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2.3.1
Introduction
The Chapter 2.3 discusses past climate variability in the Baltic Sea Basin area during the last millennium. Older climatic conditions of Holocene are described in the Chapter 2.2 (Borzenkova et al. 2012), and contemporary climatic change of the last 200 years is presented in the Chapter 3 (Rutgersson et al. 2012). These chapters present current state of knowledge and are entirely based on published scientific literature.
The characteristic of the main climatic factors of which solar factors, atmospheric circulation and volcanic eruptions seem to be the most important follows the short description of data sources and methods. The anthropogenic factor is important for contemporary climate change (see Chapter 3). When describing the climatic variability we paid attention mainly to the thermal conditions and precipitation, with respect to their extreme values. The most unusual weather conditions during the each of the centuries are tabled in Annex.
2.3.2
Data sources and methods

The researches of the millennial climate variability are always based on proxy data. The long-term instrumental measurements of some meteorological elements (usually limited to atmospheric pressure, air temperature and wind) exist for few stations and relatively short period. The first irregular measurements of atmospheric pressure by means of barometer constructed by Torricelli in 1643, where done in the period 1649-1658 in Clermont-Ferrand, Florence, Paris and Stockholm (von Rudloff 1967). The firs regular meteorological measurements were launched in Greenwich (1774). The oldest series of atmospheric pressure data for the Baltic basin and surroundings date back to the 19th century: Prague – 1800, Oslo - 1816, Warsaw - 1826, St Petersburg – 1837, Kopenhagen – 1842, Stockholm – 1844, Berlin – 1848, Uppsala – 1855, Haparanda 1859 and Helsinki – 1882.
The first irregular attempts to the air temperature measurements were done between 1654 and 1670 in Florence and Pisa in Italy (von Rudloff 1967), however the longest homogeneous and uninterrupted series of temperature data starts in 1659 and comes from Central England (Manley 1974). In Netherland direct temperature measurements started in 1705 in De Bilt (Cowie 2007). The oldest temperature data for the Baltic basin area are from Sweden: Uppsala 1739, Lund 1741 and Stockholm 1756, Russia: St. Petersburg 1743, Denmark: Kopenhagen 1798 (von Rudloff 1967). A few temperature series began in 18th century in Central Europe: Berlin – 1719, Jena – 1770, Prague – 1775, Vilnius – 1781, Warsaw – 1779, Wroclaw – 1791 and Krakow – 1792. 
The oldest measurements of precipitation measurements have started in 1715 in Hoofdorp-Zwannenburg in Netherland, and in 1725 in Padova in Italy. In the Baltic basin area the oldest precipitation station is Uppsala – 1739 (von Rudloff 1967). In the first half of the 19th century precipitation was also measured in a few other places: Warsaw – 1803, Prague – 1804, Kopenhagen – 1805, Jena – 1827, Dresden -1828, Helsinki -1844 and Berlin – 1847. 
Historical notes in the form of chronic containing information about extreme weather events and weather disasters are important sources of data about the climate condition of the last millennium. In many cases such notations are very precise as to location an events in space and time, even with accuracy of a day. Systematic daily weather diary carried from 1502 to 1504 in Krakow and surroundings by Marcin Biem, a professor of Krakow Academy (Limanówka 2001) is unique on the European scale. Similar compilation of climate extremes and natural disasters from Russian chronicles was done by Borisenkov and Pasetsky (1988). In Switzerland the European centre of Historical Climate Data was established in the frame of the international research project EURO-CLIMHIST directed by Pfister (1992). The complete climate history for Central Europe and Germany for the last 1200 years was published by Glaser (2008). Brázdil et al. (2005) discussed the state of European historical-climatological research with special attention to data sources, methods and significant results. 
Despite historical documents the dendroclimatology have provided a large part of information on climatic conditions of the last millennium. Tree-ring width and wood density (Ljungquist 2010) are the main sources of dendroclimatological data. Several recent multi-proxy reconstructions were done for the Northern Hemisphere (Moberg et al. 2005, Mann et al. 2008, Ljungquist 2010, ). In regional scale the most important reconstructions based on the tree-ring or multi-proxy data has been done for Fennoscandia (Finnish Lapland: Helama et al. (2009); Central and Northern Sweden: Linderholm and Gunnarson (2005), Grudd (2008)), Russia (Klimenko and Solomina 2010), Central Europe (    ). Lots of them concern the Alps (Büngen et al. 2006, ) but they are quite well correlated with Central European mountains (Bednarz 1996). 
Other proxy data were also applied for the millennium temperature reconstructions, e.g.: peat-bogs deposits (Lamentowicz et al. 2008), lake fossils and sediments from Lake Tsuolbmajavri in northernmost Finland (Korhola et al. 2000), laminated lake sediments in Gościąż Lake in Central Poland (Starkel et al. 1996, Ralska-Jasiewiczowa et al. 1998), and bore-hole temperatures (Majorowicz ). For Northern Sweden summer-temperature reconstruction for the last 2000 years were done on the basis of pollen-stratigraphical data (Bjune et al. 2009). Among other biological proxies a few reconstructions were based on diatoms (Weckström et al. 2006) and chiromids. Reliability of these reconstructions were discussed in the latest article of Holmström (2011). These data are of less importance for reconstruction of the last millennium climate conditions and are rather used to reconstruct the climate of the whole Holocene. 
2.3.3
The general features of Millennial climate change on the temperature and precipitation as an example
According to the scientific literature during the last millennium three phases in the course of air temperature were divided (Lamb 1977, Brázdil et al. 2005, Grove 2008, Jones et al. 2009, .... ,Büntgen et al. 2011b,.): Medieval Warm Period (MWP 900-1350 AD), Transitional Period (TP 1350-1550 AD) and Little Ice Age (LIA 1550-1850 AD). Some shorter phases connected mainly to solar activity or large volcanic eruptions are also recognized. The most unusual climatic events for each Century of the last Millennium can be found in Annex.
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Fig. 2.3.1. Schematic change of air temperature in Northern Hemisphere compiled from different sources by Jones et al. (2009, Figure 7 p. 34). The black curve and the x- and y-axes are a redrawn version of figure 7.1c from the First Working Group of IPCC Report (Folland et al., 1990). The red curve is from Lamb (1982: figure 30). The blue curve is a smoothed version of the annual instrumental Central England Temperature record from Manley (1974, updated) including the last complete year of 2007. This has been smoothed with a 50-yr Gaussian weighted filter with padding (Mann, 2004). The red and blue curves illustrate the differences that can occur between a filtered curve and one composed of non-overlapping 50-yr averages, and also that recent measured warming may a comparable with presumed earlier warmth 
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Fig. 2.3.2. Reconstructed AMJ precipitation totals (top) and JJA temperature anomalies (bottom) with respect to the 1901–2000 period. Error bars are ±1 RMSE of the calibration periods. Black lines show independent precipitation and temperature reconstructions from Germany (Büntgen et al. 2010) and Switzerland (Büntgen et al. 2006). Bold lines are 60-year low-pass filters. Periods of demographic expansion, economic prosperity, and societal stability are noted, as are periods of political turmoil, cultural change, and population instability (Büntgen et al. 2011b, Fig4, p. 581)
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Fig. 2.3.3. Fennoscandian regional-average summer (June–August) temperatures AD 442–1970 created by merging the seven reconstructions based on the seven networks (Gouirand et al. 2008, Fig.10. p. 17). The series is extended up to the year 2000 with instrumental data. Data are shown as smoothed (Gaussian filtered) temperatures (°C), highlighting variability on timescales longer than 10 years (thin black), 30 years (grey), and 100 years (thick light dark grey). The dashed horizontal line is the average for the entire period. The uncertainty in reconstructed temperatures (based on the calibration period statistics) is illustrated by ±2 standard errors with grey shading (for the 10-year smoothing only)
Gouirand et al. (2008) presented the synthetic curve of summer temperature variability for the whole of Fennoscandia (Fig. 2.3.3). Generally all three periods of last millennium: MWP, TP and LIA are visible. Recent reconstruction of summer temperature was done by Büntgen et al. (2011b) for Germany and Switzerland covered the very long period since -4th century BC (Fig. 2.3.2). In the mentioned publication were reconstructed also April-June precipitation totals. April-May precipitation totals during the last millennium in Central Europe is presented on the Figure 2.3.4 (Büntgen et al. 2011c). 
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Fig. 2.3.4. (A) Central European and regional fir TRW extremes, and (B) their centennial changes over the past millennium (network extremes were double weighted), compared to (C) annual-resolve and 40-year low-passed Central European April-May precipitation variability (Büntgen et al. 2011c, Fig. 5, p. 3951)
2.3.4
Medieval Warm Period (MWP ca 900-1350 AD)

