14.3
> 6 ore - 0.7 1.1 - 0.8 3.9
Total 0.4 14.4 85.2 0.2 4.5 95.3

Processed after NMA archive (1975-2009)

The frequency of annual maximum intensity rainfaéxreases with the increasing
value of the maximum intensity duration. Thus, frdBh5% in the case of 1 min duration
the frequency drop to 0.6 % for more than 8 minatlan. Exponential and Log-normal
variations were found to fit best the maximum ralinfntensity in the area under study.
Based on them, low values of return periods areifspdo minimum rainfall intensities
while higher values (15.9 - 120 years) with probids of not exceeding more than 93.71
%, were found in case of maximum rainfall inteesitiThe higher the return period is, the
higher absolute maximum intensity gets, with anral@verage of 17 %, for the 100 years

return period and up to one third, in the case @@ years return period.
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Fig. 3.2. The return period of maximum intensityaofhual maximum intensity rainfalla().
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4. SYNOPTIC STRUCTURES OF HEAVY RAINS AND ANNUAL
MAXIMUM INTENSITY RAINFALLS

Synoptic analysis is a basic tool in predictinggppitations. According to different
studies (classical and modern approach) the maggortiant type of air circulation that
determines precipitations in Romania in the warasea, are polar circulation (the largest
percentage), western and maritime tropical circuhat

The existences of geopotential trough and cutledfs are two essential synoptic
elements that generate precipitations in the waasan. On the other hand, an important
role in the genesis of precipitations is the moestadvection or the preexistence of it and
the temperature advection. These conditions aengakin the process of cloud formation,
the main type of air circulation that satisfies tmest of these requirements are polar
circulation, followed by the western and the trapiones.

Another approach of the conditions of rainfall weence is the presence of
cyclonic structure, and the most important airflavat generate this type of structure are
northwestern and northeastern ones. Overall, nortrend northwestern flows are
associated with a geopotential trough or cut-of¥ favorable to cold front instability or
thermal convective instability.

Based on these remarks we consider that rainfafisacterized by high values of
intensity and water amounts are local events gétbriay the air instability, a process
influenced by two factors: temperature and air nooes Therefore, rainfall events analysis
was conducted from the perspective of air instgbitypes like thermal convection
instability, frontal instability and cut-off low sgtability.

For the study area, heavy rains occurrence is lyngsinerated by the thermal
convection instability, especially in the mountarea, depressions and valley next to it,
due to initiation of convection in the mountainaréllowed by frontal instability. Diurnal
variability shows the occurrence of these rain &ven the afternoon and evening,
especially in the mountain area where their octueeis a few hours earlier, having a
small duration (generally less than 3 hours). Fabmstability is more often in the north
part of the study area and mountain area, being roften in the afternoon and evening,
having small and medium intensity. Cut-off instapienerates heavy rains characterized
by long duration, low medium intensity and high &raamounts (25-50 mm in more than
¥, cases). The occurrence frequency is higher inaftesnoon and night hours and the

spatial distribution is influenced rather by th@aptic scale than the mesoscale.
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The highest frequency of annual maximum intenséinfalls is determined by
frontal instability (42.3%), followed by the therhwnvection instability (39.5%). Frontal
instability generated by fronts especially cold @neas the highest frequency in the north
part of the area and mountain area, and is charaeby 1 to 3 hours duration, low
intensities and small amount of water (10 to 25 mnmmore than half of the cases).
Thermal instability is characterized by short disratrainfalls (less than 3 hours), average
intensity between 0.17-0.41 mm/min and small am®whtwater (10 to 25 mm in 54.4%
of cases). Diurnal variability shows that 72.5%raih events occur in the afternoon and
evening hours (from 13 to 21 RST-Romanian Summasre], with a peak from 17 to 19
RST, in the mountain area being earlier. Cut-oftability reveals a heterogeneous spatial
distribution of rainfalls, similar to heavy raingmgrated by the same type of instability,
and it is characterized by medium and long durafimore than 3 hours), small and
medium rain intensities leading to 10 to 25 andd®50 mm of water.

