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Abstract  

Mesoscale convective systems (MCSs) are common in Finland and nearby regions. These conglomerates of cumulonimbus 

clouds have a diameter in excess of 100 km and lifetime of at least four hours. About 200 MCSs are detected every year out 

of which roughly 80 are classified as intense MCSs (maximum radar reflectivity exceeding 50 dBZ for two consecutive 

hours). MCSs occur most frequently during the afternoon hours in July and August, whereas in the wintertime, they are very 

few in number. Also the most extreme forms of MCSs such as derechos occur in Finland but only infrequently. 

The average duration of the MCSs is 10.8 hours in Finland and the most common direction of movement is toward the 

northeast. In the light of earlier MCS research a local peculiarity is the limited population of MCSs which has a motion 

component towards the west. The synoptic-scale weather pattern affects the MCS motion direction. An area of low pressure 

and upper-level trough are located west of Finland during many MCS situations which leads to the onset of southern air flow 

and the increase of low-tropospheric temperature and humidity. Based on the case studies in this thesis, the area of low 

pressure occasionally travels to the southwest of Finland enabling southeasterly air flow and further, the MCS motion 

component towards the west. During the thunderstorms days with sub-MCS deep moist convection, a northwesterly air flow 

and a ridge of high pressure west of Finland are frequently observed. 

As opposed to many earlier MCS studies, mid-level lapse rate does not distinguish between the MCS and sub-MCS 

environments in Finland. Instead, convective available potential energy (CAPE), low-tropospheric water vapour mixing ratio 

and deep-layer mean wind are able to distinguish between the aforementioned environments. Moreover, mean wind 

parameters are among the best discriminators between the days with significant and insignificant wind damage. Unlike in 

many earlier investigations, no evidence is found that cases with dry low- or mid-troposphere air would be more prone to the 

occurrence of significant convective winds than cases with moister environments. These results and the case studies propose 

that in the presence of low instability dry air dampens deep moist convection and convective downdrafts. However, in the 

presence of high instability the effect of dry air may be reverse, as the derecho case of 5 July 2002 (Unto) suggests. 
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Tiivistelmä 

Mesomittakaavan konvektiiviset järjestelmät (mesoscale convective system., MCS) ovat yleisiä Suomessa ja Suomen 

lähialueilla. Läpimitaltaan yli 100 km kokoisia ja vähintään neljä tuntia kestäviä kuuropilvien yhteenliittymiä esiintyy 

vuosittain noin 200 kappaletta. Myös voimakkaita MCS:iä, joissa korkein mitattu tutkaheijastavuustekijä ylittää vähintään 

kahden tunnin ajan 50 dBz, havaitaan noin 80 joka vuosi. MCS:t ovat yleisimpiä iltapäivisin keski- ja loppukesällä, mutta 

melko vähälukuisia talvella. Myös MCS:ien äärimuotoja, kuten syöksyvirtausparvia (derecho) esiintyy Suomessa, mutta 

hyvin harvoin.  

Konvektiivisten järjestelmien keskimääräinen vaikutusaika Suomessa on 10.8 tuntia ja yleisin liikesuunta kohti koillista. 

Aiempien tutkimusten valossa harvinaisuuksiksi voidaan lukea MCS:t, joilla on liikesuuntakomponenttia kohti länttä. 

Liikesuuntaan vaikuttavan synoptisen mittakaavan säätilanne on MCS:ien yhteydessä yleensä sellainen, että matalapaineen 

alue ja yläsola ovat Suomen länsipuolella. Tällöin troposfäärin ilmavirtaukset kääntyvät kohti etelää, mistä seuraa 

alatroposfäärin lämpötilojen ja kosteuden nousu. Tehtyjen tapaustutkimusten perusteella voidaan todeta, että toisinaan 

matalapaineen alue siirtyy Suomen lounaispuolelle mahdollistaen kaakkoisen ilmavirtauksen ja MCS:ien läntisen 

liikekomponentin. Ukkostilanteissa, joissa kuuropilvien yhteenliittymät jäävät MCS-kokoluokkaa pienemmiksi (ali-MCS), on 

vallalla luoteinen ilmavirtaus sekä korkeapaineen selänne Suomen länsipuolella. 

Monesta aiemmasta tutkimuksesta poiketen keskitroposfäärin lämpötilavähete ei toimi luotettavana erottelijana MCS-

ympäristön ali-MCS-ympäristöjen välillä Suomessa. Konvektion käytettävissä oleva potentiaalienergia (CAPE), 

alatroposfäärin vesihöyryn sekoitussuhde ja paksun ilmakerroksen keskimääräinen tuuli kykenevät erottelemaan edellä 

mainitut ympäristöt toisistaan. Keskituuli on myös yksi parhaista erottelijoista merkittäviä tuulivahinkoja aiheuttaneiden ja 

muiden tilanteiden välillä. Poiketen useista aiemmista tutkimuksista, kuiva ala- tai keskitroposfäärin ilma ei näytä edistävän 

Suomessa voimakkaiden konvektiivisten tuulien esiintymistä. Saadut tulokset ja tapaustutkimukset viittaavat siihen, että 

vähäisen instabiilisuuden vallitessa kuiva ilma heikentää syvää konvektiota ja samalla myös konvektiopilvien 

laskuvirtauksia. Suuren instabiilisuuden vallitessa kuiva ilma saattaa kuitenkin voimistaa laskuvirtauksia, mihin esimerkiksi 

Unto-rajuilman 5.7.2002 tilanne alustavasti viittaa. 
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PREFACE 

One of the most memorable moments during my university studies must have been the 

time when I realized the connection between elevated convection and nocturnal mesoscale 

convective systems. Since the little kid thunderstorms and especially nocturnal ones had 

fascinated me and finally, I had found meteorological means to explain this captivating 

phenomenon.  Few years later, at a night shift I was stunned by an intense nocturnal 

mesoscale convective system which marched across Finland during the darkest time of the 

night. I strongly felt that we had to learn more from these phenomena and dash the 

misconception that significant convective weather do not occur over high latitude areas. 

