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Abstract

:

Climate change is leading to an annual increase in extreme conditions. Public health is closely related to weather conditions; hence, climate change becomes a major factor concerning every-day human health conditions. The most common extreme natural phenomenon that affects people’s health is the summer heat wave. During the 21st century, as the air temperature continues to rise, the sea surface temperature (SST) rises along with it, especially along the seacoasts. More massive water bodies, such as seas or larger lagoons, that warm up during the day do not allow the ambient air to cool down quickly, causing the air temperature to often be warmer at night in the coastal area than in the continental part of the continent. Currently, not only an increase in the number of days with heat waves is observed, but also an increase in the number of tropical nights in the coastal zone of the Southeastern Baltic Sea. In this work, heat waves are analyzed in the seaside resorts of Lithuania, where the effects of the Baltic Sea and the Curonian Lagoon are most dominant.
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1. Introduction


A heatwave is a prolonged period of excessively hot weather that may be accompanied by high humidity, especially in marine climate areas. Heat waves and tropical heat nights are indeed extreme weather events whose occurrence is becoming ever more likely on the Baltic Sea coast due to climate change.



Heat waves are one of the most dangerous anomalies of climate change, which may intensify if humanity continues to irresponsibly pollute and change natural systems and does not reduce pollution, the use of fossil fuels, and greenhouse gas emissions. Information about heat waves and their changing trends is necessary to better mitigate the effects of climate change by applying key knowledge and sustainable management principles. Air temperature and its anomalies directly affect ecosystems, people’s economic activities, agriculture, urbanization planning, adaptation of buildings, and the growth of energy resources.



Heat waves are one of the biggest challenges of our time and are associated with extreme events and threats to various ecosystems and human health. The 2018 International Panel on Climate Change (IPCC) Special Report warns that allowing the planet to warm beyond 1.5 °C will result in climate change impacts, including drought and heat waves that are deleterious for humanity and biodiversity [1]. As the climate warms, the number of natural disasters and weather anomalies is increasing around the world, and the damage they cause is ever more disastrous. The 6th Assessment of The Intergovernmental Panel on Climate Change projects increasing thermal-associated morbidity and mortality under anthropogenically induced warming of air temperature and heat waves [2].



The number of heat waves (HWs) and their intensity have increased worldwide during the last decades, as well as on the European continent [3], including the Baltic Sea region [4]. Climate change projections suggest that in the Northern Hemisphere and European summers, heat waves will become more frequent and severe during this century [5,6,7]. The most severe impacts arise from multi-day heat waves associated with warm night-time temperatures and high relative humidity [8].



The Baltic Sea is a semi-enclosed intra-continental shallow sea with a specific environmental uniqueness due to its special geographical, climatological, and oceanographic characteristics (Figure 1). The southern and western parts of the Baltic Sea belong to the central European mild climate zone in the westerly circulation, and the northern part is located at the polar front with cold and dry east wind dominance. The climate of the Baltic Sea region has a large degree of variability due to the opposing effects of moist and relatively mild marine airflows from the North Atlantic Ocean and the Eurasian continental climate [9].



The Baltic Sea region is characterized by extremely variable weather conditions due to its position in the extratropics, lying between arctic and subtropical air masses [11]. It is strongly influenced by the atmospheric circulation in the North Atlantic European sector, which is steered by two pressure systems, namely the Icelandic Low and the Azores High, which define the North Atlantic Oscillation (NAO) [12]. Due to the meridional pressure gradient between these two systems, westerly winds generally prevail over the Baltic Sea area [11].



The Baltic Sea in Northern Europe is surrounded by nine economically developed countries: Denmark, Germany, Poland, Lithuania, Latvia, Estonia, Russia, Finland, and Sweden. The basin (drainage area) of the Baltic Sea is inhabited by around 85 million people [13]. During the summer, this region attracts a similar number of tourists and vacationers. Regional monitoring and assessment of the Baltic Sea environment are two of the core tasks of the intergovernmental Helsinki Commission (HELCOM). It is aiming to maintain good ecosystem health, including adaptation and management of climate change. Focusing on extreme events and the study of heat waves may also help countries develop better means of dealing with other longer-term impacts of global climate change. Extreme situations of natural origin are pronounced changes in climatic conditions that cause natural disasters. The Baltic countries are already facing intensifying and more frequent extreme weather conditions—heat waves, droughts, rains, and flooding—which cause loss of biodiversity and affect the economy, air quality, and health of people [14,15].



One of the major problems when analyzing HWs and their impacts on society is the definition of HWs, because, to date, there is no universally accepted definition of HWs [16]. In the case of heat waves, the overall definition remains very broad, describing a period of consecutive days where conditions are excessively hotter than normal [17]. Based on this definition, heat waves can be both summertime and annual events. In general, an HW is a prolonged period of consecutive days with extremely high air temperatures for a specific region, taking into account that average conditions in one region, e.g., the Mediterranean, would be regarded as extreme conditions in another region, like Northern Europe [16]. In order to make such comparisons possible across different countries, the use of individual threshold values is recommended to define HWs derived from site-specific data sets [16].



However, the effects of weather on the human body are very diverse. A stressful state for the human body is usually caused by a sudden change in weather conditions and large temperature gradients when the air temperature changes in a short time. These symptoms are typical of heat waves. As well, people are usually more vulnerable to heat stress at the beginning of the climatic summer than in the middle or end of the season [18]. Short-term acclimatization to seasonal temperature fluctuations occurs within a couple of weeks [19,20]. Thermal environmental conditions have a strong impact on human well-being, and extreme hot or cold weather, which is less typical for this area, can become a cause of health problems or even death [21]. For example, in Finland and Northern Europe, mortality is lowest when the daily mean temperature is in the range of 12–17 °C, while in Mediterranean countries, the same is true at 22–25 °C [20,22]. The frequency variation of tropical nights is studied in Beijing with a minimum air temperature >25 °C [23].



The thermal regime of the environment is one of the main factors directly affecting the human body. People’s sensitivity to the weather is not the same: weather-liable people react sensitively to weather changes, while meteo-stable people may not feel it at all [24]. According to the same source, an air temperature of 20 °C to 25 °C can be the comfort limit for most of the inhabitants of middle latitudes, including the Baltic region. Over the past century, more than 100 indices have been developed and used to assess bioclimatic conditions for human beings [25]. For example, according to the universal thermal climate index (UTCI) used in Europe, there is no heat stress for humans in the range between +9 °C and +26 °C, moderate heat stress ranges from +26 °C to +32 °C, and strong heat stress ranges from +32 °C to +38 °C [26]. The effective temperature index was established to provide a method of determining the relative effects of air temperature and humidity on comfort [25]. According to the same source information, the assessment scales adopted in central Europe have the following thresholds in use: <1 °C = very cold; 1–9 = cold; 9–17 = cool; 17–21 = fresh; 21–23 = comfortable; 23–27 = warm; >27 °C = hot.



