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Abstract


There is an increasing interest in the climate and the impact it is having upon the natural world. This project uses the scientific discipline of dendrochronology to assess the climatic effect upon the radial growth of three species of trees (Sycamore, Beech and Oak), over the last 40 years at the woodland of Priestley Clough, Accrington. In order to assess the impact the climatic conditions are having upon the radial growth, precipitation and temperature data were used alongside the average ring width data, which were further statistically analysed. The data showed varied results amongst each species, with some appearing to show little/no response to certain climatic conditions, whilst Oak provided an interesting data set, which proved to be responsive to temperature, with little influence from precipitation. The data set was further analysed alongside similar studies; one in a similar location, similar latitude and the other in the south of England to try and determine if any relationships existed between other research. 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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Chapter 1.0: Introduction



The climatic conditions of the Earth are continuously changing with large-scale events occurring throughout history as well as more minor small-scale events, which ultimately affect many aspects of the Earth’s environment. Many natural storage systems are able to record these altering conditions and reflect changes in the climate through time. Such proxy records include ice cores, pollen analysis, oxygen isotopes sediment cores, and tree rings.

Dendrochronology is a highly specialised scientific method used for the study and precise dating of tree rings, allowing knowledge of past climatic events/changes until the current time. This method enables the ages of trees to be precisely dated and measured by analysing the rings contained within the trees (Speer, 2010), the innermost ring representing the first year of growth, whilst the outermost ring represents the last year of growth. These rings differ annually due to the set of conditions, which prevailed during the time of their formation (Tree-Ring Services, 2012). 

The method of dendrochronology can be used for a variety of purposes (such as archaeology, relative dating of landforms, calibrating the carbon14 dating method for example) as it is so reliable and can highlight significant changes/trends in tree growth (Creber, 1977). Commonly the tree rings can be used to identify areas with greater pollution levels, or those, which suffered from specific events such as drought. Also site-specific events can be depicted from the data such as insect infestations.

As many different factors may influence tree growth, including site specific ones such as soil type, species, gradient etc, 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 understanding the history of a particular species or site.  
Therefore, it can be difficult to interpret the results of dendroclimatic studies without utilizing other sources of data as so many factors can influence a tree’s growth, even at any one time. Looking at knowledge gained in recent times (such as the climate record) can enable a clearer understanding of what specific conditions may promote and limit tree growth. 

Many studies have been carried out within this field of research with differing responses being recognized, amongst a variety of species in different areas of the world. Studies have suggested a strong relationship between ring growth and temperature in the majority of species under investigation (Briffa et al 2002; Feliksik & Wilczyński 2009). However, other studies suggested Beech and Ash appear to be the most sensitive to climate, with precipitation being the most influential factor influencing growth (García-Suárez et al, 2009). Various studies record sensitivities to drought, for example Morecroft et al (2007) discovered sycamore growth was much reduced during dry periods (Morecroft et al, 2007). Although studies show conflicting results, the research suggests that trees respond differently to changing climatic conditions throughout the world, and even species on the same site can respond differently. 


1.1: Rationale

This study will use dendrochronology to provide a proxy data record in order to determine how past climatic conditions (temperature and precipitation), have influenced tree ring growth of three different species.

Dendrochronology has been used for this research as it is reliable and a widely used application for reconstructing climate history as well as looking at growth rates. The records can span many years and can be collected from many different areas and habitats. It is also a much simpler way of collecting data than other forms of proxy data such as pollen records. As it is considered important in the field of research, comparisons with other sets of data for different areas or different tree species can be made. A large number of samples will be collected to ensure accuracy. The cores themselves are extracted by using a tree-coring device, resulting in no direct damage to the trees, as the cores themselves are so small. These cores can be studied to gain information regarding the response of radial growth to climatic conditions for periods covering many years.
 
To assess the impact climate has had on tree growth of various species, the study will look at secondary climatic data sets from the British Meteorological Office for the air temperature (Newton Rigg, Penrith) and precipitation levels (Great Harwood, Lancashire), as this provides the closest records for the area under investigation. This data will be used alongside the tree-ring data to produce a table of results showing the overall annual mean temperature and precipitation levels along with the average tree-ring size (mm), for the three species over a period of 40 years.  The aim of using this data is that trends may be spotted between the climatic records and the tree ring widths. This may also allow responses for particular climatic events to be established. The data may also highlight if some tree species are more resistant to certain climatic conditions than others, whilst some may show to be much more sensitive.

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 (missing) rings, it appears to be the best approach for this particular study and should supply a good source of data. 

The principal reasons for carrying out this study are that the data is easily obtainable within the time frame for this piece of research; in addition it is an environmentally friendly method of data collection. It also allows the collection of data covering 40 years, enabling comparisons not only between the samples of the same trees as they are all from one site, but also between species. The measurements taken from each tree within the study will be compared with precipitation and temperature records for the given area allowing direct comparisons to be made. By concentrating solely on temperature and precipitation, it enables a greater understanding of how certain species respond to the climatic conditions they have been exposed to, in addition to limiting the non-climatic factors to increase accuracy.


1.2: Aims and objectives
This dissertation will investigate the response of Oak, Beech and Sycamore growth to the climatic conditions experienced when growing. 
The aims of this dissertation are:
· To determine if there is a relationship between Oak, Beech and Sycamore radial growth and the climatic conditions (temperature and precipitation) over the last 40 years. 
· To establish if there are similarities between the three species in terms of radial growth and the climatic conditions.
· To see if this data correlates with other studies covering the same species.






In order to achieve the aims a number of objectives must be completed.
The objectives of this dissertation are:

· To collect 50 tree core samples of each of the three species of trees, covering a period of 40 years.
· Following the collection of samples, the ring widths of each sample for each year will need to be measured.
· Secondary data records of the past temperature and precipitation levels will be accessed from the Meteorological Office.
· Assess the primary and secondary data by using statistical analysis and tests in order to determine if there are any relationships between radial growth and the climatic conditions prevailing during their formation.
· To compare the results from this study with other studies looking at the same species.

1.3: Hypotheses
This project will also test a number of hypotheses
· An increase in radial growth of Sycamore, Beech and Oak will reflect precipitation and temperature levels, which enhance growth. 
· A decrease in radial growth of Sycamore, Beech and Oak will reflect precipitation and temperature levels, which are detrimental to growth.
· Sycamore, Beech and Oak will demonstrate relatively similar responses to the climatic conditions that were present at the time of growth.


Chapter 2.0: Literature review



This literature review aims to examine the study of dendrochronology in recent times. It will focus upon studies undertaken by various researchers, into the climatic factors influencing radial growth of different species of trees. Particular attention will be given to studies on Oak, Beech and Sycamore in relation to the impact the climatic conditions have had on their radial growth patterns, as this relates to the aims of this study. Further reference will indicate the other factors that may have an influence on radial growth. 


2.1: Background of dendrochronology
The scientific discipline of dendrochronology involves the study of tree rings, which are used for a variety of purposes including ecology, atmospheric sciences, and resource management, which increases our knowledge of the natural world (Speer, 2010). Each ring represents an annual formation, an ecophysiological record, which is dependent upon its conditions during growth and can be dated and used for analysis (Grissino-Mayer, 2010; Orwig & Abrams 1997; Hughes et al 1982; Hughes 2002). Tree diameter growth therefore provides a tool of determining the past climatic conditions, as trees are very sensitive to change.
Tree rings are known to reflect annual climatic information including precipitation and temperature (Orwig & Abrams, 1997). According to Fritts (1965) wide tree rings represent moist and cool climates, whilst narrow rings represent dry and warm conditions (Fritts, 1965). Creber (1977) suggests the rings represent the conditions during the growing season, primarily temperature and precipitation (Creber, 1977).
The nature of annual tree rings was recognised as early as 322 BC in Greece by Theophrastus of Erusus, a pupil of Aristotle. However, it was a much later period when dendrochronology was regarded as a scientific discipline.  By the early 1900’s Andrew E. Douglass, who is considered the ‘father’ of the subject, discovered the patterns of annual rings and further developed the principle of cross-dating (Sheppard, 2010: Grissino-Mayer, n.d).

Dendrochronology has been applied to many studies throughout the world with research covering different species. Not only have studies enabled tree ring data from the past to be analysed, but also future patterns and tree responses to climate have been anticipated. 


2.2: Uncertainties in dendrochronology

Despite dendrochronology providing valuable information there are still limitations and uncertainties with this application. The growth of trees can be variable, not just between species but affected by other controlling factors (biological including tree age, pests and diseases etc.) in addition to climate. Some may enhance growth, whilst others may result in depressed growth and in more extreme cases growth may cease altogether (Creber 1977; Robinson & Henderson-Sellers 1999). Hughes et al (1982) noted that radial growth responses may vary significantly with climatic and site conditions and the inherited capabilities of tree species (Hughes et al, 1982).  Although generally one ring is produced each year, extreme climatic conditions which subject the tree to variable growth, can result in no growth ring or the production of a false ring. Once the weather improves growth resumes producing a second ring during the same year (Williams et al, 1993), for example when severe drought interrupts the radial growth (Esau, 1965), which may result in inaccuracies in dating the tree rings.


2.3: The influence of previous climatic conditions on radial growth

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 other studies have shown that the preceding years have an effect (Rigling et al 2002; Fonti & Garcia-Gonzalez 2004). A study by Fritts (1965) discovered that climatic conditions influencing ring width may also influence other processes, which can present themselves up to three years later in the formation of wide or narrow rings (Fritts, 1965). Fritts et al (1965b) propose the width of rings is largely a function of available food supplies that have accumulated in the previous year (Fritts et al, 1965b). Other research suggests that radial growth is dependent on growth during the previous year(s). Findings indicated that the ring width reflected previous growth of up to three years, but however the dominant factor was found to be precipitation during the growing season (Pilcher & Gray, 1982). Hughes et al (1982) also noted that ring width response may not only be for that particular year of ring formation but that there is a theoretical lag time (Hughes et al, 1982).  


2.4: The influence of temperature on radial growth

A very important factor is temperature. Way and Oren (2010) found that increased temperature generally increases tree growth, except for tropical trees; suggesting this is due to the tropical trees already operating at their optimum temperature (Way & Oren 2010). 

Although there are a large number of studies suggesting a strong relationship between tree ring widths and temperature (Zweifel et al, 2006), others show conflicting evidence. A study undertaken by Gea-Izquierdo et al (2011) showed that Evergreen Oak (Quercus ilex L) tended to have growth decline at warmer sites within the study area, possibly due to water stress. Those sampled in cooler locations didn’t show any negative growth, suggesting this particular species in this particular location may benefit from cooler winter temperatures. These trees also showed varied responses with precipitation, such as those at the warmer locations responding more to the moisture availability (Gea-Izquierdo et al, 2011).

Takahashi et al (2005) found that species of Birch (Betula ermanii) in Mount Norikura, Japan, showed increased radial growth when there were higher levels of insolation, combined with high temperatures at the same time as less precipitation. Comparisons of these results were made with other sites and the findings highlighted that the climatic factors that increased the growth of B. ermanii differed with altitude (Takahashi et al, 2005).

A study by Kirchefer (2000) showed radial growth of Scots pine was strongly correlated with July temperatures in Northern Norway. Results also tended to show that aspect had an influence, as the trees located in south-facing slopes had more direct sunlight than north-facing slopes, therefore resulting in larger growth levels on the south-facing slopes (Kirchhefer, 2000).

Investigations of P.sylvestris (Scots Pine) in Switzerland highlighted a significant negative correlation between radial growth and June temperatures, compared to a positive relationship for November for the previous year (Rigling et al, 2002). Equally, Zweifel et al (2006) discovered that P.sylvestris and Pinus abies (Norway Spruce) are able to show different responses to increased temperatures. Whilst high summer temperatures result in the trees suffering stress, warmer winter temperatures can enhance growth (Zweifel et al, 2006).

Research carried out by Rozas & García-González (2012) highlighted that the most limiting factor for latewood growth in the northwest Iberian Peninsula since 1980 was the winter temperature. The winter temperature as well as the influence of the El Niño Southern Oscillation (ENSO) was an important factor influencing tree growth, even with mild Atlantic climates (Rozas & García-González, 2012).

2.5: The influence of drought on radial growth

“Water is the most limiting ecological resource for most tree and forest sites” (Coder & Warnell, 1999). With reduced water availability the trees undergo stress, growth is severely affected and the result is damage and death in some cases. Coder & Warnell (1999) found water supply accounted for around eighty percent of variation in growth. Trees have, in a lot of cases attempted to deal with this situation by using food storage reserves, closing off root activities etc, but it still has the potential to have an effect on the annual ring widths. It is also worth noting that this growth is constrained not only by the current year but also the previous year’s water supply. This delayed response is due to the impact of the drought on crown development, food production and tree health (Coder & Warnell, 1999).
Zweifel et al (2006), believe however that radial growth rates are mainly determined by the conditions during the year of growth, but agree that less growth represents a lower water supply to the crown, causing increased tree water deficits (Zweifel et al, 2006).
A study undertaken by Orwig & Abrams (1997) discovered a large radial growth reduction following drought, with some exhibiting this suppressed growth up to five years following the event (Orwig & Abrams, 1997), with differing responses being influenced by a number of factors such as age and competition (Fritts, 1976). For example, with age, internal processes within the tree are responsible for producing narrower rings (Briffa et al, 2002).
Another important factor affecting the response of a tree to drought is if the tree has previously suffered drought conditions, as those that have, show less injury than those newly exposed. The effects of drought can often result in reduced growth for some subsequent years (Coder & Warnell, 1999).