After these events the topic of the master’s thesis was straight-forward to choose. 

Without the helping hand of Jarmo Koistinen, Elena Saltikoff, Harri Hohti, Juha Kilpinen and 

Marja Bister at FMI I wouldn’t have got a flying start for my work. As soon as the MSc thesis 

was ready, it was evident that the results should be shared with research community.  

Suddenly, I found myself applying for postgraduate studies and writing scientific 

publications. At the same, I was one of the duty weather forecasters at FMI but without other 

research people and research projects around me.  Because of this peculiar situation, I always 

regarded my postgraduate studies as a (burdensome) hobby. Recently, the combination of 

managing operative weather forecasting group and advancing the scientific work required 

even more patience from me and people around me. Despite all struggle, I would be delighted 

if weather forecasters at FMI would pursue more and more postgraduate studies in future.  

I’m very thankful for my current and former bosses Ilkka Juga, Marianne Sågbom and 

Juhana Hyrkkänen who made possible to combine weather forecasting and research work. I 

want also acknowledge my co-authors and especially Bob Johns and David Schultz for their 

support, supervision and valuable comments during this work. I’m also very grateful to my 

fellow ‘thunderstorm maniacs’ at FMI - Eerik, Paavo, Pauli and especially Jenni and Jari. 

During the last 10 years, we have had plenty of fruitful discussions and conference travels. 

Without our efforts the flag of high latitude thunderstorm research would not wave as high as 

it waves today. I also appreciate the feedback given by the reviewers of this dissertation, Dr. 

Russ Schumacher and Dr. Peter Clark.  

Finally, I wouldn’t have achieved this without the support of my family. I thank my 

parents, my brother and my wife and children for all the support you have given. Anni, Venla 

and Eeli, you are the source of light, energy, love and happiness in my life. 

 

Mäntsälä, September 2015 

Ari-Juhani Punkka 
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1 INTRODUCTION 

Since the 1940’s and 1950’s mesoscale convective systems (MCSs) have been 

under intense research due to their multiform effects on e.g. agriculture, forestry and 

traffic. In the Tropics and midlatitudes locally, as much as 50-80 % of the total 

precipitation may originate from MCSs (Fritsch et al. 1986, Rickenbach and Rutledge 

1998). Walther and Bennartz (2006) estimated that 60 % of the midsummer 

precipitation is convective over the Baltic Sea basin. 

Besides some beneficial effects, MCSs induce the whole variety of severe weather 

phenomena including flash floods, tornadoes, large hail and extreme straight-line winds. 

Hand in hand with the society’s increasing susceptibility to the severe weather the focus 

of the MCS research has turned from climatological and structural studies (e.g. Maddox 

1980, Smull and Houze 1987, Laing and Fritsch 1997) towards the studies of MCS 

forecasting (e.g. Jirak et al . 2003, Cohen et al. 2007, Coniglio et al. 2010).  

Most of the pioneering climatological MCSs studies were conveyed in the United 

States (e.g. Maddox 1980). Later, MCSs were detected in every continent (e.g. Laing 

and Fritsch 1997, Laing and Fritsch 2000, Morel and Senesi 2002) and several radar 

data-based studies showed their organizational multiformity (e.g. Bluestein and Jain 

1985, Houze et al. 1990, Schiesser et al. 1995, Parker and Johnson 2000). In these 

investigations, not much was said about the occurrence of MCSs north of the latitude 55 

N.  However, Finnish weather forecasters have been well aware that from time to time 

extensive thunderstorm areas march over Finland. In the most extreme cases these 

clusters of thunderstorms devastate large areas of mature forest and cause widespread 

disruptions in traffic and electricity distribution (PAPERs II and III).  

The aim of this thesis is to fill aforementioned gap in the knowledge and 

understanding of high latitude mesoscale convective systems. Emphasis is especially 

put on describing climatological MCS characteristics as well as large-scale MCS 

environment. The MCS studies utilizing radar data, reanalysis data and proximity 

soundings are scarce in Europe. Therefore the thesis results include valuable 
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information on the European MCS climatology and large-scale environment. As shown 

in PAPER IV, the investigation of local MCS occurrence and MCS environment 

characteristics is crucial. Without recognizing these details the duty forecasters lack the 

sturdy foundation of the MCS forecasting.  

A brief literature overview of the current understanding of MCSs is shown in the 

next section. The study methods are presented in section 3. The MCS climatology and 

the description of the MCS environment are discussed in sections 4 and 5.  
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2 THE CHARACTERISTICS OF MESOSCALE CONVECTIVE SYSTEMS   

2.1 Structure of MCSs 

After the famous Thunderstorm Project in the United States in the late 1940’s 

(Byers and Braham 1948) the research of convective weather has rapidly advanced.  