Since the end of the 20th century, the frequency and intensity of extreme heat events have increased in most regions in line with global warming [27]. The IPCC Special Report on Extremes also shows that heat waves will be more frequent, longer, and more intense in the 21st century. Regional studies, the integration of early warning systems, and reinforced health systems will be needed in all regions. European countries are developing and implementing heat warning systems. However, warning systems differ due to non-uniform physical and geographical conditions as well as traditions of scientific development. For example, when we compare the indicators of two neighboring countries, we see differences. Comparing the systems of the neighboring Baltic states (Latvia and Lithuania), we see the criteria (Table 1) based on which the public and health organizations are warned about heat waves. The Latvian heat warning system consists of two categories [28]. The first level warns when daily maximum temperatures are between 27 °C and 32 °C for at least two consecutive days or longer, and the next warning level is issued if daily maximum temperatures exceed ≥33 °C (Table 1). In general, all systems play an important role in providing information on the risk and levels of heat waves.



In Lithuania, heat waves and indicators describing their levels are used by the Lithuanian hydrometeorological service as well as the scientists to assess the change in extremal meteorological conditions in the territory of Lithuania. In Lithuania, the term heatwave has not yet been officially established [30]. However, heat waves are usually described in Lithuania when the maximum air temperature is ≥+25 °C for 3 consecutive days [10,29,31]. Natural, catastrophic meteorological phenomena include natural heat when the maximum air temperature is equal to or higher than 30 °C for 3 consecutive days or more [10,30]. Indicators are also often used next to warning systems for the indication of heat stress. The Lithuanian hydrometeorological service uses an adapted Canadian Humidex index (Table 1), which evaluates air temperature and humidity. The largest average difference between the values of the Humidex index and the measured air temperature is recorded on the Baltic coast of the Western Lithuania Seaside. Due to higher air humidity index values in Klaipeda from July to August, they are on average 4 °C higher than the measured air temperature [24]. During heat waves, the sensed air temperature on the Baltic coast is higher than the measured temperature.



In this study, we examine heatwaves in Lithuania’s coastal cities along the Baltic Sea, where the maritime climate is most pronounced. This area typically has cool, damp summers, a hallmark of mid-latitude maritime climates. With global climate change, we’re seeing more irregular weather, including an increase in heat waves. Yet, there’s limited research on how these changes impact these coastal regions, known for their stable temperatures and frequent weather shifts. The likelihood of experiencing heat waves and extremely warm nights is rising along the Baltic Sea coast due to these climate changes. Heat waves and tropical heat nights are indeed extreme weather events whose occurrence is becoming ever more likely on the Baltic Sea coast due to climate change.



This study examines changes and trends in air temperature, heat waves, and tropical nights as one of the main indicators of climate change. The aim of this work is to study the trends and changes in the frequency and intensity of heat waves in the last 30 years (1993–2022) according to historical monitoring data in the Baltic Sea coastal areas. The results of this study present indicators of heat waves according to the climate indices, such as the duration of heat waves and tropical nights in days, the number of heat waves per year, and the length of the longest heatwave in days. Some of the heatwave indicators, such as the intensity of severe heat waves in days, were selected based on the national emergency management criteria.



This research is aimed at informing the public about the increasing number of cases of extreme events and raising awareness of the danger of heat waves to human health in the resorts and urbanized areas of the Southeastern Baltic Sea. The studies of the trends in climate parameter variations are relevant not only for the knowledge of climate change processes but also for the development of strategies of adaptation to the consequences of the said processes. Extreme weather and climate events, such as heat waves and tropical nights, can lead to socio-economic and natural disasters. Therefore, information about the variability of heat wave statistics is of increasing importance for risk management and prevention.




2. Materials and Methods


2.1. Study Site


The research area covers the southwestern coast of the Baltic Sea in the maritime climatic region of the territory of Lithuania (Figure 1). The analyses of climate variability are based on the monitoring data of the air temperature measured in Lithuania on the Baltic Seaside for the period from 1961 to 2020 and research of the heat waves and tropical nights for the last 30 years (1993–2022).



The climate zoning of Lithuania is transitional between mild maritime Western Europe and continental Eastern Europe climate [10]. The climate region of the Southeast (SE) Baltic Sea is close to the climate of Western Europe (Figure 1a,b). The coastal climate in the SE Baltic is formed by dominant western air masses coming from the Atlantic Ocean, including the Baltic Sea. The heat waves and tropical nights are basically related to the circulation of south, south-west, and south-east air masses. Hot weather is determined by the continental atmospheric circulation processes, and this is a common situation for the west and south periphery of blocking anticyclones [10]. The extremes of daily air temperature in various climatic regions of Lithuania are determined by geographical altitude, distance to the sea (sea air advection), and continentality of the climate [32]. Compared to the continental areas, the Baltic Seaside has smaller daily and annual air temperature amplitudes and diurnal contrasts.



In Lithuania, there are four main climatic regions, which are divided into sub-regions. According to the geographical zoning of Lithuania’s climate, the Baltic coast is classified as a maritime (seaside) climatic region (Figure 1d). The seaside district is divided into three sub-regions: (a) Curonian Spit (CS), (b) sea coast (SC), and (c) coastal lowlands (CL). In this study, heat waves and tropical nights are studied in the Curonian spit sub-region and the sea coast sub-region. Nida resort settlement belongs to the Curonian Spit subregion, and Klaipeda portcity and Palanga belong to the coastal subregion (Figure 1d).



Data from the meteorological stations of three settlements in Lithuania (Klaipeda, Palanga, and Nida) was used for the research. The meteorological stations have the corresponding numbers of the World Meteorological Organization (WMO): Klaipeda meteorological station, WMO No-26509; Nida meteorological station, WMO No-26603; Palanga aviation meteorological station, WMO No-26502 (Figure 1).



