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ABSTRACT

Climate change has been recognized as a major challenge to human
beings and natural ecosystems, and has been associated with changes in
extreme and hazardous climate and weather events that pose much more
significant threats than climate change itself. So far, little knowledge exists
on extreme climate events and hazardous hydrometeorological phenomena
in Latvia. Therefore this thesis aims at the provision of a comprehensive
analysis of the climatic characteristics, favourable atmospheric conditions
and long-term changes in the frequency and intensity of extreme climate
events and such hazardous hydrometeorological phenomena as the
occurrence of sea ice, thunderstorms and fog in Latvia.

During the analysis carried out in the study, significant changes in
extreme climate events and hazardous hydrometeorological phenomena in
Latvia have been found under the conditions of recent climate change. Since
the middle of the past century there has been a significant decrease in the
number of extremely cold days and hazardous hydrometeorological events
characteristic for the winter season, but the number of extremely hot days as
well as the frequency and intensity of extreme precipitation has increased.
The spatial differences in the distribution of such events are associated with
the geographical location of the meteorological observation stations used in
the analysis and the differences in the atmospheric conditions favourable for
the occurrence of extreme and hazardous meteorological events. The
obtained results highlight the importance of the applications of remote
sensing observations for the monitoring and analysis of hazardous
hydrometeorological phenomena in Latvia, as well as the applicability of the
produced datasets and body of research for further investigations and
development of hydrometeorological and climate services in Latvia.

This Doctoral thesis is based on thematically unified set of eight
scientific papers published in various scientific periodicals.

Keywords: climate change, extreme climate events, hazardous
hydrometeorological phenomena, fog, thunderstorms, sea ice.
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INTRODUCTION

Topicality of the study

Climate change has been recognized as a major challenge to human
beings and natural ecosystems. A significant worldwide increase in the mean
temperature near the surface of the Earth has been reported, indicating that
the climate is changing. Climate change affects all elements of the climate
system: air and water temperature, precipitation, river runoff, ice, snow
cover, hazardous hydrometeorological phenomena and others. Thus, climate
change is not only characterized by changes in the mean values, but also by
changes in the variability of climate indicators and extreme and hazardous
events, such as, for instance: extreme heat events and heat waves, extreme
precipitation, floods and changes in the behaviour of hazardous
hydrometeorological phenomena. In respect to the damage to the society and
natural ecosystems, changes in extreme climate events and hazardous
hydrometeorological phenomena may pose much more significant threats
than climate change itself. Nevertheless, compared with existing knowledge
on the long-term changes in mean climate indicators, much less is known
about the changes in extremes. Therefore analysis of national climate and
weather characteristics is essential for building of a deeper understanding of
the climatic processes taking place on a regional and global scale.

Aim, hypothesis and scientific questions addressed in the thesis

The aim of this thesis is to assess the characteristics and long-term
changes in extreme climate events and hazardous hydrometeorological
phenomena in Latvia by using comprehensive analysis and advanced
methodology.

The proposed hypothesis of this thesis is that there have been
significant changes in the frequency and intensity of extreme climate events
and hazardous hydrometeorological phenomena in Latvia since the middle
of the past century. Therefore, the following scientific questions are set to be
addressed within this thesis:

1. What are the climatic characteristics and long-term trends of
changes in the frequency of extreme climate events and such hazardous
meteorological phenomena as fog and thunderstorms in Latvia?

2. What are the climatic characteristics and long-term changes in the
occurrence and persistence of sea ice as a hazardous hydrometeorological
phenomenon in the Latvian coastal areas of the Baltic Sea and the Gulf of
Riga?

3. How are remote-sensing observations applicable for the
observations and analysis of hazardous hydrometeorological phenomena in
Latvia?



4. What are the atmospheric conditions favourable for the occurrence
of extreme climate events and hazardous hydrometeorological phenomena
in Latvia?

Novelty of the research

The study presented within this thesis provides the results of
investigations, which for the very first time provide comprehensive
characteristics and complex analysis of extreme climate events and
hazardous hydrometeorological phenomena in Latvia. Thus the results of
this thesis comprise the following novelties:

o climatic and spatial distribution as well as long-term changes in the
frequency and intensity of extreme climate events and hazardous
hydrometeorological phenomena in Latvia have been determined,
characterized and assessed,;

e atmospheric conditions associated with the occurrence of extreme
climate events and hazardous hydrometeorological phenomena have been
identified and characterized;

o applicability of remote sensing observations for the observation and
analysis of hazardous hydrometeorological phenomena in Latvia has been
assessed and identifiers of increased thunderstorm severity obtained from
remote sensing observations have been determined;

o representivity of the existing thunderstorm warning criteria in
Latvia has been assessed by analysing the long-term observation time-series
of thunderstorm frequency and intensity.

Practical applicability and significance of the research

The results obtained within this thesis can be used both for the
development and improvement of the national hydrometeorological and
climate service provided by the Latvian Environment, Geology and
Meteorology Centre, as well as for the development of national climate
policy initiatives and actions for climate change adaptation and mitigation.
The obtained results can be used as a supplement to the existing national
climatologies, as well as for the development of improved forecasting,
nowcasting and warning techniques, thus contributing to an increased
adaptation and resilience capacity. The developed databases and datasets can
be used for further studies contributing to the increase in knowledge and
capacity regarding the investigations of extreme climate events and
hazardous hydrometeorological phenomena in Latvia.



Approbation of the results

The results of the study have resulted in eight scientific publications
and presentations in 16 international and 8 local conferences.

Scientific papers on the topic of the thesis

Paper 1. Avotniece, Z., Rodinov, V., Lizuma, L., Briede, A., Klavins, M.
(2010). Trends in the frequency of extreme climate events in Latvia.
Baltica, 23 (2), 135-148. (Scopus and ISI Web of Science)

Paper 2. Avotniece, Z., Klavin§, M., Rodinovs, V. (2012). Changes of
Extreme Climate Events in Latvia. Environmental and Climate
Technologies, 9 (1), 4-11. (Scopus)

Paper 3. Klavins, M., Avotniece, Z., Rodinovs, V. (2016). Dynamics and
Impacting Factors of Ice Regimes in Latvia Inland and Coastal
Waters. Proceedings of the Latvian Academy of Sciences, Section
B: Natural, Exact, and Applied Sciences, 70 (6), 400-408. (Scopus)

Paper 4. Avotniece, Z., Klavins, M., Lizuma, L. (2014). Fog Climatology in
Latvia. Theoretical and Applied Climatology, 122 (1-2), 97-109.
(Scopus and ISI Web of Science)

Paper 5. Avotniece, Z., Klavins, M. (2013). Temporal and Spatial Variation
of Fog in Latvia. Environmental and Climate Technologies, 3, 5—
10.

Paper 6. Avotniece, Z., Aniskevich, S., Briede, A., Klavins, M. (2017).
Long-term changes in the frequency and intensity of thunderstorms
in Latvia. Boreal Environment Research, 22, 415-430. (Scopus and
ISI Web of Science)

Paper 7. Wrona, B., Avotniece, Z. (2015). The Forecasting of Tornado
Events: the Synoptic Background of Two Different Tornado Case-
studies. Meteorology Hydrology and Water Management, 3 (1), 51—
58. (ISI Web of Science)

Paper 8. Avotniece, Z., Klavins, M., Briede, A., Aniskevich, S. (2017).
Remote Sensing Observations of Thunderstorm Features in Latvia.
Environmental and Climate Technologies, 21, 28-46. (ISI Web of
Science)

Other scientific papers

Klavins, M., Kokorite, 1., Rodinovs, V., Avotniece, Z., Springe, G.,
Briede, A. (2011). Hydrometeorological Parameters and Aquatic Chemistry
of the Lake Engure: Trends of Changes Due to Human Impact and Natural
Variability. Proceedings of the Latvian Academy of Sciences, Section B:
Natural, Exact, and Applied Sciences, 65 (5-6), 138-145. (Scopus)

Avotniece, Z., Rodinovs, V., Klavins, M. (2011). Climate Related
Mortality Changes in Latvia. 1996-2008. Scientific Papers of the University
of Latvia, 762, 188-195.



Lizuma, L., Avotniece, Z., Rupainis, S., Teilans, A. (2013).
Assessment of the Present and Future Offshore Wind Power Potential: A
Case Study in a Target Territory of the Baltic Sea Near the Latvian Coast.
The Scientific World Journal, 1-10. (Scopus and ISl Web of Science)

Avotniece, Z., Dimants, M. (2018). The wuse of Satellite
Scatterometry and Altimetry Data for Wind and Wave Monitoring in the
Central part of the Baltic Sea and the Gulf of Riga. Journal of Maritime
Transport and Engineering [In Press].

Other publications

Klavins, M., Avotniece, Z., Rodinovs, V. (2012). Heat Waves in
Latvia: Occurrence, Impacts and Consequences In: Klavins, M., Briede, A.
(eds.), Climate Change in Latvia and Adaptation to it (pp. 62—78). Riga:
University of Latvia Press.

Avotniece, Z., Aniskevi¢a, S., Malinovskis, E. (2017). Klimata
parmainu scenariji Latvijai [Climate Change Scenarios for Latvia] (in
Latvian with summary in English). Available:
http://www2.meteo.lv/klimatariks/ [Accessed 19.03.2018].

Avotniece, Z. (2018). Ekstremalas un bistamas atmosféras paradibas
[Extreme and Hazardous Atmospheric Phenomena]. In: Klavins, M.,
Krigjane, Z., Nikodemus, O., Zelés, V. (eds.) Latvija. Zeme, daba, tauta,
valsts [Latvia. Land, Nature, People, Country] (In Latvian with summary in
English) (pp. 259-262). Riga: University of Latvia Press.

International conferences

Avotniece, Z., Rodinov, V., Lizuma, L., Klavins, M. Trends of
Changes of Extreme Climate Events in Latvia. In: The XXVI Nordic
Hydrological Conference, 9-11.08.2010 Riga, Latvia.

Avotniece, Z., Rodinov, V., Lizuma, L., Briede, A., Klavin§, M.
Trends in the Frequency of Extreme Climate Events in Latvia. In: ESF-
COST High-level research Conference on Extreme Environmental Events,
13-17.12.2010 Cambridge, United Kingdom.

Avotniece, Z., Rodinov, V., Lizuma, L., Briede, A., Klavins, M.
Trends in the Frequency of Extreme Climate Events in Latvia. In:
BalticClimate Conference ‘Pathfinding through Climate Change’, 8—
9.11.2011 Riga, Latvia.

Avotniece, Z., Rodinov, V., Lizuma, L., Klavin§, M. Trends in the
Frequency of Extreme Climate Events in Latvia as Influenced by Large Scale
Atmospheric Circulation Processes. In: 11" EMS Annual Meeting / 10"
European Conference on Applications of Meteorology (ECAM), 12—
16.09.2011 Berlin, Germany.

Briede, A., Avotniece, Z., Lizuma, L. Extreme Weather Events in the
Baltic Sea Coastline Areas of Latvia. In: 11" EMS Annual Meeting / 10
European Conference on Applications of Meteorology (ECAM), 12—
16.09.2011 Berlin, Germany.

8


http://www2.meteo.lv/klimatariks/

Avotniece, Z., Klavin, M., Rodinovs, V. Changes of Extreme
Climate Events in Latvia. In: The 53" International Scientific Conference of
Riga Technical University, 11-12.11.2012 Riga, Latvia.

Avotniece, Z., Klavins, M., Rodinovs, V., Briede, A., Lizuma, L.
Trends in the Frequency of Extreme and Hazardous Weather Events in
Latvia. In: 121" EMS Annual Meeting & 9" European Conference on Applied
Climatology (ECAC), 10-14.09.2012 £6dz, Poland.

Avotniece, Z., Lizuma, L., Viksna, A. The Estimation of Cloudiness
and Solar Surface Irradiance in Latvia by Using Satellite Data. In: 12" EMS
Annual Meeting & 9" European Conference on Applied Climatology
(ECAC), 10-14.09.2012 £6dZ, Poland.

Avotniece, Z., Klavins, M., Briede, A. Lizuma, L. Climatic
characteristics of thunderstorms in Latvia. In: The 7! European Conference
on Severe Storms (ECSS 2013), 03-07.06.2013 Helsinki, Finland.

Avotniece, Z., Briede, A., Lizuma, L. Long-term trends and
variability of daily minimum and maximum air temperatures in Latvia. In:
13" EMS Annual Meeting & 11" European Conference on Applications of
Meteorology, 09-13.09.2013 Reading, United Kingdom.

Avotniece, Z., Higgins, M., Roebeling, R. The experience and
instructions for creating a satellite-based climate atlas for Europe and Latvia.
In: The 2014 EUMETSAT Meteorological Satellite Conference, 22—
26.09.2014 Geneva, Switzerland.

Avotniece, Z., Higgins, M., Roebeling, R. The experience and
instructions for creating a satellite-based climate atlas for Europe and Latvia.
In: The Climate Symposium 2014, 13-17.10.2014 Darmstadt, Germany.

Avotniece, Z., Smite, S. Severe Thundershowers Over the Central
Part of Latvia on 29 July 2014. In: 8" European Conference on Severe
Storms (ECSS 2015), 14-18.09.2015 Wiener Neustadt, Austria.

Avotniece, Z., Korelska, L., Klavin§, M., Briede, A. Changes in the
variability of extreme climate events in Latvia. In: EGU General Assembly
2015, 12-17.04.2015 Vienna, Austria.

Avotniece, Z., Dimants, M. The use of ASCAT and JASON data in
operational storm forecasting in the Central part of the Baltic Sea and in the
Gulf of Riga. In: The 2015 EUMETSAT Meteorological Satellite
Conference. 21-25.09.2015 Toulouse, France.

Avotniece, Z., Klavins, M., Briede, A., Aniskevica, S. Long-term
changes in the frequency and intensity of thunderstorms in Latvia: analysis
based on observations from 14 surface weather stations. In: 6" EMS Annual
Meeting & 11" European Conference on Applied Climatology (ECAC), 12—
16.09.2016 Trieste, Italy.

Briede, A., Avotniece, Z., Korelska, L. The trends and variability of
climate extremes in Latvia. In: 6t" EMS Annual Meeting & 11" European
Conference on Applied Climatology (ECAC), 12-16.09.2016 Trieste, Italy.

9



Walawender, J.P., Avotniece, Z., Kilpys, J., Vint, K., Pérg, R,
Bogdanska, B., Trentmann, J., Pfeifroth, U. Solar Radiation Atlas for Poland
and the Baltic States based on CM SAF data. In: The 2016 EUMETSAT
Meteorological Satellite Conference. 26—30.09.2016 Darmstadt, Germany.

Avotniece, Z., Dimants, M. The use of satellite scatterometry and
altimetry data for wind and wave monitoring in the Central part of the Baltic
Sea and the Gulf of Riga. In: 20" International Conference ‘Maritime
Transport and Infrastructure’, 19-20.04.2018 Riga, Latvia.

Local conferences

Avotniece, Z. Ekstremalo klimatisko paradibu mainiba Latvija
[Variability of Extreme Climate Events in Latvia] (in Latvian). In: 69™
Scientific Conference of the University of Latvia, 02.02.2011. Riga, Latvia.

Avotniece, Z. Saules radiacijas un makonainuma noveértéSana,
izmantojot satelttu novérojumu datus [The Estimation of Solar Radiation and
Cloudiness by Using Satellite Observation Data] (in Latvian). In: The IV
Congress of Geography in Latvia ‘Geography in the Variable World’ 16—
17.03.2012. Riga, Latvia. A

Avotniece, Z. Ekstremalo un bistamo klimatisko paradibu ilggadigo
izmainu raksturs Latvija [Trends in the Frequency of Extreme and
Hazardous Weather Events in Latvia] (in Latvian). In: The IV Congress of
Geography in Latvia ‘Geography in the Variable World’ 16-17.03.2012.
Riga, Latvia.

Lizuma, L., Briede, A., Avotniece, Z. Hidrometeorologisko
parametru izmainu analize Baltijas juras Latvijas piekrastes teritorijas
[Long-term Trends of Hydrometeorological Parameters in the Baltic Sea
Coastline Areas of Latvia] (in Latvian). In: The IV Congress of Geography
in Latvia ‘Geography in the Variable World’ 16-17.03.2012. Riga, Latvia.

Avotniece, Z. Satelitu novérojumu datu izmantoSanas iespgjas
klimata pétijumos Latvija [The Use of Satellite Data in Climatological
Studies in Latvia] (in Latvian). In: 71% Scientific Conference of the
University of Latvia, 30.01.2013. Riga, Latvia.

