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Abstract: Weather and climate are parameters vital for the development and flourish of human activities, and 

they crucially affect mining activities. Coal and lignite (brown coal) mining operations can be aided by 

appropriate weather or stopped by an extreme weather event that might have catastrophic consequences for a 

mining area. The same stands for closed and abandoned coal mines, as extreme weather events can have 

severe consequences. This work aims to obtain a comprehensive overview of the climatic conditions by 

documenting and reporting them in various European coal and lignite mining regions. Specifically, the chosen 

regions cover Europe from the north (the United Kingdom) to the south (Greece), from the east (Poland, the 

Czech Republic) to the west (Spain), and through Europe’s center (Germany). A climate baseline is created 

for the chosen regions to serve as a reference for safety assessment and for evaluating future climate changes. 

Initially, the general climate of each region was evaluated; additionally, an extensive climate database from 

1990 to 2020 was created, including the mean annual temperature and precipitation. Mean values and general 

trends of increase or decrease during the last 30 years are of interest and were compared for all areas. 
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1. Introduction 

 

Weather and climate are parameters crucial for the development and flourish of human activities. They 

are of utmost importance for food production, health, and well-being and critical regarding infrastructure and 

mining operations [1, 2, 3, 4]. As the climate changes, species and systems try to adapt and issues arise 

regarding the sustainability of human activities. The earth presents changes in its average temperature, seasons 

change and swift and extreme weather events become frequent and common. Simultaneously, other climate 

change impacts and slow onset events become increasingly present globally [5, 6, 7, 8, 9, 10].  

Human activities such as land use and greenhouse gas emissions are often considered to impact climate 

[11, 12, 13, 14, 15]. Climate change and its variations caused by external forces can be partly predicted, 

especially globally. The sum of all human activities, considered to be external forces, can also be partially 

predictable [16, 17, 18, 19]. These predictions, however, can be unreliable because predictions for global 
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population growth, future financial status, and technological advancement cannot be accurately predicted [20, 

21]. Average minimum and maximum temperature, precipitation, surface wind speed and direction, humidity, 

cloud type, and solar radiation are the main parameters constantly monitored by many weather stations 

worldwide. As the climate changes, adaptation becomes more difficult and expensive. 

Weather and climate crucially affect coal mining activities [22, 23, 24, 25]. Coal and lignite (brown coal) 

mining operations can be aided by appropriate weather (e.g. increased efficiency) or might be stopped and 

even provoke catastrophic consequences in the nearby areas in an extreme weather event. The same stands for 

closed and abandoned coal mines, as extreme weather events can have severe consequences. In numerous 

cases, weather events were related to problems in mining areas; the most frequent elements that cause these 

troubles are precipitation and temperature, wind speed and atmospheric pressure.  

One of the most famous catastrophes related to coal mines is the Aberfan disaster related to a coal spoil 

tip in the UK in 1966. A period of heavy rain caused the spoil tip to build up high water pressures and suddenly 

slid downhill as slurry, causing 144 deaths. Heavy rain is connected to many incidents in European coal and 

lignite mining areas. It can cause severe flooding (e.g. Greece, Kardia mine, 2014); suspension of mining 

operations and equipment destruction (e.g. Poland, Turów mine, 2010); dam breakage (e.g. Spain, Valencia 

mine, 1982); and threaten the safety of the mining area and infrastructure through flooding and landslides (e.g. 

Germany, Concordia mine, 2019; Czech Republic, Most Basin region, 2013; UK, Tylorstown, South Wales, 

2020). On the other hand, drought and extreme heat can also cause trouble, such as problems in the reclamation 

of abandoned mines (Czech Republic, Most Basin region, 2018) and closure of mining operations (Greece, 

Western Macedonia Lignite Centre, 1991). Other hazards have also been related to extreme snowfall causing 

impossible conditions for mining operation (e.g. Greece, Western Macedonia Lignite Centre, 2003) or abrupt 

atmospheric pressure drops causing dangerous gas emissions (e.g. Poland, Gliwice mine, 2014). 

It becomes evident that weather events and climatic conditions are crucial for the safety of mining areas, 

either operating or abandoned. In that vein, this work aims to document and report climatic conditions in various 

European coal and lignite mining regions. In this way, a climate baseline is created for the regions’ current climate 

conditions that can serve as a reference for current safety assessment and the evaluation of future climate changes. 