At the turn of the 10 and 11th centuries climate conditions of Baltic basin and surrounding parts of Europe were relatively stable without frequent extremes. Hot and dry summers were noticed in 993 and 994 AD respectively. For example in Russian chronicles eight droughts (1000, 1025-1028, 1035, 1037, 1092), four wet summer with rains and floods (1002, 1031, 1034, 1043), and seven severe winters (1034/1035, 1043/1044, 1047/1048, 1056/1057, 1058/1059, 1066/1067, 1076/1077) were noticed during 11th century (Borisenkov and Pasetsky 1988). 
In Europe the warmest conditions were in the period 1200-1250, and the MWP ended about 1300-1310 (Borisenkov and Pasetsky 1988). Chernavskaya (1996) reconstructed the June temperature changes in European Russia over two past millennia based on the pollen analysis in peat bogs. Data from Polistovo (56.8N, 38.1 E) suggest earlier occurrence of MWP in 9-10th centuries than in Central Russia (10-11th centuries). Two periods of strong cooling were located in the half of the 12th and at the end of the 14th century. In East European Plain the MWP is clearly visible on the curves of summer temperature between 900 and 1200 AD (Klimenko and Solomina 2010). The curve of the summer temperature for the whole Fennoscandia (Gouirand et al. 2008) indicates the existence of the warm periods in the 10th and 11th centuries, and even warmer one in the late 12th century, with the extreme cool summers in the mid-12th century. 
Recent investigations in Fennoscandia (Ljungquist 2010) showed that MWP occurred in the years AD 900-1100. At that time warm season (May-September) temperatures exceeded contemporary warming of the end of 20th century by about +0.5K. Culmination of the warming was noticed between  the 9th and 10th centuries and maximum temperature appeared at the beginning of the second half of the 12th century. Low temperature occurred at the end of WMP about AD 1350. Also diatom-based July temperature reconstruction for the past 800 years in Northern Scandinavia (Weckström et al. 2006, Holmström 2011) indicates that temperature was about 0.2K higher then nowadays. Exceptionally warm period occurred in AD 1220-1250 and in the second half of the 15th century (AD 1470-1500) in Transitional Period. 
The frequency of extreme events in Russia increased in the 12th century(Borisenkov and Pasetsky 1988). At the beginning of the 14th century climatic conditions got worse. In the Northern Europe the serious famine which picked in 1315 followed the series of very cold winters 1302/1303 and 1305/1306 and cool and wet summers 1314-1317 in whole Europe (Cowie 2007). 