Research by Zweifel et al (2006) supports this. Three species (Quercus pubescens – Pubescent Oak, Pinus sylvestris – Scots Pine and Picea abies – Norway spruce) were studied between 2002-2004, coinciding with the exceptionally hot and dry year of 2003. Precipitation was considered to be the only factor responsible for radial growth patterns for all the species with 2003 resulting in smaller tree rings in all species compared with the previous year. Both Q.pubescens and P.sylvestris were highly responsive to precipitation during the growing season, with larger ring widths resulting from increased levels of precipitation. However, 90% of the growth rate occurred between April and June, with minimal growth occurring outside of these months, despite the climatic condition. During dry periods growth rates accelerated with low precipitation. Radial growth at the various sites in 2003 reflected the climatic conditions of that particular year, with the previous year (2002) being unlikely to inhibit the following years growth. However, although the growth of 2003 was not influenced by the conditions of 2002, 2004 appeared to have been influenced by the previous year of 2003. Despite the microclimatic factors being similar to the wide ring year of 2002, 2004 resulted in a narrow ring. However, 2004 had less precipitation, highlighting the necessity of rain during the growing season (Zweifel et al, 2006), as can be seen in other research (Rigling et al 2001; 2002). Small precipitation amounts are able to accelerate growth despite a large water deficit (Zweifel et al, 2005). The precipitation results in a release of pressure within the tree causing positive conditions for radial growth (Barbaroux & Breda 2002; Steppe & Lemeur 2004; Steppe et al 2006). 

Zweifel et al (2006) suggested that trees sensitive to drought are unable to expand newly built cells and that this growth is not stopped but merely delayed. A release of pressure enables the cells to enlarge. However, a prolonged period of drought may cause cell division to stop with later precipitation periods not being able to compensate for suppressed growth (Zweifel et al, 2006).

Not all trees even within the same species show the same response to drought. Work carried out by Suarez et al (2004) highlighted that the droughts in Patagonia (South America) of 1998-9 had large effects on the trees in this area. Trees with variable growth showed less resistance to drought than those with regular growth. They also noted that older trees were less sensitive to climatic changes (Suarez et al, 2004).

Comparisons between dry and wet environments were carried out at a tropical deciduous forest (Barro Colorado Island, Panama). The latter generally produced greater tree sizes, although this could coincide with greater availability for light at this particular location (French Institute of Pondicherry, 2007).


2.6: The influence of precipitation on radial growth

There is some discussion about the effect the timing of precipitation has on the development of tree rings. Work by Majid & Reza (2011) indicated that ring widths of Acer velutinum (Persian maple) were largely related to precipitation in August (Majid & Reza, 2011). However, Fritts (1965) noted the relationship with precipitation was more pronounced during autumn, winter and spring rather than summer. Importantly, ring width variation is more closely linked to precipitation than temperature, which is considered less important, and often temperature influences growth only when moisture is present within the soil. Under low precipitation and high temperatures (particularly during autumn, winter and spring), Douglas-fir and Ponderosa pine result in narrow rings. Narrow rings within Pinyon pine, indicates a dry and warm autumn, winter and spring of the previous year accompanied with a hot June or July. Narrow rings within bristlecone pines also imply dry and warm climates, but with the greatest controlling months being spring, summer and autumn (Fritts, 1965). As is shown above, 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).


2.7: The influence of species location on radial growth

A critical factor influencing different responses of trees to climate is their location. White et al (2011) suggest that in temperate regions, the largest portion of annual radial growth variation in trees is accounted for by a number of factors (precipitation, temperature and drought) (White et al, 2011). In arid regions, severe drought limits soil moisture availability thus leading to a narrow ring or even no ring at all (Morey, 1973). Whilst Williams et al (1993) noted that in higher latitude and altitude regions, summer temperature is the critical variable opposed to annual precipitation being the dominant variable for lower latitude semi-arid regions (Williams et al 1993; Williams n.d.; Barry & Chorley 1998; Fritts et al 1980; Till & Guiot 1990; Touchan et al 1999). In semi-arid regions, climate frequently limits plant processes, and therefore variations in ring widths exhibit the strongest relationship to variations in climatic conditions (Fritts et al 1965a; b). Low temperatures within high-elevation forests results in minimal growth, whilst high temperatures and drought in Mediterranean climates contribute towards limited growth (Maxime & Hendrik, 2011).

Briffa et al (2002) discovered that at sites in close proximity to the extra-tropical Northern Hemisphere, summer temperature dominates growth, particularly in June/July. There was a significantly weaker relationship between precipitation and growth rates, although there were a number of positive correlations between the precipitation rates during the previous growing season, rather than the rates during the growing season of the current year of growth. This negative correlation demonstrates that a lack of summer moisture availability does not limit growth, highlighting that temperature is the dominant variable. Also the study discovered negative correlations between growth and previous growing season temperatures (Briffa et al, 2002).


2.8: Response of different species to the climatic conditions

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).

Trees growing in West Virginia have showed responses to varying conditions. Yellow poplar growth here showed a sharp decline for 10 successive years, starting around the late 1950’s due to reduced precipitation levels. The red oak, chestnut oak and red maple showed a much milder response to the drought conditions. Following this period, rapid growth rates occurred linked with higher rainfall averages. Notably all the species within the study suffered growth reduction associated with periods of drought, but also showed evidence of rapid recovery from the drought periods. It is argued that this variation in growth, which alters with climatic changes, is likely to vary in different areas e.g. different aspects or topography of an area, in addition to different varieties within a species (Fekedulegn et al, 2002). 


2.9: Response of Oak trees to climatic conditions

Research by Ermich (1953; 1959), indicated that the growth of Oak is significantly dependent upon the precipitation rates during the growing season, but not influenced by air temperature. He further stated that larger radial growth of Oaks is essentially dependant on the total precipitation occurring in June, combined with relative humidity rates of June to August (Ermich, 1953).

Research to support this theory has been backed up by the findings of Bednarz & Ptak (1990) studying Oaks in southern Poland. Their results suggested that high monthly precipitation rates in June and July increases radial growth. Figure 2.0 shows the relationship between the mean ring width indices in Quercus robur (English Oak) from the Gibiel reserve study area compared with mean monthly air temperatures (1826-1980), and monthly precipitation (1881-1985). The solid line represents the coefficient of correlation, whilst the dashed line represents the percentage of agreement (Bednarz & Ptak 1990).


Figure 2.0: Relationship between mean ring width of Quercus robur from the Gibiel reserve associated with mean monthly air temperatures and monthly precipitation rates.
[image: ]
                                                                      (Bednarz & Ptak 1990).
The results shown in figure 2.0 highlight the trends between the climatic conditions and radial growth. There appears to be a strong relationship between radial growth and precipitation (June-July, May-July and June-August), despite considerable site moisture already being present. However air temperature was less of a factor in relation to ring growth (Bednarz & Ptak 1990). 

In Britain, high precipitation rates during the growing season along with high temperatures in early summer are known to favour growth, whilst high temperatures during the previous winter greatly reduce this growth, possibly as a result of lost food reserves. Also radial Oak growth in Britain may suffer from water stress, but do not seem to suffer from water excess (Pilcher & Gray, 1982). Other research suggests a warm British winter or wet summers positively affect radial growth, thus a cold winter or a dry/hot summer results in the production of a narrow ring (Tree-Ring Services, 2012).

Studies undertaken in central to the southern Appalachian Mountains and southern United States, have indicated that low precipitation and high temperatures result in limited radial growth in Oaks (Pan et al 1997; Bortolot et al 2001; D’Arrigo et al 2001; Stahle et al 2001 & Speer 2001).

The research carried out by White et al (2011) coincided with that of research carried out for other Oak-studies in eastern USA (Cook & Jacoby 1977; Stahle & Hehr 1984; Bortolot et al 2001; D’Arrigo et al 2001; Speer et al 2009), where the greatest radial growth occurred during cool moist summers. The high correlations between tree growth and precipitation and the relationship between temperature and growth highlighted moisture availability is the greatest influencing factor of the southern Appalachian Oak growth (White et al, 2011). Frisse (1977) undertook a study of Oak and Beech trees, where the data indicated that precipitation played a dominant role, especially spring precipitation along with winter temperature (Frisse, 1977).

2.10: Response of Beech trees to climatic conditions

Increased temperatures during the twentieth century have resulted in an increase in radial growth of Beech, (e.g. the 2003 heat wave) (Maxime & Hendrik, 2011). Also significant negative correlations were discovered between radial growth and July/August temperatures (Maxime & Hendrik, 2011). This is supported by Augustaitis et al (2012) who discovered increased temperature in June-August, combined with a decrease in precipitation results in radial reduction (Augustaitis et al, 2012). 

Dendrochronological studies in France indicate the ring widths of Fagus sylvatica (Common Beech), appear to be negatively correlated to minimum March and maximum August temperatures, but positively correlated to May and July precipitation, with dry years producing narrow rings (Bouriaud et al 2004; Lebourgeois et al 2005). 

Bouriaud et al (2004) also found that “Beech ring width was strongly linked to the soil water deficit” (Bouriaud et al, 2004). Kasson and Livingston (2012) suggested a decline in radial growth as well as increased Beech mortality coincided with drought (Kasson & Livingston, 2012). Summer air temperatures impacted upon Beech trees growing in Lithuania, resulting in increased tree ring widths along the seaside, compared with reduced ring widths in central Lithuania (Pilkauskas et al 2011). Research undertaken by Čufar et al (2008) however, showed reduced ring widths from minimum and maximum temperatures, but favoured May and July precipitation (Čufar et al, 2008).

2.11: Response of Sycamore trees to climatic conditions

Sycamore trees may also be influenced by climatic conditions, with research suggesting 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), reveals that there is a strong possibility that sycamore will decline largely in England, due to its sensitivity to drought. Equally, Oak is noted to be less affected. Sycamores are known to be sensitive to drought in various cases, such as research carried out by Lemoine et al (2001) and Tissier et al (2004). Further evidence to suggest they are susceptible to drought comes from Coultherd (1978), who discovered some Sycamore deaths in response to the 1976 drought in the UK. Morecroft et al (2008) discovered in British woodlands that Sycamores showed significant differences with time. Highest levels of growth were compatible with a 24 per cent increase in wetter conditions (1999-2002) (Morecroft et al, 2008). Oak also showed a similar pattern of reduced growth coinciding with reduced precipitation for the year 1996, but to a lesser extent than sycamore. Morecroft and Roberts (1999) determined that this difference is likely to be due to the effect of differing responses to the dry conditions (Morecroft & Roberts, 1999). Importantly there appeared to be minimal responsiveness to temperature (Morecroft et al, 2008). 

Although there is a case for Sycamores being sensitive to drought (Lemoine et al 2001; Tissier et al 2004), as is highlighted by their natural distribution, dominating cool and wet areas of the north and west of Britain (Rodwell 1991; Forestry Commission 1997), a Polish study recognised a strong dependence between temperature and ring width, particularly for the summer months (Bednarz & Ptak, 1990).

2.12: Other factors affecting radial growth

Soil type is an important factor when examining drought, clay soils are able to hold more moisture compared with sandy soils. However, generally those trees growing in clay soils are much shallower rooted than those trees in sandy soils, which develop deeper root systems to find water. This ultimately means that those in the clay soils are more adversely affected by drought conditions (Texas Forest Service, n.d.).
Robertson (1992) carried out a study assessing the environmental factors controlling past tree growth on forested floodplain sites in southern Illinois. He noted that temperature, precipitation, soil moisture, depth until reaching the water table and solar radiation all had an impact on radial growth. Also during periods of high water tables in winter and spring, there was not a negative effect on growth. In the summer months, precipitation was linked with growth in many species (Robertson, 1992).

Equally however, Baughman (2010) found that too much water, in the form of floods affects tree growth. Those most severly affected depends on both the species, and if the tree was previously stressed. Species which were under stress showed depressed growth, whilst tolerant species had less adverse effects. Generally, increased water covering the soil results in less oxygen availability for the roots, restricting growth. Trees are more susceptible to damage just after the first flush of growth. In addition floodwaters may carry harmful chemicals, further endangering the trees in a particular location. (Baughman, 2010).

Sunlight also plays a role in radial growth, Esau (1965) uses Oak as an example which contains two portions of growth; the first being the spring-wood which is dependant on the reserves that the tree has; the second being the summer-wood, which is dependent on the food supplies of that particular year. The variations in the summerwood width are therefore largely influenced by the available food supply, hence the amount of sunlight (Esau, 1965).