Lizuma, L., Briede, A., Avotniece, Z. Augsnes temperatiras
ilgtermina izmainas Latvija [Long-term Changes in Soil Temperature in
Latvia] (in Latvian). In: 72" Scientific Conference of the University of
Latvia, 30.01.2014. Riga, Latvia.

Avotniece, Z., Higgins, M., Roebeling, R. Uz satelitu novérojumiem
balstita atlanta izveide Latvijai un Eiropai [Satellite-based Climate Atlas for
Latvia and Europe] (in Latvian). In: 73" Scientific Conference of the
University of Latvia, 04.02.2015. Riga, Latvia.

10



Avotniece, Z., Briede, A., Korelska, L. Ekstremalo klimatisko
paradibu mainibas izmainas Latvija 1923.-2010. gada [Changes in the
variability of extreme climate events in Latvia over the period 1923-2010]
(in Latvian). In: 73" Scientific Conference of the University of Latvia,
04.02.2015. Riga, Latvia.

Avotniece, Z., Aniskeviéa, S., Kilpys, J., Walawender, J.P., Vint, K.,
Péarg, R., Rosin, K. Augstas izskirtspgjas saules radiacijas atlants Baltijas
valstim [High Resolution Solar Radiation Atlas for the Baltic States] (in
Latvian). In: 74™ Scientific Conference of the University of Latvia,
02.02.2016. Riga, Latvia.

Avotniece, Z., Aniskevi¢a, S., Briede, A., Klavin, M. Pérkona
negaisu bieZums un intensitate Latvija [Frequency and Intensity of
Thunderstorms in Latvia] (in Latvian). In: 75" Scientific Conference of the
University of Latvia, 30.01.2017. Riga, Latvia.

Briede, A., Avotniece, Z., Springe, G., Klavins, M., Kokorite, 1.,
Korelska, L., Skuja, A., Ozolins, D., Apsite, E., Rodinovs, V. Latvijas
klimata mainibas tendences un ietekmes [Trends and impacts of the
variability of climate in Latvia] (in Latvian). In: 75 Scientific Conference
of the University of Latvia, 30.01.2017. Riga, Latvia.

Avotniece, Z., Briede, A., Klavin$, M., Aniskevi¢a, S. Pérkona
negaisiem raksturigas attalinatajos noveérojumos Latvija [Features in Remote
Sensing Observations Characteristic for Thunderstorms in Latvia] (in
Latvian). In: 76" Scientific Conference of the University of Latvia,
31.01.2018. Riga, Latvia.

Structure of the thesis

The thesis consists of a thematically united collection of publications.
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1. LITERATURE REVIEW

In order to develop effective climate change adaptation and
mitigation strategies and activities, it is essential to obtain comprehensive
knowledge and understanding of the behaviour of extreme climate events
and hazardous hydrometeorological phenomena, especially in the context of
recent climate change. However, while a large body of research has focused
on the analysis of the climatic means, certain limitations in the available
concepts and data have resulted in several problems for observing, analysing
and building credible climatologies of extreme and hazardous events (Klein
Tank, 2004). Amongst these limitations first of all is the complex nature of
extreme and hazardous phenomena: high-impact events are usually local and
they can also be short-lived, thus they might not be observed and fully
represented by the surface observation networks (Burroughs, 2003). Another
limitation for the identification and analysis of such events is the inequality
of the concepts associated with extreme climate events and hazardous
hydrometeorological phenomena (Meteoalarm, 2017; Beniston et al., 2007;
Easterling et al., 2000; Klein Tank, 2004). At the same time research shows
that economic losses from weather and climate-related disasters have
increased, and continued changes in climate will lead to an even increased
magnitude of impacts on various socioeconomic sectors (Handmer et al.,
2012; Kovats et al., 2014).

The changes in climate occurring worldwide, have led to changes in
the frequency, timing, duration, spatial extent and intensity of weather and
climate extremes (Karl and Trenberth, 2003). In several studies in Europe,
significant increasing trends have been found in a variety of extreme indices
over the latter part of the 20™ century (Heino et al., 1999; Wibing and
Glowicki 2002; Klein Tank and Koénnen, 2003; Moberg and Jones, 2005;
Kazys et al., 2011). Research studies have confirmed a long-term increase
in the frequency of occurrence of extremely warm days and nights, while
extremely cold days and nights have become more seldom (IPCC, 2014).
Observed increase in air temperatures has resulted in rising concerns
regarding the adverse effects of heat waves. An increase in mortality related
to heat waves has been reported from various industrialized countries
(Dessai, 2002; Diaz et al., 2006; Beniston, 2007; Unkasevica and Tosic,
2009), and with the aging societies in much of the developed world it is
expected that their vulnerability will continue increasing (Handmer et al.,
2012).

According to studies carried out in Europe, there are significant
spatial differences in the trends of changes for extreme precipitation events
(Klein Tank, 2004; Beniston et al., 2007), though the most significant
increasing tendency has been observed in the Baltic Sea region (Bhend and
Storch, 2007; Kjellstrom and Ruosteenoja, 2007). The occurrence of heavy
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precipitation events in the winter season has increased in Central and
Northern Europe, while an increase in summertime heavy precipitation
events has been characteristic for the northeastern regions of Europe. At the
same time both wintertime and summertime cases of heavy precipitation
have become more seldom in the Southern part of Europe (Beniston et al.,
2007; Kjellstrom and Ruosteenoja, 2007). Studies claim that in the Baltic
Sea basin the annual total precipitation amount has increased by 8.24 mm
per decade (Bhend and Storch, 2007).

While extreme events pose the greatest threat to the society and
individuals, extreme weather-related impacts can also occur from events that
may not be considered as extreme. Even though hazardous
hydrometeorological phenomena cause extensive socioeconomic damage
and loss in Europe, their long-term trends of changes so far have been poorly
represented by  research  studies. =~ Amongst the  hazardous
hydrometeorological phenomena which vary both by the season of
occurrence and the sectors affected, each phenomenon is associated with a
different set of impacts. For instance, the formation of sea ice in the coastal
areas of the Baltic Sea and the Gulf of Riga has been common for winter
seasons of the past century, while recent climate change has led to an
increase in winter temperatures and thus deteriorated the formation of sea
ice (IPCC, 2014b). However, the observed changes have not been linear, and
due to variability, cold and icy winters have also been observed in the
beginning of the 21% century resulting in difficulties for the navigation of
ships.

Another hazardous phenomenon affecting transportation is the
occurrence of fog (Cermak and Bendix, 2008; Heo et al., 2010). Fog is a
hazardous weather phenomenon worldwide, which can cause accidents and
affect urban air quality, especially in combination with impacts of air
pollutants (Lange et al., 2003; Singh and Dey, 2012; Bendix, 2002; Witiw
and LaDochy, 2008). On the other hand, fog as a source of humidity is also
very important to the health of ecosystems and humans (Sachweh and
Koepke, 1997). The most intense fog events in both persistence and
thickness were observed in many sites of the industrialized world in the
1940s and 1950s. Since this time, owing to the introduction of clean air
legislation and a decrease in total suspended particulates, fog climatology
has changed considerably and many sites have experienced a decrease in fog
frequency (Bendix, 2002; Witiw and LaDochy, 2008; Shi et al., 2008).

The most hazardous weather phenomenon observed in Latvia in the
summer season is the occurrence of thunderstorms. Severe weather
associated with thunderstorms has been observed in every country in Europe
and poses a significant threat to life, property and economy. Numerous
hazards that lead to fatalities, injuries, property damage, economic
disruptions and environmental degradation are associated with thunderstorm
activity. Such hazards belonging to a group defined as small-scale severe
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weather phenomena include hail, lightning, damaging straight-line winds,
tornadoes and heavy rainfall leading to flooding (Parsons, 2015; Zwiers et
al., 2013; Czernecki et al., 2016; Dotzek et al., 2009; Doswell et al., 1990).
In recent years, the number of reported severe convection events has risen
largely because of the increased ability to detect them using radar and
satellites and because of the volunteer observer activities established in many
countries. At the same time studies carried out in Europe do not confirm an
increase in thunderstorm frequency — a decrease in thunderstorm frequency
has been identified for Lithuania and Estonia (Enno et al., 2014), while no
significant changes in thunderstorm frequency have been found in Finland
(Tuomi and Mikeld, 2008) and Poland (Bielec-Bakowska, 2003). Such
findings emphasize the pronounced spatial variability in the dynamics of
annual thunderstorm frequency. The lack of firm conclusions regarding the
past and future behaviour of thunderstorm environments is highly associated
with their observational limitations (Zwiers et al., 2013), and therefore the
development of effective national warning systems and mechanisms is
essential for mitigation of adverse effects of any possible changes to come.
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2. DATA AND METHODS

This section contains the description of the data and main
methodology used for the identification, characteristic and assessment of
extreme climate events and hazardous hydrometeorological phenomena in
Latvia. Additional and more detailed information on the data and
methodology can be obtained from the corresponding sections of the
research papers supplemented to this thesis.

The basis for the performed analysis lies on the investigation of
surface hydrometeorological observation data obtained from the long-term
data archive maintained and managed by the Latvian Environment, Geology
and Meteorology Centre (hereafter — LEGMC). The information was
obtained from hydrometeorological stations of Latvia with uninterrupted
long-term data records available for each of the hydrometeorological
parameters analysed. The surface observation data were obtained from the
historical data archive as well as extracted from the electronic
hydrometeorological observation database CLIDATA. As the thesis
contains an investigation of a variety of hydrometeorological parameters,
information obtained from the archived data of surface observations include
daily values of the following parameters:

e mean, minimum and maximum air temperature;

e precipitation amount;

e mean wind speed and maximum wind gusts;

mean water temperature and occurrence of sea ice;
mean relative humidity;
mean atmospheric pressure at the station level,
observations of atmospheric phenomena — fog, thunderstorms,
hail, snow pellets.
For the assessment of the climatic characteristics and trends of changes in
extreme climate events and hazardous hydrometeorological phenomena in
Latvia, the long-term data records covering the period from 1924 till 2015
(for Riga-Universitate station data records since 1852) have been used in this
study. The data have been subjected to basic quality control and
homogeneity assessment, ensuring the use of reliable and representative
information for the analysis.

Indices derived from daily temperature and precipitation data,
describing changes in the mean and extreme values, were computed and
analysed. The indices follow the definitions recommended by the
CCI/CLIVAR/JCOMM Expert Team on Climate Change Detection and
Indices (ECA&D, 2017), with a primary focus on extreme events.

For the investigation of thunderstorm severity the occurrence and
intensity of additional meteorological parameters has been used following
an approach comparable to the existing national warning criteria. The
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national thunderstorm warning criteria are currently based on the intensities
of severe weather phenomena associated with thunderstorms, and these are
hail, wind gusts and precipitation amount, which, according to their
intensity, identify thunderstorms of green, yellow, orange and red warning
level in line with the Meteoalarm warning levels (LEGMC, 2017;
Meteoalarm, 2017).

In addition to surface meteorological station data, remote sensing
observations were used for the analysis of hazardous hydrometeorological
phenomena. These include information obtained from the Nordic Lightning
Information System (NORDLIS) (Mikeli et al., 2010), Doppler Weather
Radar METEOR 500C (SELEX Sistemi Integrati GmbH, 2006) located near
Riga Airport, spectral images obtained from weather satellites and satellite-
based datasets (CM SAF, 2009). Data obtained from the weather radar and
satellite measurements provide both qualitative and quantitative estimates
beneficial for meteorological analysis. During the thunderstorm severity
assessment performed within the analysis, various theory-based and widely
used thunderstorm features were identified from the remote-sensing data
(Stalker and Knupp, 2001; Rigo and Pineda, 2016; Lemon and Doswell,
1979; Setvak et al., 2010; Zibert and Zibert, 2013).

Atmospheric circulation patterns for the Baltic Sea region were
examined in order to assess the atmospheric conditions favourable for the
occurrence of extreme climate events and hazardous hydrometeorological
phenomena in Latvia. These 18 large-scale atmospheric circulation patterns
were derived from modifications of the circulation patterns created by
Gerstengarbe and Werner (Hoy et al., 2013) and made available for scientific
research by the European Cooperation in Science and Technology Action
733 (COST733, 2013). In order to determine relationship of sea ice changes
to wide-scale climatic forcing factors, the extended North Atlantic
Oscillation (NAO) index (Luterbacher et al., 2002) and the Baltic winter
index (WIBIX) was used (Hagen and Feistel, 2005).

Trends in the meteorological event time series were analysed by
applying the Mann-Kendall test separately to each data series. For this
purpose the MAKESENS tool was used, which was developed for detecting
and estimating trends in the time series of annual data (Salmi et al., 2002).
The procedure is based on the nonparametric Mann-Kendall test (Richard,
1987) for the trend and the nonparametric Sen’s method for the magnitude
of the trend. The Mann-Kendall test is applicable to the detection of a
monotonic trend of a time series with no seasonal or other cycle. This is a
relatively robust method concerning missing data and has no strict
requirements regarding data heteroscedasticity, and for these reasons it is a
comparatively popular tool used for trend analysis for climate applications
(Salmi et al., 2002).
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3. RESULTS AND DISCUSSION

Climate in Latvia is influenced by its location in the northwest of the
Eurasian continent (continental climate impacts) and proximity to the
Atlantic Ocean (maritime climate impacts). A highly variable weather
pattern is determined by the strong cyclonic activity over Latvia. Such
conditions contribute to differences in the regimes of air temperature and
precipitation, and also to the spatial inhomogeneity in the occurrence of
extreme climate events and hazardous hydrometeorological phenomena.

3.1. Extreme climate events in Latvia
3.1.1. Trends in the frequency of extreme climate events in Latvia

The analysis revealed significant changes in the frequency of extreme
climate events in Latvia. The study confirms a statistically significant
increase in the mean values of daily minimum, maximum and mean air
temperatures. The mean of daily maximum and minimum air temperature
showed a statistically significant increasing trend at all meteorological
observation stations investigated, while a significant increasing trend in the
lowest values of daily minimum air temperature was also detected at 12
meteorological observation stations since 1950. Trends in the frequency of
the highest annual value of daily minimum air temperature, highest and
lowest annual value of daily maximum air temperature demonstrated lower
statistical significance, especially for the observation stations located in the
eastern part of the country. Such differences reveal the spatial heterogeneity
of changes in temperature extremes and the impact of local factors affecting
climate at regional/local level. In addition, the increase in temperature values
has not been even throughout the year. The trends of changes observed in
Riga can be considered as alarming, since statistically significant increasing
trends are common for nearly full year (except October and December),
pointing out the role of the city microclimate (Gabriel and Endlicher, 2011;
Lizuma, 2008).

It was found that trends in extreme temperature indices were stronger
for the climatic indices related to the cold seasons. For example, the number
of frost days (FD) and number of ice days (ID) both show statistically
significant decreasing trends in all the studied stations (Figure 1). However,
due to the observed warming in the mean values of air temperature, there has
also been an increase in the frequency of extremely hot days and nights. A
statistically significant increase in the number of summer days (SU) and
tropical nights (TR) has been observed in the majority of meteorological
observation stations.
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Figure 1. Long-term trends in the frequency of extreme temperature events in

Latvia over the period 1950-2010 (Mann-Kendall test statistics).The
abbreviations correspond to the following climate indices: FD — frost days; ID — ice
days; SU — summer days; TR — tropical nights.
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Figure 2. Long-term trends in the frequency and intensity of precipitation in
Latvia over the period 1950-2010 (Mann-Kendall test statistics). The
abbreviations correspond to the following climate indices: Ptot — annual total
precipitation amount on wet days; R10 — days with heavy precipitation; SDII —
simple daily intensity index.
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Moreover, warm spell duration indicator characterizing the length of
prolonged heat events has a statistically significant increasing trend all over
Latvia. This can be considered as the most alarming result of this analysis,
because an increase in the frequency and length of the periods of prolonged
heat can have a significant negative effect on human morbidity and mortality
(Diaz et al., 2006; Beniston, 2007; Unkasevica and Tosic, 2009).