There is less information available on precipitation in MWP (Gouirand et al. 2008, Büntgen et al. 2011b, c). Generally in Europe relatively dry periods covered the years: 1272-1291, and 1300-1309, while the wettest conditions were noticed in 1312-1322 (Borisenkov and Pasetsky 1988). In April-May in Central Europe (Fig. 2.3.4) the wet condition were observed in 1052, 1187 and 1316, and the driest – in 1167 (Büntgen et al. 2011c). 
2.3.5
Transitional Period (TP 1350-1550 AD)

The increase in the intra-seasonal variability of climate at the end of MWP in the period 1270-1350 is considered as the beginning of the LIA, however Brázdil (2005) suggests that the following 200-year period should be treated as transitional between MWP and LIA. This period was characterized by the great variability of the climate conditions. At that time temperature decreased by about 1.2-1.2K, but  real cooling occurred until the second half of the 16th century (Borisenkov and Pasetsky 1988). 

Over majority of Europe and Russia very bad conditions for agriculture in the period 1400-1480 were linked to the great fluctuations of temperature and precipitation, for example the summers in 1428, 1434, 1436 and 1438 were hot and dry, the summer of 1435 was cool and dry, whereas the summers of 1432, 1437 and 1439 were extremely wet with floods (Borisenkov and Pasetsky 1988). 

The warmest 30-yr non-overlapping period in Northern Scandinavia occurred in AD 1470-1500 (Weckström et al. 2006). There were very warm conditions in Fennoscandia  in the summers (Gouirand et al. 2008) at the end of TP  (Fig 2.3.3). 
2.3.6
Little Ice Age (LIA 1550-1850 AD)