The basic structure of surface flow and pressure field in squall lines was illustrated in 

Japan and the United Kingdom by Fujita (1951) and Pedgley (1962). In the 1960’s 

squall lines were documented in the Tropics by Zipser (1969). He showed that tropical 

squall lines have much in common with midlatitude linear MCSs and have both, areas 

of convective and stratiform precipitation.  

In the 1980’s the internal structure and processes of MCSs were under thorough 

research.  Smull and Houze (1985) and Houze et al. (1989) introduced an idealized 

cross-section of a linear MCS with internal circulation features (Figure 2.1) and diabatic 

heating profiles. Since then the idealized model has not dramatically changed but the 

multiformity of different MCSs has been recognized. Already Houze et al. (1990) 

observed that only about fourth of the Oklahoma spring MCSs had an archetypal 

leading convective line – trailing stratiform precipitation structure (TS hereafter). They 

also noted that some of the TS MCSs were asymmetric and a part of the MCSs were ill-

organized. Asymmetric MCSs were also identified by Hilgendorf and Johnson (1998) 

and Parker and Johnson (2000) who introduced three main modes of midlatitude MCSs 

(Figure 2.2). The mode names originate from the location of stratiform precipitation in 

relation to convective precipitation.  

In an archetypal TS MCS (Figure 2.2), a line heavy convective precipitation is 

located at the leading edge of the system (e.g. Houze et al. 1989). Low-level air with 

abundant moisture and heat is drawn into the updrafts of intense convective cells. In the 

upper portion of the convective cloud updraft diverges and forms an anvil cloud area. 

This diverging flow also transports hydrometeors to the trailing portion of the system. 

The most intense updrafts are trailed by intense downdrafts which bring hail, torrential 
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rain and high winds to the surface. This is usually the area of the most severe weather 

and quick surface pressure jump. 

 

 

Figure 2.1. Idealized cross-section of mesoscale convective system. The corresponding 

radar image with the A-B cross-section line is in the upper left corner. Convective 

clouds are in gray, moist and warm boundary-layer air is in green, MCS cold pool air in 

blue and dry air in yellow. Ascending (descending) and (negatively) buoyant internal air 

flows are shown in red (blue) arrows. Partly adapted and re-drawn from Houze et al. 

(1989). 

 

 

Figure 2.2. Three archetypes of linear mesoscale convective systems. Region of 

stratiform precipitation in gray and convective line in black shading. Adapted and re-

drawn from Parker and Johnson (2000). 
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The leading convective line is followed by a region of stratiform precipitation. 

The existence of this region is based on the supply of maturing and decaying convective 

cells and hydrometeors from the leading convective line (e.g. Houze et al. 1989). 

Vertical motions are weaker than in the leading convective line and partly driven by 

latent heating profile. The slowly ascending front-to-rear flow creates a local maximum 

of latent heat release above the temperature zero level. A minor low pressure is 

generated beneath this maximum. Below that, a descending rear inflow jet brings dry air 

from the back periphery of the system. In some cases this inflow may descend close to 

the surface, reach the convective line and increase the vigor of surface wind gusts.  

As soon as the whole spectrum of MCS modes emerged in the 1980’s and 1990’s, 

terminology changed. Based on geostationary satellite data Maddox (1980) introduced a 

class of very large elliptical MCSs which he called mesoscale convective complexes 

(MCCs). After the first extensive radar data based MCS studies (e.g. Houze et al. 1990) 

became clear that even linear forms of MCSs may produce elliptical anvil cloud areas. 

Nowadays, the definition of MCS is not depended on the structure or organizational 

mode of MCS. Widely used and accepted definition by Houze (1993) is as follows: A 

cloud system that occurs in connection with an ensemble of thunderstorms and 

produces a contiguous precipitation area ~100 km in horizontal scale in at least one 

direction.  

2.2 MCS occurrence and environment 

Laing and Fritsch (1997) showed that (with the exception of Antarctica) MCCs 

occur in every continent. According to them, MCCs are quite rare in Europe but 

Schiesser et al. (1995) and Morel and Senesi (2002) showed that smaller MCSs occur 

frequently. Morel and Senesi (2002) illustrated that the focal point of European MCS 

activity travels from the Eastern Europe and across the Alps towards the Mediterranean 

Sea as the summer season proceeds. They observed that many MCSs initiate in the 

afternoon and decay during evening which was also reported by Schiesser et al. (1995) 

in Switzerland. In addition, Morel and Senesi (2002) found correlation between the 
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MCS size and longevity. This is in agreement with the reported nocturnal nature of 

MCCs around the globe (e.g. Trier and Parsons 1993, Laing and Fritsch 1997 and 

García-Herrera et al. 2005).  

The study of Maddox (1983) was one of the first attempts to depict large-scale 

environments related to the MCCs in the United States. Later, Laing and Fritsch (2000) 

studied MCC environments over five continents. Numerous common features were 

found such as high values of convective available potential energy (CAPE) and low-

level wind shear, stationary or slow-moving baroclinic zone, low-level convergence, 

approaching short-wave trough and pronounced low-level warm advection which was 

enhanced by a low-level jet. According to Maddox and Doswell (1982) the role of low-

level jet and warm advection increases in the MCC/MCS cases where upper- and mid-

level patterns are ostensibly unfavorable. During nighttime a moisture-carrying low-

level jet may be the only mechanism to guarantee the energy supply of an MCS (e.g. 

