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1. Introduction  

 

The Maunder Minimum period (MM) covers a relatively short time span (AD 1645-1715) and it is 
known as the coldest period from the Little Ice Age over Europe and corresponds with a period 
characterized by the lowest sunspot activity over the last millennium. Also, MM was associate with 
an enhanced volcanic eruption (Briffa et al., 1998) and an increased in atmospheric 14C (Stuiver 
and Braziunas, 1993). During the Maunder Minimum the temperature reconstructions (T) from the 
Northern Hemisphere (NH) show a cold peak (anomaly to T = -0.18°C, relative to the 1902-1980 

ABSTRACT:   In this study we have developed an index which accounts for the 
occurrence of extreme cold winters based on documentary index and their 
social impact from Eastern Europe, over the Maunder Minimum period. In 
total, 41 harsh winters were extracted for the period from AD 1645-1715, 
and it’s the longest one, on record, over this area. Our investigation shows 
that the harsh winters occurrence rate is variable in the three areas of 
Eastern Europe and it`s spans in two periods: the Early Maunder Minimum 
(EMM) and the Late Maunder Minimum (LMM). The results obtained show 
that the number years of harsh winters has increased considerably during the 
EMM (AD 1645– 1665) and have an occurrence rate ~ 0.83/year. During the 
LMM we observe a small decrease in the occurrence rate (~ 0.52/year). 
However, during the transition period between EMM and LMM in Ukraine 
and southwestern part of Russia the harsh winter occurrence rate (from ~ 
0.15/year to ~ 0.45/year) show the maximum (~ 0.45/year), in opposition to 
the Carpathian regions where the minimum is recorded. The opposite trend 
in the harsh winter occurrence rate could be the product of different action 
of large-scale atmospheric circulation or the Carpathian Mountains barriers. 
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calibration period) (Mann et al. 1999). Thus, the cooling in the 17th century was different at the 
hemispheric level. This period was the coldest century in Europe (anomaly to T = -0.6°C), while in 
North America the highest cooling in the last millennium was recorded in the 19th century (Mann, 
2002).  In the same time the harsh winters affected human societies and harvest productivity. For 
understanding the climate changes over the past, the winter severity were analyzed on different 
proxy indicators, such as: dripwater or speleothems from the caves (Mangini et al., 2005, 
Fohlmeister et al., 2012, Ersek et al., 2018), ice core (Perșoiu et al., 2011, Perșoiu et al., 2017), ice 
river regime, like Thamisa (Lamb, 1977), etc. Besides these, the winter severity is also studied 
based on historical documents (Pfister et al., 1984, 1992, 1994) but they are few in number, their 
share being low in Eastern Europe (Yavuz et al., 2001, Ionita et al., 2018). In order to reconstruct 
the variability of winter air temperature, here we will present the record of harsh winter 
occurrence rate based on historical documents from the eastern part of Europe. The study 
analyzes a relatively short period of time (only 70 years) but has been noted by important climate 
changes that are highlighted by the magnitude of its impact on the environment and society. 

 

2. Study area 
 

The present study is concentrated in the eastern part of Europe and includes Romania, Republic of 
Moldova, Ukraine and southwestern Russia (Figure 1). 

 
Figure 1 (a) Location of the study site in Europe and (b) localities / regions where harsh winters 
occurred between Minimum Maunder Period (AD 1645 – 1715). 
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The Eastern Europe (EEU) is characterized by a temperate transition climate in the west and south 
(Romania), a temperate continental climate in the Republic of Moldova, Ukraine and Russia, and 
Mediterranean climate on the southern Crimean coast. The air temperature and precipitation 
amount are influenced by the prevailing large-scale atmospheric circulation, land cover and 
orography. The western regions are strongly influenced by the Atlantic Ocean sea surface 
temperature, which results in higher rainfall and moderate temperatures in all seasons, whereas 
the eastern regions are influences by continental which generate low rainfall and low/high 
temperature in winter/summer. The winters in the EEU are milder and more humid in the west, 
whereas in the eastern are colder and drier. These differences are due influence of the large-scale 
atmospheric circulation in particular the North Atlantic Oscillation, the Arctic Oscillation and the 
Siberian High (known also as Siberian Anticyclone). 