The analysis of the long-term data records shows statistically
significant changes observed in the frequency and intensity of precipitation
in Latvia. The results of this study demonstrate a statistically significant
increase in the annual total precipitation amount on wet days (Ptot) in most
of the observation stations and major changes in a simple daily intensity
index (SDII), pointing out significant changes in the character of
precipitation intensity and consequently the damaging potential of heavy
precipitation events (Figure 2). In addition, in all of the meteorological
observation stations studied there has been an increase in the number of days
with heavy (R10) and very heavy precipitation. For most of the observation
stations the trends of precipitation intensity changes are increasing and
statistically significant. However, it becomes evident that impacts of
regional factors are affecting the precipitation regime. So, for example, the
well-expressed increase in the number of days with heavy precipitation in
Riga, especially evident throughout the past ~80 years, could be associated
with the influence of the Gulf of Riga and the urban climate specifics
(Birkmann et al., 2010).

3.1.2. Large-scale atmospheric circulation patterns associated with
extreme climate events in Latvia

In order to assess the atmospheric conditions favourable for the
occurrence of extreme climate events in Latvia, daily large-scale
atmospheric circulation patterns over the period 1957-2002 were analysed.
It was found that the most favourable conditions for the occurrence of
extremely hot days and nights can be observed under the influence of a
southwesterly and southerly anticyclonic flow, in the case of a high pressure
area being located over the eastern part of Europe. However, extremely hot
weather can also be associated with the warm sector of a cyclone.

The days with heavy precipitation were mainly associated with
cyclones, however, there were some differences in the dominant synoptic
processes between the cold and warm times of the year. In the summer,
heavy precipitation events were mainly associated with convective processes
and the cold fronts of cyclones, while in winter these events were mostly the
result of prolonged precipitation (Jakimavic¢ius and Kovalenkoviené, 2010;
Kriauéitiniene et al., 2008) associated with a warm front. However, when the
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centre of a low pressure area was situated over Latvia, heavy precipitation
was observed at any time of the year.

3.2. Sea ice changes in the Baltic Sea and the Gulf of Riga near
the Latvian coast

3.2.1. Climatic characteristics of sea ice in the coastal areas of Latvia

According to the analysis of the available long-term data records, in
the coastal areas of Latvia, initial ice development usually begins in the bay
of Pidrnu, where the first new ice formations occur in the middle of
December. Thereafter the ice-covered area extends along the northeastern
coast of the Gulf of Riga, while at the same time some new ice formation
near the southern and western coast of the Gulf occurs. The most rapid ice
development usually occurs in February, when under favourable conditions
the Gulf of Riga becomes completely ice-covered. During very cold winters,
ice may form also at the coastline of the Baltic Sea. However, the expansion
of ice varies widely from year to year, depending on the prevailing weather
conditions. With the prevailing westerly winds the ice break-up begins in the
western part of the Gulf and gradually progresses to the east. The first area
of the Gulf to become completely ice-free is the Irbe Strait followed by
western and southern part of the Gulf, but in the north, northeastern areas the
melting and rotten pack ice remains the longest.

The average length of the ice season is the longest in the Bay of Parnu
and in the northern part of the Gulf of Riga — 145 days or almost 5 months.
The shortest ice season of ~2 months is characteristic for the southwestern
part of the Gulf, the Irbe Strait and the coastal areas of the Baltic Sea. The
maximum observed length of the ice season in the Gulf of Riga has been 168
days, but in the coastal waters of the Baltic Sea — 127 days.

3.2.2. Long-term changes in sea ice in the coastal areas of Latvia

The observed increase in the mean values of air temperature has led
to significant changes in ice conditions both at the Latvian coastline of the
Baltic Sea and in the Gulf of Riga. A significant decreasing tendency in the
length of the ice season over the period 1949-2013 was detected (Figure 3).

Such changes are strongly related to the dynamics and changes in
large-scale atmospheric circulation processes taking place over the North
Atlantic: a strong negative correlation between the NAO index and the
number of days with ice cover along the coastline of Latvia exists. These
findings highlight the fine linkages between the large-scale NAO forcing
factors and the regional scale climate processes in the Baltic region. Also, a
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strong negative correlation between the NAO index, the WIBIX index and
the ice-break up events shows that processes over the North Atlantic are the
driving force for the sea ice regime at the coastline of Latvia.
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Figure 3. Long-term changes in the length of the ice season in the Gulf of Riga
near the Latvian coast (represented by the time-series from the Salacgriva
observation station) over the period 1949-2013

Even though the length of the ice season has significantly decreased
in the longer period (Gebre et al., 2014), during the past decade there still
have been some winters with extensive ice cover over the coastal waters of
Latvia. For instance, during the winter of 2010/2011, the Gulf of Riga was
already completely ice-covered by the middle of February and the remains
of rotten drifting ice persisted in the Gulf until the beginning of May.

3.3. Climatic characteristics and long-term changes of fog in
Latvia

3.3.1. Climatic characteristics of fog in Latvia

Fog is considered to be one of the most dangerous meteorological
phenomena affecting transportation, especially air traffic, and causing flight
delays and cancellations. The analysis of the available long-term data
records revealed that fog is a comparatively frequent weather phenomenon
in Latvia, observed 19-59 days per year on average.
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The formation of fog is closely related to the local geographical
features of a site, such as orography and slope exposure, proximity to the
Baltic Sea and the Gulf of Riga, as well as the different meteorological
processes favourable for the formation of fog. Therefore, there are
significant differences in the annual mean number of days with fog in
different parts of the country. Fog can be observed most frequently in the
western areas of the upland regions of Latvia, while the lowest number of
days with fog is observed in the eastern areas of the uplands and in the coastal
areas of the Gulf of Riga. It is important to note that there are considerable
year-to-year and inter-annual variations in the occurrence of fog in Latvia.
In the inland stations, the maximum fog frequency is between August and
December. During the autumn months, radiation fog forms more frequently,
while during winter and spring, advection fog gradually becomes more
frequent. Therefore, in the coastal observation stations, the maximum
frequency of fog is characteristic in spring — during March, April and May —
when warm advection from the west triggers the formation of advection fog.
Similar distribution has been found during the analysis of satellite-based
observations of low cloud cover (Figure 4).

Fog can be classified by its formation in the processes of advection,
radiative cooling or a mix of both processes (Ahrens, 2007), and each of
these processes can trigger the formation of fog in Latvia throughout the
year. During the analysis it was found that the most common conditions for
the formation of fog in Latvia have been days with westerly or southwesterly
air flows under anticyclonic conditions. In such conditions, both radiation

22



and advection fog can form. Also, a detailed analysis of fog formation at the
Riga Airport revealed that the majority of poor visibility cases have been
associated with the formation of radiation fog. However, a significant
proportion of fog cases in Latvia has also formed under cyclonic conditions.
In such cases, the formation of fog is usually associated with frontal systems
or the warm sector of a cyclone. Thus it is evident that the formation of fog
in Latvia is mainly associated with the inflow of warm and moist air from
the southwest and west.

3.3.2. Long-term changes in fog frequency in Latvia

The annual number of days with fog in Latvia has decreased
significantly during the past 53 years (Table 1), and such changes have been
evident in all 14 meteorological observation stations.

Table 1
The long-term trends of changes in the seasonal and annual number of days
with fog in Latvia (Mann-Kendall test statistics) during the period 1960-2012.
The statistically significant values are highlighted in bold.

Winter Spring Summer Autumn Annual
(DJF) (MAM) (JJA) (SON)
Aluksne -5.09 -5.40 -3.87 -4.88 —6.59
Daugavpils -5.30 -4.96 -4.41 -4.34 —6.42
Dobele -2.81 -3.67 -2.26 -1.93 -3.71
Kolka -4.73 -3.70 -3.45 -3.85 -4.15
Liepaja -2.92 -1.91 -0.86 -1.89 -3.01
MeErsrags -2.84 -0.67 -1.18 -1.24 -2.44
Priekuli -3.48 -2.85 -3.31 -2.15 -4.58
Riga -1.99 -3.02 -4.22 -2.94 -4.28
Rajiena -4.32 -4.86 -6.17 -4.18 —-6.35
Skriveri —2.47 -1.71 -3.06 -1.96 -4.01
Skulte -2.82 -3.22 -4.30 -4.29 -5.08
Stende -2.98 -3.46 -4.07 -3.13 -5.15
Ventspils -3.33 -2.19 -2.21 -1.49 -4.48
Zoseni -2.75 -2.54 -2.91 —2.66 -3.24
Overall in 434 341 520 408 578
Latvia

Fog frequency has decreased in all seasons; however, the most
significant changes have been observed in the winter. When compared, the
trend analysis of fog and air temperature changes show some similar signs:
the most significant changes have occurred in the winter season. Therefore,
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it may be suggested that the long-term decreasing tendency in fog frequency
in Latvia could be associated also with the increase in air temperature.

However, the correlation between temperature values and the
occurrence of fog does not show a consistent pattern over spatial and
temporal scales, suggesting the role of additional meteorological factors,
such as for instance humidity, availability of condensation nuclei and
atmospheric circulation, in affecting the occurrence and spatial distribution
of fog in Latvia.

3.4. Characteristics of thunderstorms in Latvia
3.4.1. Climatic characteristics of thunderstorms in Latvia

Thunderstorms are one of the most hazardous weather phenomena in
Latvia, and they are clearly the most hazardous phenomena affecting the
country in the summer season. The analysis of climatic characteristics of
thunderstorm frequency and intensity in Latvia over the period 1960-2015
shows, that thunderstorms can be observed in Latvia at any time of the year,
however the greatest majority of these hazardous weather events take place
between May and September. The annual number of thunderstorm days in
the country varies from 14.5 to 16.4 days on average in the coastal areas near
the Baltic Sea up to 23 days on average in the highland areas of the eastern
part of the country (Figure 5). The occurrence of thunderstorm events is
strongly associated with local geographical features in the country and also
the atmospheric conditions triggering their formation, therefore there has
been a great variability in thunderstorm day frequency in all 14 weather
stations analysed.

For the purpose of assessing the long-term characteristcs of
thunderstorm intensity in Latvia, observed thunderstorm events have been
classified according to the intensity of hazardous weather phenomena
associated with thunderstorm events. Such approach was adopted from the
currently used national warning criteria. According to the analysis, 71-85%
of the observed thunderstorm days since 1966 have been classified as non-
severe (green level of severity). Thunderstorm days of yellow severity level
were observed 4.6 to 13% of the cases, while thunderstorm days of orange
severity level were observed 9.7 to 14% of the cases. Red severity level
thunderstorm days are defined as extreme events accompanied by wind gusts
exceeding 25 m/s or very heavy rainfall of more than 50 mm during 24 hours
— such events have been relatively rare, observed only 0.2 to 1.7% of the
events analysed.
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Figure 5. The annual mean number of days with thunderstorms in Latvia over
the period 1960-2015

The obtained results suggest that the currently used national
thunderstorm warning criteria represent the climatic distribution of severe
thunderstorm events, with an exception of orange severity level
thunderstorms, which occur more frequently than the less hazardous yellow
severity level thunderstorms.

3.4.2. Long-term changes in the frequency and intensity of
thunderstorms in Latvia

In comparison to the climatic reference period of 1961-1990, the
recent 30-year normal period of 1981-2010 has seen about 2 days less of
thunderstorm events per year. The results of the trend analysis confirm an
overall decreasing tendency in thunderstorm day frequency — there has been
a significant decreasing tendency in eight out of 14 weather stations included
in the study (Table 2). Similar findings have been obtained within studies of
thunderstorms in Lithuania and Estonia (Enno et al., 2014), while no
significant changes in thunderstorm frequency have been found in Finland
(Tuomi and Mékeld, 2008) and Poland (Bielec-Bakowska, 2003). The
changes in frequency and intensity of heavy precipitation and hail events
during thunderstorm days have been spatially inconsistent, while the most
evident changes in the long-term data series have been observed for wind
parameters on thunderstorm days.
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Table 2
Long-term trends (Mann-Kendal test statistics) in the number of
thunderstorm days, fraction of thunderstorms of different severity levels (%),
number of hail events, mean and maximum precipitation (mm) and wind gusts
(m/s) on thunderstorm days and number of cases exceeding the given
precipitation and wind gust intensity thresholds over the period 1960-2015.
The statistically significant values are highlighted in bold.

Meteorological observation station
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Thunderstorm days 23| 34| 0525 06|07|-15]|-3.0|-2534|-34|-07|-1.1]| -3.8|-27
Green severity level -1.6 1.9|-28|-23| 03|-1.0/-32[-39|-19| 24| -1.0| 03]|-1.6| -0.7|-3.6
Yellow severity level 2.0 05| 26| 16| 05| 04| 47| 2.0 33| 23| 02)|-03| 1.6 14| 3.6
Orange severity level 07| 27| 13| 06| 01| 07| 07| 3.3|-04| 06 1.1 03] 0.9 02 16
Red severity level 12| 19| 04) 13| 08| 24|-13| 0.8 00| -01|-19] 14| 05| 01
Hail events 37| 22|07 08| 05| 30| 1.3|-27]| 1.6|-0.2|-23|-1.0| 04| -04|-0.0
Mean precipitation 21| -14| 14| 34| 02] 24| 1.1| 31| 15| 1.3 21| 1.7] 0.7 14] 3.7

Maximum precipitation | 04| 26| 15) 1.7/ 06| 1.1 |/-03| 05| 06|-06|-05]| 1.1 -03|-12] 0.7

Precipitation > 15 mm 01 -17] 15] 12| 03| 13| 08| 11|07 04| -01[ 06] 10| -1.1) 02

Precipitation > 50 mm 1.0 03] 15| -03] 32|04 02| 07|16 24|-02] 00| 01| 09
Mean wind gusts 55| 00| 55| 40| 03| 52| 47| 65| 47| 44| 35| 34| 39| 37| 65
Maximum wind gusts 23 20| 41| 04| 14|00 12| 27| 15| 18| 04|-14|-10| 14] 13
Wind gusts 15-19 m/s 20 14| 47| 17| 03| 07| 41| 46| 24| 24| 08(-1.0] 09| 10| 2.5
‘Wind gusts 20-24 m/s 11| 35| 24| 03|08 00| 14|-00] 06| -1.5[-23|-03] 02)-1.1
Wind gusts > 25 m/s 06| -15] 13)-07] 0.9 -1.1]-1.2 0.8 1.0 —0.5

It is important to note that the observed increase in wind gusts on
thunderstorm days is evident despite the findings of recent studies, which
have revealed a significant decreasing tendency in the mean wind speed in
Latvia (Briede, 2016).

3.4.3. Assessment of the use of remote sensing observations for the
identification and analysis of thunderstorms in Latvia

Climatological analysis of thunderstorm events presented before
describes the overall activity of convective phenomena in the country.
However, it is particular thunderstorm events that occur in Latvia almost
every year and lead to the most devastating damage. Thus in order to mitigate
the adverse effects of such events by the provision of timely and effective
advisory, it is essential to increasingly investigate the atmospheric
conditions, precursors and indicators of increased thunderstorm severity
potential. For this reason, the occurrence of several theory-based features
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characteristic for severe thunderstorm events in Latvia were analysed by
using daily weather radar and satellite observations.

The analysis of meteorological radar observations revealed that
among the theory-based indicators of increased thunderstorm severity, the
occurrence of a tilted updraft is a frequently observed convective storm
feature in Latvia, the occurrence of the weak echo region feature has been
more rare (13-43% of the analysed cases), while the most seldom severe
thunderstorm feature is the hook echo (2-16% of the analysed cases). In
addition, several features characteristic for severe thunderstorms — the
structures of cold-ring storms and V-shaped storms (5-28% of the analysed
cases), the presence of small ice particles at the top of the cloud (20-50% of
the analysed cases), overshooting tops (22-63% of the analysed cases) and
gravity waves (4-15% of the analysed cases) — were identified from satellite
observations. It was estimated, that the maximum radar reflectivity
exceeding 50 dBZ and the occurrence of overshooting tops are the main
indicators useful for the identification of high impact thunderstorms. On the
other hand, it was found that the most intense precipitation occurred during
events with gravity waves, V-shaped storm structures and small ice particles
visible, while wind gusts were the strongest on days with gravity waves,
small ice particles or radar reflectivity <50 dBZ observed. Thus, the
occurrence of these features can serve as an indicator of an increased
thunderstorm severity potential.
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CONCLUSIONS

Significant changes in the frequency of extreme climate events have
been observed in Latvia since the first half of the 20" century. The trend
analysis of extreme climate event indicators shows a significant increase in
the number of meteorological events associated with increased summer
temperatures and a decrease in the number of extremely low temperature
events in winter. There has also been an increase in the frequency and
intensity of heavy precipitation, however the magnitude and statistical
significance of these trends has shown a spatially inconsistent pattern.