“Several researchers have demonstrated that air pollutants can alter annual tree ring growth and total volume production in forests” (Nuhoglu, 2006). Trees showing reductions in tree ring size are those in large industrial conurbations (Burdekin, 1981), in close proximity to industrial sources of air pollution (Ashby & Fritts 1972; Vinš & Tesař 1969; Thomas 1961).
Insect infestations can be a limiting factor for growth, but are sometimes associated with stressed trees, so in some cases are not the direct cause but a related factor. Some trees, which commonly suffer from insects and beetles following a period of flooding, are pines, oaks, birches etc. (Baughman, 2012).

An investigation was carried out in the Taihang Mountains in northern China, to assess the factors that influenced growth by using data records etc. Analysis showed that temperature, aspect, precipitation and soil thickness were important factors (Yang et al, 2006). This highlights that in some cases it can be a combination of factors that are important in influencing ring widths.


2.13: Conclusion of literature review

A large proportion of the research examined has produced conflicting results, especially in relation to the effects the climatic conditions from previous years has 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). However, this suggests that in most cases trees do show a response in some form or another when the conditions in which they live in alter.

Altogether, the findings from various studies and researchers 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 precipitation, which forms the basis of this dissertation.


Chapter 3.0: Methodology



This chapter will discuss the study site, identify and explain the methods used for the collection of the primary data, as well as the secondary data from the Meteorological records. Although the application of dendrochronology is widely acknowledged and used due to its simplicity and effectiveness, it does have its limitations, which will be discussed in detail. Before any fieldwork was undertaken a risk assessment and an ethical form was completed (Appendix A). Also permission to carry out this research was granted, which is shown in Appendix B.


3.1 Research site

The chosen site for this research is the woodland of Priestley Clough (Biological Heritage site) located in Accrington, Lancashire, in the North West of England (see figures 3.1 and 3.2), extending from grid reference SD 75852770 to SD  77162630 with an average elevation of 175-200m above sea level. The woodland covers an area of approximately 20.49ha. The woodland itself is largely flat in places but some areas are sloping or have slightly higher elevation levels. The ground is well maintained and contains a number of established paths. There are a large variety of indigenous trees within the woodland with this study focusing on Beech (Fagus sylvatica), Oak (Quercus robur) and Sycamore (Acer pseudoplatanus). 

Figure 3.0: Map of Priestley Clough Woodland – the study site
[image: ]
                                                                     (Lancashire County Council, 2013).

Figure 3.1: Map of Priestley Clough – the study site
[image: ]
                                                                                            (Edina Digimap, 2012).


The site factors and location are ideal for this study in order to limit other controls which may affect the results. The woodland consists of a wide variety of species of trees covering a large area of land. There are many expanses of flat land ensuring the gradient will not be a factor, also the soil type remains the same throughout the woodland. The site is situated away from any major roads or industrial sources, minimising the effects of pollution. 

Priestley Clough is a biological heritage site, which is under continuous management to ensure the paths are maintained and impact from the general public is low. Priestley Clough has been chosen for this research, as the site history is known, therefore the ages of the trees are known. This ensures the trees selected are of a similar age, which is important when carrying out dendrochronological research as age can be a determining factor influencing growth (Bond 2000; Bond & Franklin 2002; Bogino et al 2009). All trees co-exist on the same site and are subjected to the same climatic conditions.

For this study, three species of trees (Beech, Oak & Sycamore) will be sampled, obtaining 50 cores for each species. Collecting this number for a data set should enable the results to be more accurate and allow for comparisons and trends to be made. As each species will have a large data set, any damaged cores may be disregarded, still allowing for a sufficient number of samples for analysis. The samples will be able to show the growth patterns of each species over a period covering 40 years, and how they have responded to varying climatic conditions.








3.2: Increment corer/borer

In order to determine how the climatic conditions have affected tree ring growth, a sample will be obtained 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 cores (3mm) enable only a very small portion of the tree to be extracted, minimising the potential for damage. 

The only other alternative to extract information is to fell the trees, which is obviously avoided. With coring, there is often concern over the effect upon tree health. Although extracting cores is considered by some to present the tree with a wound, it is important to note that trees limit this damage by a process known as compartmentalisation (Shigo 1984; Smith 1988). This enables trees to isolate the wounds from new tissues that form, allowing the tree to continue to grow. This does not make the tree more susceptible to death. Only one tree from 100 cored in the 1970’s in New Zealand has died since, the reason is unknown (Norton, 1998).

Importantly a sharp borer reduces the potential impact, as blunt borers may result in cambial damage. Traditionally, to try and prevent potential damage the holes created have been plugged, but studies have suggested that pathogens are still able to enter damaged tissue despite the plug (Lorenz 1944). Commonly, research indicates that the trees less susceptible to damage are those cored just once (Norton, 1998). To reduce any potential damage a 3mm diameter borer will be used.

See Appendix C (containing figures 3.2 and 3.3) for set-up and maintenance instructions.

A detailed explanation for constructing an increment borer can be found in ‘A manual and tutorial for the proper use of an increment borer’ (Grissino-Mayer, 2003).

3.3: Factors affecting the sampling method

Tree rings

Each tree forms an annual growth ring, which can be divided into two stages of growth (figure 3.4); earlywood, which is the thin-walled cells which form early in the growing season, appear light in colour and have a large diameter, and latewood, which is the thicker-walled cells which are produced later in the growing season, appear dark in colour and have a small diameter. Together these combine to form the annual rings (Grissino-Mayer 2010; The Laboratory of Tree-Ring Research 2012).


Figure 3.4: Cross-sectional view of a tree ring showing the earlywood and latewood
[image: transverse view of a conifer tree ring]
(The Laboratory of Tree-Ring Research, 2012).


As the earlywood and latewood form at different times during the growing season, they capture different climatic conditions. Melvin & Briffa (n.d) discovered the main response to temperature was a high positive correlation in April and May temperatures for latewood, with earlywood responding to late summer months. This is unexpected as earlywood would be expected to be most responsive to spring and early summer temperatures, and latewood responsive to late summer. However, ring-width response to temperature appears to be the mean of the earlywood and latewood (Melvin & Briffa, n.d).

Novak et al (2013) analysed tree ring widths, as well as earlywood and latewood widths. Their research demonstrated high sensitivity of variation in climatic conditions, with earlywood and latewood being mainly determined by the prevailing climatic conditions during their formation. Their research highlighted that tree-ring widths in addition to anatomical characteristics can aid with better understanding of the seasonal climate on tree ring development (Novak et al, 2013).

Although earlywood and latewood are considered separate growing spurts, it is quite difficult to determine where the earlywood ends and where the latewood starts (NADEF, 2012). For this study to determine the effects of temperature and precipitation on each stage of the growing season, it would be too complex to try and analyse them separately.


Pith of a tree

The pith, located in the centre of each tree is the first stage of growth. It is important for samples collected to contain the pith to ensure accuracy, as the samples would represent each year since the trees formation (Jozsa, 1988). Any cores not containing the pith will be disregarded as the borer may re-record the same year further around the tree as is shown in figure 3.5. Figure 3.5 also shows what a core sample would look like if the whole of a tree had been cored from bark on one side to the other, and highlights how the pith may be recognised.

Figure 3.5: The importance of coring to the pith of a tree and what this looks like in a tree core sample



 
(Author’s own).


False and missing rings

False or missing rings can be a major problem with many dendrochronological studies as it is capable of significantly altering the results (Wendland, 1975). A false ring produces an extra ring in a calendar year, thus appearing to have two rings. Equally, a years growth may be missing, both of which lead to incorrect dating. Although their identification is somewhat subjective, by analysing many cores, there is potential for them to be recognised. Any cores that may be unreliable will be discarded, as this will ultimately affect the results. As a large sample size (50) will be collected for each species, the data will be less susceptible to these effects.



Location

By collecting all of the cores from the same site, the non-climatic factors are limited (soil type, gradient, altitude, incoming solar radiation, competition, etc.). Therefore the effect the climatic conditions have had on radial growth will be emphasised.


3.4: Field Methodology

Equipment used in the field:
· Increment corer/borer
· Wooden mallet
· Clear freezer bags
· White labels
· Pens
· Box (for storing samples)
· Field note book
· Site map
· Olive oil to clean the corer and to avoid the corer jamming
· Camera
· Mobile phone in case of an emergency
· Hard hat
· High Visibility Jacket


Method

Before carrying out the sampling, a pilot study was undertaken (August 2012) by carrying out a site visit to look around the woodland with Phillip Johnson (Tree and Woodlands Officer for Hyndburn Borough Council), who gave permission for this study to take place at Priestley Clough and who highlighted the areas to be discounted from the study. He also observed several trees being cored to ensure that the technique was applied correctly. The samples were collected during August and September 2012.

· The trees chosen were those, which appeared to be the same age, on areas of flat land, etc in order to minimise the effects of differing tree age, the influence of slopes as well as avoiding trees which potentially looked damaged/diseased. 
· Before coring, the borer will be assembled (as described in Appendix C pg Xiii) ensuring it is oiled/clean in order to avoid jamming and passing on any contaminants.
· When coring, the diameter of the tree will first be measured in order to gauge how far the borer will need to bore into the tree to reach the pith, as this is essential for providing accurate samples.
· The borer will be placed on the tree trunk at breast height to ensure the height from the ground remains constant throughout the study. Some literature suggests coring from the base of the tree, but in many cases causing difficulties, as the tree age may not be represented fully as well as the difficulty in boring into the tree whilst keeping the corer straight. The borer will be turned clockwise to penetrate the tree (see figure 3.6). Time will be taken for each tree to ensure that this is carried out correctly.
· 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 snaps (usually half a revolution), enabling the core to be retrieved by sliding the spoon back out of the shaft.
· The end of the core that has come from the innermost part of the tree (pith) will then be marked by a small pen point in order for data analysis to be much easier back in the laboratory
· Each core will be placed carefully into a separate freezer bag, which will be labelled and placed into the box to keep them safe as they are very easily snapped.
· The location of the tree will be marked on the site map in addition to any other relevant features, which will be recorded in the field notebook. 
· To extract the borer, twist counter clockwise, taking care not to damage the tree. 
· Often once the corer has been extracted the tree would be plugged with inert wax in order to try and avoid damage and potential disease. However, Phillip Johnson (Tree and Woodlands Officer for Hyndburn Borough Council) said that this was not necessary.
· Repeat these steps until 50 samples for each species (Oak, Beech and Sycamore) have been obtained. 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. 
· Cores will be stored in a cool, dry place until taken to the laboratory for analysis (figure 3.7).


      Figure 3.6: Coring at breast height                Figure 3.7: Tree core sample

[image: ]                   
                                              (Author’s own)                          (Author’s own)

A detailed methodology for carrying out tree coring and reducing potential damage can be found in ‘A manual and tutorial for the proper use of an increment borer’ (Grissino-Mayer, 2003). This provides a good basis to refer to when carrying out this type of research.
3.5: Laboratory Methodology

Equipment
· Microscope with light
· Digital calliper
· Tree core stand
· Charts for recording data (ring widths)
· Pens

Method
· To measure the ring widths, each sample will be placed on the tree core stand to reduce movement and assist with accuracy. 
· This stand will be placed under the microscope. Strong light will be available to make identification easier and therefore the results more accurate/reliable. 
· Each ring will be measured from the start of the earlywood to the end of the latewood, from the bark end of each sample (2012) using a digital calliper (accurate to 0.01mm), as this enables clear identification. 
· Time will be taken to ensure that the measurements are accurate, and then recorded onto charts for each sample for the 40 year time period. Any rings, which are unclear, will be discarded from the study. 


3.6: Analysis Methodology

Equipment
· Computer
· Microsoft Excel
· Minitab (statistical software)


Methodology
· The tabulated ring width measurements recorded in the laboratory will be placed in Microsoft excel for each species ranging from 1972-2012. The average ring width for each species will be calculated for each year of growth.
· The secondary data used within this study will be the meteorological data provided by the Meteorological Office, containing temperature and precipitation records between 1972 and 2012. The annual averages for each record will be calculated. 
· Any anomalous results or potentially important figures will be highlighted in order for investigations to be made.
· Graphs will be produced in order to enable patterns and analysis to be completed for each species.
· Minitab 16 will be used in order to undertake normality tests; correlation and significance tests will be investigated by calculating the correlation coefficient. This will aid with analysing the data, as patterns and levels of significance will illustrate the effect climatic conditions have had on tree growth. 

Detailed methodologies of how to perform and analyse data sets can be found in ‘Introduction to Statistics & Data Analysis’ (Peck et al, 2008).

The results from this study will be further analysed by comparing the results with those from previous studies in order to determine if there are similarities between the results of this research and published studies.







Chapter 4.0: Results


This chapter will examine the results obtained from the tree core samples along with the meteorological data of temperature and precipitation for the relevant years for the area of Accrington. The results will be shown as graphs along with detailed descriptions and statistical analysis to determine what the data shows. The raw data values from the collection of samples for tree ring widths are shown in Appendix D (Table 1).