Trier and Parsons 1993). 

Rotunno et al. (1988) hypothesized that the longevity and strength of squall lines 

is dependent on the balance of horizontal vorticity produced by a squall line cold pool 

and ambient wind shear (Figure 2.3). This so-called RKW theory was based on idealized 

numerical simulations and later, ended up under rigorous debate. Observational studies 

pointed out that the RKW theory did not explain a great deal of long-lasting and intense 

MCSs (e.g. Coniglio and Stensrud 2001, Evans and Doswell 2001, Coniglio et al. 2004, 

Stensrud et al. 2005). The original theory was blamed on neglecting the effect of wind 

shear over deep layers, varying thermodynamic conditions and varying cold pool 

heights. Nonetheless, the most recent modelling and observational investigations (e.g. 

Bryan et al. 2006, Coniglio et al. 2012) have shown that circulation balance between the 

MCS cold pool and ambient wind shear do matter and explain why deep moist 

convection prefers the downshear flank of the MCS cold pool area. These recent studies 

have also highlighted the importance of varying conditions and the role of deep-layer 

shear (instead of bare low-level wind shear).  
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The role of deep-layer wind shear was also brought out in a study of Coniglio et 

al. (2007). They examined the factors which discriminate a mature MCS environment 

from the environment of decaying MCS. They observed that high values of very deep 

layer wind shear and mean wind as well as high values of CAPE and mid-level lapse 

rate represented the environment of mature MCSs. Additionally, Coniglio et al. (2010) 

suggested that long-lasting MCSs favor the environments having larger low-level jet 

area, stronger storm-relative inflow, deeper low-level moist layers, higher deep-layer 

wind shear and higher downstream CAPE than the environments of short-lived MCSs.  

 

 

Figure 2.3. Vorticity balance between ambient wind shear and cold pool and its effect 

on the MCS updraft. Ambient MCS-relative wind profile shown with black arrows. 

Horizontal vorticity produced by ambient wind shear (cold pool) illustrated with black 

(gray) arrows. MCS cold pool with blue shading. Adapted from Rotunno et al. (1988). 

2.3 Severe straight-line wind producing MCSs 

As early as in 1888 Gustavus Hinrichs studied and described one of the most 

severe forms of MCSs, namely derechos (Hinrichs 1888). He entitled the phenomenon 

“The Straight Blow of the Prairies” during which harsh convective straight-line winds 

devastated widespread areas. Much later, Theodore Fujita did a great deal of work with 

thunderstorm downbursts and illustrated the basic thunderstorm surface pressure and air 

flow structure (Fujita 1951). He also introduced the term bow echo (Fujita 1978) for 
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those linear thunderstorm clusters which had a forward-bulging segment of convective 

line and a prominent risk of severe weather.  

Soon after the start of intense MCS research in the 1970’s and 1980’s, the severe 

forms of MCSs also caught scientists’ attention. Bluestein and Jain (1985) studied the 

environment of severe squall lines and Johns and Hirt (1987) revived the use of term 

derecho. Recently, the research of severe MCSs has focused on forecasting issues. 

Evans and Doswell (2001) showed that derechos occur in highly variable instability and 

shear conditions. Coniglio et al. (2004) suggested that derechos has a tendency to 

weaken if instability and deep-layer shear decrease but in the strongly-forced situations 

derechos can also survive in low instability – high shear environment. Cohen et al. 

(2007) examined downburst-producing linear MCSs and reported that the most severe 

MCSs had higher low-level system-relative inflow, stronger deep-layer mean wind and 

wind shear and greater mid-level lapse rate.  Derechos have also been observed in 

Europe (e.g. PAPER II, Gatzen 2004, Hamid 2012) but their local environment is not 

yet well-examined.  

The role of leading-line low-level mesovortices for surface wind damage was 

recently observed (e.g. Atkins et al. 2004, Atkins et al. 2005, Wakimoto et al. 2006, 

Wheatley et al. 2006, PAPER III). Five bow echo events were closely examined by 

Wheatley et al. (2006). They noticed the most severe wind damage was related to low-

level mesovortices which were primarily located on the left side of the bow echo apex. 

Mesovortices and their main characteristics were simulated by Weisman and Trapp 

(2003). According to the simulation results these vortices are generated in downdrafts 

via tilting of horizontal vorticity. 

  

  



18 

 

3 STUDY METHODS 

All papers in this thesis include analysis of radar data. Mesoscale convective 

systems can be identified from radar image loops by using longevity and size criteria for 

certain reflectivity values. In this work, reflectivity values exceeding 40 dBZ were 

classified as convective precipitation. Mesoscale convective systems (MCSs) had to 

fulfill the following conditions: 

 Size of stratiform precipitation (18-40 dBZ) area should exceed 100 

kilometers in at least one direction. Stratiform precipitation should last at 

least four consecutive hours out of which 

 convective precipitation (over 40 dBZ) should last at least two consecutive 

hours. 

 The MCSs which have radar echoes exceeding 50 dBZ more than two 

consecutive hours can be classified as intense mesoscale convective 

systems. 

These criteria lead to the inclusion of fairly weak convective precipitation areas to 

the MCS dataset. However, the condition is in agreement with the general and widely-

accepted MCS definition by Houze (1993).  