Observed changes in extreme climate events in Latvia show spatial
differences, which highlight areas where the most significant changes have
taken place. The strongest signal of changes in the frequency and intensity
of heavy precipitation has been observed in the coastal areas of the Gulf of
Riga, thus emphasizing the effect of the Gulf on the spatial distribution of
precipitation. Trends in the climate indicators were also found to be stronger
in the capital city Riga, which could be associated with the effects of the
specific urban climate.

Some regularities in the association of the occurrence of extreme
climate events with the prevailing atmospheric circulation patterns were
found during the study. It was estimated that the most common synoptic
situations for the occurrence of extremely high air temperatures can be found
under the conditions of southwesterly, southerly anticyclonic flows and
westerly, southwesterly cyclonic flows, while extreme precipitation events
were mainly associated with cyclonic activity.

Due to the observed warming, the duration of ice cover on the Baltic
Sea and the Gulf of Riga has been decreasing since the middle of the 20™
century, and is related to a later onset and earlier disappearance of the ice
cover. However, the trends of sea ice regime are not consistent over different
periods of time, and the regime of the sea ice appears to be greatly influenced
by large-scale atmospheric circulation processes over the North Atlantic.

Fog is a comparatively frequent hazardous meteorological
phenomenon in Latvia, observed on average 19-59 days per year and
characterised by a significant spatial and temporal inhomogeneity. However,
the occurrence of fog in Latvia has decreased significantly since the middle
of the 20™ century, which could be associated both with the effects of natural
factors as well as the gradual decrease in industrial activities and the resultant
improvements of air quality. In spite of the observed decrease in fog
frequency, it is still one of the hazardous meteorological phenomena
affecting aviation in Latvia.

Even though the majority of fog cases in Latvia have been associated
with anticyclonic conditions, fog is commonly accompanied by light
precipitation, which could be an indicator for the dominance of advection
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type of fog in the country. However, the analysis of fog formation in the area
of the Riga Airport revealed that the most intense of the observed fog events
can be classified as radiation fog, which, due to its short persistence, is not
of as great danger to the aviation traffic as advection fog. Since advection
fog plays an important role in the air traffic organization, timely information
provided by weather satellites is an essential tool for the forecasting of
movement and persistence of the fog and low-cloud areas.

Thunderstorms are one of the most hazardous meteorological
phenomena observed in Latvia, and they occur on average 14.5-23 days per
year. The spatial distribution of thunderstorm days highlights the role of
orography and proximity to the Baltic Sea in the distribution of convective
processes in the country.

Thunderstorms are complex meteorological phenomena commonly
associated with the occurrence of additional small-scale weather hazards
such as heavy precipitation, hail and strong wind gusts. Precipitation is the
most frequent atmospheric phenomenon registered on thunderstorm days in
Latvia, with daily precipitation amount on thunderstorm days reaching 4.3—
9.3 mm on average, and the multi-year maximum values varying between 25
and 29 mm. Hail is rarely observed at the official observation sites in Latvia
—only 0.3 to 1.1 thunderstorm days per year on average. Wind gusts on
average reach 14-20 m/s on thunderstorm days, with the highest values
observed in the coastal areas of the Baltic Sea. However, thunderstorm day
gustiness was found to be higher in the inland meteorological observation
stations.

The climatological assessment of thunderstorm severity reveals that
on average 71-85% of the thunderstorm day cases can be classified as non-
severe. Thunderstorm days of yellow, orange and red severity level have
been significantly less frequent, with yellow severity level cases on average
observed 4.6 to 13%, orange severity level cases 9.7 to 14% and red severity
level cases — 0.2 to 1.7% of the time. The obtained results suggest that the
currently used national thunderstorm warning criteria represent the climatic
distribution of severe thunderstorm events, while the criteria for orange
severity level thunderstorms should be reassessed.

In comparison to the climatic reference period of 1961-1990,
thunderstorm day frequency in Latvia has decreased by about 2 days in the
period 1981-2010. In addition, the trend analysis reveals significant
decreasing tendencies in thunderstorm day frequency in 8 out of 14
meteorological observation stations. However, despite the observed decrease
in thunderstorm day frequency, indicators of increased thunderstorm
intensity have been observed. Long-term trends in precipitation intensity and
frequency of heavy precipitation cases on thunderstorm days show a
significant increasing tendency in the coastal areas of the Gulf of Riga.
However, the most prominent changes have been observed for wind
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parameters, which show significant increasing tendencies in majority of the
sites.

In-depth analysis of particular severe thunderstorm events give a
much more detailed insight in the processes triggering, driving and
characterizing the development of convective processes, which still pose
challenges to the scientific community. The analysis of two tornado cases in
Latvia and Poland highlights the complexity of the occurrence, dynamics
and intensity of convective phenomena as events causing comparably
adverse effects can be triggered by different atmospheric processes.

Thoughtful exploitation of remote sensing data undoubtedly gives a
more detailed insight in the atmospheric conditions characteristic for the
development of thunderstorms. Analysis of weather radar observations
suggests that on thunderstorm days in Latvia the radar echo of the
thunderstorm clouds on average extends from 1-2 km to 6-11 km above
ground level, and maximum radar reflectivities most often reach 50 dBZ,
while information obtained from meteorological satellite data reveals that
convective cloud top temperatures generally vary between 210-230 K (-63
to —43°C).

During the analysis, it was found that theory-based remote sensing
thunderstorm features under analysis contribute to the assessment of
different thunderstorm severity levels as well as inference of the conditions
for convective development in Latvia. It was estimated that the occurrence
of overshooting tops as well as maximum radar reflectivities exceeding 50
dBZ serve as good initial indicators for the identification of severe
thunderstorms, while the presence of additional features such as gravity
waves, small ice particles and V-shaped storm structures can be used as
indicators of an increased thunderstorm severity potential.

The results obtained within this thesis may contribute to the
development and improvement of the national hydrometeorological and
climatological service as well as the nowcasting and warning processes and
routines at the Latvian Environment, Geology and Meteorology Centre. In
addition, the databases and knowledge produced during the research phase
might lead to further investigations of extreme climate events and hazardous
hydrometeorological phenomena in Latvia.
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ANOTACIJA

Klimata parmainas tiek uzskatitas par vienu no galvenajiem
izaicinagjumiem, kas 21. gadsimta skars cilvéci un dabas sisteémas, turklat
ekstremalu un bistamu paradibu izmainas ir saistitas ar ieveérojami lielakiem
riskiem, neka klimata parmainas kopuma. Lidz $im ekstremalas klimatiskas
paradibas un bistamas hidrometeorologiskas paradibas Latvija ir maz pétitas.
Lidz ar to S§1 promocijas darba merkis ir ar aptverosas analizes un
miisdienigas metodikas palidzibu apzinat ekstremalu klimatisko paradibu un
tadu bistamu hidrometeorologisko paradibu ka juras ledus, migla un perkona
negaiss klimatiskas izplatibas raksturu un ilggadigas izmainas Latvija.

Pétfjuma rezultati ilustré butiskas izmainas ekstremalu Klimatisko
paradibu un bistamu hidrometeorologisko paradibu rakstura lidz§ingjo
klimata parmainu ietekmé. Kops pagajusa gadsimta vidus Latvija novérota
butiska ekstremali aukstu dienu un ziemas sezonai raksturigu
hidrometeorologisko paradibu skaita samazinaSanas, kamér ekstremali
karstas dienas un dienas ar stipriem nokri$niem ir kluvusas biezakas.
Konstatéto izmainu telpiskas atskiribas ir saistamas ar p&tijjuma izmantoto
hidrometeorologisko novérojumu staciju geografiskas atraSanas vietas
raksturu, ka arT ar valdoSajiem atmosferas cirkulacijas apstakliem. Petfjuma
rezultati ilustré attalinato novérojumu nozimi bistamu hidrometeorologisko
paradibu novero$ana Latvija, un vienlaikus arT iezZimé darba gaita radito datu
kopu un zinasanu parnesi izmantoSanai turpmaku pétijumu, ka arl
hidrometeorologisko un klimata pakalpojumu izstradg.

Sis promocijas darbs ir tematiski vienota astonu zinatnisko
publikaciju kopa.

Atslégas vardi: klimata parmainas, ekstremalas klimatiskas
paradibas, bistamas hidrometeorologiskas paradibas, migla, peéerkona
negaiss, juras ledus.
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IEVADS

Pétijuma aktualitate

Klimata parmainas ir atzitas par vienu no nozimigakajiem
izaicinajumiem, kas misdienas skar cilvéci un ekosistemas. Uz Zemes
klimata izmainam norada ne tikai globala meéroga novérota bitiska vidgjas
gaisa temperatiiras paaugstinasanas, bet ari $o parmainu ietekme uz visam
klimata sistémas sastavdalam: Gidens temperatiru, atmosfeéras nokrisniem,
upju noteci, ledus un sniega segas veidoSanos, bistamajam
hidrometeorologiskajam paradibam u.c. Lidz ar to klimata parmainas
raksturo ne tikai izmainas meteorologisko parametru vid€jas vertibas, bet ari
klimata indikatoru mainiba un ekstremalu un bistamu hidrometeorologisko
paradibu — pieméram, speciga karstuma un karstuma vilnu, intensivu
nokri$nu, plidu — raksturd. Turklat izmainam, kas skar ekstremalas
klimatiskas paradibas un bistamas hidrometeorologiskas paradibas, var but
ieverojami lielaka negativa ietekme uz sabiedribu un ekosisttmam neka
klimata parmainam kopuma. Tomer par ekstremalu un bistamu notikumu
ilggadigajam izmainam aizvien ir zinams daudz mazak neka par vidgjo
klimatisko raditaju izmainam. Lidz ar to klimata un laika apstaklu rakstura
analize nacionala meéroga ir bitisks solis cela uz aptveroSu izpratni par
klimatiskajiem procesiem, kas norit arT regionala un globala méroga.

Pétijuma meérkis, hipotéze un izvirzitie pétnieciskie jautajumi

Sis disertacijas mérkis ir ar aptverodas analizes un miisdienigas
metodikas palidzibu izvertet ekstremalu klimatisko paradibu un bistamu
hidrometeorologisko paradibu raksturu un ilggadigas izmainas Latvija.

Disertacijas ietvaros izvirzita hipotéze nosaka, ka kops pagajusa
gadsimta  vidus ekstremalu  klimatisko paradibu un  bistamu
hidrometeorologisko paradibu biezumu un intensitati Latvija ir skaruSas
butiskas izmainas. Lidz ar to disertacija ietvaros tiek risinati $adi p&tnieciskie
jautajumi:

1. Kads ir ekstremalu klimatisko paradibu un tadu bistamu
meteorologisko paradibu ka migla un pérkona negaiss klimatiskais
raksturojums un ilggadigo izmainu tendences Latvija?

2. Kads ir juras ledus ka bistamas hidrometeorologiskas paradibas
klimatiskais raksturojums un ilggadigo izmainu tendences Baltijas jtras un
Rigas lica piekrastes teritorijas Latvija?

3. Kada ir attalinato novérojumu pielietojamiba bistamu
hidrometeorologisko paradibu novéro$ana un analizé Latvija?

4. Kadi atmosferas apstakli ir labveligi ekstremalu klimatisko
paradibu un bistamu hidrometeorologisku paradibu attistibai Latvija?
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Pétijuma novitate

ST promocijas darba rezultati sniedz vispusigu ekstremalu klimatisko
paradibu un bistamu hidrometeorologisku paradibu raksturojumu un
kompleksu analizi, kas Latvija izstradata pirmo reizi. Lidz ar to promocijas
darba rezultati ietver §adas novitates:

¢ noteikta, raksturota un analiz&ta ekstremalu klimatisko paradibu un
bistamu hidrometeorologisko paradibu klimatiska un telpiska izplatiba, ka
ar1 to biezuma un intensitates ilggadigo izmainu tendences;

o noteikti un raksturoti ekstremalu klimatisko paradibu un bistamu
hidrometeorologisko paradibu attistibai raksturigie atmosféras apstakli;

e apzinata  attdlinato  noverojumu  pielietojamiba  bistamu
hidrometeorologisko paradibu monitoringam un analizei Latvija, ka ari
attalinato noveérojumu informacija identificéti paaugstinatas bistamibas
pérkona negaisu indikatori;

e analizgjot ilggadigas pérkona negaisu biezuma un intensitates
novérojumu laika rindas, izveértéta Latvija izmantoto pérkona negaisu
bridinajumu kriteriju atbilstiba.

Pétljuma rezultatu praktiska pielietojamiba

Promocijas darba ietvertie rezultati var tikt pielietoti gan, lai attistitu
un pilnveidotu nacionalos hidrometeorologiskos un klimata pakalpojumus,
ko sniedz Latvijas Vides, geologijas un meteorologijas centrs, gan ari, lai
izstradatu efektivas ricibpolitikas un iniciativas klimata parmainu
adaptacijas un mazinaSanas joma. leglitie rezultati papildina eso$as
nacionala limena klimatologijas, ka arT tie var tikt izmantoti, lai uzlabotu un
papildinatu prognozgsanas un bridindgjumu procediiras, tadgjadi paaugstinot
adaptacijas un noturibas pret klimata parmainu raditajam ietekmém
kapacitati Latvija. Petfjuma ietvaros izstradatas datubazes un datu kopas var
tikt izmantotas turpmakiem petfjumiem par ekstremalam klimatiskajam
paradibam un bistamam hidrometeorologiskajam paradibam Latvija.

Rezultatu aprobacija

Petijuma rezultati publicéti astonas zinatniskajas publikacijas, ka art
par tiem zinots kopuma 16 starptautiskas un 8 vietgjas zinatniskajas
konferences.

Zinatniskas publikacijas par promocijas darba temu

1. Publikacija. Avotniece, Z., Rodinov, V., Lizuma, L., Briede, A., Klavins,
M. (2010). Trends in the frequency of extreme climate events in
Latvia. Baltica, 23 (2), 135-148. (Scopus un ISI Web of Science)
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1. LITERATURAS APSKATS

Efektivu un pardomatu klimata parmainu adaptacijas un mazinasanas
stratégiju un pasakumu izstrades stirakmens ir aptveroSas zinaSanas un
izpratne par ekstremalu un bistamu paradibu raksturu lidzsingjo klimata
parmainu kontekstda. Tomer, lai gan plass pétijumu klasts apraksta
meteorologisko parametru vidgjo vertibu izmainas, lidz §im konceptu
neviennozimibas un pieejamo datu ierobezojumu raditi SkerSli ir
apgrutinajusi ekstremalu un bistamu gadijumu nov€rojumus, analizi un
reprezentativu to klimatologiju izveidi (Klein Tank, 2004). Starp Siem
Skérsliem, pirmkart, ir ekstremalu un bistamu paradibu kompleksa daba:
augstas ietekmes gadijumi biezi vien ir lokali un var bt ar1 1slaicigi. Lidz ar
to noverojumi piezemes meteorologisko novérojumu tikla var bt nepilnigi
vai tikai dalgji reprezentativi (Burroughs, 2003). Citi $kérsli ekstremalu
klimatisko  paradibu un bistamu hidrometeorologisko  paradibu
identifikacijai un analizei ir ar tiem saistito konceptu neviennozimiba
(Meteoalarm, 2017; Beniston et al., 2007; Easterling et al., 2000; Klein
Tank, 2004). Vienlaikus pétijumi norada uz laikapstaklu un specifisku
klimatisko apstaklu radito ekonomisko zaud&jumu pieaugumu. Turklat tiek
prognozets, ka turpmakas klimata parmainas §is negativas ietekmes uz
dazadiem socioekonomiskiem sektoriem palielinas vél vairak (Handmer et
al., 2012; Kovats et al., 2014).

Globala méroga noritosas klimata parmainas ir izraistjusas izmainas
arT ekstremalu klimatisko gadijumu un bistamu laika apstaklu biezuma,
sezonalitatg, ilguma, telpiskaja izplatiba un intensitaté (Karl and Trenberth,
2003). Vairaki pétijumi norada uz batiskam ekstremalu klimatisko paradibu
indeksu vertibu izmainam Eiropa kop$ 20. gadsimta vidus (Heino et al.,
1999; Wibing and Glowicki 2002; Klein Tank and Kénnen, 2003; Moberg
and Jones, 2005; Kazys et al., 2011). P&tijjumi apstiprina ilggadiga laika
perioda picaugosu ekstremali siltu dienu un nak$u skaita palielinaSanos,
kam@r ekstremali aukstas dienas un naktis ir kluvusas retakas (IPCC, 2014).
Novérota gaisa temperatiiras paaugstinaSanas ir radijusi satraukumu par
karstuma vilnu nelabveligajam ietekm&m — vairakas industrializetas valstis
konstatéts karstuma izraisitas mirstibas pieaugums (Dessai, 2002; Diaz et
al., 2006; Beniston, 2007; UnkaSevica and ToS$ic, 2009). Turklat, lidz ar
sabiedribas novecosanos liela dala attistito valstu pieaug ar sabiedribas
ievainojamiba pret ekstremala karstuma gadijumiem (Handmer et al., 2012).

