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Introduction 
• 1. State of knowledge 
       - Instrumental period: quite good 
    for Poland we have dozen of long-term homogenise 

temperature series, the longest come from Warsaw 
(since 1779), Wrocław (since 1791) and Cracow (since 
1792), however in the near future there will be also 
available series for Gdańsk since 1739. 

    for Europe for comparison the longest series come from 
central England (so called Manley series since 1659), in 
addition very long series are available e.g. for the 
following places: Berlin (1701), de Bilt (1706), Uppsala 
(1722), St. Petersburg (1743), Geneva (1753), Stokholm 
(1756), Frankfurt (1757), Paris (1757), Vienna (1760), 
Prague (1771), Vilnius (1777); in about 30 places started 
meteorological observations in the 18th century. 

 
  



Introduction cont. 
- Pre-instrumental period: still limited 
 

    However marked progress in Poland’s climate 
history studies based on proxy data (documentary 
evidence, dendrochronological data, geophysical 
data) is noted since the beginning of the 1990s. 
Nonetheless, this does not extend back before the 
start of the last millennium (Przybylak et al. (eds), 
2010; Przybylak 2011). Relatively better climate 
information is available since Nicolaus 
Copernicus’s time and onwards. 
 



Method of climate reconstruction 
(Brazdil 2002) 



 Schematic procedure of air temperature reconstruction 
based on documentary evidence (Brazdil 2010) 



 
AIR TEMPERATURE 

 



Annual Earth’s surface air temperature 
changes in the last millennium (IPCC 2001) 



. 
 

Changes of mean annual air temperature in the last 
millennium according to nine different reconstructions 

(red line – Moberg et al. 2005) 



Decadal frequencies of extreme events in Central 
and Eastern Europe (Sadowski 1991) 



Changes of mean continentality index (W), 1200-
1970 (Sadowski 1991) 



Climate changes in different regions of the 
Northern Hemisphere (A, B, C, and E) and 

in Poland (D) (after Maruszczak 1998) 



    

Frequency of occurrence of extreme warm and wet 
as well as cold and dry winters  (DJF) and summers 
(JJA) in Poland from 1501 to 1840 (after Przybylak 

et al. 2004)    
 

    Air temperature     Precipitation   Extreme 

Period DJF JJA DJF JJA situations 

  2 i 3 -2 i -3 2 i 3 -2 i -3 2 i 3 -2 i -3 2 i 3 -2 i -3 Total % 

1501-1550 7 12 2 0 7 7 17 4 56 24,2 

1551-1600 1 14 7 0 1 3 10 9 45 19,5 

1601-1650 0 11 10 0 0 0 3 0 24 10,4 

1651-1700 4 11 3 1 1 0 4 3 27 11,7 

1701-1750 2 12 1 3 6 0 9 3 36 15,6 

1751-1800 0 10 0 0 1 0 1 0 12 5,2 

1801-1840 0 9 7 2 2 1 4 6 31 13,4 

1501-1840 14 79 30 6 18 11 48 25 231   

% 6,1 34,2 13,0 2,6 7,8 4,8 20,7 10,8   100,0 
The greatest frequency of occurrence of extreme warm and wet as well as cold and dry winters and summers in the 50-
year periods is shown in bold 



The occurrence of pointer years in 50-year 
intervals, based on Scots pine widths, 

central Poland, 1173-2000 (after 
Koprowski et al. 2012) 



Reconstructions of mean 10-year air temperatures (oC) in Poland from 
1501 to 1840: a) winter (DJF) and b) summer (JJA). 1 and 2 – anomalies 

with respect to 1901–1960 and 1789–1850 means, respectively (after 
Przybylak 2011) 

  



Mean winter (upper figure)  and summer (lower figure) air temperature in 
Cracow in periods: 1502-1507, 1527-1531, 1535-1540 (based on Biem’s 

weather notes) and 1792-1996 (instrumental data) (after Limanówka 2001) 

DJF 

JJA 



Long-term means of summer temperature in Cracow in 
historical periods (after Limanówka 2001) 
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A reconstruction of mean January–April air temperature in Poland for 
the period 1170–1994 using a standardised chronology of tree-ring 

widths for Scots pine (Pinus sylvestris L.) (after Przybylak et al. 2001, 
modified) 