3.1 Climatological studies (PAPERs I and IV) 

The MCS climatologies in PAPERs I and IV were compiled manually by 

browsing CAPPI reflectivity loops from the Finnish radar network (Figure 3.1). The 

radar imagery had spatial resolution of 1 x 1 km and temporal resolution of 30 minutes. 

During the identification process several figures were collected such as the time of 

initiation, time of maximum intensity and direction of motion.  

Due to the limited size of the study area, all systems were not fully tracked. About 

10 % of the systems initiated and decayed beyond the radar range. The MCS statistics 

mainly remain unchanged regardless of the tracking status. The most notable changes 

take place in the system duration distribution (see section 4.2 for details).  
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MCS duration was determined with the aid of the first and the last MCS detection. 

This definition allows systems with very long-lasting decaying phases to be included in 

the MCS dataset. However, only the occasions of convective precipitation were taken 

into account during the search of reanalysis and proximity sounding data. 

In PAPER IV, dynamic and thermodynamic environment was studied with the aid 

of NCEP (National Center for Environmental Predictions) reanalysis data (Kalnay et al. 

1996) and proximity soundings. Three types of events were of particular interest: 

 Days with at least one intense MCS (iMCS hereafter) 

 days with at least one non-intense MCS but no intense MCSs (niMCS 

hereafter) and 

 days with no MCSs but sub-MCS scale thunderstorms with at least 100 

detected cloud-to-ground lightnings (subMCS hereafter). 

Geographic-relative composite weather maps were drawn for these three sets of 

days for midsummer months (July and August). Due to the compositing technique, the 

resulting fields are smooth and not suitable for the detailed mesoscale analysis of MCS 

environment but only the investigation of large-scale general features. The maps were 

also compared to the synoptic patterns observed in PAPERs II and III and other relevant 

studies. 



20 

 

 

 

Figure 3.1. Study area (thin black line), operational weather radars (black dots) and 

rawinsonde stations (black circles). Adapted from PAPER IV. 

Proximity sounding data were retrieved from seven nearby stations (Figure 3.1). 

A sounding was classified as a proximity sounding if the following conditions were met 

(Brooks et al. 1994): 
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 Sounding should be launched within 3 hours from the time of maximum 

intensity and 

 located within 200 km from the nearest 40 or 50 dBZ echo and 

 the most unstable parcel in the sounding should have at least modest 

amount of convective available potential energy (CAPE) and not show 

signs of earlier precipitation. The vertical profiles representing the 

environments of elevated convection were included in the dataset. 

The proximity soundings were analyzed in the GEMPAK/NSHARP program 

(desJardins and Petersen 1985) and box and whisker plots were drawn for several 

meteorological parameters. These parameters were also calculated for significant and 

non-significant wind damage days (SIG and NONSIG hereafter). During the SIG days at 

least 10 wind damage reports were received at the Finnish Emergency Response 

Centers. Wind damage data were downloaded from the PRONTO database owned by 

the Ministry of Interior (available online: www.prontonet.fi).  

3.2 Case studies (PAPERs II and III) 

The synoptic-scale environments of both case studies were investigated with the 

aid of ECMWF model analyses and atmospheric soundings from St. Petersburg and 

Jyväskylä. Mesoscale features were studied by drawing a manual surface analysis based 

on hourly weather observations.  Radar reflectivity composite imagery and radial wind 

velocity data (PAPER III) were used to survey the internal structure of MCSs. 

4 MESOSCALE CONVECTIVE SYSTEM CLIMATOLOGY IN FINLAND 

Summertime convective precipitation is almost a daily phenomenon Finland. 

According to the results of PAPER I even heavy convective precipitation (reflectivity 

over 50 dBZ) occurs more frequently than every other day during summertime. Also 

MCSs are regularly observed. On average, over 200 MCSs and 80 iMCSs develop in 

Finland and nearby regions every summer (PAPER IV). Extreme manifestations of 

http://www.prontonet.fi/
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MCSs (PAPER II) are however rare. Since 2002, only three confirmed derecho events 

have been documented in Finland (PAPER II, Törmä et al. 2013).  

4.1. Annual and monthly distribution 

The frequency of MCS occurrence fluctuates from year to year. In 2000, only 51 

iMCSs were detected but four years later as much as 146. PAPERS I and IV indicate the 

frequency peaks in July and August (Figure 4.1) when 50-60 MCSs per month could be 

expected. In tandem with this peak, the fraction of iMCSs reaches its maximum. In July, 

about a half of the systems reaches the iMCS status (PAPERS I and IV). In the middle 

of winter iMCSs are not detected and the frequency of niMCSs is also very low 

(PAPER IV). The midsummer peak has also been observed elsewhere in Europe (e.g. 

Gray and Marshall 1998 and Schiesser et al. 1995). According to Morel and Senesi 

(2002) the focal point of European MCS activity travels westward and southward as 

summer season advances. In the continental United States, the peak takes place between 

April and July (e.g. Houze et al. 1990 and Geerts 1998).  

Figure 4.1. Monthly 

distribution of all MCSs and 

intense MCSs in 2000-2007. 

Months between October and 

March include only four 

years of data. Adapted from 

PAPER IV.  
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4.2. Diurnal cycle and duration 

As shown in PAPERS I and IV the occurrence of iMCS is clearly modulated by 

diurnal cycle. Many of these systems initiate in the afternoon and meet their demise 

during evening hours (Figure 4.2). For the niMCS the cycle is different. Most common 

time of initiation is during night which is followed by a broad dissipation peak during 

the succeeding day (PAPER IV). The reason for this behavior remains unknown. The 

diurnal cycle for the iMCSs is also evident in the distribution of maximum intensity. 