Eiropa veikti petijumi liecina, ka ekstremalu atmosféras nokriSnu
izmainu tendencém raksturigas ievérojamas telpiskas atskiribas (Klein Tank,
2004; Beniston et al., 2007), tomér visbitiskaka ekstremalu nokrisnu
biezuma palielina$anas tendence ir novérota Baltijas jiras regiona (Bhend
and Storch, 2007; Kjellstrom and Ruosteenoja, 2007). Stipru nokriSnu
gadijumu skaits ziemas sezona ir palielindjies Centraleiropa un Eiropas
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ziemelu dala, savukart vasaras sezona stipru nokriSnu gadijumu skaita
pieaugums ir raksturigs Eiropas ziemelaustrumu apgabaliem. Vienlaikus
Dienvideiropa gan ziemas, gan vasaras sezona stipri nokrisni kluvusi retaki
(Beniston et al., 2007; Kjellstrom and Ruosteenoja, 2007). Baltijas juras
sateces baseina par 8,24 mm/dekadé palielinajies ar1 gada kopgjais
atmosferas nokri$nu daudzums (Bhend and Storch, 2007).

Ekstremalas paradibas rada visievérojamakos draudus sabiedribai un
individiem, tomér postoSas laika apstaklu ietekmes var radit ari
meteorologiski notikumi, kas pasi nav uzskatami par ekstremaliem. Lai gan
bistamas hidrometeorologiskas paradibas rada plasus socioekonomiskus
zaud&jumus un postijumus Eiropa, to ilggadigo izmainu tendences lidz Sim
ir pétitas visai maz. Bistamas hidrometeorologiskas paradibas ir atSkirigas
péc to veido$anas sezonas, ka ari ietekmes uz tautsaimniecibas sektoriem.
Piem@ram, pagajusa gadsimta laika ierasta paradiba bijusi juras ledus
veidosanas Baltijas jiras un Rigas li¢a pickrasté, bet lidzsingjo klimata
parmainu ietekmé pieaugosas ziemas sezonu temperatiiras ir kavéjusas jiras
ledus attistibu (IPCC, 2014b). Tomgr §Ts izmainas nav bijuSas linearas, ari
21. gadsimta sakuma noveérotas atseviskas aukstas un ledus bagatas ziemas,
kas radijusas batiskus apgritindgjumus kugu navigacijai.

Cita bistama paradiba, kas negativi ietekmé transporta sist€mas, ir
migla (Cermak and Bendix, 2008; Heo et al., 2010). Migla daudzviet pasaulé
ir atzita par bistamu meteorologisku paradibu, kas var radit transporta
negadijumus un, lidz ar gaisa piesarnotaju ietekmi, blivi apdzivotas un
apbuvetas teritorijas pasliktinat gaisa kvalitati (Lange et al., 2003; Singh and
Dey, 2012; Bendix, 2002; Witiw and LaDochy, 2008). Vienlaikus migla ka
mitruma avots ir arl loti nozimiga ekosisttmu un cilvéku veselibas
nodrosinasanai (Sachweh and Koepke, 1997). Noturibas un biezuma zina
visintensivakas miglas daudzas industrializétas pasaules valstis novérotas
pagajusa gadsimta 40-0s un 50-0s gados. Kop§ ta laika, pieaugot gaisa
kvalitates prasibam un samazinoties atmosferas gaisa suspendéto dalinu
koncentracijai, miglu klimatologija ir iev€rojami mainijusies un vairakas
valstis noverota miglu biezuma samazinasanas (Bendix, 2002; Witiw and
LaDochy, 2008; Shi et al., 2008).

Visbistamaka meteorologiska paradiba, kas Latvija nov€rojama
vasaras sezona, ir pérkona negaiss. Ar pérkona negaisiem saistiti bistami
laika apstakli ir noveéroti visas Eiropas valstis, un tie ievérojami apdraud
dzivibas, Tpasumus un tautsaimniecibu. Turklat ar pérkona negaisiem ir
saistitas vairakas bistamas meteorologiskas paradibas, kas var radit
apdraudgjumu cilvéku veselibai un dzivibai, IpaSumu bojajumus,
ekonomiskas sekas un vides degradaciju. Sis bistamas paradibas, kas ietilpst
maza meroga bistamu meteorologisko paradibu grupa, ietver krusu, zibeni,
postosus taisnlinijas v&jus, virpulstabus un intensivas lietusgazes, kas var
izraisit pludus (Parsons, 2015; Zwiers et al., 2013; Czernecki et al., 2016;
Dotzek et al., 2009; Doswell et al., 1990). Pédgjo gadu laika registréto
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spécigu negaisu gadijumu skaits ir palielingjies — tas gan liela méra ir saistits
ar paaugstinatu iesp&ju tos identificét ar meteorologisko radaru un satelitu
palidzibu, ka arT del vairakas valstis izveidotajiem brivpratigo noverotaju
tikliem. Vienlaikus Eiropa veikti p&tijumi neapstiprina pérkona negaisu
bieZzuma palielinasanos — Lietuva un Igaunija konstatSta pérkona negaisu
skaita samazinasanas (Enno et al., 2014), savukart Somija (Tuomi and
Maikeld, 2008) un Polija (Bielec-Bakowska, 2003) nav konstatgtas bitiskas
izmainas. Sie atklajumi uzsver izteiktas perkona negaisu biezuma dinamikas
telpiskas atskiribas. Viennozimigu secindjumu trukums par lidz§ingjam un
nakotné sagaidamajam pérkona negaisu rakstura izmainam ir liela méra
saistits ar to reprezentativas novéro$anas ierobeZojumiem (Zwiers et al.,
2013). Lidz ar to efektivu nacionalo bridinajumu sisttmu un mehanismu
izveide ir nozimiga jebkadu iespgamo izmainu negativo ietekmju
mazinasana.
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2. DATI UN METODES

Saja nodala apkopota informacija par galvenajam pétfjuma
IstenoSana izmantotajam datu kopam un to analizes metodém. Pilnigs un
detalizéts izmantoto datu un metoZzu apraksts pieejams atbilstosajas
promocijas darba ietverto zinatnisko publikaciju nodalas.

Pétjjuma pamata ir piezemes hidrometeorologisko noveérojumu
ilggadigo datu rindu analize. Novérojumu dati iegiti no ilggadiga datu
arhiva, ko uztur un parvalda Latvijas Vides, geologijas un meteorologijas
centrs (turpmak ar1 — LVGMC). Pétfjuma ieklauta noverojumu informacija
no Latvijas piezemes hidrometeorologisko novérojumu stacijam, kuras par
pétijuma ietvaros analizétajiem meteorologiskajiem parametriem picejamas
nepartrauktas ilggadigo datu rindas. Dati tika iegfiti no vésturiska arhiva, kas
tiek uzturéts papira formata, ka ar1 ekstrahéti no elektroniskas
hidrometeorologisko novérojumu datubazes CLIDATA. Ta ka promocijas
darbs ietver daudzveidigu hidrometeorologisko parametru analizi, no datu
arhiva tika iegiita novérojumu informacija ar diennakts laika soli par sadiem
raditajiem:

¢ vidgja, minimala un maksimala gaisa temperatiira;

e atmosferas nokrisnu daudzums;

o vidgjais v&ja atrums un maksimalas v&ja brazmas;

o vidgja tdens temperatiira un juras ledus esamiba;

e vidgjais relativais gaisa mitrums;

o vidgjais atmosferas spiediens stacijas Itmenf;

e atmosferas paradibu novérojumi — migla, pérkona negaiss, krusa,

sniega graudi.

Lai raksturotu eckstremalo klimatisko paradibu un bistamo
hidrometeorologisko paradibu klimatisko izplatibu un ilggadigo izmainu
tendences Latvija, tika izmantotas ilggadigas novérojumu datu rindas par
laika periodu no 1924. lidz 2015. gadam (Riga-Universitate novérojumu
stacijai par laika periodu no 1852. gada). Lai nodro$inatu pétijjuma
izmantotas informacijas uzticamibu un reprezentativitati, meteorologisko
novérojumu datu rindam tika veikta pamata kvalitates kontrole un
homogenitates novertgjums.

No piezemes meteorologisko novérojumu gaisa temperatiiras un
atmosferas nokriSnu datiem tika aprékinati indeksi, kas raksturo izmainas to
vidgjas un  ekstremalas vertibas. Petijuma izstradé ieklauti
CCI/CLIVAR/JCOMM Klimata parmainu un indeksu ekspertu grupas
(ETCCDI — The Expert Team on Climate Change Detection and Indices)
izstradatie indeksi (ECA&D, 2017).

Pérkona negaisu intensitates novert€juma veikSanai atbilstosi
nacionalajiem bridinajumu kriterijiem tika izmantota informacija par
papildus meteorologisko parametru novérojumiem. Sobrid Latvija
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izmantotie pérkona negaisu bridingjumu kriteriji ir balstiti uz to pavado$o
bistamo meteorologisko paradibu — krusas, v&a brazmu un atmosféras
nokri$nu — intensitati. Atkariba no pavadosSo paradibu intensitates, perkona
negaisi tiek iedaliti zala, dzeltena, oranza un sarkana bistamibas limena
negaisos, atbilstosi Meteoalarm bridinajumu limeniem (LEGMC, 2017;
Meteoalarm, 2017).

Papildus piezemes meteorologisko novérojumu informacijai, bistamo
hidrometeorologisko paradibu analizei tika izmantota ari attalinato
noveérojumu informacija. Tika izmantoti daudzveidigi attalinato noverojumu
avoti, tai skaita Ziemelvalstu zibens izlazu informacijas sisttmas NORDLIS
(Nordic Lightning Information System) (Mékela et al., 2010), Rigas lidostas
tuvuma novietota meteorologiska Doplera radara METEOR 500C (SELEX
Sistemi Integrati GmbH, 2006) informacija, ka ari no vairakiem
meteorologiskajiem satelitiem iegiti spektralie att€li un uz satelitu
noveérojumiem balstitas datu kopas (CM SAF, 2009). No meteorologiska
radara un satelitiem iegiita informacija nodro$ina gan kvalitativus, gan
kvantitativus raditajus meteorologiskas analizes veik$anai. Perkona negaisu
intensitates noveért€juma ietvaros no attalinato noveérojumu datiem tika
identificéti daudzveidigi teorija balstiti un operativaja meteorologija plasi
pielietoti raditaji (Stalker and Knupp, 2001; Rigo and Pineda, 2016; Lemon
and Doswell, 1979; Setvak et al., 2010; Zibert and Zibert, 2013).

Lai raksturotu ekstremalu klimatisko paradibu un bistamu
hidrometeorologisko paradibu attistibai labvéligos atmosféras apstaklus,
petijuma ietvaros tika izmantota informacija par liela méroga atmosferas
cirkulacijas raksturu. Tika izmantoti uz Gerstengarbes un Vernera
(Gerstengarbe and Werner) (Hoy et al., 2013) izstradato cirkulacijas tipu
modifikacijam balstiti 18 liela méroga atmosféras cirkulacijas tipi, kas
padariti pieejami starptautiskai izmantoSanai Eiropas Zinatnes un
tehnologiju sadarbibas projekta 733 (COST 733 — European Cooperation in
Science and Technology Action 733) ietvaros (COST733, 2013). Savukart,
lai noteiktu saistibu starp izmainam jiiras ledus veidosanas apstaklos un liela
méroga klimatisko apstaklu noteicosajiem faktoriem, tika izmantots
Ziemelatlantijas oscilacijas (NAO — North Atlantic Oscillation) indekss
(Luterbacher et al., 2002) un Baltijas ziemas indekss (WIBIX — Baltic winter
index) (Hagen and Feistel, 2005).

Meteorologisko parametru ilggadigas izmainas tika noveértétas,
izmantojot Manna-Kendala testu. Sim nolikam tika izmantots riks
MAKESENS, kas izveidots izmainu tendencu identifikacijai un
novértédanai ikgadéju datu rindas (Salmi et al.,, 2002). Novért&juma
procediira ir balstita uz neparametrisko Manna-Kendala testu (Richard,
1987) tendences noteikSanai un Sena metodi §is tendences apmeru
novertésanai. Manna-Kendala tests ir pielietojams, lai noteiktu izmainu
tendences laika rindas, kuras nepastav sezonals vai cita veida cikliskums. ST
ir salidzinos$i robusta metode attieciba pret datu iztrikumiem, un tai nav

46



stingru prasibu pret datu ieksgjo mainibu, I1dz ar to ta ir salidzinos$i populars
riks tenden¢u novert€jumam klimata parmainu konteksta (Salmi et al.,
2002).
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3. REZULTATI UN DISKUSIJA

Klimatiskos apstaklus Latvija ietekm& tas novietojums FEirazijas
kontinenta ziemelrietumu dala (kontinentala klimata ietekmes), ka ar1
Atlantijas okeana tuvums (juras klimata ietekmes). Izteikta ciklonu aktivitate
virs Latvijas nosaka izteikti nepastavigus un mainigus laika apstaklus. Sadi
apstakli rada atskiribas gaisa temperatiiras un atmosferas nokri$nu rezima,
ka arT ekstremalo klimatisko paradibu un bistamo hidrometeorologisko
paradibu telpiskas izplatibas nevienméribu.

3.1. Ekstremalas klimatiskas paradibas Latvija
3.1.1. Ekstremalu klimatisko paradibu izmainu tendences Latvija

P&tijuma gaita Latvija tika konstatétas butiskas ekstremalu klimatisko
paradibu izmainas. leglitie rezultati apstiprina statistiski biitisku diennakts
vidgjas, minimalas un maksimalas gaisa temperatiiras vidéjo vértibu
paaugstinasanos. Visas meteorologisko novérojumu stacijas diennakts
minimalas un maksimalas gaisa temperatiiras vidgjo vertibu paaugstinasanas
tendences ir statistiski butiskas, turklat kops 1950. gada 12 stacijas butiski
paaugstinajusas ari diennakts minimalas gaisa temperatiras zemakas
vertibas. Diennakts minimalas gaisa temperatiiras augstako vertibu, ka art
diennakts maksimalas gaisa temperatiiras augstadko un zemako vertibu
izmainu tendences uzrada zemaku statistiska bitiskuma Iimeni, Tpasi
meteorologisko novérojumu stacijas valsts austrumu dala. Sadas atikiribas
ilustré gaisa temperatiiras ekstremalo vértibu izmainu heterogenitati un
vietg§jo geografisko faktoru ietekmi uz klimatiskajiem raditajiem
regionala/lokala méroga. Turklat, ari gada griezuma gaisa temperatturas
paaugstinaSanas nav noritgjusi vienmérigi. Par satrauco$am var tikt
uzskatitas Riga konstatétas gaisa temperatiiras paaugstinasanas tendences,
kas izpauzas gandriz visa gada garuma (iznemot oktobri un decembri). Sadas
izmainas uzsver pilsétas mikroklimata nozimi termala rezima veidoSana
(Gabriel and Endlicher, 2011; Lizuma, 2008).