In the second half of the 16th century temperature dropped. This tendency was particularly clear in the period 1569-1579.. Another sequence of extreme wet and cool summers was noticed  in  the 80. at the end of 16th century (Borisenkov and Pasetsky 1988). The longest consecutive cold period occurred from the late 16th century to mid-18th century (Gouirand et al. 2008). But short period of the very warm summers were observed in the second part of 18th century, just before the prolonged cooling at the end of 18th and during 19th century (Fig 2.3.3).
The complex description of the winter climate conditions during LIA period for the greater Baltic Sea region was prepared by Eriksson et al. (2007). Authors analysed winter temperature in connection to atmospheric circulation and ice conditions. During LIA four cold and three warm periods were found (Fig. 2.3.5). In the second half of the 12th century cool phase (1562-1576) passed to relatively mild period (1577-1591). In the 17th century two phases of the cold winters in 1597-1629 and 1663-1706 were divided by mild period of 1630-1662. The major warm period was the first half of the 18th 
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Fig. 2.3.5. Winter climate conditions in the greater Baltic Sea Region since 1500 AD. The gray color shows seasonal winter data from the two gridded datasets: (top to bottom) Baltic Sea mean winter air temperature, zonal wind component (westerly winds when positive and easterly winds when negative), meridional wind component (southerly winds when positive and northerly winds when negative), and rotational flows (cyclonic circulation when positive and anticyclonic when negative). Black line in all panels is a 15-yr running mean. Blue and red fields covers time periods classified by MP as mild and cold, respectively (Eriksson et al. 2007, Fig. 12 p.5328) 
century (1707-1750) with the warmest winter of 1723/1724. Than the longest cool period in final phase of the LIA in the Baltic Sea Region (1750-1877) coincided with the Dalton Minima (1790-1840) in solar activity.
New reconstruction of the Baltic Sea region climate in area for the past 500 years were prepared by Brázdil et al. (2010) on the basis of instrumental data and documentary evidence in the frame of MILLENNIUM project. January-April mean temperatures were reconstructed for Stockholm (1502-2008) and Central Europe (1500-2007). In Central Europe the coldest conditions were observed in 16th century, while in Central Sweden the end of 17th century was cooler (Fig. 2.3.6). In Central Europe the warmest was the first half of 18th century, while in Stockholm such conditions were moved to the end of this century. In the recent modeled and reconstructed North Scandinavian summer temperatures since 1500 AD (Fig. 2.3.7) the longest cool period covered the first half of the 17th century (Büntgen et al. 2011a) and at the beginning of 18th century as well as at the half of 19th century. The warmest conditions was indicated at the beginning of the second half of the 18th century. 
For the second half of the last millennium period (since AD 1500) exists several reconstructions of climate based on documentary sources and instrumental series. Ice winter severity index together with temperature were done for Western Baltic (1500-1759) by Koslowski and Glaser (1999). Temperature series were reconstructed for Stockholm (Leijonhufvud et al. 2010), Tallin (Tarand and Nordli 2001), whole Poland (Przybylak et al. 2010, Luterbacher et al. 2010, Dobrovolny et al. 2010) and Tatra Mountains (Niedźwiedź 2004), and several parts of Central Europe (Pfister 1992, Luterbacher et al. 2004, Dobrovolny et al. 2010). The variability of floods in Europe since  AD 1500 was presented in publication Glaser et al. (2010). The precipitation conditions are presented on Figures 2.3.3 and 2.3.4. The wettest conditions during LIA was observed in 1675 and the end of 17th century, and driest was the years 1504 and 1762 (Büntgen et al. 2011c).
In 17th century the winter of  1657/1658 was exceptionally cool. The sequence of cool summers and winters occurred in the 1690-1699. In Sweden climatic conditions favourable for agriculture were noticed in 1604-1620 (Borisenkov and Pasetsky 1988). According the diatom-based July temperature reconstruction in Finnish Lapland (Weckström et al. 2006), particularly cold periods were observed at AD 1640-1670 and 1750-1780. 
At the beginning of the 18th century the winter of 1708/1709 was perhaps the coldest winter during the period 1500-2000 (Luterbacher et al. 2004).  Very cold winters were also observed at the end of 18th century in the years 1783/1784, 1788/1789, 1794/1795 and 1798/1799 (Borisenkov and Pasetsky 1988). This cold period prolonged to the end of the first half of the 19th century. The 1816 called  “the year without summer” - was  perceptible in Western Europe whereas it was not clearly noticeable in the temperature of the Baltic basin. 
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Fig. 2.3.6. Comparison of reconstructed JFMA Stockholm (1502–2008) and CEuT (1500–2007) temperatures (anomalies from the 1961–1990 mean). Original series of CEuT (a) and Stockholm (b) are smoothed with a 30-year Gaussian filter (c) and compared using 31-year running correlations between unfiltered data (d). Running correlations (31-year window) between ECHO-G modeled JFMA temperatures (Erik1 and Erik2 forced runs) for Stockholm (grid point coordinates: 18.75° E, 61.23°N) and Prague (14.4°E, 50.09°N) in the period 1500–1990. The horizontal solid lines in d and e denote the critical value of correlation coefficients for α = 0.05 for one-tailed t test (Brázdil et al. 2010, Fig. 3 p. 21)



Fig. 2.3.7. Reconstructed and modelled Northern Scandinavian summer temperature variations over the past five centuries (Büntgen et al. 2011a, Figure 4, p. 5, doi:10.1371/journal.pone.0025133.g004). Explanations: A - Actual (black) and reconstructed (red) JJA temperature anomalies (ºC) with error estimates (grey) and the ten warmest and coldest decades superimposed (colour boxes). B - Comparison of the actual and reconstructed temperatures with five existing (green) reconstructions. C - Comparison of the actual and reconstructed temperatures with CCSM3 SAT (pink) and SST (blue) model simulations. Mean and variance of the data are scaled against JJA temperature (1860–2006), expressed as anomalies (1961–1990) and 20-year low-pass filtered. D - Solar (TSI; Total Solar Irradiance), volcanic (ODI; Optical Depth change in the visible band), and CO2 (ppm) forcing as used in the model simulation.
In Carpathian Mountains (Southern Poland) several cool and rainy summers in the second part of LIA were indicated on the basis of dendroclimatological studies: 1650-1660, 1670-1685, 1690-1719, and 1735-1745 (Bednarz 1984, 1996). The final phase of LIA in the first half of 19th century was the longest period of cooling with exceptionally cold years 1812-1824. In that period the average winter temperature in Russia and in large part of Europe was lower than the normal one by 10-12K (Borisenkov and Pasetsky 1988). 
In Central Europe the winter of 1829/1830 was extremely cold (see Annex 2.3.8). Very cold were also the winters of 1822/1823 and 1837/1838. 

The cooling during Little Ice Age (LIA) had an important influence on human life. At the turn of the 13th and 14th century the number of farms decreased as a results of a drop in the temperature of Northern Norway (lub: as a result of the climate deterioration in the Northern Norway) (Cowie 2007). In Finland very unfavourable weather conditions in the 1697 caused the serious reduction in the population (Cowie 2007). 
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2.3.8
Annex

Selected List of Unusual Climatic Events for each Century of the last Millennium

Will be updated 
11th Century (1001-1100 AD)