Synoptic configurations generating heavy rains andual maximum intensity
rainfalls are different, depending on genetic ciateof rainfall events. At 500 hPa
geopotential height, thermal convection instabilgycharacterized by a ridge retreating
eastward, the study area being situated on its kgpglape; frontal instability presents a
trough located westerly and cut-off low instabilitg characterized by at least a
geopotential low situated in the north-west or hguart of the country (Fig. 4.1). The
lower layers of the atmosphere (the 700, 850, 32&) Ipresent the same shape, and the air
pressure at the ground level has values below geeend low gradient, allowing
instability to develop (in the case of thermal cectwe and cut-off low instability).

Atmospheric stability indices most useful for tpeediction of these kinds of
rainfall events are Kl, VTI, TTI, CTIl and LI. Theimportance depends on the type of
instability: in the case of thermal convective dhd frontal instability the most useful are
Kl, TTI, VTl and LI, and in the case of cut-off loustability TTI index it's best suited. It
should be noted that the value of atmospheric lgtalndices it's higher in the case of

heavy rains than those of annual maximum intensity.
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5. DIRECTION AND SPEED OF CONVECTIVE SYSTEMS
GENERATING HEAVY RAINS

Convective cells’ trajectory is an important faatdor predicting severe weather
events that may occur in areas affected by therthignrespect, Merrit and Fritsch (1984)
found a weak correlation between the movement n¥ective cells and wind at different
levels in the troposphere, noting that convectigstdirection usually corresponds to the
300-850 hPa thickness lines. Corfidi and coautki®96) studied the movement of meso-
beta convective systems belonging to Mesoscale €xive Complexes in the US and
concluded that it can be obtained a speed vect@ubyming wind vectors in the 300 and
850 hPa atmospheric layers, adding the low-lexgkgual but opposite in sign.

The same methodology was applied for convectiverst generating heavy rains in
the study area, determined by WSR98-D weather rddaithe period 2004-2009. Four
atmospheric layers has been used for calculatimgl wpeed and direction (300-850 hPa,
400-850 hPa, 500-850 hPa and 500-700 hPa), usenighbwing formulas:

\7med = Uneq i'-'-Vmed ] (51)!

(U, +u, +...+u,) (v, +v, +...+V,)

andu, 4 = - $I Vieg = .
and
Veso Va0 T Vsoo Vano
VCL - ) VPROP - (_VLLJ )

4

Vl\iBE =V(:2L + (_VLLJ )2 + Ve ><|—V LLJ | xcosy, (5.2,

andy = arcsiy{Mj

MBE

where:Vmeq— average wind (m/s);
I, ] —ox and oy axis unit vector;
u, v— velocity vector projection on ox and oy axis;
n— number of atmospheric layers.
VcL — vector sum of the mean flow in the cloud layer;
Vsso ... Vboo— wind advection at the standard levels of 85000 BPa;

Vuee — Mezo-beta Convective Cell movement;
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Vprop— propagation component;
Vi — low-level jet component;

SCM- Mesoscale Convective Systegnyy — angles.

Table 5.1. Direction deviation of the convectivisanovement to main flow depending on the type of
instability (%)

Thermat acg’i[i‘g/ec“"” Cut-off lows instability Frontal instability
Layer Deviation to the main flow (degrees)
- - < - - - < - - - < -
#45 | e o0 | o0 | *5 | asa0 | se0 | ¥ | ase0 | o0
300-850 hPa | 58.6 24.3 17.1| 53.8 28.0 18.2 82|5 11.7 58
400-850 hPa | 64.3 20.0 15.7 57.( 29.0 14.1 84(4 9.8 58
500-850 hPa | 60.0 24.3 15.7 54.8 29.0 16.2 80(5 11.7 78
500-700 hPa | 62.9 20.0 17.1 54.8 26.9 18.3 812 12.3 65

Processed after NMA archive (2004-2009)

Regarding the direction deviation of convectivdlstanotion to the main flow
considered, given the high percent of small demetiand low percent of large deviations,
400-850 hPa layer is most useful for determinirgdhiection of movement of convective
cells in the analyzed area, regardless the typestédbility in which it occurs (Table 5.1).
On the other hand, between the two ways of deténgpithe direction deviation of
convective cells’ motion (with or without low-levgt), given the best statistical results in
the case in which low-level jet was not includeds recommended to be used.