The seaside region of Lithuania has distinct maritime climate features. The maritime climate is characterized by a small (compared to the continental climate) annual and daily temperature amplitude, higher relative and absolute air humidity, cloudiness, and precipitation throughout the year [30]. The direct influence of the Baltic Sea is manifested by stronger winds, more frequent fogs, and smaller annual and daily temperature fluctuations compared to other continental climate regions [33]. The immediate influence of the Baltic Sea can be felt on a 20–30 km stretch of coastline [29]. Sea breeze fronts show the area of marine climate influence during the summer. The sea wind front in the territory of Western Lithuania travels an average of about 30–40 km from the coast of the Baltic Sea [34]. The climate of this region is characterized by moderately warm summers. Daily and annual temperature fluctuations are not large compared to other regions of Lithuania, where the continental climate prevails [33].



The climate of the Curonian Spit sub-region is very different from other areas of Lithuania. Because the resort settlement of the Curonian Spit is surrounded by the waters of the Baltic Sea to the west and by the shallow waters of the Curonian Lagoon to the east. The Curonian Lagoon is the largest lagoon in the Baltic Sea. Its total area is about 1584 km2, the maximum length of the lagoon from north to south is about 93.5 km, the maximum width is 46.5 km in the southern part of the lagoon [35], and the narrowest northern part connects the lagoon with the Baltic Sea through the Klaipeda Strait (Figure 1).




2.2. Data and Methods


The multi-year warming trend in the southeastern Baltic Sea region is evaluated over a longer period based on the average multi-year climatic air temperature norms of each month and year. The periods are selected according to the current recommendations of the World Meteorological Organization. The WMO (World Meteorological Organization) recommends defining climatological standards as averages of climatological data computed for successive 30-year periods. As climate change processes accelerate, the WMO recommended that the Standard Climate Norm (SCN) be calculated not every thirty years (as was the case previously: 1931–1990, 1961–1990), but in periods of every 10 years [36]. The climatic periods selected for the comparison of seasonal changes in the average air temperature of the Southeast Baltic Sea Seaside are 1961–1990, 1971–2000, 1981–2010, and 1991–2020.



The analysis of the heat waves (HWS) and tropical nights (TNs) variability is based on meteorological monitoring data for the period 1993–2022. Daily and hourly air temperature, humidity, and air pressure data were obtained from the Lithuanian Hydrometeorological Service under the Ministry of Environment. The heat waves and tropical nights were investigated in Lithuanian Klaipeda port-city and seaside resorts (Nida and Palanga) during the summer period from 1st of May to 31st of August.



A heatwave is a meteorological phenomenon that consists of abnormally hot weather conditions. Heat waves are classified as indicators of climate change because they indicate more frequent extreme deviations from the climatic norm. A heat wave is broadly defined as a period of statistically unusually hot weather persisting for a number of days and nights. There are quite a variety of methods for assessing heat waves, considering the specific geographical and climatic differences of the areas. Different countries have adopted their own standards. Perkins and Alexander [17], summarizing methods for defining heat waves in different countries, indicate that across all definitions, greater significance exists for trends in occurrence-based aspects, that is, the yearly sum of participating heat wave days and a yearly number of heat waves. The number of available heatwave days drives the length of heatwave events.



In this study, heat waves and tropical nights are analyzed by evaluating the following main characteristics of the warm period (from 1 May to 31 August): (a) frequency—the number of heat wave cases; (b) duration means the duration in days of each individual heat wave; (c) season duration—the period during which the heat waves were recorded, indicating the first and last date of the heat wave.



The number of heat waves during the warm season was indicated by the number of cases when the maximum air temperature was higher than Tmax ≥ +25 °C for more than 3 days. The number of tropical nights (TNs) during the season was estimated when the air minimal temperature at night was Tmin ≥ +20 °C. The number of days of extreme dangerous heat (EHWs) was determined by counting all days when the maximum air temperature was ≥+30 °C. The extreme severe heat wave (SHW) was defined when the maximum air temperature was equal to or higher than 30 °C for 3 consecutive days or more.



Several indicators reflecting exceptional thermal conditions were selected for air temperature heat wave research on the PR Baltic coast: (a) the number of days when the maximum daily air temperature exceeded ≥+25 °C for more than 3 days; (b) the number of heat wave events; (c) the number of days when the minimum air temperature was higher than ≥+20 °C (tropical nights); (d) the number of days when the maximum air temperature ≥+30 °C was observed for more than 2 days; (e) the number of days when the maximum air temperature was Tmax ≥ +30 °C for more than 3 days; (f) the number of extreme heat wave events. Statistical data lines were compiled from daily hourly data from Klaipeda and Nida meteorological stations from 1993 to 2013 every 3 h and from 1994 to 2022 every 1 h. The monitoring data from the Palanga meteorological aviation station was used every 3 h from 1993 to 2022. The daily maximum air temperature (Tmax) and minimum (Tmin) are selected from these hourly data. Nighttime is selected from 21:00 to 06:00, and daytime is from 06:00 to 21:00, respectively.



The line trend analysis has been applied to identify the long-term tendencies that are important in the analysis of the irregular fluctuations of high magnitudes that are characteristic of extreme climatological events. Linear regression was applied to study trends, and the quality of the regression was assessed by the determination coefficient (R2) and the Student’s t-test.



Line regression is the popular technique in climatology used for predictions [37]. The rise in global temperatures, sea surface temperature (SST), rising sea levels, and frequent natural disasters have made it difficult to understand and predict these global climate phenomena. The concept of statistically solving simple linear regression is an empirical approach, and it can solve the tasks by considering the historical data set of the climate value parameters. The relationship between the independent and dependent variables is explained using the linear expression:


y = w1x1 + b,








where y is the dependent variable (output value), x1 is the independent variable (input value), w1 is the weight for the independent variable (regression coefficient), and b is the bias [38].



The coefficient of determination (R2) measures how well data can be represented in the regression line. It can define the strength and direction of the relationship between the dependent and independent variables. The coefficient of determination R2 (r-squared) of a linear regression helps to determine the strength of the relationship, as the mathematical root of it helps to calculate the correlation coefficient. According to the regression equation, we can preliminarily see that the relationship between two variables is more significant when the coefficient of determination is >0.25. The regression coefficient shows what changes took place during the year. Therefore, this method is popular for calculating and evaluating forecasts of climate parameters.



The linear regression method in climatology is usually used to describe the prevailing trends of climate change indicators. Climate change is characterized by fluctuations. Line regression helps to reject the annual or seasonal fluctuations characteristic of the climate. In this paper, the statistical series of data consists of the number of heat waves, tropical nights, and changeable days per year. The change in these parameters depends on the air temperature change in the summer months (June, July, and August).