	Year
	Area
	Climatic event
	Source

	1001
	S Baltic 
	Heavy rains
	Name Author(20xx)

	1011
	Europe and SW Russia
	Extremely frosty winter (even Bosphorus was frozen)
	Borisenkov and Pasetsky (1988)

	1022
	Germany
	Hot and dry summer (rzeki wyschły)
	Glaser (2008)

	1035
	E Germany
	Summer drought (6 months without rain)
	Borisenkov and Pasetsky (1988)

	1052
	Central Europe
	Wet year
	Glaser (2008)

	1068/1069
	NW Poland 
	Cold winter. Rivers was frozen
	

	
	
	
	

	1076/1077
	Germany, Poland
	Severe winter , strong ice on the Elbe and Vistula rivers; Rein frozen from 11 November 1076 to 31 March 1077
	Rojecki (1965); Borisenkov and Pasetsky (1988)

	1092
	Russia, Germany
	Extreme frosts in April; drought in summer
	Borisenkov and Pasetsky (1988)

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	


12th Century (1101-1200 AD)

	Year
	Area
	Climatic event
	Source

	
	 
	
	

	1103
	W Russia 
	Locust invasion
	Borisenkov and Pasetsky (1988)

	1110/1111
	Baltic and Masurian lakes
	Strong ice cover
	Rojecki (1965)

	1118
	Poland and large part of Europe
	In spring and summer heavy rains and strong disastrous floods
	Rojecki (1965)

	1121
	Poland
	Drought and hot weather from March to May. Hungry year
	Rojecki (1965)

	1124
	W Russia
	Drought – summer without rain; Kijev was burn up
	Borisenkov and Pasetsky (1988)

	1124/1125
	Poland
	Frosty winter
	Rojecki (1965)

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	


13th Century (1201-1300 AD)

	Year
	Area
	Climatic event
	Source

	
	
	
	

	1204
	Danmark, N Germany
	Frozen Baltic sea
	Rojecki (1965)

	1219-1221
	Poland
	Three wet years with heavy rains and floods. In 1221 especially prolonged rainfalls from Spring to Autumn
	Rojecki (1965)

	1225/1226
	Poland
	Early winter. Vistula was frozen on 28 October
	Rojecki (1965)

	
	
	
	

	1253
	Poland
	Extreme floods. Prolonged rainfalls from 20 April to 25 July
	Rojecki (1965)

	1269
	Lower Silesia
	Flood on the Oder river
	Rojecki (1965)

	1270
	S Poland
	Two great floods in Vistula river and tributaries (Raba and Dunajec) on 22 June. Krakow was under the water. The second flood was on 21 August.
	Rojecki (1965)

	1278
	Poland
	Severe winter
	Rojecki (1965)

	1283
	SE Poland
	Severe winter
	Rojecki (1965)

	1285/1286
	S Baltic 
	Baltic was frozen
	Rojecki (1965)

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	


14th Century (1301-1400 AD)

	Year
	Area
	Climatic event
	Source

	1304
	S Baltic 
	On 1 November strong storm and storm flood
	Rojecki (1965)

	1305/1306
	Denmark and S Baltic
	Frosty winter with strong ice cover on the whole area of Baltic between Denmark, Sweden and Estonia
	Rojecki (1965)

	1310
	Czech, Germany and Poland
	Floods. Largest on 25-26 June in Klodzko (Sudeten)
	Rojecki (1965)

	1316
	Czech, Germany and Poland
	Summer floods on Elbe and Nysa Klodzka 
	Rojecki (1965)

	1320
	SW Baltic 
	Between 30 November and 6 December strong storm and storm flood in Lubeck
	Rojecki (1965)

	1322/1323
	Baltic
	Severe winter. Whole Baltic was complete frozen and  covered by strong ice. Heavy frosts lasted from 30 November to 6 March
	Rojecki (1965)

	1332
	Poland, Lithuania, Russia
	Extreme heat waves in summer and drought. Many rivers was dry up
	Rojecki (1965); Borisenkov and Pasetsky (1988)

	1338
	Poland, Germany, Czech
	Locust plague between 25 July and 18 August
	(Glaser (2008)

	1347
	Pomerania and Stralsund
	On 21 September great snowfall broken the trees, and after heavy rain caused flood
	Rojecki (1965)

	1362
	Poland
	Exceptional frost in June damaged of cultivations. Extremely cold and wet summer
	Rojecki (1965)

	1362/1363
	Poland
	Severe and snowy winter. 
	Rojecki (1965)

	1364/1365
	Poland
	Severe and prolonged winter. Frost damages in trees and animals
	Rojecki (1965)

	
	
	
	

	1368
	Poland 
	Rainy summer with large flood on 15 August 
	Rojecki (1965)

	1370
	SW Baltic
	Storm flood in Wismar on 3 December 1370
	Rojecki (1965)

	1372
	Silesia
	Strong flood destroyed Wroclaw
	Rojecki (1965)

	1374
	SW Baltic
	Storm flood in Lubeck on 4 December 1374
	Rojecki (1965)

	1376
	Poland
	Hot summer with drought. Vistula near Toruń was very small
	Rojecki (1965)

	1388
	N Poland
	On 2 February and 29 March great thawing flood on lower Vistula river. In summer on 10 July heavy rainfall and large flood near Grudziądz and surroundings with great damages 
	Rojecki (1965)

	1393/1394
	SW Baltic
	Strong sea ice blocked the port in Wismar and Rostok
	Rojecki (1965)