Key: Rek-11, Rek-50 – 11- and 50-year running means; reconstruction using areally-averaged air temperatures from 
Warsaw, Bydgoszcz and Gdańsk for calibration, Obs – mean January–April areally-averaged air temperature from 

Warsaw, Bydgoszcz and Gdańsk 
 



Reconstruction of mean air temperature for periods Dec-Mar (Aa) 
and Feb-Mar (Ps) based on chronologies of fir and Pinus 

sylvestris L., respectively (after Szychowska-Krąpiec 2010) 
Key: capital letters W, S, M and D denote minimum solar activity periods Wolf, Sporer, Maunder and Dalton, respectively 



Long-term changes of 11-years running mean annual 
values of air temperature in the period of instrumental 

observations (after Przybylak 2010, modified) 
            Key: Data from Cracow after Trepińska (1971) and Matuszko (2007, ed.), from Warsaw after 

Lorenc (2000), from coast of Baltic after Miętus (1996) and for Poland (after Żmudzka 2008). 
 



Extremely warm and cold years in 
Wrocław, 1791-2010 

based on mean annual values (after Przybylak et al. 2013) 

Mean annual temperature anomalies in Wrocław, 1791-2010. Reference period 1791-2010. Standard deviations ( ±1σ - dots, ±2σ – short dashed lines, ±3σ – 
long dashed lines, ±4σ – solid line) calculated for the reference period 
Extremely warm and cold years (≥99% - red with label, ≥95% - red, ≥90% - orange and ≤10% - light blue, ≤5% - dark blue, ≤1% - dark blue with label) in 
Wrocław, 1791-2010  
 

Extremely warm and cold years (≥99% - red with label, ≥95% - red, ≥90% - orange and ≤10% - light blue, ≤5% - dark blue, ≤1% - dark blue with label) 
in Wrocław, 1791-2010  
Values of thresholds: 1% = 5,7°C; 5% = 6,8°C; 10% = 7,2°C; 90% = 9,8°C; 95% =10,1°C; 99% =10,8°C 
Percentiles calculated for annual values 
 
  



SURFACE GROUND 
TEMPERATURE 



Anomalies of temperature with depth for 13 
boreholes located in Poland and their mean 

anomaly (red line) (after Majorowicz et al. 2001) 



 Reconstructions of the ground-surface temperature history in Poland (curves 
1–3) and their comparison with the analogical reconstruction (curve 5) based on 

the deepest point temperature profile with depth in the Grodziec borehole, as 
well as with air temperature (curve 4) (after Majorowicz et. al. 2001).  

Key: curve 1 – reconstruction from the continuous temperature logs which indicate minor ground-
surface temperature warming, curve 2 – reconstruction derived from continuous temperature logs 

indicative of major warming, curve 3 – average based on the above two groups, curve 4 – homogeneous 
air temperature series from Warsaw (11–year running mean) (Lorenc 2000). 



Reconstructions of the mean global ground-surface 
temperature history (lower figure) based on data from 616 

boreholes (for location see upper map, red dots) 
 (after Pollack et al., 1998) 



ATMOSPHERIC  
 

PRECIPITATION 



Climate changes in different regions of the 
Northern Hemisphere (A, B, C, and E) and in 

Poland (D) (after Maruszczak 1998) 



    

Frequency of occurrence of extreme warm and 
wet as well as cold and dry winters  (DJF) and 

summers (JJA) in Poland from 1501 to 1840 ((after 
Przybylak et al. 2004)      

 

    Air temperature     Precipitation   Extreme 

Period DJF JJA DJF JJA situations 

  2 i 3 -2 i -3 2 i 3 -2 i -3 2 i 3 -2 i -3 2 i 3 -2 i -3 Total % 

1501-1550 7 12 2 0 7 7 17 4 56 24,2 

1551-1600 1 14 7 0 1 3 10 9 45 19,5 

1601-1650 0 11 10 0 0 0 3 0 24 10,4 

1651-1700 4 11 3 1 1 0 4 3 27 11,7 

1701-1750 2 12 1 3 6 0 9 3 36 15,6 

1751-1800 0 10 0 0 1 0 1 0 12 5,2 

1801-1840 0 9 7 2 2 1 4 6 31 13,4 

1501-1840 14 79 30 6 18 11 48 25 231   

% 6,1 34,2 13,0 2,6 7,8 4,8 20,7 10,8   100,0 
The greatest frequency of occurrence of extreme warm and wet as well as cold and dry winters and summers in the 50-
year periods is shown in bold 