The analysis of direction deviation of convectivdl€ motion to the main flow
shows the dominance of positive values of deviationthermal convection and frontal
instability cases and the negative one in cuteffd instability and from the air circulation
perspective, the most important air flows are freonth, west and south-west. South and
south-west air flows are more often in the casthefmal convective instability, east and
south-east flows have higher frequency in the sdnaof cut-off lows instability,
depending on the spatial position of geopotentialsl and south-west, west and north-

west flows are more often recorded in the caseonitdl instability (Fig. 5.1).
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Fig. 5.1. Direction deviation level of the conveeticells’ motion to main flow (%), depending onvilo

direction, in the case of thermal convection inditgla), cut-off lows instability (b),

and frontal instability (c)

It can be noted an inverse relationship betweds’ apeed and deviation degree of

convective cells’ direction, deviation degree iragi@g with reducing speed of convective

cells, the situation being more obvious in the a#darge deviations (Fig. 5.2). In the case

of small deviations of convective cells (up to t45Rere is a high frequency of 5-10 m/s

speed threshold, while medium and large deviatemescharacterized by small speed of

convective cells (under 5 m/s).
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Fig. 5.2. Cells’ direction deviation degree to #9-850 hPa atmospheric flow,

depending on their speed (m/s)

Depending on the synoptic structure, an importardifg is that convective cells
tend to move within the structure or to join theflaw line concavity of each individual

type of structure.

Table 5.2. Share of the convective cells’ speedatien to the main flow

depending on the type of instability (%)

Thermal convection instability | Cut-off lows instability | Frontal instability
Layer Share of speed deviation to main flow (%)
050 | 106 | 00 | 20| 59| 106 | 00 | *2 | 50| 15 | 00 | s200
300-850 hPa | 35.7 | 47.1] 157 1.4 419 46)2 9.7 2.2 22.7 41.6 38.81.9
400-850 hPa | 40.0 | 429| 143 2.9 344 4955 118 4.3 20.1 429 434. 2.6
500-850 hPa | 314 | 45.7] 214 14 25§ 38]7 258 9.V 14.9 39.6 340. 52
500-700 hPa | 40.0 | 47.1] 114 14 344 44]1 1838 3.2 25.3 383 13B. 3.2

Processed after NMA archive (2004-2009)

Statistical analysis of the methods for determincogvective cells’ speed motion
(with or without low-level jet) notes that the bessults were obtained in the case in which
the low-level jet was not included, considering tlege percentage values of small
deviations (Table 5.2). It must be noted that touaately determine this parameter is
difficult, given the variety of factors that cartenfere (physical-geographical factors, type
of mesoscale structure etc) so speed results doegoinmend the use of this method
widely.
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6. APPLICATIONS AND CASE STUDIES

Applications for the 2010-2012 period

The chapter analyzes the diurnal variation, rdinfantensity, synoptic
configurations, atmospheric stability indices oatgrains and convective cells’ speed and
direction to the main atmospheric flow for a perimid3 years, to see if it fits the results
found in the chapters above. In this respect, EHddfall measurement stations has been
used, consisting of 15 meteorological stations laydrometric and rainfall stations from
the northwestern Romania. It has been analyzed stheations where the rainfall
measurement stations issued warnings messagesreitial rains in the warm season
(April to October) of 2010-2012 period, warningsitaining data about rain duration and
the amount of water fallen. The aim of this apglma is to see the spatial extension of
heavy rains in the synoptic and mesoscale situatiomitch they occur, some features of
their manifestation in the area and if it the resabnfirm the findings in the' % 4" and &'
Chapter of the paper.