4.1: Field and laboratory data

Figure 4.0 represents the average recorded ring widths of 50 Sycamore cores sampled from Priestley Clough, Accrington. The largest average ring width was for the year 2010 (1.87mm), the lowest average ring width was 1.53mm (1993). Generally there is a steady pattern of increases and decreases, though some years show more dramatic changes (e.g. the decline from 1.77mm in 1979 to 1.58mm in 1981). From 1993 there is generally an increase in ring width towards the present date, again with increases and decreases. There does not appear to be a clear trend between ring width and time as the results vary tremendously.

Figure 4.0: Average Sycamore ring widths for Priestley Clough (1972-2012)

Figure 4.1 represents the average recorded ring widths of 50 Beech cores sampled from Priestley Clough. The largest ring width average recorded was for 1973 (2.39mm), with the lowest average being 1.94mm (2012). This graph illustrates a number of increases and decreases with the data appearing to have a reasonable range. Noticeably there is a sharp increase in ring width from 1972-1973 with a fall of 0.21mm for 1974. The next 30 years show fluctuations, however, since 2004 the average ring widths decrease substantially to 1.94mm for 2012.

Figure 4.1: Average Beech ring widths for Priestley Clough (1972-2012)




Figure 4.2 represents the average recorded ring widths of 50 Oak cores sampled from Priestley Clough. The largest recorded average ring width (1.85mm) occurred during the same year as Beech (1973), with the lowest average ring width (1.47mm) occurring in 2005. This graph generally shows a positive correlation between ring width and age, as the widest rings appear to be for the earliest years of growth. There appear to be fewer varied results from year to year, although there are exceptions (a large peak of 1.83mm in 1983, representing good growth) but it does indicate a general decrease in ring widths with time. 

Figure 4.2: Average Oak ring widths for Priestley Clough (1972-2012)



Figure 4.3 represents the average recorded ring widths of 50 tree cores for each species of tree sampled from Priestley Clough, in order 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. 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. For example a number of the increases and decreases do coincide with each other such as the year 1973 (particularly with Beech and Sycamore). All species see a dip in 1974, although Oak to a lesser extent. All species show an increase in 1978 followed by a drop the following year, with a fall for all species in 1981. During 2000, a period of reduced growth is noticeable, followed by a sharp increase in 2001. 2003 is a significantly marked year for reduced growth for all species. From 2004 to 2005, however, Beech sees a significant drop of 0.15mm, as well as Oak ring width reducing by 0.10mm. For the final two years Beech and Sycamore decrease quite significantly (up to 0.16mm) along with Oak for 2012.
Figure 4.3: Average Sycamore, Beech and Oak ring widths for Priestley Clough (1972-2012)





Figure 4.4 shows the annual precipitation levels (mm) recorded from the Great Harwood station (raw data – Table 2: Appendix E). The highest precipitation level was 1656.3mm (2012), with the lowest being almost half at just 926.86mm (1995). The precipitation data is extremely varied throughout the last 40 years. 

Figure 4.4: The annual precipitation levels (mm) between 1972 and 2012.

Figure 4.5 represents the annual average temperature data recorded at the Newton Rigg weather station, Penrith (raw data – Table 2: Appendix E). The highest recorded average annual temperature was 13.4ºC (2003), whilst the lowest temperature was 10.9ºC (1979). Although there are many fluctuations, figure 4.5 does tend to indicate an increase in temperature with time. From 1979 to 1982 the temperature increases by 1.5ºC. There is a sharp increase in temperature between 1985 and 1990, rising by almost 2ºC over this period. Following this period the temperature continues to rise and fall until reaching a noticeable fall in 2010 to 11.5ºC.

Figure 4.5: The annual average temperature (ºC) between 1972 and 2012.



The relationship between precipitation and temperature is examined in Appendix F, which contains figures 4.6 and 4.7.










4.2: The influence of precipitation on radial growth

Figure 4.8 shows the average Sycamore ring widths (mm) against the annual precipitation records for the 40-year timescale for this study. The graph shows that there could be a link between the ring widths of Sycamore and precipitation levels. 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).

Figure 4.8: The annual precipitation (mm) Vs the average Sycamore ring widths (mm) between 1972 and 2012



Normal distribution tests will be used for each set of data, the normality test graphs are located in Appendix H. Normal distribution tests were undertaken, with precipitation providing a P-value of 0.477, meaning that the data is normally distributed. The P-value of Sycamore is 0.370, meaning that this data is also normally distributed.

Pearson’s rank correlation test: correlation (r) value of -0.068 (between the annual precipitation levels and Sycamore radial growth) – No linear relationship. 

P-value: 0.675 (no significant relationship between the two variables).

Null hypothesis: There is no relationship between the annual precipitation levels and the average Sycamore ring widths.
Alternative hypothesis: There is a relationship between the annual precipitation levels and the average Sycamore ring widths.

The correlation coefficient:
r² = 0.004624 – 0%
0% of the variation in Sycamore radial growth can be explained by variation in precipitation levels.

The critical value will be shown for each species and it indicates the significance of the correlation coefficient. A table of critical values for both one-sided and two-sided statistical tests can be found in Appendix I (table 6). In order to determine the significance, a two-sided test with 50 recorded observations will be used in order to assess if any relationships exist between variables, thus depending upon the alternative hypothesis.

Critical value: (correlation coefficient: 0.004624) shows no level of significance that would be considered not due to chance (greater than the rejection level of 5%) - Null hypothesis was accepted as no relationship was found.

As the correlation is not significant it suggests that the annual precipitation levels had little or no effect on Sycamore radial growth (shown in figure 4.9).


Figure 4.9: Scatter graph showing the average Sycamore ring widths (mm) Vs the annual precipitation levels (mm)




………………………..

Figure 4.10 shows the average Beech ring widths (mm) against the annual precipitation records for the 40-year timescale for this study. The graph shows that the data is quite difficult to interpret. Some of the largest 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). Equally however the opposite is 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).

Figure 4.10: The annual precipitation (mm) Vs the average Beech ring widths (mm) between 1972 and 2012


A normality test has already been undertaken for precipitation (the data is known to be normally distributed). The normality test performed for the average Beech ring widths produced a P-value of 0.056. As this value is greater than 0.05, the Beech radial growth is normally distributed. A Pearson’s rank correlation test can be performed as both data sets are normally distributed. 

Pearson’s rank correlation test: correlation value (r) of 0.171 (very little or no linear relationship between precipitation and Beech radial growth). 

P-value: 0.284 (there is no significant relationship between the two variables). 

Null hypothesis: There is no relationship between the annual precipitation levels and the average Beech ring widths.
Alternative hypothesis: There is a relationship between the annual precipitation levels and the average Beech ring widths.
The correlation coefficient:
r² = 0.029241 – 2%
Only 2% of the variation in Beech radial growth can be explained by the variation in precipitation levels. 

Critical value: (correlation coefficient: 0.029241) shows no level of significance that would be considered not due to chance (greater than the rejection level of 5%) - Null hypothesis was accepted as no relationship was found.

Therefore as the correlation is not significant it suggests that the annual precipitation levels had little or no effect on Beech radial growth (shown in figure 4.11).

Figure 4.11: Scatter graph showing the average Beech ring widths (mm) Vs the annual precipitation levels (mm)




Figure 4.12 shows the average Oak ring widths (mm) against the annual precipitation levels for the 40-year timescale for this study. The graph appears to indicate that those years, which contained the largest ring widths, coincided with those years with lower precipitation levels (such as 1976 where the average ring width was 1.81mm, with 995.1mm of precipitation). This can be seen in many places throughout the graph. Also, years with high precipitation levels had small ring widths (such as 1981, where the precipitation reached 1578.4mm with the average ring width reaching just 1.59mm). This isn’t reflective across the whole graph but there does appear to be a trend.

Figure 4.12: The annual precipitation (mm) Vs the average Oak ring widths (mm) between 1972 and 2012



A normality test was performed for the average Oak ring widths, which gave a P-value of 0.008. As this value is less than 0.05 the normality test shows that the average Oak ring widths data set is not normally distributed. As the precipitation data is known to be normally distributed, but the Oak radial growth is not, a Spearman’s rank correlation test will be performed. 
Spearman’s rank correlation: 0.250 (between the annual precipitation levels and Oak radial growth) - a weak linear relationship suggesting that there is a relationship between the two variables. 

The P-values provided for Spearman’s rank are not accurate; therefore they will not be used to interpret the data.

Null hypothesis: There is no relationship between the annual precipitation levels and the average Oak ring widths.
Alternative hypothesis: There is a relationship between the annual precipitation levels and the average Oak ring widths.

The correlation coefficient:
r² = 0.0625 – 6%
6% of the variation in Oak radial growth can be explained by the variation in precipitation levels. 

Critical value: (correlation coefficient: 0.0625) shows no level of significance that would be considered not due to chance (greater than the rejection level of 5%) - Null hypothesis was accepted as no relationship was found. 

However, this figure (0.0625) sits just outside the 5% line (95% significance), so there could possibly be a relationship between Oak radial growth and precipitation.

Therefore as the correlation is classed as not being significant it suggests that the annual precipitation levels had little or no effect on Oak radial growth, although examining the data suggests precipitation does appear to have some influence on Oak radial growth (figure 4.13).


Figure 4.13: Scatter graph showing the average Oak ring widths (mm) Vs the annual precipitation levels (mm)
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4.3: The influence of temperature on radial growth

Figure 4.14 shows the average Sycamore ring widths (mm) against the annual average temperature levels for the 40-year timescale for this study. The graph appears to indicate that in places, years with lower temperature had larger radial growth rates such as 1979, (where the radial growth reached 1.77mm with an annual average temperature of 10.9ºC). Also the largest ring width (1.87mm) coincided with the second lowest temperature of 11.5ºC for 2010. The trend doesn’t appear to be clear however, as the data is varied.

Figure 4.14: The annual average temperature (ºC) Vs the average Sycamore ring widths (mm) between 1972 and 2012


The P-value for the temperature is 0.300. As this value is greater than 0.05, this means that the data set is normally distributed. As the normal distribution has already been determined for Sycamore ring widths (data set is normally distributed), a Pearson’s rank correlation test will be performed. 

Pearson’s rank correlation test: 0.227 (between the annual average temperature and Sycamore radial growth) - weak linear relationship. 

P-value: 0.153 – (there is no significant relationship between the two variables). 

Null hypothesis: There is no relationship between the annual average temperature levels and the average Sycamore ring widths.
Alternative hypothesis: There is a relationship between the annual average temperature levels and the average Sycamore ring widths.

The correlation coefficient:
r² = 0.051529 – 5%
5% of the variation in Sycamore radial growth can be explained by the variation in temperature levels.

Critical value: (correlation coefficient: 0.051529) shows no level of significance that would be considered not due to chance (greater than the rejection level of 5%) - Null hypothesis was accepted as no relationship was found. 

However, this figure (0.051529) sits just outside the 5% line (95% significance), so possibly there could be a relationship between Sycamore radial growth and temperature.

Therefore as the correlation is classed as not being significant, it suggests that the annual average temperature levels had little or no effect on Sycamore radial growth, although temperature does appear to have some influence on Sycamore radial growth (increased temperature reduces the radial growth) as shown in figure 4.15.

Figure 4.15: Scatter graph showing the average Sycamore ring widths (mm) Vs the average annual temperature (ºC)


Figure 4.16 shows the average Beech ring widths (mm) against the annual average temperatures for the last 40 years. The graph is difficult to interpret as the data appears to be so varied. 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 2.08mm to 1.97mm). 2003 had the highest temperature of 13.4ºC, with an average ring width of 2.11mm. The lowest temperature of 11.1ºC occurred during 1985/6, which coincided with two of the largest ring widths (2.15mm & 2.17mm). The largest ring width average of 2.19mm occurred during 2001, when the temperature was 12.4ºC. There is perhaps a slight trend although the data is very varied.

Figure 4.16: The annual average temperature (ºC) Vs the average Beech ring widths (mm) between 1972 and 2012



As normal distribution tests have already been undertaken for the annual average temperature and Beech radial growth (both normally distributed), a Pearson’s rank correlation test will be performed.

Pearson’s rank correlation: 0.047 (between the average annual temperature and Beech radial growth) - very weak or no linear relationship. 

P-value: 0.773 (there is no significant relationship between the two variables). 

Null hypothesis: There is no relationship between the annual average temperature levels and the average Beech ring widths.
Alternative hypothesis: There is a relationship between the annual average temperature levels and the average Beech ring widths.

The correlation coefficient:
r² = 0.002209 – 0%
0% of the variation in Beech radial growth can be explained by the variation in temperature levels.

Critical value: (correlation coefficient: 0.002209) shows no level of significance that would be considered not due to chance (greater than the rejection level of 5%) - Null hypothesis was accepted as no relationship was found. 

As the correlation is not significant it suggests that the average annual temperature has little or no effect on Beech radial growth (shown in figure 4.17).





Figure 4.17: Scatter graph showing the average Beech ring widths (mm) Vs the average annual temperature (ºC)




…………………………….

Figure 4.18 shows the average Oak ring widths (mm) against the annual average temperatures for the last 40 years. Again the results appear to be very varied, although as the temperature generally increases from around 1989 onwards, the ring widths do tend to decrease in general. The largest ring width (1.85mm) occurred during 1973, when the temperature was 12ºC. The smallest ring width (1.47mm) occurred during 2005, when the temperature was 12.7ºC (one of the highest temperatures). 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.


