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A STUDY INTO THE EFFECT OF CLIMATE CONDITIONS ON RADIAL GROWTH PATTERNS 
OF A NUMBER OF TREE SPECIES 
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Abstract: This research focuses on dendrochronology, the study of annual rings in tree trunks. 

Many different factors influence tree growth, including site specific ones such as soil type, 

species, gradient etc. Tree rings are known to reflect annual climatic information including 

precipitation and temperature. However, other factors play a role such as soil type, flooding, 

sunlight, pollution, inherited capabilities of tree species etc. 

Many studies have been conducted into the relationship between tree ring growth and climatic 

conditions, but overall the results show conflicting evidence. This paper is a contribution to the 

ongoing research in this field. It presents a review of existing research alongside evidence of 

data collected during 2013 at Priestley Clough woods, Accrington, in conjunction with 

temperatures and precipitation data recorded by the Meteorological Office. When comparing 

the results of the Priestley Clough study with previous studies, similarities were found, but the 

data collected did not provide definitive evidence that climate was the only factor influencing 

radial growth. 

Keywords: Dendrochronology, Climate Change, Tree Rings, Tree Cores, Precipitation, 

Temperature, Radial Tree Growth. 

 

Introduction 

‘Dendrochronology is the science or technique of dating events, environmental change, and 

archaeological artifacts by using the characteristic patterns of annual growth rings in timber and 

tree trunks’ (Oxford Dictionaries Online 2013). These rings differ annually due to the set of 

conditions, which prevailed during the time of their formation (Tree-Ring Services 2012). As 

many different factors may influence tree growth, dendrochronology is used as proxy data, 

meaning it is essential to compare the data with other sources, such as site history or climatic 

data from the past, to enable a greater level of accuracy when examining a particular tree 

species or site and the specific conditions which promote and limit tree growth. Tree rings are 

known to reflect annual climatic information including precipitation and temperature (Orwig & 

Abrams 1997). However, other factors play a role such as soil type, flooding, sunlight, pollution 

etc. (Texas Forest Service n.d.; Baughman 2010; Esau 1965; Nuhoglu 2006). According to Fritts 
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(1965), wide tree rings represent moist and cool climates, whilst narrow rings represent dry and 

warm conditions. Creber (1977) suggests the rings represent the conditions during the growing 

season, primarily temperature and precipitation. Hughes et al. (1982) noted that radial growth 

responses may vary significantly with climatic and site conditions and the inherited capabilities 

of tree species. 

 

A number of studies provide empirical evidence that ring widths depend upon the microclimatic 

conditions of the year of growth (Breda & Granier 1996; Corcuera et al. 2004), however others  

have shown that the preceding years have an effect (Rigling et al. 2002; Fonti & Garcia-Gonzalez 

2004). Although many studies suggest a strong relationship between tree ring widths and 

temperature (Zweifel et al. 2006; Way & Oren 2010), others show conflicting evidence (Gea-

Izquierdo et al. 2011; Takahashi et al. 2005; Kirchhefer 2000; Rigling et al. 2002; Zweifel et al. 

2006). 

 

Coder & Warnell (1999) found water supply accounted for around 80% of variation in growth: 

‘Water is the most limiting ecological resource for most tree and forest sites’ (Coder & Warnell 

1999). Tree ring response to climate is not necessarily limited to the growing season, but rather 

to the most influential conditions, which the tree may be put under (Hughes 2002). It can be 

considered, however, that radial growth of rings is a good gauge of seasonal precipitation 

patterns (Morey 1973). 