Adapted climatographic methods for assessing the geographical spread of heat waves and tropical nights on the Baltic Sea coast. In the analysis of the effect of the land surface temperature on the formation of tropical nights in the Baltic Sea Seaside Curonian Spit subregion, water surface temperature data was used. To evaluate how SST affects the formation of tropical nights, the method of day-night mean temperature differences is applied. The MODIS-Aqua_L3m_SST4 day-time sea surface (DSST) and night-time sea surface (NSST) data were used for comparison. Nighttime sea data: Aqua MODIS Global Mapped 4 µm Nighttime Sea Surface Temperature (SST4) data, version R2019.0. MODIS (or Moderate Resolution Imaging Spectroradiometer) were a key instrument aboard the Terra (EOS AM) and Aqua (EOS PM) satellites. The MODIS Aqua daytime land surface temperature data [39] was also used to estimate and map the daytime and nighttime land surface temperature differences. Land data: GLDAS Noah Land Surface Model L4 3 hourly 0.25 × 0.25 degree V2.1 (GLDAS_NOAH025_3H). More information can be found on the GLDAS Project site.





3. Results


3.1. Long-Term Air Temperature Change in the Baltic Seaside Region


As the climate changes, the air temperature in the Southeast Baltic Sea region has been warming. The average annual air temperature on the Lithuania Seaside of the Baltic Sea increased by 1.2 °C from 1961 to 2020 (Table 2). A consistent increase in air temperature is observed when comparing the values of the climate standard. In each climatic period, the average annual standard climate norm rose by about 0.4 °C. Climatological Standard Normals (CLINO) are averages of climatological data computed for the following consecutive periods of 30 years [36]. Comparing the CLINO of the air temperature for each month, we can see (Table 2, Figure 2) that the air temperature warms up the most in winter, spring, and summer. Summers became significantly hotter (Table 2, Figure 2). The air temperature increased during the summer by an average of 1.5 °C (June—+1.1 °C, July—+1.7 °C, August—+1.6 °C) comparing the period 1991–2020 with 1961–1990 (Table 2). Rising air temperatures increase the probability of more frequent extreme events, including heat waves and tropical nights.



In the marine climate region, the average air temperature and its maximum values increased by about 0.5 °C (Figure 1) compared to the last three decades (1981–2010 and 1991–2020). Compared to the continental part of Lithuania, the maritime climate regions have a similar shift in air temperature. According to the data of the Lithuanian hydrometeorological service, in the previous climate period (1981–2010), the average temperature of the Lithuanian was 6.9 °C, and in the latest period (1991–2020), it reached 7.4 °C [40]. Summer days air temperature of more than ≥25 °C throughout Lithuania on average was observed for 21 days per year in the period 1961–1990, and in the last climatic period (1991–2020)—31 days per year [40]. As the climate changes and the air temperature warms, it is predicted that extreme situations will become more frequent in the future, as will the recurrence of short-term heat waves.




3.2. Heat Waves


The number, intensity, and duration of days of heat waves are increasing in the Southeastern Baltic Sea coast, and since 2018 until 2022, this extreme event of HWs has been recorded annually. Heat waves may have influenced the rise of the average and maximal values of air temperature during the summer in the southeastern part of the Baltic Sea. The Pearson correlation coefficient (r) between the average summer air temperature of the Klaipeda meteorological station and the number of days of a heat wave (when ≥25 °C) is 0.82, on tropical nights—0.47, on hot days (when ≥30°C)—0.63.



The Southeastern Baltic Sea coastal area is generally less exposed to severe heat spells; during the last decade, however, record-breaking heat waves have hit the region. The years with a record number of heat waves in the study period were 2002, 2010, 2014, 2018, 2021, and 2022 (Figure 3 and Figure 4). During the study period (from 1993 to 2022), the number of heatwave cases (Figure 3a) and the number of HW days (Figure 3b) when the air temperature was ≥25 °C increased in all cities analyzed. Data from the Nida meteorological station, which represents the climatic subregion of the Curonian Spit, show a larger and more significant trend of heatwaves and days (when T ≥ 25 °C) growing (Figure 3). In the Curonian Spit sub-region, the number of HWs is smaller, but their duration in days is longer during the extreme meteorological event.



The meteorological data of the Palanga and Klaipeda stations, which represent the climatic subregion of the sea coast, show a similar trend of growth in the number of heatwave cases and days. The maximum number of heat waves and the number of days when the air temperature rises ≥+25 °C and lasts longer than 3 days were observed in 2002 (Figure 4a,b).



The average duration of an HW is 9 days in the Lithuanian Baltic Seaside region. The median corresponds to HWs of 6–7 days duration during the warm period of the year from May to August. During the entire research period (1993–2022), there were an average of 2 observed heat waves per year, but in the last period of 2018–2022, the number of heat waves doubled. In the period 2018–2022, 3–5 heat waves were recorded per year in the Lithuanian Baltic Seaside region, and the total duration of HWs reached an average of 19 days during the warm period of the year.



Although there is an increasing trend of heat waves in all stations of the Seaside region, the recorded sub-regional differences. The record year and the number of hot days vary among subregions. For example, although the Sea Coast sub-region recorded the most heat wave days in the summer of 2002 (Figure 4a,b), in the Curonian Spit subregion, the record for heat wave days (HWs) was 2018 (Figure 4c).



In the Seaside (Maritime) climatic region area, the record number of days of heat waves (when Tmax ≥ 25 °C) was recorded last summer in 2022. The hot days for HWs in 2022 were 25% more than average (Figure 4). Based on the data of the Lithuanian Hydrometeorological Service [41], the average air temperature in August in Lithuania (20.4 °C) was the warmest since 1961 (the previous record was 20.0 °C in 2002). Similar results about extreme heat in 2022 were published by Copernicus data analysis results. Most of Europe experienced a larger number of ‘warm daytimes’ in 2022 than average, with up to 30% more observed in southwestern and western areas [42]. The average temperature over Europe in 2022 was the highest on record for both August by substantial margins of 0.8 °C over 2018 for August and 0.4 °C over 2021 for summer [42]. Globally, the average August 2022 temperature was 0.3 °C higher than the 1991–2020 average for the month, the joint third warmest August on record [42].



The beginning and end of a heatwave are important indicators when analyzing its distribution over time. The heatwave season covers the four warmest months of the year, from May to August (Figure 5). In the Lithuanian Baltic Seaside (Figure 5a), the earliest HWs were recorded on May 3 in the sea coast subregion, and the latest ones ended on August 28th. The Curonian Spit subregion (Figure 5b), surrounded by the Baltic Sea and the Curonian Lagoon, has the earliest heat waves recorded on May 27th and the latest on August 28th. Most heatwaves are recorded in the warmest months of July and August (Figure 5). According to trends, heat waves are beginning earlier over the years, and the extended end of the HWs season is being recorded constantly. The longest heatwave seasons were in 2002 and 2019.