Figure 4.18: The annual average temperature (ºC) Vs the average Oak ring widths (mm) between 1972 and 2012)



As normal distribution tests have already been undertaken for the annual average temperature, showing it is normally distributed and Oak radial growth, which is not normally distributed, a Spearman’s rank correlation test will be performed. 

Spearman’s rank correlation: 0.466 (between the average annual temperature and the Oak average ring widths) - a moderate linear relationship.

Null hypothesis: There is no relationship between the annual average temperature levels and the average Oak ring widths.
Alternative hypothesis: There is a relationship between the annual average temperature levels and the average Oak ring widths.

The correlation coefficient:
r² = 0.217156 – 21%
21% of the variation in Oak radial growth can be explained by the variation in temperature levels.
Critical value: (correlation coefficient: 0.217156) sits between the 98% and 99% significance level that would be considered not due to chance (greater than the rejection level of 5%). As the data has a 98.5% level of significance the alternative hypothesis is accepted as a relationship has been discovered (figure 4.19).


Figure 4.19: Scatter graph showing the average Oak ring widths (mm) Vs the average annual temperature (ºC)
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4.4: Other studies

Appendix G includes all of the raw data for the other studies (Sheffield: table 3, Savernake: table 4 & East Pomerania: table 5).

N.B. The data sets all cover different overlapping time periods, so the time frame for each comparison has been adjusted to cover the relevant years.

4.4A: Sheffield

Figure 4.20 shows the average Oak ring widths (mm) from this study against the average Oak ring widths for the Sheffield study between 1972 and 2003. The results do not appear to be linked as they differ so greatly. The data do however have much closer results from 1980 onwards, although they do not follow the same trend. However, from 2000 the results follow each other more closely.

Figure 4.20: The annual average Oak ring widths (mm) from Priestley Clough Vs the Sheffield Oak ring widths (mm) between 1972 and 2003


As already calculated, the Oaks from this study are not normally distributed. A normality test was undertaken for the other data set. The P-value for the Sheffield data set is 0.337. As this figure is greater than 0.05, it shows that this data set is normally distributed. Therefore, a Spearman’s rank correlation test will be performed. 

Spearman’s rank correlation: -0.244 (between the average Oak ring widths from this and the Sheffield study) - Weak linear relationship.

Null hypothesis: There is no relationship between the annual average Oak ring widths from this study and those from the Sheffield study.
Alternative hypothesis: There is a relationship between the annual average Oak ring widths from this study and those from the Sheffield study.

The correlation coefficient:
r² = 0.059536 – 5%

Critical value: (correlation coefficient: 0.059536) shows no level of significance that would be considered not due to chance (greater than the rejection level of 5%) - Null hypothesis was accepted as no relationship was found. 

However, this figure (0.059536) sits just outside the 5% line (95% significance), so possibly there could be a relationship between Oak radial growth from this study and the one in Sheffield.

However, as the correlation is classed as not being significant, it suggests that the Oak radial growth from this study has little or no relationship with the Oak radial growth from the Sheffield study.




4.4B: Savernake 

Figure 4.21 shows the average Oak ring widths (mm) from this study against the average Oak ring widths for the Savernake study between 1972 and 2006. The results differ with the Savernake data being much more varied. However both sets of ring widths generally decrease with time. Although there are what appear to be outliers such as 1976 (where the ring width is just 0.87mm), the results do in places follow much more of a trend, such as from 1999 onwards.

Figure 4.21: The annual average Oak ring widths (mm) from Priestley Clough Vs the Savernake Oak ring widths (mm) between 1972 and 2006



As already calculated, the Oaks from this study are not normally distributed. A normality test was undertaken for the other data set. The P-value for the Savernake data set is 0.226. As this figure is greater than 0.05, it shows that this data set is normally distributed. Therefore, a Spearman’s rank correlation test will be performed. 

Spearman’s rank correlation: 0.350 (between the average Oak ring widths from this and the Savernake study) - weak linear relationship.

Null hypothesis: There is no relationship between the annual average Oak ring widths from this study and those from the Savernake study.
Alternative hypothesis: There is a relationship between the annual average Oak ring widths from this study and those from the Savernake study.

The correlation coefficient:
r² = 0.1225 – 12%

Critical value: (correlation coefficient: 0.1225) fits between the 95% and 98% levels of significance that would be considered not due to chance (greater than the rejection level of 5%). As the data has a 96% significance level, the alternative hypothesis is accepted as a relationship has been discovered.


………………………..



4.4C: East Pomerania

Figure 4.22 shows the average Oak ring widths (mm) from this study against the average Oak ring widths for the East Pomerania (Poland) study between 1972 and 1985. Despite the data sets not following each other closely, there are some similarities. The ring widths (in many cases) tend to increase and decrease in similar places. The only year where the East Pomerania ring widths are larger than the ring widths from this study is 1980 (1.77mm compared to 1.71mm for this study). 


Figure 4.22: The annual average Oak ring widths (mm) from Priestley Clough Vs the East Pomerania Oak ring widths (mm) between 1972 and 1985



As already calculated the Oaks from this study are not normally distributed. A normality test was undertaken for the other data set. The P-value for the East Pomerania data set is 0.407. As this figure is greater than 0.05, it shows that this data set is normally distributed. Therefore a Spearman’s rank correlation test will be performed. 

Spearman’s rank correlation: - 0.275 (between the average Oak ring widths from this and the East Pomerania study) - weak linear/negative relationship.

Null hypothesis: There is no relationship between the annual average Oak ring widths from this study and those from the East Pomerania study.
Alternative hypothesis: There is a relationship between the annual average Oak ring widths from this study and those from the East Pomerania study.

The correlation coefficient:
r² = 0.075625 – 7%
Critical value: (correlation coefficient: 0.075625) shows no level of significance that would be considered not due to chance (greater than the rejection level of 5%) - Null hypothesis was accepted as no relationship was found. 

However, this figure (0.075625) sits just outside the 5% line (95% significance), so there could be a relationship present between Oak radial growth from this study and the one in East Pomerania.

Therefore as the correlation is classed as not being significant, it suggests that the Oak radial growth from this study has little or no relationship with the Oak radial growth from the East Pomerania study.

……………………………………………….

Figure 4.23 shows the average Oak ring widths (mm) from the Sheffield study against the average Oak ring widths for the East Pomerania (Poland) study between 1972 and 1985. Although the data sets do not follow each other clearly, they do follow a similar pattern in places (especially 1982 onwards). Although the Sheffield data is much more varied, both data sets tend to increase with time.

Figure 4.23: Oak ring widths (mm) for Sheffield Vs the East Pomerania Oak ring widths (mm) between 1972 and 1985

Normality tests have already been undertaken for the average Oak ring widths for the Sheffield and East Pomerania studies. As they are both normally distributed, a Pearson’s rank correlation test can be undertaken. 

Pearson’s rank correlation: 0.439 (between the average Oak ring widths for the Sheffield and East Pomerania data sets) - moderate linear relationship. 

P-value: 0.116 (there is no significant correlation between the two variables). 

Null hypothesis: There is no relationship between the annual average Oak ring widths from the Sheffield and those from the East Pomerania study.
Alternative hypothesis: There is a relationship between the annual average Oak ring widths from the Sheffield and those from the East Pomerania study.

The correlation coefficient:
r² = 0.192721 – 19%

Critical value: (correlation coefficient: 0.192721) fits between the 98% and 99% levels of significance that would be considered not due to chance (greater than the rejection level of 5%). As the data has a 98% significance level, the alternative hypothesis is accepted as a relationship has been discovered.
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Figure 4.24 shows the average Oak ring widths (mm) from the Sheffield study against the average Oak ring widths for the Savernake study between 1972 and 2003. The data sets follow each other much more closely between these two sets of ring widths. They both tend to increase and decrease when compared with each other. Equally they both see a drop around 1976/77, followed by a sharp increase. They continue to follow each other closely throughout the graph. 
Figure 4.24: Oak ring width (mm) for Sheffield Vs the Savernake Oak ring widths (mm) between 1972 and 2003


Normality tests have already been undertaken for the average Oak ring widths for the Sheffield and Savernake studies. As they are both normally distributed, a Pearson’s rank correlation test can be undertaken. 

Pearson’s rank correlation: 0.392 (between the average Oak ring widths for Sheffield and Savernake data sets) - a weak linear relationship. 

P-value: 0.02 - as it is below 0.05, the alternative hypothesis must be accepted (there is a relationship between the two data sets).

Null hypothesis: There is no relationship between the annual average Oak ring widths from this study and those from the East Pomerania study.
Alternative hypothesis: There is a relationship between the annual average Oak ring widths from this study and those from the East Pomerania study.

The correlation coefficient:
r² = 0.153664 – 15%
Critical value: (correlation coefficient: 0.153664) fits between the 95% and 98% levels of significance that would be considered not due to chance (greater than the rejection level of 5%). As the data has a 97% significance level, the alternative hypothesis is accepted as a relationship has been discovered.

……………………………………….



Figure 4.25 shows the average Oak ring widths (mm) from the Savernake study against the average Oak ring widths for the East Pomerania study between 1972 and 1985. Although the Savernake data is much more varied, both data sets do in certain places coincide with one another. In several places both data sets increase/decrease during more or less the same periods.
 
Figure 4.25: Oak ring widths (mm) for Savernake Vs the East Pomerania Oak ring widths (mm) between 1972 and 1985



Normality tests have already been undertaken for the average Oak ring widths for the Savernake and East Pomerania studies. As they are both normally distributed a Pearson’s rank correlation test can be undertaken. 

Pearson’s rank correlation: 0.482 (between the average Oak ring widths for Savernake and East Pomerania data sets) - moderate linear relationship. 

P-value: 0.081 (there is no significant relationship between the two variables). 

Null hypothesis: There is no relationship between the annual average Oak ring widths from the Savernake and those from the East Pomerania study.
Alternative hypothesis: There is a relationship between the annual average Oak ring widths from the Savernake and those from the East Pomerania study.

The correlation coefficient:
r² = 0.232324 – 23%

Critical value: (correlation coefficient: 0.232324), which shows a high level (99%) significance that would be considered not due to chance (greater than the rejection level of 5%). Therefore the alternative hypothesis is accepted as a relationship has been discovered.


……………………….










Chapter 5.0: Discussion



Whilst there are many factors influencing radial growth, careful site selection is key when undertaking research into the climatic effects on radial growth of species, whilst limiting the non-climatic conditions. The main aim of this paper is to determine if the climatic conditions (temperature and precipitation) have an impact upon the radial growth of three species of trees. Collecting 50 samples for each species provides a good sample base to ensure accurate results. Analysing the results in the laboratory assists with determining the impact climate has had on ring growth.

As the site history is known along with careful site selection, certain factors can be eliminated from this study such as disease/insect infestation, trees growing on slopes etc. Therefore the results must largely reflect the condition in which the species lived.


5.1: Species response at Priestley Clough

In many cases there is not a clear trend between radial growth and tree age as the results are varied. However, Sycamore radial growth generally decreases for the first 20 years, and then generally increases for the remaining 20 years of this study. When comparing the figures to the precipitation levels, many of the largest ring widths coincide with years of lower precipitation; equally many of the smallest ring widths coincide with years of moderate/high rainfall. These results are not conclusive and statistical analysis suggested that Sycamore radial growth was not related to precipitation. There are however clear peaks throughout the graph when the precipitation remains low. 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 1573.61 and 1656.33. 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 level 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 (Morecroft et al, 2008). 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.

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.

Examining the temperature data, Sycamore does appear to have responded to the temperature. Although not clear, various years with lower temperatures coincide with years of enhanced growth, whilst some higher temperatures coincide with years of lower growth. Statistical analysis suggested there was no relationship between radial growth and temperature, however, the level of significance was just outside of the 5% rejection line suggesting that if more samples had been collected, reflecting the results shown, there is a possibility that the data could have proved to be significant and therefore reflected a relationship (although this would probably have remained minimal). This coincides with research carried out by Morecroft et al (2008) whose research implied Sycamore showed minimal responsiveness to temperature (Morecroft et al, 2008). 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).

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. When compared with the precipitation data, the ring widths remain similar, opposed to the precipitation, which varies quite dramatically. Although some of the larger ring widths occur during years with low precipitation, equally the opposite is true. The results are difficult to interpret but examining the figures, 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, by the data indicating there is no significant relationship between Beech radial growth and precipitation. 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).

Comparing the Beech radial growth with the temperature provides further conflicting results as the data is so varied, that it is simply difficult to quantify. A mixture of temperatures result in varied ring widths. 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 (Augustaitis et al, 2012). This is perhaps 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, coinciding with an average ring width of 2.22mm, which is one of the largest ring widths within this study.