Specifically, the chosen regions cover Europe from the north (the United Kingdom) to the south (Greece), from 

the east (Poland, the Czech Republic) to the west (Spain), and through Europe’s center (Germany).  

The general climate of each region was evaluated based on published literature, official reports, and 

classification systems. Additionally, an extensive climate database from 1990 to 2020 was carried out for these 

mining regions; temperature and precipitation data were collected for each area. Local sources were primarily 

employed to obtain the needed records, such as weather stations and meteorological agencies, but global 

climate datasets were not excluded. Mean values of precipitation and temperature and general trends of 

increase or decrease during the last 30 years are of interest and were compared for all areas. Overall, the aim 

is to obtain a comprehensive overview of the climatic conditions in European coal and lignite mining regions. 
 

2. Reference climate classification for the mining areas 
 

Weather and climate are two loosely defined terms because they vary greatly, day by day and year by 

year. Weather is the atmosphere state defined by temperature, humidity, wind direction and speed, 

precipitation, and visibility. Weather is the direct result of the interaction of weather systems like high or low 

pressure and humidity. These systems are developing and decaying rapidly, so weather prediction for more 

than a week is unreliable. 

Climate is commonly defined as the statistical description of various parameters like temperature, 

precipitation, and wind. The mean values commonly describe these parameters, while their time variability 

ranges from months to thousands of years. The climate varies between places, even in close proximity. The 

main aspects of climate variation are latitude, elevation from sea level, distance from the sea, vegetation, and 

the mountains’ presence. Climate can also vary between years, decades, and other periods.  

The German scientist W. Köppen presented the first quantitative classification of world climate in 1900; 

it has been available as a world map updated in 1954 and 1961 by R. Geiger [26, 27, 28]. The Köppen–Geiger 

climate classification system was employed herein as an essential reference. This system divides climates into 

five main groups: A (tropical), B (dry), C (temperate), D (continental), and E (polar). Table 1 summarizes the 

definitions for this system. The leading five groups of the system are based on the type of vegetation that grows 

in the area. This link between climate and plant life in a given region can also link climate change and its 

impact on the region’s flora and fauna. Every area is additionally characterized by a second letter which 

corresponds to seasonal precipitation type. Finally, a third letter characterizes the summer heat from very cold 

to hot; summer is defined as the warmest six-month period [29].  
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Figure 1 shows an overview of Europe’s climate, and Table 2 presents the description of the 18 areas 

under investigation for this classification system (Beck et al. 2018). Generally, most mining areas’ climate is 

temperate or continental. As expected from Figure 1, mining areas in Greece and Spain present a hot-summer 

Mediterranean climate except for the area of Ptolemais, areas in the UK temperate oceanic, and areas in 

Germany, Poland, and the Czech Republic temperate oceanic or humid continental. 
 

Table 1. Köppen–Geiger climate classification [26, 27, 28, 29] 

1st 2nd 3rd 
A (Tropical)  f (rainforest)  

m (monsoon)  

w (savanna, dry winter)  

s (savanna, dry summer)  

B (Arid) W (desert)  

S (steppe)  

 h (hot) 

 k (cold) 

C (Temperate) s (dry summer)  

w (dry winter)  

f (without dry season)  

 a (hot summer) 

 b (warm summer) 

 c (cold summer) 

D (Continental) s (dry summer)  

w (dry winter)  

f (without dry season)  

 a (hot summer) 

 b (warm summer) 

 c (cold summer) 

 d (very cold summer) 

E (Polar) T (tundra)  

F (eternal frost (ice cap))  
 

 
Figure 1. Köppen–Geiger climate classification in Europe 
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Table 2. Mining areas analyzed in Köppen–Geiger climate classification 