Decadal frequencies of occurrence of summers (JJA) that were: a) 
extremely wet and very wet (indices 3 and 2) and b) extremely dry and 

very dry (indices –3 and –2) in Poland between 1501 and 1840 (after 
Przybylak et. al. 2004) 



Annual totals of precipitation in Cracow (1502-1507, 1527-1531 and 
1535-1540 - reconstruction based on annual number of days with 

precipitation), 1814-1849 reconstruction by Twardosz (1999), 1850-
1995 – instrumental observations (after Limanówka 2001) 
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Differences in number of days with precipitation (a) and snowfall 
(b) between period 1656-1667 (diary of J. A. Chrapowicki) and 

contemporary (meteorological stations’ data) period 1931-1960 
(after Nowosad et al. 2006) 



Long-term changes of 11-years running mean annual totals of 
precipitation in the period of instrumental observations (after 

Przybylak 2010, modified) 
            Key: Data from Warsaw after Kożuchowski (1990, ed.), from Cracow after 

Twardosz (1999, updated), from coastal part of Baltic after Miętus (1996) and from  
Polski (after Kożuchowski and Żmudzka 2003) 

 



Extremely wet and dry years in Wrocław,  
1791-2010  

(after Przybylak et al. 2013) 

Extremely wet and dry years (≥99% - black blue with label, ≥95% - black blue, ≥90% - light blue and ≤10% - yellow, ≤5% - orange, ≤1% - orange with label) 
in Wrocław, 1791-2010 
Threshold values: 1% = 261 mm; 5% = 348 mm; 10% = 397 mm; 90% = 673 mm; 95% = 713 mm; 99% =822 mm.  
Percentiles calculated for annual totals  

Annual precipitation anomalies  in Wrocław, 1791-2010. Reference period, 1791-2010. Standard deviations 
(±1σ - dots, ±2σ – short dashed lines, ±3σ – long dashed lines) calculated for the reference period 
Extremely wet and dry years (≥99% - black blue with label, ≥95% - black blue, ≥90% - light blue and ≤10% - yellow, ≤5% - orange, ≤1% - orange with 
label) in Wrocław, 1791-2010 
 



POLAND-EUROPE 
WEATHER AND CLIMATE 

LINKS 



(top left) Spatial correlation maps between winter temperature averaged over Poland (14.25°E–24.25°E; 49.25°N–54.75°N) and European land areas over the 
past 500 years (Luterbacher et al. 2004), (top right), as top left but for the instrumental period 1901–2006 (Phil Jones pers. comm.); (bottom left) Spatial 
correlation maps between winter temperature averaged over Poland (15°E–22.5°E; 50.625°N–54.375°N) and Europe for the period 1500–1990 within the 

ECHO-G model (von Storch et al. 2004; Gonzalez-Rouco et al. 2006); (bottom right) as bottom left but for 15°E–22.5°E; 50°N–55°N, the period 1500–1999 and 
the HadCM3 model (Tett et al. 2006). The significant areas (95% level) are marked in green contours (after Luterbacher et al. 2010) 

 

DJF 



(top left) Spatial correlation maps between winter precipitation averaged over Poland (14.25°E–24.25°E; 49.25°N–54.75°N) and European land areas over the 
past 500 years (Pauling et al. 2006), (top right), as top left but for the instrumental period 1901–2006 (Phil Jones, pers. comm.); (bottom left) Spatial 

correlation maps between winter precipitation averaged over Poland (15°E–22.5°E; 50.625°N–54.375°N) and Europe for the period 1500–1990 within the 
ECHO-G model (von Storch et al. 2004; Gonzalez-Rouco et al. 2006); (bottom right) as bottom left but for 15°E–22.5°E; 50°N–55°N, the period 1500–1999 and 

the HadCM3 model (Tett et al. 2006). The significant areas (95% level) are marked in green contours (after Luterbacher et al. 2010) 
 