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. When comparing the data to the precipitation levels, there does appear to be a trend. In several cases, the years with the lowest precipitation levels coincide with years of enhanced radial growth. Also, noticeably many of the largest ring widths occur during the first few years during the 1970’s, when the lowest precipitation levels were recorded. However, again the good growth could be due to youth rather than representing the precipitation levels. Equally from 1986 to around 2000, the ring widths do not alter much despite varied precipitation levels, implying that the Oak were not particularly responsive to precipitation. Various studies have suggested that Oak may suffer from water stress, but do 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 (Bednarz & Ptak, 1990). This study doesn’t coincide with other findings as some of the largest ring widths occurred during periods of low precipitation. Possibly the precipitation rates were not low enough to result in stress. Equally however, certain years such as 2000 had a reduced ring width of 1.55mm, with a high precipitation level of 1633.7mm. Frisse (1977) looked at Oak and Beech, discovering precipitation played a dominant role in their radial growth, which has not been reflected in this study.

A trend can be identified between temperature and Oak ring widths with the largest ring widths generally occurring during years with lower temperatures. In particular the last 20 years, which have had generally higher temperatures, have coincided with a decline in ring widths. Statistical analysis has proved that there is a high level of significance (98.5%) between the data, and therefore there is a relationship. 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 the 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 (Ermich 1953, 1959).

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 importance of precipitation as they believe water is the most limiting ecological resource for many trees (Coder & Warnell, 1999). 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 (Way & Oren, 2010). 

Zweifel et al (2006) believes 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 years growth.

The location is also considered important as Williams et al (1993) suggests 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 (Williams et al, 1993). This coincides with this study as temperature has been highlighted as the most significant factor influencing radial growth.


5.2: Other studies

In order to further try 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 perhaps highlights the relevance of this study as it could contribute towards dendrochronological knowledge.


Sheffield

The results of Oak ring width measurements (mm) from a study in Sheffield (Appendix G: table 3) were analysed along with the Oak ring width measurements from this study, as Sheffield is within a close proximity of the study site of Accrington. This was used in order to assess if the Oak ring widths responded in the same way to similar climatic conditions. 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.

Savernake

The results of Oak ring width measurements (mm) from a study that took place in Savernake Forest near Swindon (Appendix G: table 4) were analysed with the Oak ring width measurements from this study. This is 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.

East Pomerania

The results of Oak ring width measurements (mm) from a study in East Pomerania, Poland (Appendix G: table 5) were analysed with Oak ring width measurements from this study as this site has the same latitude (54º) as Priestley Clough. 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.

When comparing the Sheffield data set with that of East Pomerania (same latitude), the results showed a significance level of 98%, therefore there is a relationship between the data sets; thus they have potentially responded similarly to the climatic conditions. 
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 very much 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 highlight that precipitation has a reduced impact upon radial growth compared with temperature amongst Oak.

The Sheffield and Savernake data sets follow each other very closely and represents the strongest relationship when looking at figure 4.24 (page 60), with the data having a significance level of 97% which further highlights a relationship. According to the Meteorological Office (2013b), 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.


5.3: Conclusion

The results from this study are not conclusive and in many cases have not shown strong relationships, if any at all in some cases. However, other factors are involved including biological factors e.g. tree age (Briffa et al, 2002). Hughes et al (1982) recognises that radial growth responses may vary significantly not only with climate and site conditions, but equally the inherited capabilities of each tree species (Hughes et al, 1982). 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.

However, despite uncertainties, the results 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 (main aim of the study). The strongest relationship within this study is the influence of temperature upon Oak radial growth. This was the only response, which reflected the hypotheses. Another aim was to compare the three species from this study, which suggests that there are no particular relationships in their response to climate. Comparing the data with other studies also 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.


5.4: Limitations

· The study covered a period of just 40 years. In order to look at the climatic impact upon radial growth, a much longer time period would provide more accurate results.
· The collection of 50 samples should be increased in order to allow a greater level of accuracy and confidence in the results.
· Although time was taken for the collection of samples, a greater level of expertise would be desirable in order to increase the level of accuracy amongst the collection of samples.
· Ideally a large pilot study would have been undertaken as good practice (lack of permission/time).




5.5: Future Work

This research could be taken much further in order to assess the climatic implications upon radial growth.

· A larger time period could be looked at in order to provide more reliable evaluations of the climatic effects.
· A larger sample base could be analysed which is a simple way of gaining accuracy within any study.
· Many more sites could be examined around Lancashire as well as in other locations, with differing climates.
· Different species could be examined to see how they respond to the climatic conditions.
· Monthly climatic conditions could also be assessed rather than simply using annual averages in order to determine the effects more closely.
· Latewood and earlywood growth could also be examined in order to determine the effect of the growing season.
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Appendix A

Health & Safety and Ethics forms

	1 Project synopsis
	
	Approver:
	Cmte number:

	1.1 Title 
	To examine how the radial growth patterns of various species of trees may vary after being exposed to the same climatic conditions: A Priestley Clough case study.

	1.2 Project type
	Original research
	  
	Research degree
	
	PG taught
	
	UG taught
	  X
	Commercial
	

	1.3 Short description 
in layman's terms [no acronyms or jargon]

	This undergraduate dissertation project aims to investigate the effect climate has on tree growth in Lancashire by undertaking quantitative research. Tree cores will be sampled, with the tree-rings being examined based on their widths. Comparisons and relationships will be undertaken in order to see what effect the climate has on various species of tree.

	1.4 Dates 
	Start: May 2012
	End: April 2013

	1.5 School of …..
	Built and Natural Environment



2 Participants
	2.1 Project supervisor /principal investigator:
name, position
and original signature 
	Project Supervisor: Yingkui Zhao
Principle Investigator: Rebecca Wild

	2.2 Co-workers: 
names and positions 
[eg student]

	Christopher Heffernan: Student



3 External collaborators
3.1 List external collaborating bodies    N/A
3.2 Provide evidence of any ethical approvals obtained [or needed] by external collaborators
     Permission to be obtained from:
      Hyndburn Borough Council 
3.3 Indicate whether confidentiality agreements have been or will be completed    N/A
     
	A) Does the activity involve field work or travel to unfamiliar places? If Yes:
1. Does the activity involve field work or leaving the campus [eg overseas]?
2. Does the field work involve a ‘party’ of participants or lone working ?
3. Does the activity involve children visiting from schools?
	A) Yes
1. Yes 
2. Yes  
3. No  

	B) Does the activity involve humans other than the investigators? If Yes:
1. Will the activity involve any external organisation for which separate and specific ethics clearance is required (e.g. NHS; school; any criminal justice agencies including the Police, CPS, Prison Service)? – start this now [CRB clearance process at Loughborough; Uclan contact Carole Knight] 
2. Does the activity involve participants who are unable to give their informed consent (e.g. children, people with severe learning disabilities, unconscious patients etc.) or who may not be able to give valid consent (e.g. people experiencing mental health difficulties)? 
3. Does the activity require participants to give informed consent? [consent guidance at City U] 
4. Does the activity raise issues involving the potential abuse or misuse of power and authority which might compromise the validity of participants’ consent (e.g. relationships of line management or training)?
5. Is there a potential risk arising from the project of physical, social, emotional or psychological harm to the researchers or participants?
6. Does the activity involve the researchers and/or participants in the potential disclosure of any information relating to illegal activities; the observation of illegal activities; or the possession, viewing or storage (whether in hard copy of electronic format) which may be illegal?
7. Will deception of the participant be necessary during the activity?
8. Does the activity (e.g. art) aim to shock or offend?
9. Will the activity involve invasion of privacy or access to confidential information about people without their permission?
10. Does the activity involve medical research with humans, clinical trials or use human tissue samples or body fluids?
11. Does the activity involve excavation and study of human remains?
	B) No
1. No



2. No



3. No

4. No


5. Yes  

6. No



7. No  
8. No
9. No

10. No

11. No  

	C) Does the activity involve animals and other forms of life? If Yes:
1. Does the activity involve scientific procedures being applied to a vertebrate animal (other than humans) or an octopus?
2. Does the activity involve work with micro-organisms?
3. Does the activity involve genetic modification?
4. Does the activity involve collection of rare plants?
	C) No
1. No  

2. No  
3. No  
4. No  

	D) Does the activity involve data about human subjects? If Yes:
1. After using the data protection compliance checklist, have you any data protection requirements?
2. After answering the data protection security processing questions, have you any security requirements? [Data storage] [keepraw data for 5 years] 
	D) No
1. No

2. No  

	E) Does the activity involve hazardous substances? If Yes:
1. Does the activity involve substances injurious to human or animal health or to the environment? Substances must be disposed properly. 
2. Does the activity involve igniting, exploding, heating or freezing substances? 
	E) No
1. No

2. No  

	F) Other activities:
1. Does the activity relate to military equipment, weapons or the Defence Industry?
2. Are you aware of any ethical concerns about the company/ organisation, e.g. its product has a harmful effect on humans, animals or the environment;  it has a record of supporting repressive regimes; does it have ethical practices for its workers and for the safe disposal of products?
	F) 
1. No  

2. No  

	Note: in all cases funding should not be accepted from tobacco-related industries 
	



If you respond Yes, then you should provide relevant documentation [including risk assessments] with the application, and cross-reference to it, eg A2 or B9. Use reference numbers of standard forms, protocols and approaches and risk assessments where they exist.

These standard forms are being followed [cross reference to the characteristic, eg A2]:
A1 – See Risk Assessment
A2 – See Risk Assessment
B5 – See Risk Assessment






	
Health, Safety and Environment Section

RISK ASSESSMENT FORM
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	Risk Assessment For
	Assessment Undertaken By
	Assessment Reviewed

	Service / Faculty / Dept:
SBNE
	Name: Rebecca Wild
	Name: 


	Location of Activity: Preitley Clough, Accrington

	Date: 14/03/12
	Date:

	Activity: Tree coring

	Signed by Head of Dept / equivalent


	

	REF: 
	Date 
	




	List significant hazards here:
	List groups of people who are at risk:
	List existing controls, or refer to safety procedures etc.
	For risks, which are not adequately controlled, list the action needed.
	Remaining level of risk: high, medium or low

	A2) Lone working
	Self
	Avoid lone working where possible especially if it is in an unfamiliar area.
Take a third party to assist in the collection of samples.
Always carry fully charged mobile phone
Location information given to a friend/family member along with estimated time of return
	
	Low

	A1) Transportation: Car
	Self
	Contact details for insurance and breakdown/recovery services.
Ensure always have fully charged mobile phone.
	
	Low

	B5) Slips, trips and falls when walking
	Self
	Use of appropriate clothing and footwear. Mobile phones to contact emergency services. Take into account environment and the kind of clothing and footwear required.
	
	Low

	B5) Weather
	Self
	Avoid skin exposure even if some cloud cover and use high factor sun block. Stop work if conditions begin to create significant increases in risk. Carry suitable clothing for change in conditions. Be aware of signs of hypothermia and/or sun stroke. 
	
	Low

	B5) Injury
	Self
	Avoid carrying too much equipment.
Bend knees not back when lifting.
	
	Low

	B5) Cuts and grazes
	Self
	Carry first Aid Kit.
Make sure any grazes are cleaned properly to avoid infection.
	
	Low

	B5) Personal Security
	Self
	Mobile phone number and information given to a friend/family member as to the location of the study site and estimated time of return.
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Appendix B


Permission to carry out research


Hi Rebecca,
 
I would be happy with you taking this approach at Priestley Clough, however I would be more comfortable with it if I were to accompany you on site in case there are any trees I would prefer to be left untouched. There is no limit on the number of samples… just perhaps on some of the individual trees or exact locations.
 
I work Tuesday-Thursday each week, I'm away on leave for a week from 2nd August. Let me know when would suit you, we can meet at Scaitcliffe House and then walk up the Clough.
 
Regards,
 
Phil Johnson B.A. Hons, Fd.Sc.
Tree & Woodlands Officer
Hyndburn B.C.
PhilipJohnson@hyndburnbc.gov.uk






















Appendix C

How to set up an increment borer

The following points along with figures 3.3 and 3.4 explain how to set up an increment borer
· The borer consists of three parts: the auger (A), the handle (B) and the extractor/spoon (C). A1 represents the threaded part of the borer, which enables coring into the trees, A2 is the shaft and A3 is the squared end, which fastens to the handle. The central part of the handle (B1) is the clip/fastening used to keep the auger in place. The extractor/spoon tip (C1) is used to grasp the core when it has been inserted into the auger, with the core then sitting on C2 and the threaded cap, which can be used as a small handle (C3).
· Select the end of the auger (A3) and place into the hole in the middle of the handle (B). Close the fastening (B1).
· Once the borer has been inserted into a tree to the relevant depth place the tip of the spoon (C1) into the end of the borer (A3). Once the core is secure on the spoon it may then be extracted.


Figure 3.2: The components that make up an increment borer


                                                       (Author’s own)

Figure 3.3: A constructed increment borer


                           (Author’s own)
Appendix D

Raw ring width data for this study 

Table 1: shows the average annual ring width measurements of 50 samples for Sycamore, Beech and Oak, spanning a period of 40 years (1972-2012).