Country Mine location 
Köppen–Geiger 

classification 

Description of 

climate 

Czech Republic North-Western Bohemia Dfb Humid continental 

Germany NRW-Ruhr Cfb Temperate oceanic 

Germany NRW-Ibbenburen Cfb Temperate oceanic 

Germany Thuringia Dfb Humid continental 

Germany Saarland Cfb Temperate oceanic 

Germany Saxony Dfb Humid continental 

Greece Ptolemais Cfb Temperate oceanic 

Greece Megalopolis Csa Hot-summer Mediterranean 

Poland Klodzko Cfb Temperate oceanic 

Poland Katowice Dfb Humid continental 

Poland Lublin Dfb Humid continental 

Spain Sevilla Csa Hot-summer Mediterranean 

Spain Teruel Csa Hot-summer Mediterranean 

UK South Wales Cfb Temperate oceanic 

UK Ayrshire Cfb Temperate oceanic 

UK Nottinghamshire Cfb Temperate oceanic 

UK Yorkshire Cfb Temperate oceanic 

UK Durham Cfb Temperate oceanic 

 

3. Climate profile and rainfall and temperature records for the mining areas 

 

The classical period used for describing a climate is 30 years, as defined by the World Meteorological 

Organization. This chosen period is ideally suited for a complete climate baseline study. In the following, the 

baseline climate is described for the European mining areas under investigation. A climate database was 

created for each country’s mining areas for the last 30 years (between 1990 and 2020), mainly temperature and 

precipitation, the most crucial climate elements of operation and reclamation issues in mines. Other elements 

such as snowfall and wind speed might be locally important for several areas but were not analyzed herein. 

Moreover, each region’s climate data were processed and presented to illustrate climate records trends.  

 

3.1. Czech Republic 

 

The largest Czech brown coal deposit is in the Most Coal Basin area in North-Western Bohemia. This 

area is generally identified as the dry and relatively hot part of the Czech Republic. The climate of the North-

Western Bohemia mining region is characterized as cold with warm summers and no dry seasons. The 

characteristic average monthly temperatures are -2°C to -3°C in January, 8°C to 9°C in April, 18°C to 19 °C 

in July, and 7°C to 9 °C in October. The days with precipitation vary between 90 and 100 per year. The 

precipitation amount from April to September is between 350 mm - 400 mm, and from October to March 

between 200 mm and 300 mm; overall, the precipitation varies between 550 mm and 700 mm per year.  

Figure 2 presents the average annual temperature, and Figure 3 the average annual rainfall in the area. 

The region’s climate data were obtained from the Czech Hydro-Meteorological Institute on the regional 

meteorological station. The analysis focuses on the area of an abandoned surface lignite mine in Kopisty. The 

maximum average annual temperature for 1990-2019 was 9.7°C, while the minimum 6.4°C. The annual 

average temperature level has a clear increasing trend of approximately 1°C in 30 years. 

On the other hand, the rainfall has no apparent increase or decrease trend during this period but presents 

significant fluctuations. Overall, the decade 2000 to 2010 was a relatively humid period, while 2010 to 2019 

was relatively dry. The maximum average annual precipitation value was 879mm, while the minimum was 

378mm. The region of the Most Coal Basin is a relatively hot area compared to the Czech Republic’s climate; 

however, during the last 30 years, no extreme rainfall events have been reported.  
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Figure 2. Mean annual temperature     Figure 3. Annual rainfall 

   for Kopisty Czech mining area            for Kopisty Czech mining area 

 

3.2. Germany 

 

Germany belongs to the warm temperate climate region of the middle latitudes. Predominant western 

winds bring thermally moderate and humid air masses from the North Atlantic, contributing to the Central 

European precipitation regime. The oceanic influence, characterized by the Gulf Stream, ensures relatively 

mild winters and not too hot summers. The continental influence in Germany increases to the east. 

Climate data from five different regions were analyzed: Ruhr and Ibbenbüren (in North Rhine-

Westphalia), Saarland, Thuringia, and Saxony. The climate in North Rhine-Westphalia is similar to that of 

Central Europe. It is a predominantly maritime area with cool summers and mild winters. The warm, moderate 

rain climate generally leads to average temperatures below 22°C in the warmest month and above -3°C in the 

coldest month. At the same time, there is always sufficient precipitation, and extreme weather events are rare. 

Phases with a continental influence lead to more extended periods of high air pressure, higher temperatures, 

and dry summers with weak winds from the east to the southeast. The distinct structure of reliefs leads to a 

general division of climatic conditions in this area [30]. Weather conditions from west to south-west mainly 

characterize the weather patterns. Thus, the air masses accumulate on the mountains’ south/west slopes, 

leading to higher precipitation in the high altitudes and lower precipitation in the lower altitudes [30]. 