	1396
	SW Baltic
	Storm flood in Rostok on 17 January 1396
	Rojecki (1965)

	1398/1399
	SW Baltic, Denmark
	Severe winter . Strong ice covered the sea and Danish Straits
	Rojecki (1965)


15th Century (1401-1500 AD)

	Year
	Area
	Climatic event
	Source

	1405
	SW Poland, Lower Silesia
	After great snow in Sudeten thawing flood at the end of winter made large damages in Klodzko, Nysa, Paczkow and Glucholazy. Second flood on 25 June was caused by heavy rainfall
	Rojecki (1965)

	1407/1408
	SW Baltic
	Severe winter. Complete frozen sea between Germany and Denmark
	Rojecki (1965)

	1408/1409
	Russia, Germany
	Severe and snowy winter 
	Borisenkov and Pasetsky (1988); Glaser (2008)

	1411/1412
	Lithuania, Poland
	Extremely mild winter with flowers in February
	Rojecki (1965)

	1415
	Poland, W Russia
	Very wet year. Great problems with harvest because there were a lot of water on the fields
	Rojecki (1965)

	1422/1423
	S Baltic
	Severe winter with strong ice on the whole Baltic between Gdansk and Denmark
	Rojecki (1965)

	1428
	Europe
	very cool summer, in Poland extreme rainfall since 24 August to the late autumn and floods
	Rojecki (1965); Borisenkov and Pasetsky (1988)

	1431/1432
	S and SW Baltic, Lower Vistula
	Frosty winter. Sea between Sweden and Denmark frozen with heavy ice. Lower Vistula frozen between 25 November and 23 April
	Rojecki (1965)

	1432-1434
	Lower Silesia
	Series of catastrophic floods on Nysa Luzycka in Zgorzelec-Goerlitz on 20-21 July 1432, 13 July 1433 and at the end of July 1434
	Rojecki (1965)

	1435
	Russia, W Europe
	Very cool spring and summer, frost in June
	Borisenkov and Pasetsky (1988)

	1439/1440
	Poland, Lithuania
	Heavy and snowy prolonged winter from 11 November to 23 April. Frost damages in fruit trees. Extremely cold winter of 15th century
	Rojecki (1965); Borisenkov and Pasetsky (1988)

	1449
	S-SW Baltic
	Extremely strong storm and storm floods
	Rojecki (1965)

	1451
	Poland
	In summer heavy rainfalls and floods. In Russia drought
	Rojecki (1965); Borisenkov and Pasetsky (1988)

	1453/1454
	Silesia 
	Strong frost between 23 November and half of December 1453 made damages on fruit trees
	Rojecki (1965)

	1454/1455
	S Baltic, Poland
	Severe winter. Gdansk Bay was completely frozen. Between 30 March and 6 April 1455 thawing flood in Lower Vistula in Gdansk
	Rojecki (1965)

	1455
	Lower Silesia
	Summer drought. During 16 weeks without rain. Oder near Wroclaw very small
	Rojecki (1965)

	1455/1456
	Gdańsk Bay
	Gdańsk Bay was frozen between 2 February and 21 March. On 21-27 March thawing flood in Lower Vistula
	Rojecki (1965)

	1456
	Silesia (SW Poland)
	Drought in spring. Wet summer with floods
	Rojecki (1965)

	1457/1458
	W Baltic, Denmark, Lower Silesia
	Frosty winter. Danish Straits frozen
	Rojecki (1965)

	1459/1460
	Baltic 
	Extremely frosty winter. Strong ice cover, even in S and SW Baltic between 14 February and 17 March was possible transport between Germany, Denmark and Sweden
	Rojecki (1965)

	1463
	Lower Silesia
	Drought and  hot summer
	Rojecki (1965)

	1464
	SW Poland
	Greatest flood of 15th century on Oder river on 14-16 August. Lot of damages
	Rojecki (1965)

	1465
	Lower Vistula
	Storm flood on 16 November
	Rojecki (1965)

	1466
	Lower Vistula
	Great thawing flood between Torun and Gdansk on 2 February. Lot of damages. Second flood on 1 April
	Rojecki (1965)

	1467
	SW –S Baltic
	Strong storm and storm flood on 28-29 January
	Rojecki (1965)

	1468
	Poland
	In August floods on Oder (Wrocław) and Vistula rivers (Krakow) 
	Rojecki (1965)

	1473
	Poland, Lithuania, W Russia, E Germany
	Extreme hot weather and drought in summer. Fires. Several rivers dry up
	Rojecki (1965); Borisenkov and Pasetsky (1988)

	1475
	Poland
	After three dry years on 24 July great flood in Krakow on Vistula river and then in Warsaw
	Rojecki (1965)

	1492/1493
	Poland
	Very mild winter. In January and February blossomed flowers but lot of plants were damaged by frost in March
	Rojecki (1965)

	1494/1495
	S Baltic
	Severe winter with strong ice on Gdańsk Bay
	Rojecki (1965)