 

3. Methods 

 

Data on the severity of winters in Maunder Minimum period were drawn from literary and 
narrative sources, which were subsequently embodied in climate descriptive books and scientific 
articles. For a better interpretation of the severe winters we span the Eastern Europe territory in 
three areas: 1) the Intra – Carpathian region (IC), which include Transylvania; 2) the Extra – 
Carpathian region (EC) where were included Moldova, Wallachia, Dobrogea and Republic of 
Moldova and 3) Ukraine (UA) and southwestern Russia (RUS). Data sources are shown in Table 1. 
In total 41 severe winters were recorded over the period AD 1645-1715 (Figure 2). In order to 
define the intensity of the harsh winters obtained from historical documents we classified the 
winter indices on the three scale according to the classification used by other historical climate 
studies (eg. Phister, 1998; Glaser, 2008). The winter index was classified as: 1 - cold winter, 2 - very 
cold winter, 3 - extreme cold winter (rough). Figure 4 shows the intensity / magnitude of the 
winters classified by regions, such as: IC, EC and UA and RU. Besides magnitude, we also 
determined the rate of occurrence of extreme events (Mudelsse et al., 2004), which is defined as: 

 
where, Tn represent the timing of the nth harsh winter event with unit of year; m defined the 
number of harsh winter events occurrence; K() represent the Gaussian kernel function and h is the 
breadth of the kernel function (h = 5 years).  
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Figure 2 Determination of bandwidth, h [year], for Kernel occurrence rate estimation of harsh winters 
(magnitude class 1) in EEU. The cross validation function has h = 5 years. 
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The confidence intervals (90%) around λ(t) were established using a bootstrapped methodology: N 
simulated harsh winter events were plotted from Tn with replacement and simulated λ calculated. 
This operation was repeated 2000 times and a percentile-t confidence band was calculated. The 
trends in the occurrence rate were certified using the Cox and Lewis statistical test (Cox and Levis, 
1966) and it is shown in Figure 3. 
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Figure 3 The occurrence rate of harsh winters in Eastern Europe based on Cox-Lewis test for magnitude 
class 1. Kernel estimation using a bandwidth of 5 years. 

 

In order to understand the variability and the drivers of cold winters, proxy data was collected also 
at regional level. These proxies include: the irradiance estimates derived from the 'O Be 
measurements (Bard et al, 1997), winter NAO index (Trouet et al., 2009), DJF rainfalls anomalies 
(Pauling et al., 2006), DJF air temperature anomalies (Luterbacher et al., 2004), δ15N proxy 
indicator for DJF precipitation reconstruction (Cleary et al., 2017), δ13C – proxy for winter 
hydroclimate (Feurdean et al., 2015), δ18O – proxy for winter temperature, d-excess (Perșoiu et al., 
2017) and  Danube ice cover (Ionita et al., 2018). DJF anomalies represent the average of the 
December, January and February months. 

 

Table 1. Data sources of severe winters in Eastern Europe 

Data 
sources 

Year  Title of issue  Journal Volume Pages 

Dudaș, F. 1999 Catastrofe_naturale în Transilvania Published by Vest  176 
Mihăilescu, 

C. 
2004 

Clima și hazardurile Moldovei – 
evoluția, starea, predicția 

Publised by Licorn   191 

Topor, N. 1964 Ani ploioși și secetoși 
Institutul 

Meteorologic   
304 

Teodoreanu, 
E. 

2012 
Apercu sur le_climat des siecles 

passes sur le territoire de la 
Roumanie 

RRG. 56 (1) 71-86 

Teodoreanu, 
E. 

2013 
Hydro-climatic events during the 

Little Climatic Optimum in Romania 
RRG. 57 (1) 

8-
Mar 

Teodoreanu, 
E. 

2014 
Little Ice Age in_Romania in the 

vision of a syrian traveler 
PESD 8 (1) 

139-
145 

Teodoreanu, 
E. 