The Ruhr and Ibbenbüren areas are both located in Westphalia Bay. Due to the relatively short distance 

and a small difference in altitude, the climatic conditions in these areas are comparable. The average annual 

temperature between 1990 and 2018 was around 10.5°C in Ruhr and 10°C in Ibbenbüren. For both regions, in 

the winter months (December to February), the lowest average monthly temperature (average temperature of 

the individual months from 1990 to 2018) was 3C°; the highest average monthly temperature was during July 

and August between 18°C to 19°C. The average annual precipitation from 1990 to 2018 was 826 mm per year 

in Ruhr and 753 mm per year in Ibbenbüren. In both areas, the lowest average monthly precipitation (average 

precipitation of the individual months from 1990 to 2018) was in April, with around 46 mm for Ruhr and 43 

mm for Ibbenbüren. The highest average monthly precipitation in Ruhr was recorded in August and December 

with about 82 mm and in Ibbenbüren in July and August with 75 mm to 76 mm. 

In Saarland, the average annual temperature was 10°C and varied in the same range as in North Rhine-

Westphalia. The average annual precipitation in Saarland from 1990 to 2018 was about 908 mm. Here, the 

lowest average monthly precipitation of 50 mm was recorded in April. In December, the highest average 

monthly precipitation occurs with about 110 mm. The minimum average monthly temperatures were 2°C to 

3°C from December to February and the highest 18°C to 19°C from July to August. 

Thuringia has a complex surface structure; thus, the terrain strongly influences the region’s climatic 

conditions. The average annual temperature is 8.6°C. The lowest average monthly temperatures were between 

0°C and 1°C from December to February, while the highest of 18°C in July and August. The middle heights 

represent the largest area of Thuringia and have an average annual precipitation of 713 mm [31]. The lowest 

average monthly precipitation was in April with 43 mm and the highest in July with 88 mm throughout the region. 
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Saxony’s climate is strongly continental influenced, as the continental influence increases towards the 

east of Germany. This influence leads to lower annual precipitation compared to the rest of Germany. A 

significant factor of the climatic conditions is the varying topography, and the location and the height of the 

measurements play a significant role [32]. The temperature shows an average annual temperature of 8.5°C. 

From December to February, average monthly temperatures between -0.2°C and 0.6°C are the lowest, whereas, 

in July and August, average monthly temperatures between 17°C and 18°C are the highest. The average annual 

precipitation was around 740 mm from 1990 to 2018. In February and April, the lowest average monthly 

precipitation was 43 mm and 44 mm. July shows the highest average monthly precipitation with 93 mm.  

Figure 4 presents the annual temperature and Figure 5 the annual precipitation level for the reference 

period for the five major German mining areas. These areas all show a slight increase in temperature over the 

last thirty years of less than 1°C on average. Ruhr presents the highest temperature levels while Saxony the 

lowest and temperatures of Saxony have the most significant fluctuation. On the other hand, a decrease in 

average precipitation can be observed almost for all German coal mining regions examined over the last thirty 

years. The only exception is Saxony, presenting practically a constant average precipitation, however, having 

significant variability. Simultaneously, extreme precipitation events have increased, and the months with very 

low precipitation rates (not presented herein).  

 

  
   Figure 4. Mean annual temperature     Figure 5. Mean annual rainfall  

          for German mining areas         for German mining areas 

 

3.3. Greece 
 

The terrain of Greece has significant variations because 80% of the total surface is mountainous, and only 

20% of it is arable land. The climate of Greece also has variations but, for the most part, is Mediterranean with 

mild, rainy winters and warm, dry summers [33, 34]. The majority of mining areas are in two regions that were 

examined herein, Western Macedonia and Peloponnese. Ptolemais is part of the Western Macedonia Lignite 

Centre in the Kozani-Ptolemais area in northern Greece and Megalopolis is in the Peloponnese area, southern 

Greece. They present different climate characteristics, the one having a temperate oceanic climate and the other 

one hot-summer Mediterranean.  