The iMCSs tend to reach their maximum intensity during late afternoon or early 

evening whereas the niMCSs are strongest in the early morning (Figure 4.2).  

 

 

Figure 4.2. Time of initiation, maximum intensity and dissipation of intense and non-

intense MCSs. Adapted from PAPER IV. 
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According to PAPER IV, the afternoon iMCSs reach their most intense phase 

quicker than nocturnal systems. The time gap between the time of initiation and 

maximum intensity is 3-4 hours for the afternoon iMCSs but as much as 5-6 hours for 

the nocturnal iMCSs.  

The average duration is an hour shorter for the iMCSs (10.1 h) than for the 

niMCSs (11.1 h). The frequency distribution of MCS durations is steep and expresses 

the high frequency of short-lived systems (PAPER I and IV; Figure 4.3). The average 

duration for all MCSs is 10.8 hours but the median duration is only 8.5 hours. The 

distribution also contains MCSs with anomalously long durations. These cases are 

mostly related to slow-moving or nearly stationary low pressure areas with prolonged 

periods of (weakly) convective precipitation. Due to the limited size of the study area in 

PAPERS I and IV, some of the MCSs are only partly tracked which mainly affect MCS 

durations. The average duration of partly tracked systems is 12 hours whereas fully 

tracked systems last 9 hours. In many earlier MCS studies 6-12 hour durations have also 

been reported in Europe (e.g. Schiesser et al. 1995, Rigo and Llasat 2007) and in the 

United States (e.g. Geerts 1998, Parker and Johnson 2000). 

Due to the low frequency of occurrence, duration statistics on the Finnish derecho 

events are not available. In the case presented in PAPER II, a derecho travelled over 

Eastern Finland during the course of five hours. However, the remnants of the system 

re-intensified in Lapland in the following night and formed another iMCS. In the 

continental United States, Bentley and Mote (1998) showed that derecho MCS events 

usually last more than 10 hours. 
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Figure 4.3. Cumulative frequency distribution of MCS durations. Intense systems with 

solid line and non-intense systems with dashed line. Adapted from PAPER IV. 

4.3. Motion and line orientation 

Majority of Finnish MCSs move toward the sector between the northwest and east 

(PAPER I and IV). The most frequent direction of motion is northeast which is the case 

in many other regions in Europe as well (e.g. Morel and Senesi 2002, García-Herrera et 

al. 2005, Kolios and Feidas 2010, Davini et al. 2011). A small fraction of the Finnish 

MCSs has a motion component towards the west which is rare from the point of view of 

earlier MCS investigations. In Europe, Kolios and Feidas (2010) and Lewis and Gray 

(2010) have reported on MCSs moving towards the north. Many of the intense MCSs 

are first detected over the southern third of the study area and they move towards the 

north or northwest especially during midsummer (PAPER I). In spring, a vast majority 

of iMCSs travel along the SW-NE oriented paths. 

The derecho event presented in PAPER II is the first documented derecho with a 

westerly motion component. The MCS in PAPER III exhibited even more pronounced 

westerly motion. Almost without exceptions, derechoes move along west-east or 
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northwest-southeast oriented paths in the continental United States (e.g. Bentley and 

Mote 1998). In Europe, the variation of derecho motion directions is greater but still the 

majority of the systems move towards the east or northeast (Gatzen 2004, López 2007 

and Gatzen et al. 2011). 

The most frequent line orientation in Finnish linear MCSs is southwest-northeast 

(PAPER IV). Also Geerts (1998) and Parker and Johnson (2000) reported the SW-NE 

line orientation being most frequent in the southeastern and central part of the United 

States. According to Schumacher and Johnson (2005) in heavy-rain producing MCSs 

east-west orientation dominates. 
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5 LARGE-SCALE MCS ENVIRONMENT 

The MCS statistics presented in the previous section suggest that also large-scale 

MCS environment in Finland may deviate that of typically seen in the United States or 

elsewhere in Europe. The main results of this section originate from PAPER IV that 

investigates large-scale MCS environment. In addition, PAPERs II and III offer two 

examples on synoptic-scale situations related to downburst-producing MCSs.  

5.1 Kinematic parameters 

An upstream upper-level trough is frequently related to Finnish MCS events 

(PAPER IV, Fig. 5.1). This pattern leads to southerly to southwesterly upper-level flow 

during many MCS events. Smaller thunderstorm clusters, namely subMCS, occur when 

an upstream ridge of high pressure is prevailing which corresponds to a rather weak 

northwesterly upper-level flow.  

The above-mentioned upper-level synoptic setting is also reflected to the mean 

sea-level pressure field (Fig. 5.1). During the iMCS events a surface low pressure area 

is located west of the study area whereas the niMCS events take place when the low 

pressure covers most of the study domain. In practice, the iMCS pattern allows warm 

and moist low-level air to stream from the Baltic Countries to Finland. Again, the 

subMCSs favor surface high pressure situations with westerly or northwesterly flow.  