3.3. Tropical Nights


When the land and water surfaces are heated, tropical nights (Tmin ≥ 20 °C) are also often recorded during heat waves. Tropical nights are increasingly recorded on the coast of Lithuania when the minimum diurnal air temperature is ≥+20 °C even in the coldest hours of the night before dawn. During the study period (1993–2022), the number of tropical nights (TNs) increased in the SE part of the Baltic Sea (Figure 6).



In the Seaside climate region, the number of tropical nights grew the most in the Curonian Spit subregion. The number of TNs in the resort of Nida settlement in this sub-region is significantly higher compared to other cities of the Baltic Seaside (Figure 6). More than 20 tropical nights per year at Nida resort were observed in 2018, 2021, and 2022. At the same time, there were almost 2–3 times fewer tropical nights in Palanga and Klaipeda (Figure 6).



Microclimatic factors could have had the greatest influence on such differences. The Curonian Spit subregion is surrounded by the sea and the lagoon. The Nemunas is one of the largest rivers in the Baltic Sea and flows into the central part of the Curonian Lagoon. The Nemunas River flows through the southwestern part of Lithuania, where it is somewhat warmer compared to the rest of the country. The results of the study show that the sea waters, lagoon waters, and inflowing warm waters of the Nemunas River surrounding this settlement do not allow the night air temperature to cool down more. This results in a greater number of tropical nights in the resort area of the Curonian Spit. There is also a greater influence of the coastal lowlands in the sea coast subregion on the formation of tropical nights. The influence of the sea dominated in this marine climate subregion would be a bit deeper elsewhere in Lithuania if the Žemaičiai Highlands did not start.



The period (10–18 June 2019) during the formation of heat waves and the hottest tropical nights was analyzed in more detail (Figure 7). Due to the dominance of heat waves, the heated Baltic Sea and the Curonian Lagoon have a “warming” effect on the Curonian Spit resort. In order to ascertain how the surface temperature of the sea and the lagoon (SST) affects the formation of tropical nights, the calculation of the difference of the day (DSST) and night (NSST) average water surface temperature (DSST-NSST = ±TΔ) was applied. The 4 km grid MODIS-Aqua L3m daytime water surface (DSST) and nighttime water surface (NSST) data [39] were used for comparison. Larger differences in NSST and DSST are formed in the shallow Curonian lagoons (Figure 7a). When forecasting tropical nights in the future, it is also necessary to evaluate the heat input of the Nemunas River waters. Because the biggest differences are evident in the central part of the lagoon, where the Nemunas River flows (Figure 7). The discharge of the Nemunas River is about ~22 km3 per year [43], and it is one of the largest rivers in the Baltic Sea Basin. The surface waters surrounding the Curonian Spit play the role of an “air heater”, higher humidity prevails, so the number of tropical nights is higher than in other subregions of the Seaside region. During heat waves, the differences between day and night surface temperatures are the smallest on the coasts of the Baltic Sea and the Curonian Lagoon (Figure 7b). During heat waves, such conditions form tropical nights.



During a tropical night, the air humidity increases, and the sensible air temperature is felt by a person. Sensory temperature is often referred to as the temperature felt by the human body. The actual air temperature is shown by the heat index, whose size depends on the air temperature and relative humidity. In Lithuania, the Humidex index created by the Canadian Atmospheric Center [44] is usually applied, as it is the most appropriate for the geographical latitude and physical geographical conditions. When the nightly minimum air temperature is ≥+20 °C and the relative humidity is higher than 60%, the sensory temperature is about 3–4 °C higher than the actual measured one. The hottest tropical night was recorded in the city of Nida on 13 June 2019, when the minimum night air temperature at night was 24.6 °C (Figure 8a) and the relative humidity reached 78% (Figure 8b). According to the HUMIDEX index table adopted in Lithuania [33,45], the sensory temperature at that time was about 32 °C, which is over 7 °C higher than the measured one. At such a temperature, there is a noticeable effect on human health and discomfort. Tropical nights are usually formed in the case of a longer-lasting heat wave. Long-lasting simultaneous heat waves and tropical nights can be dangerous to human health. Recently, during heat waves, the maximum air temperature often rose above +30 °C, reaching the second extreme heat danger level.




3.4. Dangerous Heat and Severe Heat Waves


The number of days with extreme air temperatures and dangerous heat (Tmax ≥ +30 °C) is increasing on the Baltic coast (Figure 8a and Figure 9a). Extremely dangerous heat (EHW) days do not occur every year, but in the last decade, a more frequent recurrence has been observed for several years in a row (Figure 9a). It should be noted that only in the 21st century are cases of dangerous heat more often observed when the air temperature T ≥ +30 °C is observed for more than 2 days in a row (Figure 9b). Extremely severe heat waves (SHWs), when the air temperature Tmax ≥ +30 °C prevailed for more than 3 days in a row, were recorded in Klaipeda in 2002, 2014, and 2021 (Figure 9b).



In the port-city of Klaipeda in 2014, dangerous heat waves of severe heat were observed two times, when Tmax ≥ +30 °C was ≥3 days in a row. In the same year 2014, a single dangerous severe heat wave (SHW) was recorded that lasted even 5 days in a row (from 26 July 2014 to 30 July 2014). This is the only case that has existed since 1961. According to the previous research results, such stiff heat when 5 days in a row ≥+30 °C in 1961–1995 period was not in the Klaipeda [29].



In the Lithuanian Baltic Seaside region, during the period 1993–2022, the most days of extreme heat waves, when the air temperature Tmax ≥ +30 °C lasted for ≥3 days, were in the urbanized port city of Klaipeda (18 days). SHW days were fewer in resort areas with a less urbanized landscape (7 days in Palanga and 15 days in Nida). There were 5 extreme heat waves in the Sea Coast subregion in Klaipeda, 2 in Palanga, and in the Curonian Spit subregion in Nida-6 extreme heat waves.





4. Discussion


The implications of the present study can be framed within two scopes: (in) climatological trend identification and (ii) integration of the meteorological phenomena of heat waves and tropical night to extreme event management.