The climate of Western Macedonia is more similar to continental Europe; that is attributed to the fact that 

western Macedonia is the only landlocked region of Greece, and 82% of the terrain is mountainous and semi-

mountainous [34, 35]. Rainfalls in the plain areas range from 600-800 mm, while they can reach 1400mm in 

the mountainous areas. Due to mountainous terrain and highlands alternations, the north winds result in lower 

temperatures and several snowfalls per year compared to neighbor central Macedonia and Epirus. Western 

Macedonia has a moister climate than western Greece despite the lower levels of rainfall due to the 

combination of the mountainous terrain and its several lakes [36].  

The climate of Ptolemais is classified as Cfb (temperate oceanic climate), with intense winters and mild 

summers with a very low average annual number of dry days [37]. There are 108.3 rainfall days throughout 

the year, with August being the driest month with 5.1 days of rainfall and 30mm of rain. November is the 
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wettest month, with 10.7 days of rainfall and 60.3 mm of rain precipitation. The average annual temperature 

is 11.5°C, with the coldest month being January with an average high temperature of 6.1°C and the coldest 

month being January with an average temperature of -1.2°C. The geographical location and the terrain 

morphology are responsible for significant seasonal temperature differences. The lowest recorded temperature 

in Ptolemais was 1963 at 600m elevation at -28°C [36, 38]. 

On the other hand, the climate of Megalopolis is categorized as Csa in the Koppen-Geiger classification 

with hot summers and mild winters [37]. The average temperature is 14.9°C, with August being the hottest 

month with an average of 23.1°C and January being the coldest month with 7.2°C. Most rainfall days were 

during the fall and winter, with annual precipitation of 800mm. The driest month of the year is July, with 

average rain precipitation of 9mm and the wettest month is December with 147mm of rain precipitation. 

Figure 6 and Figure 7 present the temperature and rainfall recorded by the Hellenic National 

Meteorological Service (data provided upon request). Ptolemais has higher mean monthly rainfall and slightly 

lower mean monthly temperature than Megalopolis. There is a visible trend of a long-term increase in average 

temperature for both Greek mining regions, having an average increase of more than 1°C. On the other hand, 

rainfall presents an increasing trend during the period under investigation, especially during the last decade 

(2010-2019).  

 

  
     Figure 6. Mean monthly temperature             Figure 7. Mean monthly rainfall 

 for Greek mining areas         for Greek mining areas 

 

3.4. Poland 
 

Climate data from the three major Polish mine areas were analyzed: the Upper Silesia area, the Lower Silesia 

area, and the Lubelskie Coal Basin area in Lublin. The climate of Upper Silesia widely corresponds to Central 

European weather conditions. Frequent migration of air masses with various physical properties gives the climate 

a temporary character. It has both oceanic and continental climate features. For over 60% of the year, polar sea 

air flows into the region from the west. During winter, it promotes thaws and causes large cloud cover, as well 

as rain and snow. In the summer, there is cooling combined with an increase in cloudiness and, as a consequence, 

precipitation. For about 30% of the days of the year, the region receives polar-continental air masses from Eastern 

Europe and Asia. Arctic air is in the described area for about 6% of the days in the year. It comes from northern 

Scandinavia and the region of Greenland. The air from the Mediterranean region is recorded for only 2% of days 

a year, rarely reaches Upper Silesia. In such cases, there is rapid warming in winter and periods of very hot 

weather in summer. During the remaining 2% of days, air flows in from other regions. 

The average annual temperature of Upper Silesia is between 7°C and 8°C. The highest average monthly 

temperatures occurs in July in the range of 14-16°C and the lowest in January between -2°C and -4°C. The highest 

average annual maximum temperature varies between 12°C and 13°C, and the average minimum from below 

1°C to above 4°C. The average annual precipitation sums are in the range of 700-800 mm. During the year, 

summer rainfall predominates over winter, and their distribution refers to average annual rainfall. The lowest 

average monthly rainfall in July did not exceed 60 mm and was recorded near the northern border of the Upper 
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Silesian Coal Basin. On average, in the central part of the region, monthly rainfall is between 80 and 100 mm in 

July. The distribution of precipitation in January is generally similar to that of July, with the difference that the 

average monthly precipitation sums are reduced. The minimum rainfall does not exceed 40 mm.  