 

A number of researchers have also demonstrated that trees subjected to the same climatic 

conditions can result in a varied response between species (Maxime & Hendrik 2011; 

Fekedulegn et al. 2002). Research by Ermich (1953; 1959) and Bednarz & Ptak (1990) indicated 

that the growth of Oak is significantly dependent upon the precipitation rates during the 

growing season, but not influenced by air temperature (Ermich 1953). Radial Oak growth in 

Britain may suffer from water stress, but does not seem to suffer from water excess (Pilcher & 

Gray 1982). Increased temperatures during the twentieth and twenty-first centuries have 

resulted in an increase in radial growth of Beech, (e.g. the 2003 heat wave) (Maxime & Hendrik 

2011). Augustaitis et al. (2012) discovered increased temperatures in June-August, combined 

with a decrease in precipitation results in radial reduction (Augustaitis et al. 2012). Bouriaud et 

al. (2004) found that ‘Beech ring width was strongly linked to the soil water deficit’ (Bouriaud et 
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al. 2004) and increased Beech mortality (Kasson & Livingston 2012). Research suggests 

Sycamore growth is reduced during dryer periods (Morecroft et al. 2008). With projected 

climate change predicted to increase UK temperatures, models by Broadmeadow et al. (2005), 

revealed that there is a strong possibility that Sycamore will decline largely in England, due to its 

sensitivity to drought (Lemoine et al. 2001 & Tissier et al. 2004; Rodwell 1991; Forestry 

Commission 1997). 

 

Much of the research examined produced conflicting results, especially in relation to the effects 

of previous years’ climatic conditions on radial growth. There is not always a direct correlation 

between a specific factor and increased or decreased growth as this can be species dependent, 

but ring widths are known to represent a positive correlation with variations in environmental 

factors (Creber 1977; LaMarche & Fritts 1971), suggesting that in most cases trees do show a 

response in some form or another when the conditions in which they live alter. In general, the 

findings from various studies do provide evidence that climatic changes have an impact on tree 

growth. Most of the research indicates that the two major factors influencing radial growth are 

temperature and/or precipitation. With such contradictory information, additional research is 

required into the response of specific species, in order to further assess the impact of the 

climatic conditions on radial growth. The following study was therefore conducted to provide a 

contribution in this field. 

 

Methodology 

Research site 

The study site for this research was the woodland of Priestley Clough (Biological Heritage site) 

located in Accrington, Lancashire. Different species of trees co-exist on the same site and are 

subjected to the same climatic conditions. There are a large variety of indigenous trees within 

the woodland, but this study focused on Beech (Fagus sylvatica), Oak (Quercus robur) and 

Sycamore (Acer pseudoplatanus). 50 samples were collected for each species, to examine the 

growth patterns of each over a period of 40 years and how each species responded to varying 

climatic conditions (using statistical analysis).  
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Careful site selection, where the site history is known, is important. The non-climatic factors are 

limited at this particular site (soil type, gradient, altitude, incoming solar radiation, competition, 

etc.), therefore the effect the climatic conditions have had on radial growth will be emphasised. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: Map of Priestley Clough – the study site 

 

Increment corer/borer 

A sample was extracted from each tree within the study site for analysis using an increment 

borer. If the coring is carried out correctly there should be no detrimental impact upon the tree. 

The diameter of the corer (3mm) enables only a very small portion of the tree to be extracted, 

minimising the potential for damage (Shigo 1984; Smith 1988). It is important to take a number 

of things into account when coring, such as coring to the pith (centre) of the tree (Jozsa 1988) as 

well as being aware of false/missing rings to provide accurate samples. A false ring produces an 

extra ring in a calendar year, thus appearing to have two rings (Wendland 1975). 

 

Field Methodology 

o The borer to be placed on the tree trunk at breast height to ensure the height from the 

ground remains constant throughout the study.  

o When the borer reaches the pith (by checking the diameter length against the spoon) 

insert the spoon into the shaft slowly and turn the borer anticlockwise until the core 
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snaps (usually half a revolution), enabling the core to be retrieved by sliding the spoon 

back out of the shaft. 

o The borer will be continuously oiled throughout the coring to ensure any potential 

contaminants are not passed on to other trees as well as avoiding jamming.  

o Cores will be stored in a cool, dry place until taken to the laboratory for analysis 

 

To assess the impact climate has had on tree growth of various species, secondary climatic data 

sets from the British Meteorological Office for the air temperature (Newton Rigg, Penrith) and 

precipitation levels (Great Harwood, Lancashire) were used being the closest records available 

for the area under investigation. To determine if any relationships exist between radial growth 

and the climatic conditions that prevailed, statistical analysis will be used. 