	1495
	Sweden
	Strong storm in Stockholm on 28 October. Several ships was damages
	Rojecki (1965)

	1496
	SW Poland
	Floods on the left tributaries of Oder on 16 August
	Rojecki (1965)

	1497
	S-SW Baltic
	Extremely strong and damaging storm on 14/15 September
	Rojecki (1965)

	1500
	Poland
	Dry and hot spring and summer
	Rojecki (1965)


16th Century (1501-1600 AD)

	Year
	Area
	Climatic event
	Source

	1501
	Lower Silesia
	Two great floods on Oder and tributaries: about 15 August and 20-21 August
	Rojecki (1965)

	1506/1507
	Poland, Central Europe
	Mild winter. Rivers were not frozen
	Rojecki (1965); Glaser (2008)

	1513/1514
	Central Europe
	Strong winter with continental air-mass from NE. Extremely frosty winter in Krakow
	Limanówka (2001); Glaser (2008)

	1514/1515
	Central Europe
	Mild winter
	Glaser (2008)

	1515
	Central Europe
	Wet year with several floods. 3 times on Oder: 13-22 July, 15-24 August and 8-12 September.
	Rojecki (1965)

	1520/1521
	Central Europe
	Mild winter, the mildest in 16th century
	Glaser (2008)

	1529/1530
	Central Europe
	Mild winter
	Glaser (2008); Limanówka (2001)

	1530/1531
	Central Europe
	Very mild winter
	Glaser (2008)

	1540
	Poland, Central Europe
	Extreme hot and dry summer. The hottest summer of the 16th century and maybe in the whole Millennium. In Krakow 47 hot days
	Rojecki (1965); Limanówka (2001); Glaser (2008);

	1545/1546
	Baltic, Poland
	Frosty winter. Baltic was frozen
	

	1553
	Silesia
	Drought in summer and autumn
	Rojecki (1965)

	1553/1554
	S Baltic, Silesia
	Frosty winter with ice cover on Gdansk Bay
	Rojecki (1965)

	1555/1556
	Central Europe
	Mild and wet winter
	Glaser (2008)

	1560/1561
	Central Europe
	Very  cold winter
	Glaser (2008)

	1565/1566
	Central Europe
	Mild and wet winter with frequent air flow from W
	Glaser (2008)

	1572/1573
	Central Europe
	Extremely cold and snowy winter, strongest in 16th century, under the influence of Scandinavian high. 
	Glaser (2008)

	1586/1587
	Central Europe
	The second very strong and snowy winter
	Glaser (2008)

	
	
	
	

	
	
	
	

	
	
	
	


17th Century (1601-1700 AD)

	Year
	Area
	Climatic event
	Source

	1601/1602
	W Russia
	Severe and snowy winter
	Borisenkov and Pasetsky (1988)

	1603
	Lithuania, Belarusia
	Cool spring with frosts to the end of April. Hot and dry summer
	Borisenkov and Pasetsky (1988)

	1603/1604
	Lithuania, Belarusia, W Europe
	Severe winter between 26 November to 6 January. Then very changeable weather
	Borisenkov and Pasetsky (1988)

	1606/1607
	Central Europe
	Extremely warm and dry winter
	Glaser (2008)

	1607/1608
	Central Europe
	Cold and snowy winter
	Glaser (2008)

	1611/1612
	Central Europe
	Strong and snowy winter
	Glaser (2008)

	1614/1615
	Central Europe
	Cold winter
	Glaser (2008)

	1616/1617
	Central Europe
	Warm and dry winter
	Glaser (2008)

	1622
	Silesia
	Heavy rains between 8June and 25 July caused strong flood on Oder river
	Czerwiński (1989)

	1628
	Poland
	Wet summer. Great flood on Vistula river in July
	

	
	
	
	

	1643/1644
	Poland, Ukraine, Russia
	Severe, prolonged and snowy winter, from 16 November to 3 April
	Borisenkov and Pasetsky (1988)

	1657/1658
	Central Europe, E Germany
	Extremely cold, prolonged and snowy winter with temperature 4-5K below normal
	Borisenkov and Pasetsky (1988); Glaser (2008)

	1661
	Poland
	Catastrophic flood on Vistula river in summer. Warm year in NE Poland
	Przybylak and Marciniak (2010)

	1666
	Russia, NE Poland, Germany
	Cool summer in Russia and NE Poland. Frost on 3-5 August. In Germany hot and dry summer
	Borisenkov and Pasetsky (1988); Glaser (2008); Przybylak and Marciniak (2010)

	1670/1671
	Central Europe
	Warm winter
	Glaser (2008)

	1672
	NE Poland
	Cold year; coldest than 1666
	Przybylak and Marciniak (2010)

	1678
	Central Europe
	Hot and dry summer
	Glaser (2008)

	1680/1681
	Central Europe
	Cold winter
	Glaser (2008)

	1685
	Central Europe
	Wet and cold summer
	Glaser (2008)

	1690
	Ukraine, Poland, Hungary
	Locust invasion 9-15 August
	Borisenkov and Pasetsky (1988)

	1694/1695
	Central Europe
	Extremely cold winter
	Glaser (2008)

	1695
	Central Europe
	Cold and late spring. Wet and cold summer
	Glaser (2008)

	1698/1699
	SW Russia, Ukraine, Central Europe
	Mild winter
	Borisenkov and Pasetsky (1988); Glaser (2008)