The climate of Lower Silesia is Central European, with the influence of oceanic weather conditions. The 

maximum temperature occurs from July to September, around 19 ° C, while the minimum temperature is from 

January to February, approximately -5°C; the average annual temperature is 7°C. Moderate cloud cover occurs 

in autumn and winter, and violent thunderstorms often accompany precipitation. Average annual precipitation 

sums are within 500-600 mm. Maximum precipitation occurs in July and minimum in February. High rainfall, 

moderate average annual temperatures, the specific location, and relative height of the terrain create favorable 

conditions for flora and fauna. 

Atmospheric fronts are the main factor influencing the weather changes in the Lubelskie Coal Basin area. 

Most days with fronts are observed in November and December and the least in June and August when the 

weather is more stable. The region is characterized by an average annual air temperature of 7.3 ° C, with the 

lowest average monthly temperature in February −4.0°C, and the highest in July, 18.2°C. Temperatures below 

0°C appear from December to March, while hot days above 25°C occur from April to September. About 560 

mm of precipitation is recorded in the area annually, distributed unevenly throughout the year. The highest 

monthly sums occur in July, 77 mm, while the lowest precipitation is in January, 29.6 mm. Generally, rainfall 

varies through seasons in both intensity and duration. Winter and autumn are usually long-lasting, while 

summer is shorter and more intense and is often accompanied by storms (on average 25-30 storms per year). 

Figure 8 and Figure 9 present the climatic conditions -temperature and rainfall- in the three major Polish 

mine areas. The highest mean temperature is in Upper Silesia, the lowest in Lower Silesia, and all three regions 

show an apparent temperature rise. The average annual temperature is increased around 1°C on average for 

the three Poland mining areas from 1990 to 2019. The precipitation in the three Poland mining areas is highly 

variable, with significant fluctuations. Upper Silesia presents the highest mean precipitation with a trend to 

decrease. At the same time, Lower Silesia and Lublin have a similar mean annual precipitation that remained 

practically unchanged over the last thirty years.  

 

  
       Figure 8. Mean annual temperature     Figure 9. Annual rainfall 

   for Polish mining areas        for Polish mining areas 

 

3.5. Spain 

 

The climate of Spain is enormously varied due to its complex topography and geographical location, 

presenting significant spatial differences in the annual average temperature and the average annual precipitation 

range. To this, high inter-annual climate variability is added and the remarkable breadth of extreme daily values. 

Thus, the annual rainfall variability can increase by over 30% in the Mediterranean regions and the Canary 

archipelago. Moreover, the sequence of consecutive days without rain can reach over four months in the southern 

half. This climatic variability year-on-year is largely conditioned, particularly for rainfall, by the circulation 

patterns of the atmosphere in the Northern Hemisphere, particularly by the North Atlantic Oscillation. 
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During the twentieth century, particularly since the 70s of that century, temperatures in Spain have 

increased overall, with a magnitude somewhat higher than the planet’s global average. This increase has been 

particularly pronounced in winter. Precipitation during this period has tended down, especially in the southern 

part and the Canary Islands. This trend corresponds, in part, with an increase in the North Atlantic Oscillation 

index. 

Figure 10 and Figure 11 present the climatic conditions in the mining areas of Teruel and Seville in 

southern Spain. The mean annual temperature is higher in Seville than in Teruel, and it is almost around 8°C. 

In both Spanish mining areas, the mean annual temperature presents an apparent increase, which is more 

profound in the area of Teruel. Furthermore, Seville’s precipitation level is higher than in Teruel and presents 

more significant fluctuations. Nevertheless, the mean annual precipitation remains practically constant in both 

mining areas, slightly increasing from 2000 onwards.  

 

 
         Figure 10. Mean annual temperature            Figure 11. Annual rainfall 

    for Spanish mining areas             for Spanish mining areas 

 

3.6. United Kingdom 

 

The following sections refer to five of the UK’s former coal-mining regions of South Wales, Ayrshire, 

Nottinghamshire, Yorkshire, and Durham. South Wales coalfield is in southeast Wales and has an oceanic 

(maritime) climate; it presents cloudy, windy, wet, but mild weather. Localized differences exist due to various 

conditions on and near the coastline. The average annual temperature near the Wales coasts varies from 9.5°C 

to 11°C, with the lower values occurring away from the coasts. In winter, temperatures are influenced mainly 

by the surrounding sea, and February is usually the coldest month. The mean daily minimum temperatures 

vary from above 0°C in the higher parts to 3 or 4°C around the coast; July is usually the warmest month. 