The number, intensity, and duration of heat waves are increasing in the Southeastern Baltic Sea. The years with a record number of heat waves in the study period were 2002, 2010, 2014, 2018, 2021, and 2022. From 2018 to 2022, this extreme event of HWs was recorded yearly. Similar cases of increasing heat waves are recorded in a number of countries across the world, including the European continent. The Baltic Sea area is generally less exposed to severe heat spells compared with regions such as the southern parts of Europe [4]. During the last decade, however, record-breaking heat waves have hit the region, namely those in 2010, 2014, and 2018 [3,46,47]. Our results provide insight on the issue of heat waves and whether, and how, changes in trends in mean and day maximum air temperature statistics can be related to changes in extreme statistics with people feeling more stressed. In summer, there are increasing days with moderate heat stress (ranging from +26 °C to +32 °C), according to the universal thermal climate index (UTCI). In the future, heat waves are projected to occur more often and to become longer and more intense [4].



The inter-annual variability and trends in the magnitude, temporal and spatial extent, and frequency of heat waves in the Baltic Sea drainage basin are mainly driven by large-scale fluctuations in atmospheric circulation, anthropogenic climate change, and associated regional increases in mean temperature that exceed the global average warming [4,9,15,48,49]. We can also assume that a faster climate warming up in European seas, which started in the 21st century, can impact more often heat waves, including in the Baltic Sea area. The global sea surface temperature is more than 1 °C higher now than 140 years ago, and the sea surface temperature (SST) in European seas is increasing more rapidly than in the global oceans [50].



The increase in extreme heat waves is affected by climate change, increasing summer air temperatures, and the dynamics of air masses in the South-East Baltic Sea region, which determines the advection of warmer southern air masses. Periods when the maximum air temperature is higher than 25 °C for three consecutive days or more are a good indicator of a unified atmospheric process, as the anticyclonic pressure field, for example, in Lithuania’s case, accounts for more than 90% of the duration of hot periods [31]. The synoptic situation favoring a heat wave is characterized by the presence of a powerful warm anticyclone covering the entire troposphere, producing a blocking situation over a region [51]. Atmospheric blocking refers to persistent, quasi-stationary weather patterns characterized by a high-pressure (anticyclonic) anomaly that interrupts the westerly flow in the midlatitudes [4]. The climate of the Baltic Sea region is strongly related to the atmospheric large-scale circulation [11,52]. The studies on the Baltic Sea climate show different climate trends and changes, and it is assumed that these changes are induced by changes in atmospheric dynamics and wind directions [11,48,53]. However, large-scale flow characteristics are among the main drivers of the connection between local processes and global variability and change [4]. Thus, it is essential to investigate the changes in large-scale flow.



In recent decades, an increase in the number of tropical nights has been observed on the coast of the Southeast Baltic Sea. Most such nights were observed in the Curonian Spit, which is surrounded by the waters of the Baltic Sea and the Curonian Lagoon. The Nemunas River flows into the Curonian Lagoon, whose warm waters increase the temperature of the lagoon water during the summer heat wave periods. The results of the NSST and DSST comparison showed that the waters of the Nemunas River have a significant impact on the SST of the central part of the shallow lagoon and the Curonian Spit subregion. On sea coasts, higher air humidity increases the sensible air temperature. Therefore, the impact of heat waves and tropical nights on human health may be greater than in the continental land area.



The increase in the number of tropical nights on the Southeast Baltic coast may be related to the climatic warming of air and sea surface temperatures (SST). This is related to global climate change. For the three considered scenarios, the IPCC AR5 reported a likely increase in global mean air temperature for the period 2081–2100 relative to 1986–2005 in the likely range (5th to 95th percentile of CMIP5 models) that mean air temperature will change are 1.0  °C (RCP2.6), 1.8  °C (RCP4.5), and 3.7  °C (RCP8.5) [15] (BACC 2015). The Baltic Sea is one of the maritime areas with the highest recorded near-surface air temperature increases during the past century, and this increase is almost certain to continue [48]. During the past century, an approximate air temperature increase of 1 °C was observed over the Baltic Sea region [14,15,48]. The entire water column of the Baltic Sea has warmed over the period 1950 to 2020, and the trend is strongest at the surface layer, which has warmed by 0.3–0.4 °C per decade−1, noticeably stronger since the mid-1980s [52]. According to the assessments of the SST trends in the SE Baltic Sea and in the Curonian Lagoon, the SST has risen by 0.6 °C in the coastal zone in the last decades, and since the 1990s, it has averaged 0.04 °C per year [43,53,54]. The summer conditions in the SE Baltic Sea with sea surface temperature (SST) ≥ 20 °C generally last much longer since the end of the 20th century [55], and this is apparently associated with an increase in extreme events and the frequency of hot summers.



In the Baltic Sea, sea surface heat waves have also started to be recorded, which are related to warming summers and the duration of weather heat waves. Baltic Sea water heat waves (MHWs) are defined as periods of SST  ≥20 °C lasting at least 10 consecutive days [56]. Marine heat waves are extreme climatic events observed around the world, commonly defined as prolonged, discrete anomalously warm water events that are classified by their duration, intensity, rate of evolution, and spatial extent [57]. In recent decades, the Baltic Sea region has warmed faster than average global warming [58,59] or any other coastal sea [60], making it prone to marine heat waves [56]. The published scenario simulations confirm that air and seawater temperatures will continue to increase in the 21st century [56]. Such trends can affect the increase in the number of marine tropical nights when the maximal air temperature is higher than 20 °C during the night. In the future, more detailed studies analyzing the interactions between heat waves and marine heat waves are recommended.



The Baltic Sea region is an important destination for coastal and maritime tourism [61]. Ecosystem services distinguish coastal tourism as one of the most important services. The region’s tourism industry in the Baltic Sea employs approximately 640,000 people, based on 88 million visiting tourists, creating over 227 million registered overnight stays annually [62]. Due to the favorable maritime climate, it is believed that the demand for coastal tourism and resort services will increase in the future. In the Baltic Sea region, the coastal zone provides opportunities for a variety of tourist activities, which are concentrated in designated resort areas, spas, and also urban centers along the coastal line [62,63]. In the Southeastern Baltic Sea region, the mild coastal climate provides excellent conditions for the development of recreation and wellness activities. The resort areas of the Curonian Spit and Palanga have the largest number of visitors in the summer. With the prevailing extreme weather, it is expected that the maritime climate will be more favorable than the continental climate for people’s well-being and health. However, the increasing number of heat waves and tropical nights with higher air humidity on the Baltic coast may increase perceived heat and have an impact on human health.