 

Although there are some limitations with carrying out this type of research, such as inaccuracies 

with the coring as well as environmental stress scars and false rings, it appears to be the best 

approach for this particular study and should supply a good source of data.  

 

Results & Discussion 

Average ring widths (mm) for Sycamore, 

Beech and Oak
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Figure 2: Average Sycamore, Beech and Oak ring widths for Priestley Clough (1972-2012) 

 

Figure 2 represents the average recorded ring widths of 50 tree cores for each species of tree 

sampled from Priestley Clough, to establish if there are any similarities or differences between 

ring widths for the species involved in the study. The largest ring widths were all from Beech. 
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Oak and Sycamore are much more closely related in ring size but appear to have different 

trends. Sycamore generally increases in ring width, whilst Oak generally decreases (with time). 

Beech appears to have a much reduced variance of data compared with Oak and Sycamore. 

However, whilst all three species do not follow the exact same pattern, especially when 

compared with each other, there are some similarities. 

 

The influence of precipitation on radial growth 

The average Sycamore ring widths (mm) were compared against the annual precipitation 

records for the 40-year timescale for this study. Undertaking statistical analysis showed no 

significant correlation, suggesting that the annual precipitation levels had little or no effect on 

Sycamore radial growth. Interestingly, the four largest precipitation levels (1981, 2000, 2007 & 

2012) coincide with a fall in the ring widths. Equally, some of the largest ring widths coincided 

with years of low precipitation (such as 2010), which had the largest ring width (1.87mm) and 

one of the lowest precipitation levels (985.66mm). There are various peaks throughout the data 

where the precipitation remains low, although the results tend to indicate that perhaps there is 

a baseline, where radial growth is high until reaching a certain level where the radial growth is 

average and then declines with further precipitation. Although this is only partially the case and 

there are obviously outliers, it appears that low radial growth of 1.52mm – 1.59mm coincides 

with precipitation levels between 1573.61mm and 1656.33mm. Ring widths of 1.64mm to 

1.71mm coincide with moderate precipitation (e.g. 1043.56mm – 1478.5mm), whilst the largest 

ring widths (1.8mm and over) coincide with low precipitation levels of 995.1mm to 1168.9mm. 

The results therefore highlight that lower precipitation levels result in larger ring widths, with 

moderate precipitation resulting in moderate growth, whilst large precipitation levels result in 

reduced growth.  

 

The results coincide with Baughman (2010) who suggested too much water can affect growth 

(Baughman 2010). However, the results oppose research carried out by Morecroft et al. (2008) 

who suggested growth reduction during dryer periods. Sycamore is also thought to be sensitive 

to drought (Lemoine et al. 2001; Tissier et al. 2004). The results from this study indicate lower 

precipitation levels enhance growth; however, Priestley Clough is situated in an area receiving 

moderately high levels of precipitation compared with much of the U.K. and even lower levels of 

rainfall in this area do not result in drought. 
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Equally important, the two largest ring widths (1.84/5mm) occur during 1972/3. Research 

suggests that trees may produce wider rings with youth (Briffa et al. 2002) so therefore the large 

radial growth may represent this rather than low-moderate precipitation for those years. 