	Year
	Average Sycamore ring widths (mm)
	Average Beech ring widths (mm)
	Average Oak ring widths (mm)

	1972
	1.64
	2.05
	1.84

	1973
	1.75
	2.39
	1.85

	1974
	1.63
	2.18
	1.78

	1975
	1.64
	2.22
	1.76

	1976
	1.66
	2.07
	1.81

	1977
	1.67
	2.16
	1.69

	1978
	1.68
	2.22
	1.80

	1979
	1.77
	2.12
	1.74

	1980
	1.67
	2.14
	1.71

	1981
	1.58
	1.95
	1.59

	1982
	1.64
	2.08
	1.67

	1983
	1.72
	2.09
	1.83

	1984
	1.60
	1.97
	1.77

	1985
	1.66
	2.15
	1.64

	1986
	1.67
	2.17
	1.64

	1987
	1.63
	2.08
	1.65

	1988
	1.61
	2.03
	1.59

	1989
	1.61
	2.04
	1.64

	1990
	1.62
	2.11
	1.63

	1991
	1.61
	2.15
	1.62

	1992
	1.54
	2.09
	1.60

	1993
	1.53
	2.05
	1.60

	1994
	1.68
	2.06
	1.57

	1995
	1.66
	2.05
	1.59

	1996
	1.63
	2.06
	1.64

	1997
	1.69
	2.08
	1.63

	1998
	1.69
	2.10
	1.58

	1999
	1.76
	2.10
	1.55

	2000
	1.66
	2.06
	1.55

	2001
	1.72
	2.19
	1.69

	2002
	1.81
	2.18
	1.64

	2003
	1.71
	2.11
	1.56

	2004
	1.72
	2.28
	1.57

	2005
	1.73
	2.13
	1.47

	2006
	1.80
	2.11
	1.54

	2007
	1.66
	2.07
	1.52

	2008
	1.76
	2.06
	1.62

	2009
	1.83
	2.08
	1.59

	2010
	1.87
	2.04
	1.63

	2011
	1.79
	1.99
	1.67

	2012
	1.71
	1.94
	1.59


Appendix E

Precipitation and temperature records (1972 – 2012)

Table 2: shows the annual precipitation (mm) along with the average annual temperature (ºC) between 1972 and 2012 (Meteorological Office, 2013a). 

	Year
	Annual average temperature (ºC)
	Annual Precipitation (mm)

	1972
	11.6
	1142.60

	1973
	12.0
	1108.70

	1974
	11.9
	1376.30

	1975
	12.5
	953.62

	1976
	12.2
	995.10

	1977
	11.7
	1263.80

	1978
	11.6
	1173.82

	1979
	10.9
	1316.50

	1980
	11.6
	1478.50

	1981
	11.6
	1578.40

	1982
	12.4
	1281.70

	1983
	12.3
	1168.90

	1984
	12.4
	1183.00

	1985
	11.1
	1097.90

	1986
	11.1
	1399.90

	1987
	11.3
	1179.40

	1988
	12.2
	1339.67

	1989
	13.0
	1043.56

	1990
	13.0
	1188.54

	1991
	12.2
	1126.80

	1992
	12.5
	1332.40

	1993
	11.8
	1156.00

	1994
	12.0
	1278.35

	1995
	12.9
	926.86

	1996
	11.5
	959.50

	1997
	12.9
	1105.50

	1998
	12.4
	1395.34

	1999
	12.7
	1304.20

	2000
	12.5
	1633.70

	2001
	12.4
	1282.40

	2002
	12.8
	1524.40

	2003
	13.4
	1021.80

	2004
	12.9
	1408.80

	2005
	12.7
	1111.90

	2006
	13.0
	1188.94

	2007
	13.3
	1573.61

	2008
	12.6
	1513.99

	2009
	12.5
	1295.53

	2010
	11.5
	985.66

	2011
	12.9
	1287.77

	2012
	12.0
	1656.33


Appendix F

Comparison of precipitation and temperature data (1972 – 2012)

Figure 4.6 shows the annual precipitation levels and temperature averages between 1972 and 2012. The graph appears to not show any particular clear relationship, however, in places as the precipitation decreases, the temperature increases such as 1976 where the precipitation is 953.62mm with a temperature of 12.5˚C. Again this pattern is visible in 1989 as well as 1995 etc. However, this is not always the case, as there are certain years where the opposite is true: low temperatures along with low precipitation rates. For example, 2010 had an annual precipitation level of 985.66mm with a temperature average of just 11.5˚C.


Figure 4.6: The annual precipitation levels (mm) Vs the annual average temperature (ºC) between 1972 and 2012.



Normal distribution tests were undertaken for the annual precipitation and average annual temperatures. The P-value for the annual precipitation is 0.477. As the P-value is greater than 0.05 the normality test shows that the annual precipitation data set is normally distributed. The P-value for the average annual temperature is 0.300. As this value is greater than 0.05, the data is normally distributed. As both the precipitation and temperature data sets are normally distributed a Pearson’s rank correlation test will be performed. 

The Pearson’s rank correlation test has given a correlation (r) value of 0.003 between the annual precipitation and average annual temperature data sets. This value indicates that there is no linear relationship. The test also provided a P-value of 0.983 suggesting that there is no significant correlation between the two variables.

Null hypothesis: There is no relationship between the annual precipitation and the average annual temperature.

Alternative hypothesis: There is a relationship between the annual precipitation and the Average annual temperature.

The correlation coefficient was calculated:
r²= 0.000009 – 0%
0% of the variation in temperature can be explained by the variation in precipitation.

The critical value shows that the correlation coefficient figure of 0.000009 shows no level of significance that would be considered not due to chance (greater than the rejection level of 5%). Therefore the null hypothesis was accepted as no relationship was found.

As the correlation is not significant it suggests that the annual precipitation has little or no effect on the level of the average annual temperature (as shown in figure 4.7).

Figure 4.7: Scatter graph showing the annual average temperature (ºC) Vs the annual precipitation levels (mm)



Appendix G

Raw ring width data (mm) for other studies


Table 3: Sheffield data

The table shows the average annual ring widths of Oak tree core samples from Sheffield between 1972 and 2003 (NCDC, 2013). 


	Year
	Sheffield Oak ring widths (mm)

	 1972
	1.07

	1973
	1.44

	1974
	1.47

	1975
	1.34

	1976
	1.19

	1977
	1.15

	1978
	2.12

	1979
	2.12

	1980
	1.94

	1981
	1.90

	1982
	1.72

	1983
	1.52

	1984
	1.69

	1985
	1.70

	1986
	1.94

	1987
	1.79

	1988
	1.74

	1989
	1.67

	1990
	1.26

	1991
	1.67

	1992
	1.56

	1993
	1.77

	1994
	1.83

	1995
	1.56

	1996
	1.62

	1997
	2.17

	1998
	1.71

	1999
	1.85

	2000
	1.33

	2001
	1.66

	2002
	1.72

	2003
	1.69



Table 4: Savernake data

The table shows the average annual ring widths of Oak tree core samples from Savernake, near Swindon between 1972 and 2006 (NCDC, 2013).

	Year
	Savernake Oak ring widths (mm)

	 1972
	1.48

	1973
	1.84

	1974
	1.56

	1975
	1.53

	1976
	0.87

	1977
	1.30

	1978
	1.73

	1979
	1.66

	1980
	1.76

	1981
	1.57

	1982
	1.80

	1983
	1.55

	1984
	1.51

	1985
	1.62

	1986
	1.55

	1987
	1.61

	1988
	1.54

	1989
	1.42

	1990
	1.34

	1991
	1.49

	1992
	1.40

	1993
	1.48

	1994
	1.47

	1995
	1.29

	1996
	1.30

	1997
	1.32

	1998
	1.55

	1999
	1.53

	2000
	1.38

	2001
	1.51

	2002
	1.17

	2003
	1.24

	2004
	1.34

	2005
	1.03

	2006
	1.33





Table 5: East Pomerania data


The table shows the average annual ring widths of Oak tree core samples from East Pomerania (Poland) between 1972 and 1985 (NCDC, 2013).  


	Year
	East Pomerania Oak ring widths (mm)

	 1972
	1.53

	1973
	1.30

	1974
	1.35

	1975
	1.28

	1976
	1.19

	1977
	1.35

	1978
	1.39

	1979
	1.44

	1980
	1.77

	1981
	1.48

	1982
	1.48

	1983
	1.41

	1984
	1.51

	1985
	1.36

























Appendix H


Normality tests for each data set


The following statistical graphs show the normality tests for each data set. This shows if the data are normally distributed or not.
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Appendix I


Critical Values for Pearson's Correlation Coefficient
(MTSU, n.d.)

Table 6:
	


DF
	Proportion in ONE Tail
                0.25            0.10           0.05           0.025          0.01            0.005

	
		Proportion in TWO Tail	
             0.50               0.20           0.10            0.05           0.02              0.01