2017 
In căutarea timpului trecut. Schiță de 

climatologie istorică 
Paideia  364 
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4. Results and discussion 

 

4.1. Harsh winters variability and intensity in the eastern part of Europe 

Figure 4 show the variability and intensity of the harsh winters in the Eastern Europe during the 
Maunder Minimum, based on documentary data. In total, 41 years with harsh winters were 
identified in all regions of the EEU (Figure 4a), but they were distributed differently in the three 
analyzed regions (Figure 4b, 4d and 4f). Overall, 19 harsh winters were recorded in IC region, 19 in 
EC and 18 in UA and southeastern RUS. In order to understand the possible trends in the 
occurrence of harsh winters we split our time series in two periods: Early Maunder Minimum 
(EMM, AD 1645 - 1665) and Late Maunder Minimum (LMM, AD 1685 - 1715). The results show a 
high increase of occurrence rate of harsh winters during the EMM in IC and EC, and less high in the 
eastern part. Between EMM and LMM we observe an increase in the occurrence rate of harsh 
winters in UA and SE RUS and a decrease in IC and EC regions. This increase in the North and East 
of Eastern Europe may be due to the intensification of the Siberian Anticyclone and the NAO 
positive index. During the LMM we observe an increase in the occurrence rate of harsh winters in 
IC and EC and a slow decrease, in RUS and UA, these being attributed to the weakening of the 
polar vortex and the NAO index. Another indicator to quantify the severity of winters is its 
magnitude. 

 
Figure 4 Occurrence rate of harsh winters during the Maunder Minimum (AD 1645 – 1715) with 
bootstrap 90% confidence band (shaded) from class 1 for EEU in (a), IC in (b), EC in (d) and UA and RU in 
(f). Harsh winter magnitude is represented by blue bars in IC (c), EC (e) and UA and RU (g). 
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For the EEU region the magnitude it is shown in Figure 4 (4c, 4e and 4g). The results show that the 
IC region recorded 15 cold winters (class 1) were, 3 very cold winters (class 2) and only one 
extreme cold winter (class 3). Over the EC region we found 6 cold winters, 9 very cold winters and 
4 extreme cold winters. In Ukraine and Russia 5 cold winters, 7 very cold winters and 6 extreme 
cold winters were recorded. Based on these findings we can conclude that the winters in Russia 
and Ukraine were much colder compared to the Intra - Extra - Carpathian regions. Similar results 
were registered when looking at the occurrence rates of ice cover regime for the Danube River 
(Ionita et al., 2018) and Elbe (Mudelsee et al., 2004), or the freezing of Bosphorus (in AD 1658, 
1667, 1669) (Yavuz et al., 2007). 

a) b) 

  

c) 

 

d) 

 

 

Figure 5 Z500 anomalies (left panel) and TT anomalies (right panels) for two extreme cold winters: (a) 
and (b) winter 1659/60, (c) and (d) winter 1708/1709. Scale units: TT (°C) and Z500 (hPa). 
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4.2. Large scale drivers 

The occurrence rate of cold winters is mainly related to the prevailing large-scale atmospheric 
circulation, which determines temperature variability both at regional and hemispheric level.  
Ionita et al. (2018) showed that the occurrence of cold winters from the eastern part of Europe are 
associated with an anticyclonic circulation situated over the British Isles and a cyclonic circulation 
centered over the Eastern Europe and Black Sea, which favors the ice formation on the Danube 
River, due to the advection of cold and dry air from the north-eastern part of Europe. Also, 
Teodoreanu (2016) associated the occurrence of cold winters from Romania with large-scale 
atmospheric circulation. Moreover, Rîmbu et al. (2015) show that the appearance of extreme cold 
winters from eastern and central Europe are associated with the intensification of the blocking 
circulation over the Scandinavian Peninsula and the British Isles.  In order to identify the main 
drivers that cause cold winters were computed the composite maps of height geopotential  at 500 
mb maps for two extremely cold winters in Eastern Europe (Figure 5). 