A greater number of SHWs in Klaipeda coastal city can be amplified by the urban “heat island effect”. Klaipeda is a growing Lithuanian port city (~200,000 population). The coastal areas of Palanga and Nida are more suitable for resort business development, as there are fewer SHW days than in the port city of Klaipeda. In the future, more detailed research is needed and recommended on how heat waves affect urban landscapes and vegetation and what plants should form green spaces—”green urban islands”—that mitigate the dangerous effects of climate change. Urban vegetation is in fact known to be an effective strategy to reduce heat intensity [64].



Complex phenomena of HWs and SHWs can have a significant impact on coastal ecosystems, affect ecosystem services, increase summer energy costs used for cooling, and affect the bioclimatic stress of people. More interdisciplinary research should be carried out in the future to assess the impact of heat waves on human health.



Our results show that tropical nights occur most frequently in late July and early August, which is consistent with the relatively high air humidity associated with the highest sea surface temperature in the coastal water systems. In the case of heat waves and tropical nights (TNs), the higher humidity in the maritime climate zone can exacerbate the health effects of heat-related stress. A lower air temperature during the night corresponds to lower thermal stress, allowing for the recovery of the human organism, but nevertheless, long episodes of heat exposure cause a load on the human thermoregulatory system day and night [18]. A heat wave’s most severe health impacts are often associated with high temperatures at night, which is usually the daily minimum. The trend of increasing occurrences and durations of heat waves and tropical nights established in the work confirms the need to adapt the health care and emergency management plans of coastal cities.



The World Health Organization indicated that not enough is still known about the health risks posed by heat waves and long-term exposure to higher temperatures. The Global Health and Climate Change Survey 2021 report states that heat waves and prolonged periods of extreme heat can pose a particular threat to human health, leading to illness and loss of life. More detailed biometeorological studies are needed in the future to help determine how extreme heat waves affect human health. Extreme weather conditions occur in different ways due to regional physical, geographical, and climatic differences. Extreme heat also worsens health-determining environmental factors such as air, soil, and water [65]. In recent decades, heat waves (HWs) have received exceptional scientific attention due to their devastating effects on society and the environment [66]. The recent Intergovernmental Panel on Climate Change (IPCC) Sixth Assessment Report, which examines the physical scientific basis of climate change, concludes that “human-induced climate change is already influencing many weather patterns and climate extremes in all regions of the world”.



In order to define adequate adaptation and mitigation measures to reduce both the health risk and the negative economic impacts of heat waves, knowledge of the future frequency and intensity of such events is crucial [16]. Changes in the frequency and intensity of heat waves will have profound impacts on the natural environment and human society. For instance, the 2018 report in the Lancet entitled “Countdown on health and climate change: shaping the health of nations for centuries to come”, gives a very clear overview of the environmental changes already observed and their projected health impacts [67]. Over 70,000 excess deaths occurred in Europe during the summer of 2003 [68]. The same resource indicated that, according to new research, in the summer of 2022 in Europe alone, 60,000 additional people died due to extreme heat. The report of The European State of the Climate [42] reported that globally, the last 8 years have been the warmest on record, and 2022 was the fifth warmest year. These results call for a reevaluation and strengthening of existing heat surveillance platforms, prevention plans, and long-term adaptation strategies.



According to WMO data, new heat records will be announced in 2023: “Morocco set a new national temperature record of 50.4 °C in Agadir on 11 August, as temperatures crossed 50 °C for the first time. Turkey reported a new national temperature record of 49.5 °C on 15 August, beating the previous record of 49.1 °C set in July 2021. Many parts of the Middle East also saw temperatures above 50 °C”. WMO stresses the need to follow authoritative warnings from national meteorological and hydrological services to stay safe (https://public.wmo.int/en/media/news/extreme-weather-new-norm (accessed on 23 August 2023)).



Due to climate change, disasters are becoming more frequent and affecting more people; therefore, creating systems to predict, prevent, and efficiently respond to disasters is becoming an urgent priority. Research indicated the trends of heatwave frequency and duration in time and space that will help to develop and adapt effective management strategies to create disaster resilience.



Climate change adaptation on the local level is of increasing relevance because of the regional variation in the effects of global climate change [69]. Understandably, different countries have different warning systems for climate change and its health threats due to different physical, geographical, and climatic conditions. In most countries, only designated national agencies, such as weather services or public health agencies, have the national responsibility to issue official heat warnings. For example, in Lithuania, the emergency management system is established in accordance with the order of the Minister of Environment. The public is provided with information about climate change and the threats it poses to human health. The information is updated and published on the website of the Health Education and Disease Prevention Center (http://www.smlpc.lt/ (accessed on 22 August 2023)). Information about heat waves is also provided by the Center for Extreme Health Situations of the Ministry of Health (http://www.essc.sam.lt (accessed on 22 August 2023)) and the Lithuanian Hydrometeorological Service (http://www.meteo.lt (accessed on 23 August 2023)). In the event of an exceptional situation, the public is informed by means of mass media—radio, television, press, and the internet. However, so far, only severe heat waves (SHWs) have been included among the indicators. The problem is probably that heat waves are a very rare phenomenon in Lithuania. For example, many residential houses still do not have cooling systems. More research is needed in the future on how heat waves and their duration affect people’s performance and stress state. The number of heat wave cases and their duration are increasing. Therefore, it is necessary to prepare a recommendation based on research to include not only SHWs but also longer-lasting heat waves and tropical nights among the metrological phenomena that pose threats to human health.



Regional and local research by scientists is necessary for the management of extreme situations and the legal approval of criteria and indicators. Based on them, recommendations and information are being prepared for policymakers in the management of climate change-related threats.




5. Conclusions


According to trend research, it has been established that the number and duration of heat waves and tropical nights are increasing on the Southeast Baltic Sea coast.



Air temperature climatic rise is one of the most important climate variable indicators. The air temperature on the South-Eastern Baltic coast has increased by 1.2 °C during the recent climatic period (1991–2020) compared to the average climatic air temperature norm of the 1961–1990 period (6.8 °C). A rise in average air temperature is observed in all seasons. Extreme heat waves and their impact on various marine coastal ecosystems and their services should be analyzed in the future, in all seasons.



In the southeastern part of the Baltic Seaside coast (in the period 1993–2022) was identified the rising trend of the most dangerous heat days and severe heat waves (when the air temperature Tmax ≥ +30 °C lasted for ≥3 days). Tropical nights are increasingly recorded on the coast of the Baltic Seaside when the minimum night air temperature is ≥+20 °C.