 

Beech radial growth showed a general decrease with time; with the largest ring width like 

Sycamore, occurring in 1973, perhaps due to enhanced growth with youth, or simply good 

conditions for growth. Some of the largest Beech ring widths coincide with years of lower 

precipitation, such as 1975 (when the precipitation was 953.62mm with an average ring width of 

2.22mm). However, the opposite is also true, with some larger ring widths occurring during 

years of higher precipitation such as 1980 (where the precipitation reached 1478.5mm, with 

ring widths averaging 2.14mm). The results are difficult to interpret, but examining the figures 

indicates that the ring widths below 2mm generally have much higher precipitation levels (e.g. 

up to 1600mm), whilst the moderate ring widths coincide with precipitation levels up to 

1300mm, with the largest ring widths coinciding with years of lower precipitation (e.g. up to 

1200mm). However, many results do not fit this assumption, as several years with large ring 

widths occur during years with high precipitation levels. The conflicting differences throughout 

the data are reflected in the statistical analysis, with the correlation coefficient indicating that 

just 2% of the variation in Beech radial growth could be explained by the variation in 

precipitation levels. As the correlation is not significant it suggests that the annual precipitation 

levels had little or no effect on Beech radial growth. This does not coincide with research from 

various studies, which imply that years with low precipitation levels result in narrow rings 

(Bouriaud et al. 2004; Lebourgeois et al. 2005). 

 

Oak indicates radial growth decline with time as the largest ring widths occur during 1972-3. 

Perhaps this could again be due to enhanced growth with youth. The largest Oak ring widths 

tended to coincide with years that had lower precipitation levels (such as 1976 where the 

average ring width was 1.81mm, with 995.1mm of precipitation). Also, noticeably many of the 

largest ring widths occur during the first few years during the 1970s, when the lowest 

precipitation levels were recorded. However, again the good growth could be due to youth 

rather than representing the precipitation levels. From 1986 to around 2000, the ring widths do 
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not alter much despite varied precipitation levels, implying that the Oaks were not particularly 

responsive to precipitation.  

 

Various studies have suggested that Oak may suffer from water stress, but does not seem to 

suffer from water excess (Pilcher & Gray 1982; Tree-Ring Services 2012). Bednarz & Ptak (1990) 

further agree with this as they discovered high precipitation levels increase radial growth, whilst 

low precipitation levels result in reduced radial growth. This study does not coincide with other 

findings, as some of the largest ring widths occurred during periods of low precipitation 

(perhaps precipitation was not low enough to cause stress), along with high precipitation levels 

coinciding with small ring widths (such as 1981, where the precipitation reached 1578.4mm with 

the average ring width reaching just 1.59mm). This is not reflective across the whole data set 

but there does appear to be a trend. Using statistical analysis indicated that 6% of the variation 

in Oak radial growth could be explained by the variation in precipitation levels. However, Frisse 

(1977) examined Oak and Beech, discovering precipitation played a dominant role in their radial 

growth, which has not been reflected in this study. 

 

The influence of temperature on radial growth 

Examining the temperature data, Sycamore does appear to have responded to the variation in 

temperatures. Although not clear, various years with lower temperatures coincide with years of 

enhanced growth (e.g. 1979 where the radial growth reached 1.77mm with an annual average 

temperature of 10.9ºC, along with 2010, where the largest ring width 1.87mm coincided with 

the second lowest temperature of 11.5ºC), whilst some higher temperatures coincide with years 

of lower growth. However, the trend does not appear to be clear, although 5% of the variation 

in Sycamore radial growth can be explained by the variation in temperature levels. With no 

significant relationship being discovered, this research coincides with Morecroft et al. (2008) 

whose research implied Sycamore showed minimal responsiveness to temperature. However, 

the results are not conclusive with other research such as that from a Polish study, where a 

strong dependence between temperature and ring width was discovered (Bednarz & Ptak, 

1990). 