 

4.2.1 Winter 1659 – 1660  

Winter 1659 – 1660 was different in the Eastern Europe regions. Dudaș (1999) show that the 
winter was cold and they have frozen all the vineyards of Transylvania. Instead, Teodoreanu plays 
this winter in the EC as a very cold one when the Danube was freezing and the ice had a thickness 
of 1.50 - 1.75 m. The composite map of height geopotential at 500 mb (Figure 5a) show that harsh 
winter is associated with a cyclonic circulation centered over Mediterranean areas, Central and 
Eastern Europe and an anticyclonic circulation centered over the Island and British Isles and 
Scandinavian Peninsula. These centers favors the advection of dry and cold air from the Eastern 
Europe, so the temperatures anomalies to be between -3 °C in IC and -3.5 in EC, Ukraine and 
southeastern Russia (Figure 5b). 

 

4.2.2 Winter 1708/1709 

Winter 1708/1709 is known as the most severe winter of the last 500 years in Europe. Historical 
records show that between January 7 and February 3-4 was a severe and hard-to-live frost. During 
this time the snow was about half a foot, but it was unevenly deposited, due to the wind blowing 
from N and NV (Teodoreanu, 2017). Where the snow was lacking, the crops froze. This harsh 
winter is the result of an anticyclonic circulation centered over Scandinavian Peninsula and the 
British Isles and a cyclonic circulation centered over the central part of Europe, which favors the 
advection of cold and dry air from Siberia over the south-eastern part of Russia, Ukraine, Republic 
of Moldavia and Romania (Figure 5c). In this situation in many parts of Europe the temperature 
anomaly below -5 °C (Figure 5d). Similar results were observed in the temperature reconstruction 
of Europe since 1500, based on tree ring, ice cores and historical documents (Luterbacher, 2004). 
As a result, the effects of winter have been felt throughout the whole Europe, with frosts of the 
Baltic, Black, Adriatic Seas and the Mediterranean Sea margins, but also the freezing of large rivers 
such as the Danube, Ebro, Rhone, Meuse, or lakes like Zuyderzee, Constance, and Zurich. 
Moreover, the rigor of winter has left large scars on the biosphere level (eg, freezing of trees, 
vines, autumn crops, animals and birds) and the hydrosphere (large ice on the main rivers and 
lakes), which in the last phase caused famine, broncho-pulmonary disease and mortality in Eastern 
Europe. 
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Figure 6 Characteristics of  the Minimum Maunder winters based on: the irradiance estimates derived 
from the 'O Be measurements (Bard et al, 1997), winter NAO index (Trouet et al., 2009), DJF rainfalls 
anomalies (Pauling et al., 2006), DJF air temperature anomalies (Luterbacher et al., 2004), δ15N proxy 
indicator for DJF precipitation reconstruction (Cleary et al., 2017), δ13C – proxy for winter hydroclimate 
(Feurdean et al., 2015), δ18O – proxy for winter temperature, d-excess (Perșoiu et al., 2017) and  
Danube ice cover (Ionita et al., 2018). 



                                    Severe winters during the Maunder Minimum and large scale drivers in Eastern Europe                                    9 
 

GEOREVIEW 29 (1-11) 

 

5. Conclusion 

 

Our study reproduces the overall cold season image during MM in EEU, based on documentary 
evidence. To have a clear picture regarding to the winters during the Minimum Maunder, the 
paper includes variability, magnitude, frequency and large scale drivers. The study demonstrates 
that the harsh winters from the Eastern Europe are generated by the prevailing large – scale 
atmospheric circulation, especially with the anticyclonic circulation centered over Scandinavian 
Peninsula and the cyclonic circulation centered over central and eastern part of the Europe (Figure 
5). During extreme cold winters the cold air is pushed from Siberia over the Eastern part of Europe. 
Furthermore, the pronounced activity of cyclonic circulation generates heavy snowfall (Phister, 
1998). 