Precipitation comes mainly as rainfall, and its intensity varies widely, with the highest average annual heights 

recorded on the way from Snowdonia to the Brecon Beacons. In the wettest area of Wales, the average annual 

rainfall exceeds 3000mm. In contrast, places along the coast present annual rainfall height of less than 

1000mm. Notice that significant daily rainfalls with more than 50mm height occur every two years. 

The Ayrshire coalfield is in the mid-latitude western part of Western Scotland. Similarly to South Wales, 

this region has a crucial maritime influence, showing in the temperature range. However, in this case, winds 

from the sea are the decisive part rather than the surface temperature. The annual mean temperatures in 

Ayrshire vary in a very narrow range, from 9.5 to 9.9°C. Average annual rainfall range from 1000mm in the 

upper valley and along the coasts to over 3500mm on the higher parts. Rainfall varies seasonally, with October 

to January being the wettest months; nevertheless, the rainfall is generally well-distributed throughout the year. 

The Nottinghamshire coalfield is in the northeastern part of the Midlands in England. The average annual 

temperatures vary from 8°C to just over 10°C. Extreme events such as winter frosts and very hot summer days 

are sporadically observed, particularly in the south and east. January is the coldest month - mean daily 

minimum temperatures from below 0°C to 1.5°C - and July is the warmest month - maximum daily 

temperatures exceeding 22°C. The region is relatively dry for the UK standards. The wettest areas are along 
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the Welsh border, with an annual average of over 800mm. On the other hand, the South and East Midlands are 

the driest - being more covered - with less than 600mm per year. Extended rainfalls lasting for many days have 

led to widespread flooding, especially when soils are near saturation (mainly winter or early spring).  

The Yorkshire and Durham coalfields are in North East England. Notably, the Yorkshire coalfield 

develops at West Yorkshire, South Yorkshire, and North Yorkshire, in the southern part of the region; the 

Durham coalfield is in the County Durham mid-latitude eastern part of the region. The average annual 

temperature depends on the height above sea level, with a decrease of about 0.5°C for every 100 meters; the 

average annual temperature ranges from 8.5°C to 10°C. January is the coldest month, and the mean daily 

minimum temperature ranges from 0.5°C to 2°C, depending on altitude and coast distance. The maximum 

temperature ranges from 21.5°C in South Yorkshire to less than 17°C in the mountains (during the summer). 

Extreme heat has been reported in various cases in July or August. The average annual rainfall exceeds 1500m 

on the upper part of the Pennines hills and mountains. The annual rainfall decreases to less than 600mm by 

descending towards the east, as this coast is one of the UK’s driest parts. While rainfall is generally well 

distributed throughout the year, a seasonal pattern exists. Thunderstorms might occur from May to September, 

peaking in July and August. The heaviest UK rainfalls are typically associated with these summer 

thunderstorms.  

The UK Met Office provided the data analyzed herein. Figure 12 shows that South Wales has the highest 

temperature level while Durham has the lowest of the UK mining regions. In the last thirty years, the average 

annual temperature level in these regions is 8.3°C to 11.8°C and appears a minor trend towards increasing; 

however, this trend is less than 0.5°C on average. Figure 13 presents the rainfall for the five UK regions. 

Aryshire displays the highest rainfall levels while Nottinghamshire has the lowest ones. In Ayrshire, South 

Wales, and Durham, the precipitation tends to increase. In Yorkshire and Nottinghamshire, the average rainfall 

has been practically at the same level for thirty years.  

 

  
    Figure 12. Mean monthly temperature            Figure 13. Mean monthly rainfall 

   for UK mining areas          for UK mining areas 

 

4. Conclusions 

 

In this work, past and current climate and weather conditions are analyzed for European mining areas. 

These areas cover in large all corners of Europe from north to south and from east to west. More specifically, 

mining areas in the Czech Republic, Germany, Greece, Poland, Spain, and the UK were investigated. The 

analysis is based on climate classification, local and global reports of climate conditions during the past 

decades, and precipitation and temperature records for the past 30 years (the reference period for climate 

description). Based on these data, the climate profile of each area can be established, and the conditions that 

affect the most mining operation and reclamation are examined, i.e. temperature and precipitation.  