Ekstremalas gaisa temperatiiras raksturojoso klimata indeksu
izmainu tendences ir izteiktakas tiem indeksiem, kas saistiti ar ziemas
sezonas ekstremalu temperatiiru gadijumiem. Pieméram, sala dienu (FD) un
dienu bez atkus$na (ID) skaits ir batiski samazinajies visas meteorologisko
noveérojumu stacijas (1. att€ls). Tomer picaugo$as gaisa temperatiiras vidgjas
vertibas ir izraisfjusas arl ekstremali karstu dienu un nakSu skaita
palielinasanos. Lielakaja dala meteorologisko novérojumu staciju konstatéta
statistiski butiska vasaras dienu (SU) un tropisko nak$u (TR) skaita
palielinasanas.
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1. attels. Ekstremalas gaisa temperatiiras vértibas raksturojoso klimata
indeksu ilggadigo izmainu tendences (Manna-Kendala testa vértibas) Latvija
laika perioda no 1950. lidz 2010. gadam. Att€la izmatotie saisindjumi atbilst
$adiem klimata indeksiem: FD — sala dienas; 1D — dienas bez atku$na; SU — vasaras
dienas; TR — tropiskas naktis.
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2. attels. Atmosferas nokriSnus raksturojoso klimata indeksu ilggadigo izmainu
tendences (Manna-Kendala testa vertibas) Latvija laika perioda no 1950. lidz
2010. gadam. Attela izmatotie saisinajumi atbilst $adiem klimata indeksiem: Ptot —
gada kopgjais nokrisnu daudzums mitras dienas; R10 — dienas sar stipriem
nokri$niem; SDII — vienkarSots ikdienas intensitates indekss.
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Turklat visa Latvija butiska pieaugoSa tendence konstatSta arl
karstuma vilnu indikatora vertibam, kas raksturo ilgstosu karstuma periodu
ilgumu. Sis var tikt uzskatitas par vissatrauco$akajam konstatétajam
izmainam, jo ilgsto$a karstuma periodu biezuma vai ilguma palielinasanas
var palielinat cilvéku saslimstibu un mirstibu (Diaz et al., 2006; Beniston,
2007; Unkasevica and Tosic, 2009).

llggadigo datu rindu analize Latvija uzrada statistiski batiskas
atmosferas nokriSnu biezuma un intensitates izmainas. Petljuma gaita
lielakaja dala meteorologisko novérojumu staciju tika konstatéta statistiski
butiska gada kopgja nokriSnu daudzuma mitras dienas (Ptot) palielinasanas,
ka ar7 butiskas izmainas vienkarSota diennakts intensitates indeksa (SDII)
vértibas. Sadas izmainas norada uz parmainam atmosféras nokrisnu
intensitates rakstura un Iidz ar to ar stipru nokri$nu izraisito postijumu
potenciala (2. attéls). Turklat visas meteorologisko novérojumu stacijas tika
konstatéts ari dienu skaita ar stipriem (R10) un loti stipriem atmosféras
nokri§niem pieaugums. Lielakaja dala pétjjuma ieklauto meteorologisko
noveérojumu staciju atmosferas nokri$nu intensitates izmainas ir pozitivas un
statistiski butiskas. Vienlaikus tika konstatétas ari regionalu faktoru
ietekmes uz atmosferas nokri$nu sadalijumu un reZimu. Pieméram, izteikta
dienu skaita ar stipriem nokri$niem palielinasanas Riga, kas ir ipasi izteikta
pedgjo ~80 gadu laika, vartu bit saistita ar Rigas Iica ietekmi un urbana
klimata specifiku (Birkmann et al., 2010).

3.1.2. Ar ekstremalajam klimatiskajam paradibam Latvija saistitie liela
meroga atmosferas cirkulacijas tipi

Lai apzinatu ekstremalu klimatisko paradibu attistibai labvéligos
atmosferas apstaklus, petijuma ietvaros tika analiz&ti ikdienas liela méroga
atmosferas cirkulacijas tipi par laika periodu no 1957. Iidz 2002. gadam.
Tika noskaidrots, ka ekstremali karstas dienas un naktis visbiezak Latvija
tiek novérotas anticiklonisku dienvidrietumu un dienvidu plasmu apstak]os,
gadijuma, kad augsta spiediena apgabals atrodas virs Eiropas centralas dalas.
Vienlaikus ekstremali karsti laika apstakli Latvija var biit saistiti arT ciklona
silto sektoru.

Savukart dienas ar stipriem atmosferas nokriSniem parsvara
noveérotas cikloniskos apstaklos. Tomeér tika noverotas atSkiribas
domingjosos sinoptiskajos procesos gada siltajas un aukstajas sezonas.
Vasard stipru nokri$nu gadijumi parsvara bija saistiti ar konvektivajiem
procesiem un ar cikloniem saistitam aukstajam atmosféras frontém, savukart
ziema stipru nokriSnu gadijumi parsvara bija ar silto atmosferas fronsu nestu
ilgstoSu atmosferas nokrisnu rezultats (Jakimavicius and Kovalenkovieng,
2010; Kriauditiniene et al., 2008). Tomér apstaklos, kad ciklona centrs
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atrodas virs Latvijas, stipri atmosferas nokri$ni valsti var tikt novéroti gan
vasara, gan ziema.

3.2. Juras ledus izmainas Baltijas jiiras un Rigas lica Latvijas
piekraste

3.2.1. Jiiras ledus klimatiskais raksturojums Latvijas piekraste

Atbilstosi pieejamo ilggadigo laika rindu analizei, Latvijas piekrastes
rajonos sakotngja ledus veidoSanas parasti aizsakas P&rnavas lici, kur
sakotngjas ledus formas tiek novérotas decembra vida. Turpmak ledus
klatais apgabals pakapeniski izplatas gar Rigas lica ziemelaustrumu krastu,
vienlaikus noritot sakotngjo ledus formu attistibai lica dienvidu un rietumu
piekraste. Visstraujaka ledus veido$anas visbiezak ir noveérojama februari,
kad labveligos apstaklos Rigas licis pilniba aizsalst. Loti aukstas ziemas
ledus var veidoties ari Baltijas jiras pickraste. Tomer atkariba no
valdoSajiem atmosfeéras apstakliem, ledus izplatiba gadu no gada ir izteikti
atskiriga. Ar valdoSajiem rietumu puses v&jiem ledus uzlii$ana aizsakas lica
rietumu dala un pakapeniski izplatas uz austrumiem. Pirma akvatorija, kas ir
briva no ledus, parasti ir Irbes Saurums, tam sekojot li¢a rietumu un dienvidu
dalai. Savukart lica ziemelu un ziemelaustrumu dala kiistosa dreiféjosa ledus
paliekas saglabajas visilgak.

Ledus sezonas vidgjais ilgums vislielakais ir P&rnavas licT un Rigas
lica ziemelu dala — 145 dienas jeb gandriz 5 meénesi. Savukart visisaka ledus
sezona ~2 ménesu ilguma ir raksturiga Rigas lica dienvidrietumu dalai, Irbes
Saurumam un Baltijas jliras piekrastei. Lidz $im ilgaka ledus sezona Rigas
IicT bijusi 168 dienas, bet Baltijas jiras piekrasté — 127 dienas.

3.2.2. Juras ledus ilggadigas izmainas Latvijas piekraste

Noverota gaisa temperatiras vidéjo vertibu paaugstinasanas ir
veicinajusi butiskas izmainas ledus apstaklos gan Baltijas jiras, gan Rigas
lica Latvijas piekrasté. Laika perioda no 1949. lidz 2013. gadam tika
konstat&ta butiska ledus sezonas ilguma samazinasanas tendence (3. attéls).

Sadas izmainas ir cie§i saistitas ar liela méroga atmosféras
cirkulacijas procesu virs Atlantijas okeana dinamiku un izmainam: tika
konstatéta izteikta negativa korelacija starp Ziemelatlantijas oscilacijas
indeksu un dienu skaitu ar jaras ledu Latvijas piekrastg. Sie atklajumi ilustré
saikni starp liela meéroga Ziemelatlantijas oscilacijas noteicoSajiem
faktoriem un regionala méroga klimata procesiem Baltijas regiona. Turklat,
tika konstatéta arT negativa korelacija starp Ziemelatlantijas oscilacijas
indeksu, Baltijas ziemas indeksu un ledus uzliSanas datumiem. Sada
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sakariba norada uz to, ka procesiem virs Atlantijas okeana ziemelu dalas ir
noteicosa loma ledus rezZima veidosana Latvijas piekraste.
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3. attels. Ledus sezonas ilguma ilggadigo izmainu tendences Rigas Ii¢a Latvijas
piekraste (péc Salacgrivas noveérojumu stacijas datu rindam) laika perioda no
1949. Iidz 2013. gadam

Lai gan ilggadigaja laika perioda ledus sezonas ilgums ir butiski
samazinajies (Gebre et al., 2014), pédgjas desmitgades laika ir novérotas
ziemas ar plasu ledus segu virs Latvijas piekrastes Gideniem. Piem&ram,
2010./2011. gada ziemas sezona, Rigas licis bija pilniba aizsalis jau februara
vidi un dreifSjosa kiistosa ledus atliekas lici saglabajas lidz pat maija
sakumam.

3.3. Miglas klimatiskais raksturojums un ilggadigo izmainu
tendences Latvija

3.3.1. Miglas klimatiskais raksturojums Latvija

Migla tiek uzskatita par vienu no bistamakajam meteorologiskajam
paradibam, kas negativi ietekmé transporta sist€mas, Tpasi gaisa satiksmi —
izraisot lidojumu kav&Sanos, atcelSanu vai parvirzisanu. Ilggadigo laika
rindu analizes gaitd tika noskaidrots, ka migla Latvija ir sam&ra biezi
noveérojama atmosferas paradiba — ta veidojas vid&ji 19-59 dienas gada.
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4. attéls. Meteorologisko satelﬁu novéliotais vi;léjais zémo mﬁi(m,lu
daudzums (%) rudeni (SON), ziema (DJF), pavasari (MAM) un vasara (JJA)
laika perioda no 2008. Iidz 2013. gadam

Miglas veidoSanas ir ciesi saistita ar vietas geografisko novietojumu,
tostarp reljefu un nogazes ekspoziciju, attalumu no Baltijas jiras un Rigas
Ii¢a, ka arT ar miglas veido$anu saistitajiem atmosféras procesiem. Lidz ar to
dazadas valsts dalas novérojamas dienu skaita ar miglu atskiribas. Migla
Latvija visbiezak tiek noveérota augstienu rietumu dalas, savukart visretak —
augstienu austrumu dalas un Rigas lica piekrasté. Turklat bitiski piemingt,
ka miglu veidoSanas biezuma verojamas izteiktas variacijas gan sezonu, gan
gadu griezuma. Iek§zemes meteorologisko noveérojumu stacijas miglu
veidoSanas maksimums tiek novérots laika starp augustu un decembri.
Rudens ménesos biezi veidojas radiacijas migla, savukart ziema un pavasari
pakapeniski palielinas advekcijas miglas veidoSanas Ipatsvars. Lidz ar to
piekrastes meteorologisko novérojumu stacijas maksimalais miglu biezums
novérojams pavasarl — marta, aprili un maija — kad silta gaisa advekcija no
rietumiem veicina advekcijas miglas veidoSanos. Lidzigu sezonalu
sadalfjumu uzrada ar uz satelitu novérojumiem balstitu zemo makonu
izplatibas dati (4. attéls).

Migla var tikt klasificéta péc tas veido$anas apstakliem advekcijas,
siltuma izstarojuma jeb radiacijas, vai arT abu $o procesu kombinacijas cela
(Ahrens, 2007). Katrs no minétajiem procesiem var veicinat miglas
veidoSanos Latvija visa gada garuma. Analizes gaita tika noskaidrots, ka
miglas veidoSanas Latvija parsvara bijusi saistita ar rietumu un
dienvidrietumu gaisa pliismam anticikloniskos apstaklos. Sados apstaklos
var veidoties gan advekcijas, gan radiacijas tipa migla. Padzilinata novéroto
miglas gadijumu analize Rigas lidosta liecina, ka lielaka dala pasliktinatas
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redzamibas gadijumu bijusi saistiti ar radiacijas miglas veidosanos. Tomer
butiska dala Latvija noveroto miglas gadijumu veidojusas ar1 cikloniskos
apstaklos, kad miglas veidoSanas bijusi saistita ar frontalajam sistémam vai
ciklona silto sektoru. Lidz ar to var secinat, ka miglas veidoSanas Latvija
parsvara ir saistita ar Silta un mitra gaisa ieplidi no rietumiem,
dienvidrietumiem.

3.3.2. Miglu bieZuma ilggadigas izmainas Latvija

Kops 1960. gada ikgadgjais dienu skaits ar miglu Latvija ir butiski
samazinajies (1. tabula), un $adas izmainas konstatétas visas 14 pétijjuma
ieklautajas meteorologisko noveérojumu stacijas.

1. tabula
Miglu skaita ilggadigo izmainu tendences (Manna-Kendala testa vertibas)
sezonu un gada griezuma Latvija laika perioda no 1960. Iidz 2012. gadam.
Statistiski biitiskas vertibas izceltas treknraksta.

Ziema Pavasaris Vasara Ziema

(DIF)  (MAM)  (JJA) (SON)  Vissgads
Aliiksne 5,09 5,40 3,87 488 6,59
Daugavpils -5,30 -4,96 -4,41 -4,34 -6,42
Dobele -2,81 -3,67 -2,26 ~1,93 -3,71
Kolka —4,73 -3,70 -345 385 4,15
Liepaja 2,92 ~1,91 0,86 ~1,89 -3,01
Mgrsrags -2,84 -0,67 -1,18 -1,24 -2,44
Priekuli -3,48 ~2,85 331 215 _4,558
Riga ~1,99 -3,02 422 2,94 —4,28
Rijiena -4,32 -4,86 6,17 -4,18 6,35
Skriveri 2,47 1,71 -3,06 -1,96 —4,01
Skulte 2,82 -322 ~430 —4729 5,08
Stende -2,98 -3,46 —4,07 -3,13 5,15
Ventspils -3,33 -2,19 221 ~1,49 —4,48
Zoséni 2,75 —2,54 2091 2,66 -324
Kopuma —4,34 -341 5,20 —4,08 5,78
Latvija

Miglu biezums samazinajies visas sezonas, tomér visbutiskakas
izmainas konstat€tas ziema. Savstarpgji salidzinot miglu biezum izmainas
un gaisa temperatiiras vertibu izmainas, var konstatet lidzigas iezimes —
batiskakas abu parametru parmainas konstatétas ziemas sezona. Tadgjadi
iespgjams, ka ilggadigaja laika perioda novérota miglas bieZuma
samazinasanas Latvija var€tu blt saistita arT ar gaisa temperatiiras
paaugstinasanos. Tomér abu parametru savstarpgja korelacija neuzrada
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konsekvenci laika un telpa, un lidz ar to norada uz papildus meteorologisko
faktoru —tadu ka, pieméram, gaisa mitrums, kondensacijas kodolu klatbitne,
atmosferas cirkulacijas apstakli u.c. — ietekmi uz miglas veidosanos un tas
telpisko izplatibu Latvija.

3.4. Pérkona negaisu raksturojums Latvija
3.4.1. Pérkona negaisu klimatiskais raksturojums Latvija

Pérkona negaisi ir viena no bistamakajam atmosféras paradibam
Latvija, un tie neapSaubami ir bistamaka paradiba vasaras sezona. Pérkona
negaisu biezuma un intensitates klimatiska analize par laika periodu no
1960. lidz 2015. gadam liecina, ka Latvija pérkona negaiss var tikt novérots
jebkura gada laika, tomér lielaka negaisu aktivitate novérojama laika perioda
starp maiju un septembri. Gada kopgjais dienu skaits ar pérkona negaisu
valsti vari€ no vidgji 14,5-16,4 dienam Baltijas juras piekrastg lidz vid&ji 23
dienam Latvijas austrumu dalas augstienu apgabalos (5. attéls). Pérkona
negaisu veidoSanas ir cie$i saistita ar lokaliem geografiskiem apstakliem, ka
arT ar to attistibai labveligiem atmosferas procesiem, lidz ar to visas 14
pétijuma ieklautajas meteorologisko novérojumu stacijas konstatéta
ievérojama perkona negaisu skaita mainiba gadu no gada.

sueys nuaig

5. attéls. Videjais dienu skaits gada ar pérkona negaisu Latvija laika perioda
no 1960. Iidz 2015. gadam

Lai apzinatu ilggadigas izmainas perkona negaisu intensitaté Latvija,
apskatita perioda laika novérotie perkona negaisu gadijumi tika grup@ti péc
tos pavadoso bistamo atmosferas paradibu intensitates. Sada pieeja tika
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aizglita un atvasinata no valstl pazreiz lietotajiem pérkona negaisu
bridinajumu kriterijiem. Analizes gaita tika noskaidrots, ka lielaka dala (71—
85%) kops 1966. gada Latvija novéroto pérkona negaisu nav bijusi bistami
jeb atbildusi zala bistamibas [Tmena negaisu krit€rijiem. Dzeltena bistamibas
Itmena pérkona negaisi novéroti 4,6-13% gadijumu, savukart oranza
bistamibas ITmena negaisi — 9,7 lidz 14% gadijumu. Sarkana bistamibas
Itmena perkona negaisi tiek uzskatiti par ekstremaliem gadijumiem, ko
pavada par 25 m/s lielakas krasas v&ja brazmas vai specigas lietusgazes ar
kopgjo diennakts nokrisnu daudzumu lielaku par 50 mm. Sadi gadijumi
Latvija bijusi ievérojami retaki — tikai 0,2—1,7% kop§ 1966. gada novéroto
perkona negaisu klasificeti ka sarkana bistamibas limena negaisi. legttie
rezultati liecina, ka 11dzSingji izmantotie pérkona negaisu bridinajumu
kriteriji kopuma ir atbilsto$i bistamu pérkona negaisu klimatiskajam
raksturojumam. Tomér izn€mums ir oranza bistamibas Itmena pé&rkona
negaisi, kas noveroti biezak neka mazak bistamie dzeltena bistamibas Iimena
perkona negaisi.