Heat waves may occur more frequently in the future due to climate change in the Baltic Sea coastal areas, where people are less adapted to similar extreme weather conditions. There are no social, economic, recreational, ecosystem, or human life activities that would not be influenced by the air temperature, including extreme events like heatwaves and tropical nights. Assessing heat wave trends helps society apply preventive measures and prepare for potential losses to both human health and the economy.
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Figure 1. Study area. Trajectories of air masses (a,b) (adapted using the Lithuanian Atlas [10]. Location of the study Seaside (Maritime) climatic region area in the Southeastern part of the Baltic Sea (c,d). The Seaside climate region (d) district is divided into three sub-regions: Curonian Spit (CS), Sea Coast (SC), and Coastal Lowlands (CL). Klaipeda meteorological station, WMO No-26509; Nida meteorological station, WMO No-26603; Palanga aviation meteorological station, WMO No-26502. (d) The seaside region is distinguished based on the climate zoning map of Lithuania compiled by the Lithuanian Hydrometeorological Service under the Ministry of the Environment (http://www.meteo.lt/klimato-rajonavimas (accessed on 25 August 2023)). The table shows the average annual air temperature values of the subregions for the climatic periods: 1981–2010 and (1991–2020). 
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Figure 2. Comparison of Climatological Standard Normals (CLINO) of the air temperature in the climatic periods (1961–1990, 1971–2000, 1981–2010, 1991–2020) in the SE Baltic Sea Seaside (Klaipeda). The average air temperature tends to rise in all seasons. Most changes occurred in January, February, April, July, and August. 
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Figure 3. Change of heat waves in the period 1993–2022 on the coast of the Southeast Baltic Sea: (a) number of heatwave cases, (b) number of heatwave days. The highest growth in the number of HWs cases is observed in the Curonian Spit subregion (Nida). 
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Figure 4. Distribution and probability of HWs days when the air temperature rises ≥+25 °C in the period 1993–2022 on the Baltic Seaside of Lithuania: (a) Klaipeda, (b) Palanga, and (c) Nida. 
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Figure 5. Duration of the heatwave season (in days) in the period 1993–2022: (a) Sea coast subregion (Klaipeda); (b) Curonian Spit subregion (Nida). Percentage distribution of appearing heat waves in the resort city of Nida: 4% in May, 18% in June, 48% in July, and 30% in August. For comparison, in the port city of Klaipėda, heat waves are more evenly distributed: in May—11%, in June—18%, in July—38%, and in August—33%. The lower number of heat wave days in Nida in May is apparently due to the cooler coastal sea waters in spring. 
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Figure 6. The changes and trend of the number of tropical nights in the period 1993–2022 on the Baltic coast of Lithuania. 






Figure 6. The changes and trend of the number of tropical nights in the period 1993–2022 on the Baltic coast of Lithuania.



[image: Sustainability 15 14281 g006]







[image: Sustainability 15 14281 g007] 





Figure 7. Sea surface temperature and land surface temperature differences during heatwave and tropical nights 10–18 June 2019. Figure on the left (a): the temperature difference between the day (DSST) and the night (NSST) of the water surface temperature of the Baltic Sea and the Curonian Lagoon. Figure on the right (b): The difference between the day and night average surface temperatures. 
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Figure 8. Tropical night recorded during the HWs (11 June/17 June 2019) in the settlement of Nida on the Curonian Spit subregion: (a) air temperature and atmospheric pressure (b) air temperature and relative humidity. 13 June 2019 weather changes (sudden change in meteorological parameters, recorded rain, thunder, falling air temperature). 
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Figure 9. Number of days with extreme maximum air temperature (Tmax ≥ +30 °C) in the Seaside region (1993–2022): (a) dangerous heat variations and trend (the number of days Tmax ≥ +30 °C) in Klaipeda, Palanga, and Nida; (b) number of EHWs (Tmax ≥ +30 °C more than ≥2 days) and SHWs (more than ≥3 days). 
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Table 1. Heat warning systems in Lithuania and Latvia.
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	Heat

Criterion
	The Heatwaves Warning Systems
	Resource





	Latvia
	Tmax
	1st level: 27 °C < Tmax < = 32 °C, duration ≥ 2 days

2nd level: Tmax ≥ 33 °C, duration 1 days
	[28]



	Lithuania
	Tmax
	1st level: Tmax ≥ 25 °C, duration ≥ 3 days

(HWs-heat waves)

2nd level: Tmax ≥ 30 °C, duration 1, 2 days

(EHWs-Dangerous heat)

3rd level: Tmax ≥ 30 °C, duration ≥ 3 days

(SHWs- Severe heat waves)
	[10,29]



	Lithuania
	Humidex index
	0 till 27 °C–heat does not cause discomfort

27–34 °C–mild discomfort

35–39 °C–strong discomfort

40–45 °C–health hazards

46–53 °C–very high risk to health

≥54 °C–deadly danger.
	[24]










 





Table 2. The average air temperature standard climatic norms (CLINO) change in the Baltic Seaside region (Klaipeda metrological station, WMO No-26509). Xn—climatic periods (No).
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	SCN
	01
	02
	03
	04
	05
	06
	07
	08
	09
	10
	11
	12
	Year





	1931–1960 (X1)
	−3.1
	−3.4
	−0.8
	4.8
	10.4
	14.1
	17.2
	17.3
	13.8
	8.4
	3.5
	−0.2
	6.8



	1961–1990 (X2)
	−2.8
	−2.6
	0.4
	5.0
	10.7
	14.2
	16.6
	16.7
	13.3
	9.0
	3.9
	−0.1
	7.0



	1971–2000 (X3)
	−1.4
	−1.5
	1.1
	5.6
	10.9
	14.3
	16.9
	17.1
	13.1
	8.7
	3.7
	0.5
	7.4



	1981–2010 (X4)
	−1.1
	−1.4
	1.3
	6.2
	11.4
	14.5
	17.7
	17.8
	13.6
	9.0
	3.8
	0.5
	7.8



	1991–2020 (X5)
	−0.9
	−0.9
	1.7
	6.7
	11.6
	15.3
	18.3
	18.3
	14.2
	8.9
	4.4
	1.1
	8.2



	(X4–X5)
	+0.2
	+0.5
	+0.4
	+0.5
	+0.2
	+0.8
	+0.6
	+0.5
	+0.6
	−0.1
	+0.6
	+0.6
	+0.4



	(X2–X5)
	+1.9
	+1.7
	+1.3
	+1.7
	+0.9
	+1.1
	+1.7
	+1.6
	+0.9
	−0.1
	+0.5
	+1.2
	+1.2
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