Overall, three climate types are found in these areas, humid continental (in the Czech Republic, Germany, 

and Poland), temperate oceanic (in Germany, north Greece, Poland, the UK), and hot-summer Mediterranean 

(in Greece and Spain). Each type has characteristics generally defining the climate of the mining area.  
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In the Czech Republic area, the characteristic average monthly temperatures are -2°C to -3°C in January, 

8°C to 9°C in April, 18°C to 19 °C in July, and 7°C to 9 °C in October. The precipitation amount from April 

to September is between 350 mm - 400 mm, and in October to March between 200 mm - 300 mm; overall, the 

precipitation varies between 550 mm - 700 mm per year.  

In Germany, climate data from five different regions were analyzed: Ruhr and Ibbenbüren (in North 

Rhine-Westphalia), Saarland, Thuringia, and Saxony. The average annual temperature is around 10.5°C in 

Ruhr and 10°C in Ibbenbüren. In Saarland, the average annual temperature is 10°C, in Thuringia 8.6°C, and 

in Saxony 8.5°C. The average annual precipitation is 826 mm per year in Ruhr and 753 mm per year in 

Ibbenbüren. Furthermore, it is 908mm in Saarland, 713mm in Thuringia and 740mm in Saxony.  
Two Greek mining areas were analyzed Ptolemais (in the north) and Megalopolis (in the south). In 

Ptolemais, the mean annual temperature is 11.5°C, with August being the driest month with 30mm of rain and 

November the wettest month with 60.3 mm of rain. In Megalopolis, the average temperature is 14.9°C, with 

August being the hottest month with an average of 23.1°C and January being the coldest month with 7.2°C. 

Most rainfall days are during the fall and winter, with average annual precipitation of 800mm.  

Climate data from the three major Polish mine areas were examined: the Upper Silesia area, the Lower 

Silesia area, and the Lubelskie Coal Basin area in Lublin. The average annual temperature of Upper Silesia is 

between 7°C and eight °C, and the average annual precipitation is700-800 mm. In Lower Silesia, the average 

annual temperature is 7°C, and the average annual precipitation is 500-600 mm. Lublin region is characterized 

by an average temperature of 7.3°C and precipitation of about 560 mm.  

Temperatures in Spain have increased during the last decades, with a magnitude somewhat higher than 

the planet’s global average, an increase particularly pronounced in winter. Precipitation during this period has 

tended down, especially in the southern part. Two mining regions of Spain were investigated, Teruel and 

Seville. Teruel has an average annual temperature of 12°C and Seville of 19°C, while the average annual 

precipitation varies from 200mm to 600mm for both regions.  

Five of the UK’s former coal-mining regions were examined: South Wales, Ayrshire, Nottinghamshire, 

Yorkshire, and Durham. The average annual temperature in Wales (in lower heights) ranges from 9.5°C to 

11°C, but the higher values are observed mainly towards the coasts. Rainfall in South Wales varies extensively, 

with an average annual from 800mm to 1500mm. The annual mean temperature in Ayrshire is influenced 

mainly by the winds from the seas and ranges around 9.5°C, and the average annual rainfall ranges similarly 

to South Wales. The Nottinghamshire coalfield is in the northeastern part of the Midlands in England. Mean 

annual temperatures over the region vary from 8°C to just over 10°C and average annual precipitation from 

480mm to 720mm. Yorkshire presents an annual mean temperature of 9°C -11°C and Durham 8°C -10°C. 

Durham has a slightly larger annual precipitation than Nottinghamshire, while Yorkshire has higher 

precipitation of 720mm-1080mm per year. 

Overall, in all mining areas, the average temperature increased during the past 30 years from 1°C to 2°C. 

This trend is evident in all cases. However, the precipitation presents several trends. In most cases, the average 

annual precipitation remains practically constant. Nevertheless, in some cases, precipitation decreased, such 

as in most German mining areas, one in Poland, one in Spain, and one in the UK. Finally, only in few cases 

average precipitation presented a clear, increasing trend, mainly in Greek areas.  
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