 

Comparing the average Beech ring widths (mm) against the annual average temperatures for 

the last 40 years is difficult to interpret as the data appears to be so varied that it is simply 



Diffusion: the UCLan Journal of Undergraduate Research Volume 7 Issue 1 (June 2014) 

 

9 
 

difficult to quantify. There are many increases and decreases of radial growth with similar levels 

of temperature such as 1982 and 1984, (which had the same temperature of 12.4ºC, but the 

ring width varied from 1.97mm to 2.08mm). This is backed up with statistical analysis indicating 

that the average annual temperature has little or no effect on Beech radial growth. The 

statistical analysis further suggests that there is no relationship between Beech radial growth 

and temperature. Possibly data from recent years within the study which show a prolonged 

period of higher temperatures, resulted in the Beech trees becoming more stressed causing a 

continued decline in ring widths, although this is not perfectly clear. Maxime and Hendrik (2011) 

suggested that increased temperatures result in increased growth, which does not coincide with 

this study. However, Augustaitis et al. (2012) implied increased temperatures along with 

decreased precipitation results in reduced radial growth. This is perhaps not true in some cases 

within this study such as the year 1975, where the temperature rose to 12.5ºC, with a decrease 

in precipitation to 953.62mm, which coincided with an average ring width of 2.22mm, which is 

one of the largest ring widths within this study. 

 

The average Oak ring widths (mm) compared with the annual average temperatures for the last 

40 years show very varied results, although the largest ring widths generally occur during years 

with low temperatures. In particular the last 20 years, which have had generally higher 

temperatures, have coincided with a decline in ring widths. The highest temperatures all seem 

to result in the most reduced radial growth, whilst the largest ring widths coincide with 

temperatures between 11.6ºC and 12.2ºC. In particular, statistical analysis highlighted 21% of 

the variation in radial growth can be explained by the variation in temperature levels, along with 

a high level of significance between the data (98.5%) and therefore a relationship has been 

discovered. The ring widths for the last 20 years have all stayed at a relatively similar level 

despite two extremes of 1.47mm and 1.67mm. The temperature has also remained more or less 

constant throughout this period; perhaps further implying that temperature plays a role in 

influencing Oak radial growth. This does not coincide with research undertaken by Ermich (1953, 

1959) who suggested the growth of Oak is significantly dependent upon precipitation rates, but 

not by temperature. 

 

General research tends to imply that ring width variation is linked more closely to precipitation 

than temperature (Fritts 1965), in addition to Coder and Warnell (1999) also suggesting the 
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importance of precipitation as they believe water is the most limiting ecological resource for 

many trees. This, however, does not coincide with this study, which suggests that perhaps the 

opposite is true. Way and Oren (2010) suggest increased temperatures increase radial growth, 

which does not particularly coincide with any of the species within this study.  

 

Zweifel et al. (2006) believe that radial growth rates are mainly determined by the conditions 

during the year of growth, which in some cases is possibly true for this study. Equally, it appears 

that prolonged periods of high temperatures, for example, may continuously affect the 

following year’s growth. 

 

The location is also considered important as Williams et al. (1993) suggest that in higher latitude 

and altitude regions, the summer temperature is the critical variable opposed to the annual 

precipitation being dominant in lower latitude, semi-arid regions. This coincides with the 

present study as temperature has been highlighted as the most significant factor influencing 

radial growth. 

 

Other Recent Research 

In order to establish if the results from this study coincide or differ with other research, a 

number of studies have been examined in order to assess if the climate plays a significant role in 

radial growth. When researching various databases, which hold ring width records, it soon 

became clear that despite a large number of dendrochronological studies, very few have been 

undertaken within the UK. This is possibly due to levels of pollution within the UK, which could 

affect the results. Many studies throughout the world which have records of tree rings do not 

cover the time period of this study, so had to be discarded as the data must cover years within 

this study in order to assess the climatic effects. Another important point is that the only 

relevant records with access were for studies of Oak trees. None of the records available that 

could be used alongside this study included Beech or Sycamore. Therefore as these were not 

available, only Oak studies have been used for analysis. This highlights the relevance of this 

study as it could contribute towards dendrochronological knowledge. 