The study identifies a maximum of cold winters during the EMM and LMM in the IC and EC 
regions. Instead, in Ukraine and southeastern of Russia the maximum occurrence of harsh winter 
was recorded between EMM and LMM (~ AD 1665 – 1685). Figure 6 show the frequency of harsh 
winter over EEU (last panel) in comparison with other proxy indicators from Carpathian regions. In 
this figure we can observe that during the MM an increase of hydrological condition based on δ13C, 
over the NE part of Carpathian Mountains (Feurdean et al., 2015), and similar with precipitation 
anomaly for this regions (Pauling et al., 2006). Moreover, the winter NAO reconstruction (Trouet 
et al., 2009), δ15N from guano, δ18O from ice core (Persoiu et al., 2017) and Danube ice cover 
(Ionita et al., 2018) show more cooler and wet winters during EMM, compared to LMM period. In 
addition to these proxy indicators, d-excess indicates that most rainfall sources in the IC came 
mainly from the Atlantic Ocean, and only during the transition period its values indicate warmer 
sources (perhaps Mediterranean sources) that are reflected in the decreasing of occurrence rate of 
harsh winters and in the Danube ice cover, respectively. 

Additionally, our study makes important contributions to the climate during the Maunder 
Minimum on the EEU, being the only one to address the harsh winters analysis based on historical 
documents. In conclusion the harsh winter reconstruction can be used as a proxy indicator for the 
air temperature variability in winter, over the eastern part of Europe. 

 

Acknowledgements 

The research leading to these results has received funding from EEA Financial Mechanism 2009 – 
2014 under the project contract no CLIMFOR18SEE and by UEFISCDI (grant number PN-III-P1-1.1-
MC-2018-1688). 

 

 

 

References 

 

Bard E., Raisbeck G. M., Yiou F., Jouzel, J. 1997. Solar modulation of cosmogenic nuclide production 
over the last millenium: comparison between 14C and 10Be records. Earth and Planetary 
Science Letters 150: 453–462. 



10                                                                                             BĂDĂLUȚĂ et al.                                                                                          
 

GEOREVIEW 29/2019 (1-11) 

Briffa K. R., Jones P.D., Schweingruber F.H., Osborn T.J. 1998. Influence of volcanic eruptions on 
Northern Hemisphere summer temperature over the past 600 years. Nature 393:450–455. 

Cleary D. M., Wynn J. G., Ionita M., Forray F. L., Onac B.P. 2017. Evidence of long-term NAO 
influence on East-Central Europe winter precipitation from a guano derived δ15N record. 
Scientific Reports 7: 14095. 

Cox D.R., Lewis P.A.W. 1966. The Statistical Analysis of Series of Events. Ann. Math. Statist. 6, 
1852-1853.  

Dudaș F. 1999. Catastrofe naturale în Transilvania, Editura Lumina, Oradea, 175 pp. 

Ersek V., Onac B.P., Perșoiu A. 2018. Kinetic processes and stable isotopes in cave dripwaters as 
indicators of winter severity. Hydrological Processes 32: 2856-2862. 

Feurdean A., Galka M., Kuske E., Tantau I., Lamentowicz M., Florescu G., Liakka J., Hutchinson S.M., 
Mulch A., Hickler T. 2015. Last Millennium hydro-climate variability in Central Eastern 
Europe (Northern Carpathians, Romania). The Holocene 1-14. 

Fohlmeister J., Vollweiler N., Spötl C. Mangini A. 2013. COMNISPA II: Update of a mid-European 
isotope climate record, 11 ka to present. The Holocene 23(5): 749–754. 

Glaser R. 2008. Klimageschichte Mitteleuropas. 1200 Jahre Wetter, Klima, Katastrophen. [History 
of Climate for Central Europe: 1200 years of weather, climate and catastrophes], Primus 
Verlag. Wissenschaftliche Buchgesellschaft, Darmstadt. 

Luterbacher J, Xoplaki E, Dietrich D, Rickli R, Jacobeit J, Beck C, Gyalistras D, Schmutz C, Wanner H. 
2002. Reconstruction of sea level pressure fields over the eastern north Atlantic and Europe 
back to 1500. Climate Dynamics 18(7): 545–561. 

Luterbacher J., et al. 2004. European Seasonal and Annual Temperature Variability, Trends, and 
Extremes since 1500. Science 303: 1499-1503.  