3.4.2. Pérkona negaisu bieZuma un intensitates ilggadigo izmainu
tendences Latvija

Misdienu klimatiskas normas perioda no 1981. Iidz 2010. gadam
perkona negaisa dienu skaits ir par aptuveni divam dienam mazaks neka
klimatiskas references perioda no 1961. lidz 1990. gadam. Ari trendu
analizes rezultati apstiprina visparéju pérkona negaisu biezuma
samazinasanas tendenci — negaisu biezums statistiski batiski samazinajies
astonas no 14 p&tijuma ieklautajam meteorologisko novérojumu stacijam (2.
tabula). Lidzigas atzinas gatas arT Lietuva un Igaunija izstradatos pétijjumos
(Enno et al., 2014), savukart Polija un Somija butiskas izmainas pérkona
negaisu bieZuma nav konstatétas (Bielec-Bakowska, 2003; Tuomi and
Mikeld, 2008).
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2. tabula
Dienu skaita ar peérkona negaisu, dazadu bistamibas Iimenu pérkona negaisu
Ipatsvara (%), krusas gadijumu skaita, videéja un maksimala atmosferas
nokri$nu daudzuma (mm), véja brazmu (m/s) dienas ar pérkona negaisu un
dienu skaita ar parsniegtam atmosféras nokri§nu un véja brazmu intensitates
robezvértibam ilggadigo izmainu tendences (Manna-Kendala testa vértibas)
laika perioda no 1960. lidz 2015. gadam. Statistiski buitiskas vértibas izceltas

treknraksta.

Meteorologisko novérojumnu stacija =

. £

M §' o & = = ] H

| F ||z |EBE|F || E|E|e|t|E|8|E

S| ||| 8|5 |E|&|Z|E |2 |E|E|Z% |¢§

Raditijs = | a 2| 2| = | & |z z |z | = | = | = ]
Dienu skaits ar pérkona negaisu 23| 34| 05| 25| 06| 07| -1.5| -30| -2,5| 34| 34| 07| -1.1| 38| 2,7
Zalais bistamibas limenis “16| 19] 28| 23| 03| -10| 32| 39| -19| 24| 10| 03| 16| 07| -3,6
Dzeltenais bistamibas limenis 20, 05| 26| 16| 05| 04| 47| 20| 33| 23| 02| 03| 16| 14| 36
Oranzais bistamibas limenis 07| -27| 13| 06| 01| 07| 07| 33| -04| 06| 11| 03| 09| 02| 16
Sarkanais bistamibas limenis 12| 19| 04| 13| 08| 24| -13| -08 00| -01] -19] 14| -05] 01
Krusas gadijumu skaits 37| 22| 0.7 08| 0.5 3.0 13| 2,7 16| 02| 23| -10 04| 04| 00
Vidéjais nokrisnu daudzums 2,0 14| 14| 34| 02| 24| 13| 3| 15| 13| 21| 17| 07| 14| 37
Maksimalais nokriépu daudzums | 04| 26| 15| 17| 06| 11| —03| 05| 06 06| 05| 11| -03| -1.2| 07
Nokrisnu daudzumsz= 15 mm 01| -17] 15| 12| 03| 13| -08| 11| -07| 04| -01| 06| 10| -1,1| 02
Nokrispu daudzums: 50 mm 1.0 03| 15| 03| 32| 04| 02| 07| -16| 24| -02| 00| 01| 09
Vidgjas veja brazmas 55 0.0 55 40| 0.3 5.2 4.7 6.5 4.7 4.4 35| 34 39 3,7 6,5
Maksimalas véja brazmas 23| 2,0 4,1 04| 14| 0.0 1,2 2,7 1.5 1.8 04| 14| 1,0 14 1.3
Véja brazmas 15-19 m/s 20| -14] 47| 17| 03| 07| 41| 46| 24| 24| 08| -10| 09| 10| 25
Véja brazmas 20-24 m/s 11| 35| 24| 03| 08 00| 14| 00| 06| -1,5[ 23| 03| 02| -1,1
Véja brazmas > 25 m/s 06| -15] 13| 07| 00 “1L1| -1.2 0,8 1,0 0,5

Stipru nokri$nu un krusas gadijumu skaita izmainas dienas ar pérkona
negaisu bijusas telpiski nevienmerigas, bet visizteiktakas izmainas
konstatétas v€ja parametru vértibas. Butiski pieminét, ka novérota véja
brazmu intensitates un bieZuma palielinaSanas dienas ar pérkona negaisu
norit&jusi vienlaikus ar citu pétijjumu ietvaros konstatétu vispargju vidgja
v&ja atruma samazinasanos Latvija (Briede, 2016).

3.4.3. Attalinato novérojumu izmantoSana pérkona negaisu
identifikacijai un analizei Latvija

Iepriek$ sniegta klimatiska analize raksturo vispargjo konvektivo
procesu aktivitati Latvija. Tomér gandriz ik gadu valsti tiek noveroti
atseviski spécigu peérkona negaisu gadijumi, kas rada ieverojamus
postijumus. Lidz ar to, lai ar laicigas un efektivas bridinajumu sist€mas
palidzibu samazinatu §adu gadijumu postosas ietekmes, ir biitiski padzilinati
analiz@t ar spécigiem pérkona negaisiem saistitos atmosferas apstaklus, ka
ar apzinat raditajus, kas var kalpot par postosu negaisu indikatoriem gan vél
pirms to atfistibas, gan ari to veidosanas faze. Sim nolikam pétijuma gaita
tika apzinata lidz§ingja vairaku teorija balstitu un operativaja meteorologija
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plasi pielietotu raditaju klatbutne meteorologiska radara un satelitu
novérojumos dienas ar pérkona negaisiem Latvija.

Meteorologiska radara novérojumu analizes gaita tika noskaidrots, ka
no teorétiskajiem spécigu pérkona negaisu raditajiem Latvija dienas ar
pérkona negaisu visbiezak tiek novérota vertikali ielickta makona forma
(tilted updraft), retak tiek nov@rotas strukturalas izmainas radara
atstaroSanas vertibu vertikalaja skérsgriezuma (weak echo region) (13-43%
gadijumu), savukart visretak tiek noveérotas akveida struktiras (hook echo)
(2-16% gadijumu). Virkne raditaju tika identific€ti arT no meteorologisko
satelitu novérojumu datiem — rinkveida (cold-ring) un v-veida (v-shaped)
negaisa makonu struktaras (5-28% gadijumu), mazu ledus dalinu klatbitne
makona virsotng (20-50% gadijumu), makonu virsotnu iesnieg$anas
stratosfera (overshooting tops) (22-63% gadijumu), gravitacijas vilni
(gravity waves) (4-15% gadijumu). Par raditajiem, kas var bat noderigi
sakotngjai augstas ietekmes pérkona negaisu identifikacijai Latvija, tika
atzitas meteorologiska radara maksimalas atstaroSanas vertibas virs 50 dBZ
un makonu virsotnu iesnieg$anas stratosfera. Vienlaikus tika noskaidrots, ka
specigakie nokri$ni dienas ar perkona negaisu tikusi noveroti gadijumos ar
gravitacijas vilpiem, v-veida negaisa makonu struktiram un mazam ledus
dalinam makona virsotng. Savukart spécigakas v&ja brazmas bijusas saistitas
ar gravitacijas vilniem, mazam ledus dalipam un radara maksimalas
atstaroSanas vertibu zem 50 dBZ noverojumiem. Lidz ar to Sie raditaji var
noradit uz paaugstinatu pérkona negaisu bistamibas potencialu.
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SECINAJUMI

Kops 20. gadsimta vidus Latvija noverotas bitiskas ekstremalo
klimatisko paradibu biezuma izmainas. Ekstremalu klimatisko paradibu
indeksu ilggadigo izmainu tendencu analize norada uz statistiski butisku
karstu dienu skaita palielinasanos, savukart ekstremali zemu gaisa
temperatiiru gadijumi ziemas sezona ir kluvusi retaki. Vienlaikus konstatéts
arT stipru atmosferas nokriSnu gadijumu skaita un intensitates pieaugums,
tomér So tendenCu apméri un statistiska biitiskuma Itmenis nav telpiski
vienmerigi sadaliti.

Latvija konstatetas ekstremalu klimatisko paradibu izmainas
teritoriali bijuSas atSkirigas, iezim&jot apgabalus, ko skaruSas krasakas
parmainas. Ta izteiktakais stipru atmosféras nokriSnpu biezuma un
intensitates pieaugums noveérots Rigas Ii¢a piekrasté, tadgjadi ilustréjot
Rigas Iica ietekmi uz nokris$nu telpisko izplatibu valsti. Klimata indeksu
izmainu tendences izteiktakas bijuSas ari galvaspilséta Riga, kur $adas
izpausmes var€tu biit saistamas ar lielam pilsétam raksturiga mikroklimata
ietekmi.

Petjjuma gaita tika konstatStas likumsakaribas starp ekstremalu
klimatisko paradibu noverojumiem un liela méroga atmosferas cirkulacijas
apstakliem. Tika noskaidrots, ka ekstremali augstas gaisa temperatiiras
gadijumi Latvija visbiezak tiek novéroti anticiklonisku dienvidrietumu un
dienvidu plismu, ka arT ciklonisku rietumu, dienvidrietumu plismu
apstaklos. Savukart stipru atmosferas nokri$nu gadfjumi parsvara bijusi
saistiti ar ciklonu darbibas ietekmi.

Gaisa temperatiiras paaugstinasanas ietekmé kops 20. gadsimta vidus
Baltijas joras un Rigas lica Latvijas piekrasté butiski samazinajies ledus
sezonas ilgums, ko raksturo vélaka ledus izveidoSanas un atraka ta izzuSana.
Tomer §is izmainas laika gaita nav bijusas vienmeérigas, un tika konstatgts,
ka juras ledus rezimu ietekmé liela méroga atmosféras cirkulacijas procesi
virs Atlantijas okeana ziemelu dalas.

Migla Latvija ir sam&ra biezi noverojama bistama atmosferas
paradiba — ta tick noverota vidgji 19-59 dienas gada un tas izplatiba ir laika
un telpa nevienmérigi sadalita. Kop$ 20. gadsimta vidus miglas Latvija
kluvusas ievérojami retakas, un §adas izmainas varétu biit saistitas gan ar
dabisku faktoru ietekmi, gan arT pakapenisku industrialo aktivitasu
samazinasanos un Iidz ar to arT gaisa kvalitates uzlaboSanos. Tomér migla
aizvien ir viena no tam atmosferas paradibam, kas Latvija apdraud transporta
sist€mas, jo Tpasi aviacijas parvadajumus.

Lai gan lielaka dala Latvija novéroto miglas gadijumu bijusi saistiti
ar anticikloniskiem apstakliem, migla biezi vien pavada nelielu atmosferas
nokriSnu klatbitne — Sis var@tu but indikators advekcijas tipa miglu
dominancei Latvija. Taja pat laika, analiz&jot Rigas lidostas novérojumu
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stacijas laika rindas, tika konstatets, ka visintensivakas miglas gadijumi
vargtu tikt klasificeti ka radiacijas migla. Radiacijas miglai raksturiga
mazaka noturiba, un I1dz ar to ta aviacijas parvadajumiem ir mazak bistama
neka advekcijas migla. Ta ka advekcijas tipa miglai ir butiska ietekme uz
gaisa satiksmes organizaciju, savlaiciga informacija, ko sniedz
meteorologiskie sateliti, ir neatsverams riks miglas un zemo makonu
apgabalu izplatibas un noturibas prognozgsanai.

Peérkona negaisi ir viena no bistamakajam atmosféras paradibam
Latvija un tie tiek novéroti vidgji 14,5-23 dienas gada. Dienu skaita ar
pérkona negaisu telpiska izplatiba ilustré reljefa un Baltijas juras tuvuma
ietekmi uz konvektivo procesu izplatibu valsti.

Pérkona negaisi ir kompleksa atmosféras paradiba, kas ietver
vairakas pavado$as bistamas atmosfCras paradibas, pieméram, sp&cigas
lictusgazes, krusu un krasas v&ja brazmas. Atmosféras nokri$ni ir visbiezak
novérota paradiba dienas ar perkona negaisu Latvija, un vidgjais nokrisnu
daudzums $adas dienas ir 4,3-9,3 mm, savukart maksimalais ik gadu
sasniedz vid&ji 25-29 mm. Krusa dienas ar pérkona negaisu Latvijas
oficialajas novérojumu stacijas tiek registréta reti — vidgji tikai 0,3-1,1 dienu
gada. Savukart v&ja brazmas dienas ar perkona negaisu vidgji sasniedz 14—
20 m/s, un augstakas vertibas raksturigas Baltijas juras piekrastes rajoniem.
Tomér kopgjais v€ja brazmainums dienas ar p&rkona negaisu ir lielaks
iek§zemes meteorologisko noveérojumu stacijas.

Perkona negaisu intensitates klimatiska analize liecina, ka vidgji 71—
85% Latvija novéroto pérkona negaisu gadijumu nav bijusi bistami. Dienu
skaits ar dzeltena, oranza un sarkana bistamibas ITmena pérkona negaisiem
bijis ievérojami mazaks — dzeltena bistamibas ITmena negaisi novéroti vidgji
4.6-13% gadijumu, oranza bistamibas ITmena negaisu Tpatsvars svarstijies
starp 0,7 un 14%, savukart sarkana bistamibas ITmena negaisi neparsniegusi
0,2—-1,7% no kop€ja novéroto negaisa dienu skaita. Tadgjadi iegiitie rezultati
liecina, ka pasreiz izmantotie perkona negaisu bridinajumu kriteriji kopuma
ir atbilstosi bistamu pérkona negaisu klimatiskajai izplatibai. Tomér oranza
bistamibas ITmena kriteriji btu parskatami.

Misdienu klimatiskas normas perioda no 1981. Iidz 2010. gadam
perkona negaisa dienu skaits ir par aptuveni divam dienam mazaks, neka
klimatiskas references perioda no 1961. Iidz 1990. gadam. Turklat ilggadigo
izmainu tendencu analize norada uz statistiski bitisku perkona negaisu
biezuma samazinasanos astonas no 14 pétjjuma icklautajam meteorologisko
novérojumu stacijam. Vienlaikus konstatéti pérkona negaisu intensitates
pieauguma indikatori. Ta, pieméram, Rigas Iia piekrasté ilggadigaja laika
perioda bitiski palielindjies atmosféras nokriSnu biezums un intensitate
dienas ar perkona negaisu. Tomér visbiitiskakas izmainas konstatétas veja
parametru rakstura — vairuma meteorologisko novérojumu staciju to vértibas
ir biitiski paaugstinajusas.
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Padzilinata atsevisku pérkona negaisu gadfjumu analize sniedz
detaliz&tu ieskatu procesos, kas nosaka konvektivo paradibu veidosanos un
attistibu, un kas aizvien ir izaicinajums zinatnes kopienai. Divu Latvija un
Polija nov@rotu tornado gadijumu analize apraksta Iidzigas ietekmes
gadijumu veidosanos at$kirigos atmosfeéras apstaklos, un tadgjadi ilustré
konvektivo paradibu veidoSanas, dinamikas un intensifikacijas komplekso
dabu.

Attalinato noverojumu informacijas izmanto$ana nenoliedzami
sniedz papildus detaliz€tu informaciju par perkona negaisu attistibai
raksturigajiem atmosferas apstakliem. Meteorologiska radara novérojumu
analize liecina, ka negaisa makonu atstaro$anas parsvara sniedzas no 1-2 km
lidz 6-11 km virs zemes virsmas, savukart maksimalas radara atstaro$anas
vertibas parsvara sasniedz 50 dBZ. Savukart no meteorologisko satelitu
noverojumiem iegita informacija liecina, ka konvektivo makonu virsmas
temperattiras parsvara vari€ 210-230 K (-63 lidz —43°C) robeZas.