The downburst MCSs presented in PAPERS II and III, have much in common 

with the average pressure fields described above. An upper-level low is located west or 

southwest of Finland and an elongated upper trough approaches Finland from the south 

or southwest. In PAPER II, a surface low pressure is just west of Finland whereas in 

PAPER III it moves from Estonia to Southern Finland. 
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FIG. 5.1 Reanalysis composite maps for the 300-hPa height (gpm, top row) and mean 

sea level pressure (hPa, bottom row). Maps for the iMCS days are shown in the left 

column, the niMCS days in the middle and the subMCS days in the right column. Image 

provided by the NOAA/ESRL Physical Sciences Division, Boulder Colorado from their 

Web site at http://www.esrl.noaa.gov/psd/. 

 The proximity sounding analysis in PAPER IV indicates that many wind 

parameters are able to discriminate the iMCS from subMCS environments and the SIG 

from NONSIG environments. Especially 0-6 km, 850 hPa – 200 hPa and lifting 

condensation level – equilibrium level mean wind parameters discriminate the iMCS 

(SIG cases) from subMCS (NONSIG) cases with high statistical confidence (over 99.9 

%). Also the 0-3 km bulk wind shear performs reasonably well and even discriminates 

the iMCSs from niMCSs with 95 % statistical confidence. Recent MCS studies in the 

continental United States have shown that deep-layer mean winds and bulk wind shears 

discriminate mature MCSs from decaying MCSs (Coniglio et al. 2007) as well as severe 

wind-producing MCSs from weaker MCSs (Cohen et al. 2007).  

The median value of 0-6 km bulk wind shear in the SIG cases is 10 m/s. This is 

close to the values observed in relation to the non-supercell thunderstorms in the United 

States (Thompson et al. 2003) but far from the common bulk wind shear values of 12-

http://www.esrl.noaa.gov/psd/
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20 m/s in derecho cases in the continental United States (Evans and Doswell 2001). 

However, the proximity soundings in PAPERs II and III show bulk wind shear values 

well above 10 m/s. 

5.2 Thermodynamic parameters 

Temperature changes at low- and mid-level affect lapse rate and convective 

available potential energy (CAPE). At the 850 hPa and 925 hPa levels, warming is 

dominant in the iMCS cases over the southern part of the study area.  However, cooling 

is observed in the subMCS class. According to the NCEP proximity soundings, 850-500 

hPa lapse rates are not able to discriminate the event classes from each other. Moreover, 

lapse rate values of 5.9-6.5 K/km are notably lower than the values reported in MCS 

many studies in the continental United States (e.g. Cohen et al. 2007, Coniglio et al. 

2007). 

Also low-level moisture has substantial effect on the amount of CAPE. The 

examination of reanalysis fields (PAPER IV) suggests that low-tropospheric moisture 

increases during the day preceding the iMCS event. Moisture changes are minor in the 

niMCS class and even negative in the subMCS class. At the 700 hPa level, moisture 

differences between the MCS classes are not so evident but the order remains; the iMCS 

class has the most humid large-scale environment while the subMCS environment is 

driest.  

The proximity sounding analysis (PAPER IV) indicates that low-level mixing 

ratios are highest in the iMCS and SIG classes and lowest in the subMCS class. The 

median values in the iMCS and SIG classes are around 9 g/kg. These differences are 

statistically significant with 99 % confidence between the iMCS and niMCS, iMCS and 

subMCS as well as SIG and NONSIG classes. The similar kind of differences can be 

seen in the MUCAPE (most unstable CAPE) distribution with the iMCS and SIG events 

having a median MUCAPE value of about 800 J/kg. This value is substantially lower 

than in several studies in the continental United States (e.g. Brooks 2009, Parker and 
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Johnson 2000). Additionally, Jirak and Cotton (2007) showed that CAPE discriminates 

the MCS environment from subMCS environment in the Central United States.  

Low-level moisture differences are also reflected to lifting condensation level 

heights. The LCL height is lowest in the niMCS class and highest in the subMCS class. 

Interestingly, the median LCL height in the SIG class is lower than in the NONSIG 

class. This does not support the hypothesis of dry low-level air being particularly 

favorable for the generation of severe straight-line winds. Second, the analysis of 500 

and 700 hPa relative humidity distributions suggests that even dry mid-level air would 

not increase the possibility of severe convective winds. Statistical differences between 

the SIG and NONSIG classes are not significant. Third, maximum vertical equivalent 

potential temperature differences in the SIG class stay far from the rule of thumb of 20 

K which is occasionally used in the forecasting of downbursts in the United States 

(Atkins and Wakimoto 1991). Fourth, the downburst in PAPER III occurred in an 

environment with no distinct layers of dry air. However, dry mid-level air was present 

in the derecho case of PAPER IV which might have played a role in the formation of a 

very strong MCS cold pool and outflow area. Thus, the role of low- and mid-level 

moisture for MCSs and downbursts seems to be controversial (James and Markowski 

2010). This topic will be discussed in more detail in the next section. 
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6 DISCUSSION AND CONCLUDING REMARKS 

Prior to PAPERs I and IV no statistical studies on the occurrence of high latitude 

MCSs had been conducted. As suggested by these investigations MCSs and even 

intense MCSs are a recurrent phenomenon in Finland and nearby regions during 

summertime. Moreover, these MCSs frequently have durations longer than 10 hours 

during which they may travel hundreds of kilometers. As shown in PAPERs II and III 

also severe forms of MCSs do occur in Finland, including derechoes. The 5 July 2002 

derecho presented in PAPER II is currently the northernmost documented derecho and 

the only documented derecho with a westerly motion component. In addition, during the 

downburst event of PAPER III a mesovortex was observed in association with severe 

straight-line winds. So far, downburst-related mesovortices has been primarily observed 

in the United States (e.g. Wheatley et al. 2006, Wakimoto et al. 2006). 