Ionita M., Bădăluță C.-A., Scholz P., Chelcea S. 2018. Vanishing river ice cover in the lower part of 
the Danube basin – signs of a changing climate. Scientific Reports 8, 7948. 

Mann ME., Bradley RS. 1999. Northern Hemisphere Temperatures during the Past Millennium' 
Inferences, Uncertainties, and Limitations. Geophysical Research Letters 26 (6): 759-762.  

Mann ME. Little Ice Age. 2002. in Encyclopedia of Global Environmental Change, Volume 1 - The 
Earth system: physical and chemical dimensions of global environmental change, John Wiley 
& Sons, Ltd, Chichester, 504–509.  

Mangini A., Spötl C., Verdes P. 2005.  Reconstruction of temperature in the Central Alps during the 
past 2000 yr from a δ18O stalagmite record. Earth and Planetary Science Letters 235: 741 – 
751. 

Mudelsee M., Börngen M., Tetzlaff G., Grünewald U. 2004. Extreme floods in central Europe over 
the past 500 years: Role of cyclone pathway “Zugstrasse Vb”. Journal of Geophysical 
Research 109: D23101. 

Pauling A., Luterbacher J., Casty C., Wanner H. 2006. Five hundred years of gridded high-resolution 
precipitation reconstructions over Europe and the connection to large-scale circulation. 
Climate Dynamics 26: 387–405. 

Perșoiu A., Onac B. P., Perșoiu I. 2011. The interplay between air temperature and ice dynamics in 
Scărişoara Ice Cave, Romania. Acta Carsologica 40: 445-456. 

Perșoiu A., Onac, BP., Wynn J. G., Blaauw M. Ionita M. and Hansson M. 2017. Holocene winter 
climate variability in Central and Eastern Europe. Scientific Reports, 7, 1196. 

Pfister C. 1984. Das Klima der Schweiz von 1525 bis 1860 und seine Bedeutung in der Geschichte 
von Bevoumllkerung und Landwirtschaft. Bern: Paul Haupt, Bern, 184 pp.  



                                    Severe winters during the Maunder Minimum and large scale drivers in Eastern Europe                                    11 
 

GEOREVIEW 29 (1-11) 

Pfister C. 1992. Monthly temperature and precipitation in central Europe 1525-1979: quantifying 
documentary evidence on weather and its effects. In Bradley R. and Jones P., editors, 
Climate since AD 1500. London and New York: Routledge, 118-42. 

Pfister C., Yan Z., Schüle H. 1994. Climatic variations in western Europe and China, AD 1645-1715: a 
preliminary continental-scale comparison of documentary evidence. The Holocene 4(2), 
206–211.  

Pfister C., Luterbacher J., Schwarz-Zanetti G., and Wegmann M. 1998. Winter air temperature 
variations in western Europe during the Early and High Middle Ages (AD 750–1300), 
Holocene 8: 535–552. 

Rimbu N., Stefan S., Necula C. 2015.The variability of winter high temperature extremes in 
Romania and its relationship with large scale atmospheric circulation. Theor. Appl. Climatol. 
121: 121–130  

Stuiver M. and Braziunas T. F. 1993. Sun, ocean, climate and atmospheric 14CO2: An evaluation of 
causal and spectral relationships. The Holocene 3: 289-305. 

Teodoreanu E. 2014. Freezing lower Danube during the last two millennia. Proceedings of the 3rd 
International Conference – Water resources and wetlands. 8–10 September, Tulcea 
(Romania). 

Trouet V., Esper J., Graham N. E., Baker A., Scourse J. D., Frank D. C. 2009. Persistent Positive North 
Atlantic Oscillation Mode Dominated the Medieval Climate Anomaly, Science 324, 78. 

Yavuz V., Akcar N. & Schlüchter C. 2007.The frozen Bosphorus and its paleoclimatic implications 
based on a summary of the historical data. In: Yanko-Hombach V., Gilbert A.S., Panin N., 
Dolukhanov P.M. (eds) The Black Sea Flood Question: Changes in Coastline, Climate, and 
Human Settlement. Springer, Dordrecht. 