 

The results of Oak ring width measurements (mm) from a study in Sheffield (NCDC, 2013) were 

analysed along with the Oak ring width measurements from this study, as Sheffield is within a 
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close proximity of the study site of Accrington. The results appeared to differ, with the Sheffield 

data set showing a wider range of figures. Despite differences, although no relationship was 

found, the level of significance figure sat just outside the 5% rejection line. As Sheffield is 

situated east of the Pennines, the climate is dryer than Priestley Clough, which may account for 

the variance in results. Perhaps the Accrington ring widths demonstrate that higher 

precipitation levels result in less varied radial growth. 

 

The results of Oak ring width measurements (mm) from a study in Savernake Forest near 

Swindon (NCDC 2013) were analysed with results from this study, to determine if there is a 

north/south divide or if the response is similar. The data sets showed a 96% significance level as 

they followed a similar pattern. This implies that although the two sites are some distance away 

from each other within the U.K, they are subjected to relatively similar climatic conditions, 

which is reflected in the data sets. Equally, however, their similar response could represent the 

Oaks inherited capabilities. 

 

The results of Oak ring width measurements (mm) from a study in East Pomerania, Poland 

(Polska 2011) were analysed with results from this study as this site has the same latitude as 

Priestley Clough (54º). This was to determine if sites on the same latitude responded in the 

same way to the climatic conditions. Despite Priestley Clough having larger ring widths generally 

the results do appear to be similar in places. Although no relationship could be proved with 

statistical analysis, the level of significance figure was just below the 5% rejection level. This 

shows that despite the ring widths not following a close trend they responded similarly in some 

instances. 

 

The East Pomerania and Savernake data sets have been compared in order to assess if there is a 

relationship between them. As the statistical level of significance provided a value of 99%, the 

two data sets are closely related. The climate in East Pomerania differs to the UK as it has high 

precipitation rates, but temperatures are similar (Polska 2011). A relationship has been 

identified providing evidence to suggest they have had similar responses despite East Pomerania 

receiving higher levels of precipitation. This could suggest that precipitation has a reduced 

impact upon radial growth compared with temperature amongst Oak. 
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The data from the Sheffield study compared with the study undertaken in Savernake showed 

interesting results (figure 3). The data sets follow each other much more closely and represent 

the strongest relationship, with the data having a significance level of 97%, which further 

highlights a relationship. According to the Meteorological Office (2013), despite the location 

difference they have similar mild climates, therefore meaning that they have been subjected to 

similar conditions. This highlights that they have largely responded in the same way to the 

climatic conditions, proving the idea that climate plays a dominating role in ring widths. 

 

The annual average Oak ring widths (mm) for 

Sheffield and Savernake between 1972 and 2003
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Figure 3: Oak ring width (mm) for Sheffield Vs the Savernake Oak ring widths (mm) between 

1972 and 2003 – Data taken from National Climatic Data Center (NCDC 2013) 

 

Conclusion 

The results from this study are inconclusive and in many cases do not show strong relationships. 

However, other factors are involved including biological factors such as tree age (Briffa et al. 

2002). Hughes et al. (1982) recognise that radial growth responses may vary significantly, not 

only with climate and site conditions, but equally the inherited capabilities of each tree species. 

Although the climatic conditions are recognised as a major influencing factor affecting radial 

growth (Esau 1965; Creber 1977; LaMarche & Fritts 1971), there still remains contradiction 

amongst research from different studies throughout the world related to many different species 

of tree, in addition to the influence of the current growing season and of the previous ones. 
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However, despite uncertainties, the results of this study indicate that there are relationships 

between some of the variables, or the potential for relationships to exist had a greater number 

of samples been collected. The strongest relationship observed is the influence of temperature 

upon Oak radial growth. An aim was to compare the three species from this study with one 

another, which suggested that there are no particular relationships in their response to climate. 

Comparing the data with other studies suggests that climate has an impact upon the radial 

growth, although this is perhaps not the only factor influencing growth and that each species of 

tree has responded differently. 

 

Although similarities were found, with statistical analysis providing evidence of relationships, 

the data did not provide definitive evidence that climate was the only factor influencing radial 

growth. 
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