Many features revealed by the reanalysis weather maps in PAPER IV have been 

reported in earlier studies; for example, an upstream upper-level trough and increase of 

low-level moisture and temperature. Drastic differences between the MCS events and 

subMCS events deserve a mention.  Instead of aforementioned features, an upstream 

high pressure and decrease in moisture and temperature were detected in the subMCS 

events. These differences should be notable enough to ease the forecasting of 

convective mode over the study area.  

PAPER IV suggests that MCS-related synoptic pattern allows warm and moist 

continental low-level air flow to Finland. Both case studies, in PAPER II and III, fit this 

pattern during which MCSs with a westerly motion component may develop. Elsewhere 

in Europe the most usual motion direction is northeast (e.g. Morel and Senesi 2002) 

with a few mentions of northward or northwestward advancing systems (e.g. Lewis and 

Gray 2010, Kolios and Feidas 2010). According to PAPER IV a small but noteworthy 

fraction of Finnish MCS move towards the NNW, NW or WNW. Due to the scarce 

mentions in prior literature, the MCSs with the westerly motion component could be 

classified as a local MCS feature.  
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Besides the motion directions, peculiar synoptic patterns affect the line 

orientations of linear MCSs. Prior information on the line orientations of European 

MCSs is thin. From the Finnish point of view, frequent SE-NW line orientation is 

however, rare in the continental United States. According to Geerts (1998) and 

Schumacher and Johnson (2005) SW-NE and W-E orientations are most common. 

The prevailing wind direction also affects low- and mid-level moisture. Dry air 

near the surface and in the mid-troposphere has been linked to the evaporative cooling 

of thunderstorm downdraft air and subsequent downbursts (e.g. Atkins and Wakimoto 

1991 and PAPER II). Numerical simulations done by James and Markowski (2010) 

however, proposed that dry air above the cloud base damp down thunderstorm cold 

pools and downdrafts if CAPE is modest. With a few exceptions, CAPE values remain 

rather low in Finland.  

In PAPER IV, the proximity sounding analysis indicated that 500 and 700 hPa 

relative humidity distinguishes the MCS classes from the subMCS class but fails to 

discriminate between the SIG and NONSIG class. These results suggest that mid-level 

moisture may be essential for the upscale growth and longevity of deep moist 

convection but does not play a key role in the formation of severe straight-line winds. 

This hypothesis seems to contradict with earlier findings by e.g. Duke and Rogash 

(1992), Johns (1993), Bentley and Cooper (1997) and PAPER II. These studies have 

emphasized the importance of dry mid-level air.  

Moreover, the distributions of low-level mixing ratio and lifting condensation 

level suggest that even dry low-level air may not have a significant effect on the 

downburst occurrence (PAPER IV). Neither of the parameters distinguishes the SIG and 

NONSIG classes from each other. Also this finding seems to refute results from earlier 

studies (e.g. Atkins and Wakimoto 1991). However, the above-mentioned 

contradictions may be explained by CAPE value differences between mid-latitude study 

areas and Finland. In other words, downbursts benefit from moist (dry) low- or mid-

level air when CAPE is modest (high). Also the case studies of PAPERs II and III are in 
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agreement with this hypothesis with the PAPER II derecho case having high CAPE and 

dry mid-level air.  

Downbursts (e.g. PAPER III) and even derechoes (e.g. Gatzen et al. 2011) also 

occur in the environments with very limited CAPE and nearly saturated low- and mid-

level air. This suggests that the prevailing understanding of the processes behind 

downburst formation calls for fine-tuning and further research, especially over the areas 

with modest CAPE.   

The results of PAPER IV indicated that mid-level lapse rates from proximity 

soundings were not able to distinguish the event classes from each other. This result 

deviates from the studies conveyed in the continental United States (e.g. Jirak and 

Cotton 2007, Cohen et al. 2007 and Coniglio et al. 2007). East of the Rocky Mountains 

in the United States Cohen et al. (2007) found out that mid-level lapse could reasonably 

well discriminate between the MCSs causing wide-spread and minor damage. The 

observed minuscule lapse rate differences between the classes in Finland may be due to 

the lack of elevated heat source (like Mexican plateau).  

Instead of moisture and lapse rate parameters, deep-layer mean wind and bulk 

wind shear parameters better discriminated the SIG class from the NONSIG class 

(PAPER IV). The wind parameters also distinguished the iMCSs from the subMCSs 

with high statistical confidence. As suggested by some earlier studies (e.g. Coniglio et 

al. 2006 and Coniglio et al. 2007) stronger deep-layer mean wind may elongate MCS 

lifetime. Also the downburst events in PAPERs II and III occurred during the presence 

of strong wind shear. 

Many of the above-mentioned results highlight the importance of local MCS 

studies and studies focusing on the areas with modest CAPE. The governing laws of 

physics remain the same regardless of latitude and longitude but the regional 

characteristics of the occurrence of deep moist convection vary. The recognition of 

these details is indispensable for summertime weather forecasts with decent accuracy 

and quality.   
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