18th Century (1701-1800 AD)

	Year
	Area
	Climatic event
	Source

	1700/1701
	E Baltic, Russia, Ukraine, W Europe
	Mild winter
	Borisenkov and Pasetsky (1988)

	1708/1709
	Central Europe
	Extreme cold winter. Perhaps the coldest winter of the second half of Millennium
	Glaser (2008); Luerbacher et al. (2004)

	1723/1724
	greater Baltic Sea region; Central Europe
	Very mild winter. the warmest winter during LIA
	Eriksson et al. (2007); Glaser (2008)

	1739/1740
	greater Baltic Sea region; Central Europe
	Extraordinary cold winter
	Eriksson et al. (2007); Glaser (2008)

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	1757
	E Baltic, W Russia, W Europe
	Summer drought. Extreme hot July (in St. Petersburg mean monthly temperature 23,2°C). The warmest summer in Scandinavia and W Russia
	Borisenkov and Pasetsky (1988)

	1758/1759
	Denmark, E Baltic, W Europe
	Mild winter with leaves on the trees in January in Denmark
	Borisenkov and Pasetsky (1988)

	1759/1760
	W Russia, E Baltic, Ukraine, W Europe
	Extremely severe and snowy winter. In St. Petersburg on 6th January was the strongest frost in 18th century
	Borisenkov and Pasetsky (1988)

	1779
	Central Europe
	The warmest year in 18th century (mean annual temperature anomaly about +1.5K)
	

	1782/1783
	Central and Western Europe, Russia
	Extremely severe and snowy winter. Very cold January in St. Petersburg
	Borisenkov and Pasetsky (1988)

	1784
	Central Europe
	February – most severe snow melt and ice damming flood during 500 years
	Glaser et al. (2010)

	1788/1789
	Poland
	Very cold winter. Anomaly of temperature in Warsaw -5.5K. Coldest December 1788 with average temperature -14.8°C
	

	1794/1795
	Poland
	Severe winter in Warsaw (-7.2°C; in January -11.3°C)
	

	1795
	Sudeten
	heavy rainfall and great flood between 12 and 14 July
	Czerwiński (1989)

	1795/1796
	SW Russia, Poland, Ukraine
	Mild winter without snow. Warm weather was in January and February. In Ukraine fist snow was noticed on 9th February 
	Borisenkov and Pasetsky (1988)

	
	
	
	

	
	
	
	

	1798/1799
	E Baltic, W Russia, Poland, Ukraine, W Europe
	Extreme cold winter with strong frosts in February. In Warsaw average winter temperature -9.3°C; in February          -10.3°C)
	Borisenkov and Pasetsky (1988)

	1799/1800
	Poland
	
	

	1800
	Poland, Germany
	Warm spring, and the warmest April (Berlin 14.4°C, Krakow 14.9°C)
	


First half of 19th Century (1801-1850 AD)

	Year
	Area
	Climatic event
	Source

	1800/1801
	E Baltic, W Russia, Ukraine, W Europe
	Severe winter
	Borisenkov and Pasetsky (1988)

	1802/1803
	Poland
	Strong winter. In Warsaw average temperature -7.5°C, with extremely cold January (-13.9°C)
	

	1804/1805
	Poland
	Strong winter. In Warsaw average temperature -7.2°C (in January -9.0°C)
	

	
	
	
	

	1812/1813
	Poland
	Cold winter. In Warsaw average temperature -6.4°C (in December 1812 -10.9°C)
	

	1813/1814
	W Russia
	Extremely severe winter with average January temperature in St. Petersburg  drops to -21.4°C (the lowest measured value in history)
	Borisenkov and Pasetsky (1988)

	
	
	
	

	
	
	
	

	
	
	
	

	1816
	W Europe
	“Year without summer” after eruption of Tambora volcano (Indonesia) in 1815, but in Baltic region not so extreme
	Borisenkov and Pasetsky (1988)

	1819/1820
	Poland
	Strong winter. In Warsaw average temperature -7.9°C (in January -10.2°C)
	

	1821/1822
	Poland
	Mild winter. In Warsaw average temperature +0.8°C
	

	1822/1823
	Poland
	Strong winter. In Warsaw average temperature -7.0°C (in January -12.9°C)
	

	1829
	Poland
	The lowest mean annual temperature: Warsaw 4.8°C (anomaly -2.5K), Krakow 5.3°C (anomaly -2.8K) 
	

	1829/1830
	Central Europe, Poland
	The coolest winter. Average temperature in Warsaw -9.6°C (December -12.3°C), in Krakow -10.6°C (December -13.9°C), in Prague -6.1°C
	

	
	
	
	

	1837/1838
	Poland
	Strong winter. In Warsaw average temperature -8.5°C (in January -13.4°C)
	

	1842/1843
	Poland
	Mild winter. In Warsaw average temperature +1.4°C (in February +3.6°C), in Krakow +1.8°C (in February +5.0°C)
	

	
	
	
	

	1849/1850
	W Russia
	Severe winter. The end of “Little Ice Age”
	Borisenkov and Pasetsky (1988)
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