DJF 



Poland’s and European (in particular 
Central Europe) climate variables are 

very well correlated, thus for 
description of Poland’s climate 

reconstructions made for the Central 
Europe can also be used 



Air temperature 



Fluctuation of seasonal and annual air temperature 
anomalies in Central Europe (reference period 1901-1960) 
in the 16th century smoothed by 10-year Gaussian filter 

(after Pfister and Brazdil 1999) 
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Mean anomalies (reference period 1901-1995) of 
air temperature in Europe for winter (upper figure), 

summer (middle figure) and year (lower figure) 
(after Luterbacher et al. 2004) 



Fluctuation of seasonal and annual air temperature 
anomalies (reference period 1961-1990) in Central 

Europe, 1500-2007 (thick line – 10-year Gaussian filter) 
(after Dobrovolny et al. 2009) 



Annual air temperature anomalies (°C) in 
Eastern Europe, 1001-2000 

 centennial anomalies in reference to period 1951-1980 
(after Klimenko and Solomina 2010) 



Baltic, ice winter index, 1501-1995 
(after Koslowski and Glaser, 1999) 

Variations of the ice winter index since 1501. The thin and the heavy solid curves represent 
the smoothed ice winter numerals obtained by applying a Gaussian lowpass filter with a 20- and a 
40-year cutoff period, respectively. The dark areas denote the periods of increased ice winter severity 
with regard to the arithmetic mean of 0.546 for the timespan 1501–1995 (horizontal solid line). The 
broken horizontal lines denote the deviations of 0.5_, 0.75_, and 1_ from the mean of 0.385 for the 
reference period 1901–1960 (horizontal dotted line), where the standard deviation _ D _0:760. 



Fluctuations of length of Grosser Aletsch 
glacier (Swiss Alps) in the last 2000 years 

(after Holzhauser and Zumbuhl, 1999) 

 



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) 

 

JJA 



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, Fig. 4, p. 581) 
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Atmospheric precipitation 



Fluctuation of seasonal and annual total precipitation anomalies in Central Europe (reference 
period 1901-1960) in the 16th century smoothed by 10-year Gaussian filter (after Pfister and 

Brazdil 1999) 
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Fluctuations of anomalies  (reference period 1961-1990) of seasonal precipitation totals averaged for 
Central Europe (using data from grids every 0,5o, 45-53oN and 5-18oE) in period 1500-2000 (thick line – 

10-year Gaussian filter) (Pauling et al. 2006) 



(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-June precipitation variability (Büntgen et al. 2011c, Fig. 5, p. 3951) 
 

AMJ 



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, Fig. 4, p. 581) 

 AMJ 
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Fluctuations of precipitation in Europe according to  6 
different reconstructions, 1500-2010. Data were 

smoothed by 30-year Gaussian filter (after Dobrovolny 
et al. 2014)  

JJA 

AMJ 



Mean anomalies of annual totals of precipitation (mm) in 
Eastern European Plain (reference period 1890-1950) 

reconstructed based on documentary evidence (Klige et al. 
1993)   



 
CONCLUSIONS 

  
1. The climate of Nicolaus Copernicus’s lifetime 

can be considered to be transitional between 
the Medieval Warm Period, which probably 
ended in Poland at the beginning of the 15th 
century, and the Little Ice Age, which began in 
the middle of the 16th century. 

 
 
2. Extreme situations (including both air 

temperature and precipitation) were most 
frequent and most changeable in winter 
(temperature) and summer (precipitation). 

 



CONCLUSIONS (2) 
3. The climate in Copernicus’s time was more 

continental than it is today, mainly due to the 
very severe winters occurring in the later 
stages of his life (1-3oC colder in reference to 
the mean for 1901-1960). The summers he 
experienced were slightly warmer and wetter 
than today, while mean annual air temperatures 
and surface-ground temperatures were lower, 
on average, by ca. 1.0-1.5oC than contemporary 
values. 

  



For more details about Poland’s and 
European Climate in the last millennium   
see monograph edited by R. Przybylak 

et al. (2010)  



Thank you
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