For this, the following elements were analyzed:

- convective cells’ speed and direction for eaahetttial rainfall event recorded in
the area, based on radar products from SRPV QGthjeeing comparisons with the wind
parameters at different layers of the atmosphehe Wind parameters was considered
based on the atmospheric sounding of Cluj-Napo€a,GMT survey, only for the
situations in which heavy rains occurred,;

- air advection type from the lower and middle Iayef the atmosphere in each
torrential rain case;

- stability indices calculated on the atmosphsaunding mentioned.

In the study area, for the period under considemnata total of 86 days with 444
torrential rainfall events took place, high freqog@and number of days of torrential events
recorded being in June (47.3%) and July (26.6%andess the year considered.

Synoptic study of each heavy rain event revealedraber of features of thermal
and air pressure structure of the atmosphere fakoivs:

- low geopotential values associated to a trougd art-off low structure;

- low sea level pressure values, usually under T8

- the presence of a thermal trough or a cold cyelainthe low and medium levels
of the atmosphere.

The main remarks of the cases of heavy rains aedlgze:
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* 400-850 atmospheric layer is more useful for lelsghing convective cells’
direction, given the high percentage values of Ed®liations and low percentage of large
deviations. On the other hand, the increase of eciixe cells’ speed is associated with
low deviation of cells to the main atmospheric flow

* the present analyses reveal the utility of 500-7&mospheric layer for
establishing convective cells’ speed, but this metbhould be used with caution given the
variety of factors that can interfere (physical-gephical factors, type of mesoscale
structure etc). More than that, the results obthimeChapter 5 shows the utility of 500-
700 atmospheric layer for thermal convection ingitgkand 300-850 hPa layer for frontal
and cut-off lows instability, so using this methbds to take into account the type of
atmospheric instability.

* hodograph is useful for determining type of atpiwaric instability. The present
study based on hodograph analysis remarks the tamme of warm air advection in the
lower atmosphere and cold advection at the midallel$ for developing convective cells.

* the most useful atmospheric stability indices #Hrese that are calculated based
on the moisture from the lower part of the atmospl{&y.q and TTneg), Next to CT, VTI,
and LI. In addition, their calculation based onttlag values would be more useful.

These applications confirm the results obtainedthe@ analysis carried out in
Chapters 3, 4 and 5. This justifies the methodd fmethe analyses of heavy rains cases in

the study area, as well as determining movemeatiiims of Convective Systems.

CONCLUSIONS AND PERSONAL CONTRIBUTIONS

The main objectives of the research topic wasdeatify quantitative characteristics
and determine some methods of forecasting heawg r@nd annual maximum intensity
rainfalls in the north-west part of Romania. Instiegard, it has been studied the spatial
and temporal distribution of the two types of raihfevents, synoptic and mesoscale
conditions that generates them in order to iderfafyorable atmospheric conditions of
genesis of the Convective Systems and to establdrrelation between convective cell’s
motion and main atmospheric flow.

Briefly, the contributions resulting from this papinclude diurnal variability,
duration and intensity of heavy rains and annuatimam intensity rainfalls; a particular
correlation type between duration and intensityheavy rains; Exponential and Log-

Normal types of variations of annual maximum intgngainfalls. More than that, it has
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been identified three types of atmospheric instgbdnd synoptic structure pattern that
generates the two types of rainfall events; thigyibf 400-850 hPa atmospheric layer for
determining the convective cells’ direction of nootiand the inverse ratio between
convective cells’ direction deviation and their sge

The results obtained from the analysis of the tymes of rainfall events will
contribute both to quickly identify more accurate situations generating such events and
for a better forecast of the time and place ofrtbecurrence.

The evaluation of the facts presented in the papdrverified in Chapter 6 shows
that the main objectives of the present study vaereeved. However, less positive results
were obtained in the case of convective cells’ dppeinting out a weak correlation with
the average wind speed in the atmospheric layersidered.

Future research objectives include identificatminthe elements that influence
convective cells’ speed that generates high vabfeminfall intensity and the role of
physical-geographical factors like orientation iofges and slopes, terrain altitude, etc, in
generating new convective cells. These aspectscaitiplete the results obtained in the

case of heavy rains annual maximum intensity rdsfa
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