Analizes gaita tika noskaidrots, ka analizetie teorétiskie raditaji
attalinato novérojumu datos ir lietderigi pérkona negaisu intensitates
novertésanai, ka arT konvektivo paradibu veidoSanas apstaklu raksturo$anai
Latvija. Par raditajiem, kas var but noderigi sakotngjai augstas ietekmes
pérkona negaisu identifikacijai Latvija, tika atzitas meteorologiska radara
maksimalas atstaro$anas vertibas virs 50 dBZ un makonu virsotnu
iesniegSanas stratosféra. Savukart tadu papildus indikatoru ka gravitacijas
vilni, mazas ledus dalinas makona virsotné un v-veida makonu struktiiru
klatbtitne norada uz paaugstinatu pérkona negaisu bistamibas potencialu.

ST promocijas darba izstrades gaita iegiitic rezultati var sniegt
ieguldijumu Latvijas Vides, geologijas un meteorologijas centra nodro$inato
nacionalo hidrometeorologisko un klimatologisko pakalpojumu, ka arT loti
Isa termina prognozu un bridindgjumu procesu attistibai un uzlaboSanai.
Turklat pétijuma izstrades faze raditas datubazes un zinasanas var kalpot par
atsperiena punktu turpmakiem ekstremalo klimatisko paradibu un bistamo
hidrometeorologisko paradibu pétijumiem Latvija.

61



REFERENCES / LITERATURAS SARAKSTS

Ahrens, C.D. (2007). Meteorology Today: an Introduction to Weather, Climate, and
the Environment. Andover, Cengage Learning. 624 pp.

Bendix, J. (2002). A satellite-based climatology of fog and low-level stratus in
Germany and adjacent areas. Atmospheric Research, 64, 3-18.

Beniston, M., Stephenson, D.B., Christensen, O.B., Ferro, C.A.T., Frei, C., Goyette,
S., Halsnaes, K., Holt, T., Jylh4, K., Koffi, B., Palutikof, J., Scholl, R., Semmler, T.,
Woth, K. (2007). Future Extreme Events in European Climate: An Exploration of
Regional Climate Model Projections. Climatic Change, DOI:10.1007/s10584-006-
9226-z

Beniston, M. (2007). Linking extreme climate events and economic impacts:
examples from the Swiss Alps. Energy Policy, 35 (11), 5384-5392.

Bhend, J., Storch, V. (2007). Consistency of Observed Winter Precipitation Trends
in Northern Europe with Regional Climate Change Projections. Climate Dynamics,
DOI:10.1007/s00382-007-0335-9

Bielec-Bakowska, Z. (2003). Long-term variability of thunderstorm occurrence in
Poland in the 20" century. Atmospheric Research, 67-68, 35-52.

Birkmann, J., Garschagen, M., Kraas, F., Quang, N. (2010). Adaptive Urban
Governance: New Challenges for the Second Generation of Urban Adaptation
Strategies to Climate Change. Sustainability Science, DOI:10.1007/s11625-010-
0111-3

Briede, A. (2016). Latvijas klimats un ta mainibas rakstturs [The climate of Latvia
and its variability]. In: Klavins, M., Zaloksnis, J. (eds.), Kiimats un ilgtspejiga
atttistiba [Climate and sustainable development] (In Latvian with summary in
English) (pp. 55-90). Riga: University of Latvia Academic Press.

Burroughs, W. (ed.) (2003). Climate: Into the 21st century. Cambridge: Cambridge
University Press for World Meteorological Organization. 240 pp.

Cermak, J., Bendix, J. (2008). A novel approach to fog/low stratus detection using
Meteosat 8 data. Atmospheric Research, 87, 279-292.

CM SAF (2009). Algorithm Theoretical Basis Document. CM-SAF Product CM-02,
CM-08 and CM-14. Cloud Fraction, Cloud Type and Cloud Top Parameter Retrieval
from SEVIRI. Available:
http://www.cmsaf.eu/EN/Documentation/Documentation/ATBD/pdf/SAF_CM_D
WD_ATBD _CFC_CTH_CTO_ SEVIRI_1.pdf?_blob=publicationFile&v=4
[Accessed 29.09.2017]

COST733 (2013). Classification catalogue. Awvailable: http://cost733.geo.uni-
augsburg.de/cgi/cost733plot.cgi [Accessed 27.09.2017]

Czernecki, B., Taszarek, M., Kolendowicz, L., Konarski, J. (2016). Relationship
between human observations of thunderstorms and the PERUN lightning detection
network in Poland. Atmospheric Research, 167, 118-128.

Dessali, S. (2002) Heat Stress and Mortality in Lisbon Part I. Model Construction and
Validation. International Journal of Biometeorology, 47, 6-12.

62


http://www.cmsaf.eu/EN/Documentation/Documentation/ATBD/pdf/SAF_CM_DWD_ATBD_CFC_CTH_CTO_SEVIRI_1.pdf?__blob=publicationFile&v=4
http://www.cmsaf.eu/EN/Documentation/Documentation/ATBD/pdf/SAF_CM_DWD_ATBD_CFC_CTH_CTO_SEVIRI_1.pdf?__blob=publicationFile&v=4
http://cost733.geo.uni-augsburg.de/cgi/cost733plot.cgi
http://cost733.geo.uni-augsburg.de/cgi/cost733plot.cgi

Diaz, J., Linares, C., Tobias, A. (2006). Impact of Extreme Temperatures on Daily
Mortality in Madrid (Spain) among the 45-64 Age Group. International Journal of
Biometeorology, 50, 342-348.

Doswell, C.A., Rasmussen, E.N., Davies-Jones, R., Keller, D.L. (1990). On summary
measures of skill in rare event forecasting based on contingency tables. Weather
Forecasting, 5, 576-585.

Dotzek, N., Groenemeijer, P., Feuerstein, B., Holzer, A.M. (2009). Overview of
ESSL's severe convective storms research using the European Severe Weather
Database ESWD. Atmospheric Research, 93, 575-586.

Easterling, D.R., Meehl, G.A., Parmesan, C., Changnon, S.A., Karl, T.R., Mearns,
L.O., (2000). Climate extremes: observations, modeling, and impacts. Science, 289,
2068-2074.

ECA&D (2017). Indices dictionary. Available:
http://eca.knmi.nl/indicesextremes/indicesdictionary.php [Accessed 25.09.2017]

Enno, S.E., Post, P., Briede, A., Stankunaite, I. (2014). Long-term changes in the
frequency of thunder days in the Baltic countries. Boreal Environment Research, 19,
452-466.

Gabriel, K.M.A., Endlicher, W.R. (2011). Urban and Rural Mortality Rates During
Heat Waves in Berlin and Brandenburg. Germany. Environmental Pollution, 159
(8/9), 2044-2050.

Gebre, S., Boissy, T., Alfredsen, K. (2014). Sensitivity to climate change of the
thermal structure and ice cover regime of three hydropower reservoirs. Journal of
Hydrology, 510 (3), 208-227.

Hagen, E., Feistel, R. (2005). Climatic turning pints and regime shifts in the Baltic
Sea region: The Baltic winter index (WIBIX) 1659-2002. Boreal Environment
Research, 10, 211-224.

Handmer, J., Honda, Y., Kundzewicz, Z.W., Arnell, N., Benito, G., Hatfield, J.,
Mohamed, I.F., Peduzzi, P., Wu, S., Sherstyukov, B., Takahashi, K., Yan, Z. (2012).
Changes in impacts of climate extremes: human systems and ecosystems. In: Field,
C.B., Barros, V., Stocker, T.F., Qin, D., Dokken, D.J., Ebi, K.L., Mastrandrea, M.D.,
Mach, K.J., Plattner, G.-K., Allen, S.K., Tignor, M., Midgley, P.M. (eds.), Managing
the Risks of Extreme Events and Disasters to Advance Climate Change Adaptation.
A Special Report of Working Groups | and Il of the Intergovernmental Panel on
Climate Change (IPCC) (pp. 231-290). Cambridge: Cambridge University Press.

Heino, R., Brazdil, R., Forland, E., Tuomenvirta, H., Alexandersson, H., Beniston,
M., Pfister, C., Rebetz, M., Rosenhagen, G., Rosner, S., Wibig, J. (1999). Progress
in the study of climatic extremes in Northern and Central Europe. Climate Change,
42,151-181.

Heo, K., Ha, K., Mahrt, L., Shim, J. (2010). Comparison of advection and steam fogs:
from direct observation over the sea. Atmospheric Research, 98, 426-437.
Hoy, A., Sepp, M., Matschullat, J. (2013) Atmospheric circulation variability in

Europe and northern Asia (1901 to 2010). Theoretical and Applied Climatology,
113(1-2), 105-126.

63


http://eca.knmi.nl/indicesextremes/indicesdictionary.php

IPCC (2014). Climate Change 2014: Synthesis Report. Contribution of Working
Groups I, Il and I11 to the Fifth Assessment Report of the Intergovernmental Panel
on Climate Change. Geneva: IPCC. 151 pp.

IPCC (2014b). Climate Change 2014: Impacts, Adaptation, and Vulnerability.
Contribution of Working Group Il to the Fifth Assessment Report of the
Intergovernmental Panel on Climate Change. Cambridge: Cambridge University
Press. 1132 pp.

Karl, T.R., Trenberth, K.E. (2003). Modern global climate change. Science, 302,
1719-1723.

Kazys, J., Stankiinavi¢ius, G., Rimkus, E., Bukantis, A., Valiukas, D. (2011). Long-
range Alternation of Extreme High Day and Night Temperatures in Lithuania.
Baltica, 24 (2), 71-82.

Kjellstrom, E., Ruosteenoja, K. (2007). Present-day and Future Precipitation in the
Baltic Sea Region as Simulated in a Suite of Regional Climate Models. Climatic
Change, DOI:10.1007/s10584-006-9219-y

Klein Tank, A.M.G. (2004). Changing temperature and precipitation extremes in
Europe’s climate of the 20" century. PhD thesis. De Bilt: The Netherlands. 124 pp.

Klein Tank, A.M.G., Kénnen, G.P. (2003). Trends in indices of daily temperature
and precipitation extremes in Europe, 1946-1999. Journal of Climatology, 16, 3665—
3680.

Kovats, R.S., Valentini, R., Bouwer, L.M., Georgopoulou, E., Jacob, D., Martin, E.,
Rounsevell, M., Soussana, J.-F. (2014). Europe. In: Barros, V.R., Field, C.B.,
Dokken, D.J., Mastrandrea, M.D., Mach, K.J., Bilir, T.E., Chatterjee, M., Ebi, K.L.,
Estrada, Y.O., Genova, R.C., Girma, B., Kissel, E.S., Levy, A.N., MacCracken, S.,
Mastrandrea, P.R., White, L.L. (eds.), Climate Change 2014: Impacts, Adaptation,
and Vulnerability. Part B: Regional Aspects. Contribution of Working Group Il to
the Fifth Assessment Report of the Intergovernmental Panel on Climate Change (pp.
1267-1326). Cambridge: Cambridge University Press.

Lange, C.A., Matschullat, J., Zimmermann, F., Sterzik, G., Wienhaus, O. (2003). Fog
frequency and chemical composition of fog water — a relevant contribution to
atmospheric  deposition in the Eastern Erzgebirg, Germany. Atmospheric
Environment, 37, 3731-3739.

LEGMC (2017). Warnings. Available:
http://www.meteo.lv/en/bridinajumi/?nid=679 [Accessed 09.09.2017]

Lemon, L.R., Doswell, C.A. (1979). Severe Thunderstorm Evolution and
Mesocyclone Structure as Related to Tornadogenesis. Monthly Weather Review, 107,
1184-1197.

Lizuma, L. 2008. Gaisa temperatiiras un atmosferas nokrisnu mainibas raksturs
Riga. Disertacija [Variability of air temperature and precipitation in Riga.
Dissertation] (In Latvian). Riga: University of Latvia Press.

Luterbacher, J., Xoplaki, E., Dietrich, D., Jones, P.D., Davies, T.D., Portis, D.,
Gonzalez-Rouco, J.F., von Storch, H., Gyalistras, D., Casty, C., Wanner, H. (2002).
Extending North Atlantic Oscillation Reconstructions Back to 1500. Atmospheric
Science Letters, 2, 114-124.

64


http://www.meteo.lv/en/bridinajumi/?nid=679

Mason, S.J., Waylen, P.R., Mimmack, G.M., Rajaratnam, B., Harrison, J.M. (2004).
Changes in Extreme Rainfall Events in South Africa. Climatic Change, 41 (2), 249—
257.

Mikeld, A., Tuomi, T.J., Haapalainen, J. (2010). A decade of high-latitude lightning
location; effects of the evolving location network in Finland. Journal of Geophysical
Research, 115(D21), DOI:10.1029/2009JD012183

Meteoalarm (2017). Weather warnings: Europe. Available:
http://www.meteoalarm.eu/ [Accessed 09.09.2017]

Moberg, A., Jones, F.D. (2005). Trends in Indices for Extremes in Daily Temperature
and Precipitation in Central and Western Europe Analyzed 1901-1999. International
Journal of Climatology, 25, 1149-1171.

Parsons, D.B. (2015). Continental convective system. In: Brunet, G., Jones, S., Ruti,
P.M. (eds.), Seamless prediction of the Earth system: from minutes to months (pp.
233-265). Geneva: World Meteorological Organization.

Richard, O.G. (1987). Statistical Methods for Environmental Polluting Monitoring.
Canada: John Wiley& Sons. 336 pp.

Rigo T., Pineda N. (2016). Inferring the severity of a multicell thunderstorm evolving
to supercell, by means of radar and total lightning. Electronic Journal of Severe
Storms Meteorology, 11 (2), 1-27.

Sachweh, M., Koepke, P. (1997). Fog dynamics in an urbanized area. Theoretical
and Applied Climatology, 58, 87-93.

Salmi, T., Maittd, A., Anttila, P., Ruoho-Airola, T., Amnell, T. (2002). Detecting
Trends of Annual Values of Atmospheric Pollutants by the Mann-Kendall Test and
Sen’s Slope Estimates — the Excel Template Application MAKESENS. Publication
on Air Quality, Finnish Meteorological Institute, 1-31.

SELEX Sistemi Integrati GmbH (2006). Instruction Manual. Release 5.15.1. Neuss-
Rosellen: Sistemi Integrati GmbH.

Setvak, M., Lindsey, D.T., Novakv, P., Wang, P.K., Radova, M., Kerkmann, J.,
Grasso, L., Su, S.H., Rabin, R.M., Staska, J., Charvat, Z. (2010). Satellite-observed
cold-ring-shaped features atop deep convective clouds. Atmospheric Research, 97,
80-96.

Shi, C., Roth, M., Zhang, H., Li, Z. (2008). Impacts of urbanization on longterm fog
variation in Anhui Province, China. Atmospheric Environment, 42, 8484-8492.
Singh, A., Dey, S. (2012). Influence of aerosol composition on visibility in megacity
Delhi. Atmospheric Environment, 62, 367-373.

Stalker, J.R., Knupp, K.R. (2001). A Method to Identify Convective Cells within
Multicell Thunderstorms from Multiple Doppler Radar Data. Monthly Weather
Review, 130, 188-195.

Tuomi, T.J., Makeld, A. (2008). Thunderstorm climate of Finland 1998-2007.
Geophysica, 44, 67-80.

Unkasevica, M., Tosic, 1. (2009). An analysis of heat waves in Serbia. Global and
Planetary Change, 65, 17-26.

Wibing, J., Glowicki, B. (2002). Trends of Minimum and Maximum Temperatures
in Poland. Climate Research, 20, 123-133.

65



http://www.meteoalarm.eu/

Witiw, M.R., LaDochy, S. (2008). Trends in fog frequencies in the Los Angeles
Basin. Atmospheric Research, 87, 293-300.

Zibert, M.1, Zibert, J. (2013). Monitoring and automatic detection of the cold-ring
patterns atop deep convective clouds using Meteosat data. Atmospheric Research,
123, 281-292.

Zwiers, F.W., Alexander, L.V., Hegerl, G.C., Knutson, T.R., Kossin, J.P., Naveau,
P., Nicholls, N., Schir, C., Senevirante, S.I., Zhang, X. (2013). Climate extremes:
Challenges in estimating and understanding recent changes in the frequency and
intensity of extreme climate and weather events. In; Asrar, G.R., Hurrell, J.W. (eds.),
Climate science for serving society: Research, Modeling and Prediction Priorities
(pp. 339-389). London: Springer.

66