	1
	.7071
	.9511
	.9877
	.9969
	.9995
	.9999

	2
	.5000
	.8000
	.9000
	.9500
	.9800
	.9900

	3
	.4040
	.6870
	.8054
	.8783
	.9343
	.9587

	4
	.3473
	.6084
	.7293
	.8114
	.8822
	.9172

	5
	.3091
	.5509
	.6694
	.7545
	.8329
	.8745

	6
	.2811
	.5067
	.6215
	.7067
	.7887
	.8343

	7
	.2596
	.4716
	.5822
	.6664
	.7498
	.7977

	8
	.2423
	.4428
	.5494
	.6319
	.7155
	.7646

	9
	.2281
	.4187
	.5214
	.6021
	.6851
	.7348

	10
	.2161
	.3981
	.4973
	.5760
	.6581
	.7079

	11
	.2058
	.3802
	.4762
	.5529
	.6339
	.6835

	12
	.1968
	.3646
	.4575
	.5324
	.6120
	.6614

	13
	.1890
	.3507
	.4409
	.5140
	.5923
	.6411

	14
	.1820
	.3383
	.4259
	.4973
	.5742
	.6226

	15
	.1757
	.3271
	.4124
	.4821
	.5577
	.6055

	16
	.1700
	.3170
	.4000
	.4683
	.5425
	.5897

	17
	.1649
	.3077
	.3887
	.4555
	.5285
	.5751

	18
	.1602
	.2992
	.3783
	.4438
	.5155
	.5614

	19
	.1558
	.2914
	.3687
	.4329
	.5034
	.5487

	20
	.1518
	.2841
	.3598
	.4227
	.4921
	.5368

	21
	.1481
	.2774
	.3515
	.4132
	.4815
	.5256

	22
	.1447
	.2711
	.3438
	.4044
	.4716
	.5151

	23
	.1415
	.2653
	.3365
	.3961
	.4622
	.5052

	24
	.1384
	.2598
	.3297
	.3882
	.4534
	.4958

	25
	.1356
	.2546
	.3233
	.3809
	.4451
	.4869

	26
	.1330
	.2497
	.3172
	.3739
	.4372
	.4785

	27
	.1305
	.2451
	.3115
	.3673
	.4297
	.4705

	28
	.1281
	.2407
	.3061
	.3610
	.4226
	.4629

	29
	.1258
	.2366
	.3009
	.3550
	.4158
	.4556

	30
	.1237
	.2327
	.2960
	.3494
	.4093
	.4487

	31
	.1217
	.2289
	.2913
	.3440
	.4032
	.4421

	32
	.1197
	.2254
	.2869
	.3388
	.3972
	.4357

	33
	.1179
	.2220
	.2826
	.3338
	.3916
	.4296

	34
	.1161
	.2187
	.2785
	.3291
	.3862
	.4238

	35
	.1144
	.2156
	.2746
	.3246
	.3810
	.4182

	36
	.1128
	.2126
	.2709
	.3202
	.3760
	.4128

	37
	.1113
	.2097
	.2673
	.3160
	.3712
	.4076

	38
	.1098
	.2070
	.2638
	.3120
	.3665
	.4026

	39
	.1084
	.2043
	.2605
	.3081
	.3621
	.3978

	40
	.1070
	.2018
	.2573
	.3044
	.3578
	.3932

	41
	.1057
	.1993
	.2542
	.3008
	.3536
	.3887

	42
	.1044
	.1970
	.2512
	.2973
	.3496
	.3843

	43
	.1032
	.1947
	.2483
	.2940
	.3457
	.3801

	44
	.1020
	.1925
	.2455
	.2907
	.3420
	.3761

	45
	.1008
	.1903
	.2429
	.2876
	.3384
	.3721

	46
	.0997
	.1883
	.2403
	.2845
	.3348
	.3683

	47
	.0987
	.1863
	.2377
	.2816
	.3314
	.3646

	48
	.0976
	.1843
	.2353
	.2787
	.3281
	.3610

	49
	.0966
	.1825
	.2329
	.2759
	.3249
	.3575

	50
	.0956
	.1806
	.2306
	.2732
	.3218
	.3542

	51
	.0947
	.1789
	.2284
	.2706
	.3188
	.3509

	52
	.0938
	.1772
	.2262
	.2681
	.3158
	.3477

	53
	.0929
	.1755
	.2241
	.2656
	.3129
	.3445

	54
	.0920
	.1739
	.2221
	.2632
	.3102
	.3415

	55
	.0912
	.1723
	.2201
	.2609
	.3074
	.3385

	56
	.0904
	.1708
	.2181
	.2586
	.3048
	.3357

	57
	.0896
	.1693
	.2162
	.2564
	.3022
	.3328

	58
	.0888
	.1678
	.2144
	.2542
	.2997
	.3301

	59
	.0880
	.1664
	.2126
	.2521
	.2972
	.3274

	60
	.0873
	.1650
	.2108
	.2500
	.2948
	.3248

	61
	.0866
	.1636
	.2091
	.2480
	.2925
	.3223

	62
	.0858
	.1623
	.2075
	.2461
	.2902
	.3198

	63
	.0852
	.1610
	.2058
	.2441
	.2880
	.3173

	64
	.0845
	.1598
	.2042
	.2423
	.2858
	.3150

	65
	.0838
	.1586
	.2027
	.2404
	.2837
	.3126

	66
	.0832
	.1574
	.2012
	.2387
	.2816
	.3104

	67
	.0826
	.1562
	.1997
	.2369
	.2796
	.3081

	68
	.0820
	.1550
	.1982
	.2352
	.2776
	.3060

	69
	.0814
	.1539
	.1968
	.2335
	.2756
	.3038

	70
	.0808
	.1528
	.1954
	.2319
	.2737
	.3017

	71
	.0802
	.1517
	.1940
	.2303
	.2718
	.2997

	72
	.0796
	.1507
	.1927
	.2287
	.2700
	.2977

	73
	.0791
	.1497
	.1914
	.2272
	.2682
	.2957

	74
	.0786
	.1486
	.1901
	.2257
	.2664
	.2938

	75
	.0780
	.1477
	.1888
	.2242
	.2647
	.2919

	76
	.0775
	.1467
	.1876
	.2227
	.2630
	.2900

	77
	.0770
	.1457
	.1864
	.2213
	.2613
	.2882

	78
	.0765
	.1448
	.1852
	.2199
	.2597
	.2864

	79
	.0760
	.1439
	.1841
	.2185
	.2581
	.2847

	80
	.0755
	.1430
	.1829
	.2172
	.2565
	.2830

	81
	.0751
	.1421
	.1818
	.2159
	.2550
	.2813

	82
	.0746
	.1412
	.1807
	.2146
	.2535
	.2796

	83
	.0742
	.1404
	.1796
	.2133
	.2520
	.2780

	84
	.0737
	.1396
	.1786
	.2120
	.2505
	.2764

	85
	.0733
	.1387
	.1775
	.2108
	.2491
	.2748

	86
	.0728
	.1379
	.1765
	.2096
	.2477
	.2732

	87
	.0724
	.1371
	.1755
	.2084
	.2463
	.2717

	88
	.0720
	.1364
	.1745
	.2072
	.2449
	.2702

	89
	.0716
	.1356
	.1735
	.2061
	.2435
	.2687

	90
	.0712
	.1348
	.1726
	.2050
	.2422
	.2673

	91
	.0708
	.1341
	.1716
	.2039
	.2409
	.2659

	92
	.0704
	.1334
	.1707
	.2028
	.2396
	.2645

	93
	.0700
	.1327
	.1698
	.2017
	.2384
	.2631

	94
	.0697
	.1320
	.1689
	.2006
	.2371
	.2617

	95
	.0693
	.1313
	.1680
	.1996
	.2359
	.2604

	96
	.0689
	.1306
	.1671
	.1986
	.2347
	.2591

	97
	.0686
	.1299
	.1663
	.1975
	.2335
	.2578

	98
	.0682
	.1292
	.1654
	.1966
	.2324
	.2565

	99
	.0679
	.1286
	.1646
	.1956
	.2312
	.2552

	100
	.0675
	.1279
	.1638
	.1946
	.2301
	.2540



Average Sycamore ring widths (mm)
2012	2011	2010	2009	2008	2007	2006	2005	2004	2003	2002	2001	2000	1999	1998	1997	1996	1995	1994	1993	1992	1991	1990	1989	1988	1987	1986	1985	1984	1983	1982	1981	1980	1979	1978	1977	1976	1975	1974	1973	1972	1.71	1.79	1.87	1.83	1.76	1.66	1.8	1.73	1.72	1.71	1.81	1.72	1.66	1.76	1.69	1.69	1.63	1.66	1.68	1.53	1.54	1.61	1.62	1.61	1.61	1.63	1.67	1.66	1.6	1.72	1.64	1.58	1.67	1.77	1.68	1.67	1.66	1.64	1.63	1.75	1.64	Year

Sycamore ring widths (mm)


Average Beech ring widths (mm)
2012	2011	2010	2009	2008	2007	2006	2005	2004	2003	2002	2001	2000	1999	1998	1997	1996	1995	1994	1993	1992	1991	1990	1989	1988	1987	1986	1985	1984	1983	1982	1981	1980	1979	1978	1977	1976	1975	1974	1973	1972	1.94	1.99	2.04	2.08	2.06	2.0699999999999998	2.11	2.13	2.2799999999999998	2.11	2.1800000000000002	2.19	2.06	2.1	2.1	2.08	2.06	2.0499999999999998	2.06	2.0499999999999998	2.09	2.15	2.11	2.04	2.0299999999999998	2.08	2.17	2.15	1.97	2.09	2.08	1.95	2.14	2.12	2.2200000000000002	2.16	2.0699999999999998	2.2200000000000002	2.1800000000000002	2.39	2.0499999999999998	Year

Beech ring widths (mm)


Average Oak ring widths (mm)
2012	2011	2010	2009	2008	2007	2006	2005	2004	2003	2002	2001	2000	1999	1998	1997	1996	1995	1994	1993	1992	1991	1990	1989	1988	1987	1986	1985	1984	1983	1982	1981	1980	1979	1978	1977	1976	1975	1974	1973	1972	1.59	1.67	1.63	1.59	1.62	1.52	1.54	1.47	1.57	1.56	1.64	1.69	1.55	1.55	1.58	1.63	1.64	1.59	1.57	1.6	1.6	1.62	1.63	1.64	1.59	1.65	1.64	1.64	1.77	1.83	1.67	1.59	1.71	1.74	1.8	1.69	1.81	1.76	1.78	1.85	1.84	Year

Oak ring widths (mm)


Average ring widths (mm) for Sycamore, Beech and Oak
Sycamore	2012	2011	2010	2009	2008	2007	2006	2005	2004	2003	2002	2001	2000	1999	1998	1997	1996	1995	1994	1993	1992	1991	1990	1989	1988	1987	1986	1985	1984	1983	1982	1981	1980	1979	1978	1977	1976	1975	1974	1973	1972	1.71	1.79	1.87	1.83	1.76	1.66	1.8	1.73	1.72	1.71	1.81	1.72	1.66	1.76	1.69	1.69	1.63	1.66	1.68	1.53	1.54	1.61	1.62	1.61	1.61	1.63	1.67	1.66	1.6	1.72	1.64	1.58	1.67	1.77	1.68	1.67	1.66	1.64	1.63	1.75	1.64	Beech	2012	2011	2010	2009	2008	2007	2006	2005	2004	2003	2002	2001	2000	1999	1998	1997	1996	1995	1994	1993	1992	1991	1990	1989	1988	1987	1986	1985	1984	1983	1982	1981	1980	1979	1978	1977	1976	1975	1974	1973	1972	1.94	1.99	2.04	2.08	2.06	2.0699999999999998	2.11	2.13	2.2799999999999998	2.11	2.1800000000000002	2.19	2.06	2.1	2.1	2.08	2.06	2.0499999999999998	2.06	2.0499999999999998	2.09	2.15	2.11	2.04	2.0299999999999998	2.08	2.17	2.15	1.97	2.09	2.08	1.95	2.14	2.12	2.2200000000000002	2.16	2.0699999999999998	2.2200000000000002	2.1800000000000002	2.39	2.0499999999999998	Oak	2012	2011	2010	2009	2008	2007	2006	2005	2004	2003	2002	2001	2000	1999	1998	1997	1996	1995	1994	1993	1992	1991	1990	1989	1988	1987	1986	1985	1984	1983	1982	1981	1980	1979	1978	1977	1976	1975	1974	1973	1972	1.59	1.67	1.63	1.59	1.62	1.52	1.54	1.47	1.57	1.56	1.64	1.69	1.55	1.55	1.58	1.63	1.64	1.59	1.57	1.6	1.6	1.62	1.63	1.64	1.59	1.65	1.64	1.64	1.77	1.83	1.67	1.59	1.71	1.74	1.8	1.69	1.81	1.76	1.78	1.85	1.84	Year

Average ring widths (mm)



Average annual precipitation (mm) between 1972-2012
1972	1973	1974	1975	1976	1977	1978	1979	1980	1981	1982	1983	1984	1985	1986	1987	1988	1989	1990	1991	1992	1993	1994	1995	1996	1997	1998	1999	2000	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	1142.5999999999999	1108.7	1376.3	953.62	995.1	1263.8	1173.82	1316.5	1478.5	1578.4	1281.7	1168.9000000000001	1183	1097.9000000000001	1399.9	1179.4000000000001	1339.67	1043.56	1188.54	1126.8	1332.4	1156	1278.3499999999999	926.86	959.5	1105.5	1395.34	1304.2	1633.7	1282.4000000000001	1524.4	1021.8	1408.8	1111.9000000000001	1188.94	1573.61	1513.99	1295.53	985.66	1287.77	1656.33	Year

Precipitation (mm)


Annual average temperature (ºC) between 1972 and 2012
1972	1973	1974	1975	1976	1977	1978	1979	1980	1981	1982	1983	1984	1985	1986	1987	1988	1989	1990	1991	1992	1993	1994	1995	1996	1997	1998	1999	2000	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	11.6	12	11.9	12.5	12.2	11.7	11.6	10.9	11.6	11.6	12.4	12.3	12.4	11.1	11.1	11.3	12.2	13	13	12.2	12.5	11.8	12	12.9	11.5	12.9	12.4	12.7	12.5	12.4	12.8	13.4	12.9	12.7	13	13.3	12.6	12.5	11.5	12.9	12	Year

Temperature (ºC) 


The annual precipitation (mm) Vs the average Sycamore ring widths (mm) between 1972 and 2012
Precipitation (mm)	1972	1973	1974	1975	1976	1977	1978	1979	1980	1981	1982	1983	1984	1985	1986	1987	1988	1989	1990	1991	1992	1993	1994	1995	1996	1997	1998	1999	2000	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	1142.5999999999999	1108.7	1376.3	953.62	995.1	1263.8	1173.82	1316.5	1478.5	1578.4	1281.7	1168.9000000000001	1183	1097.9000000000001	1399.9	1179.4000000000001	1339.67	1043.56	1188.54	1126.8	1332.4	1156	1278.3499999999999	926.86	959.5	1105.5	1395.34	1304.2	1633.7	1282.4000000000001	1524.4	1021.8	1408.8	1111.9000000000001	1188.94	1573.61	1513.99	1295.53	985.66	1287.77	1656.33	Average ring                                 widths (mm)	1.64	1.75	1.63	1.64	1.66	1.67	1.68	1.77	1.67	1.58	1.64	1.72	1.6	1.66	1.67	1.63	1.61	1.61	1.62	1.61	1.54	1.53	1.68	1.66	1.63	1.69	1.69	1.76	1.66	1.72	1.81	1.71	1.72	1.73	1.8	1.66	1.76	1.83	1.87	1.79	1.71	Year

Precipitation (mm)

Average Sycamore ring widths (mm)



The annual precipitation (mm) Vs the average Beech ring width (mm) between 1972 and 2012
Precipitation (mm)	1972	1973	1974	1975	1976	1977	1978	1979	1980	1981	1982	1983	1984	1985	1986	1987	1988	1989	1990	1991	1992	1993	1994	1995	1996	1997	1998	1999	2000	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	1142.5999999999999	1108.7	1376.3	953.62	995.1	1263.8	1173.82	1316.5	1478.5	1578.4	1281.7	1168.9000000000001	1183	1097.9000000000001	1399.9	1179.4000000000001	1339.67	1043.56	1188.54	1126.8	1332.4	1156	1278.3499999999999	926.86	959.5	1105.5	1395.34	1304.2	1633.7	1282.4000000000001	1524.4	1021.8	1408.8	1111.9000000000001	1188.94	1573.61	1513.99	1295.53	985.66	1287.77	1656.33	Average ring              widths (mm)	2.0499999999999998	2.39	2.1800000000000002	2.2200000000000002	2.0699999999999998	2.16	2.2200000000000002	2.12	2.14	1.95	2.08	2.09	1.97	2.15	2.17	2.08	2.0299999999999998	2.04	2.11	2.15	2.09	2.0499999999999998	2.06	2.0499999999999998	2.06	2.08	2.1	2.1	2.06	2.19	2.1800000000000002	2.11	2.2799999999999998	2.13	2.11	2.0699999999999998	2.06	2.08	2.04	1.99	1.94	Year

Precipitation (mm)

Average Beech ring widths (mm)



The annual precipitation (mm) Vs the average Oak ring width (mm) between 1972 and 2012
Precipitation (mm)	1972	1973	1974	1975	1976	1977	1978	1979	1980	1981	1982	1983	1984	1985	1986	1987	1988	1989	1990	1991	1992	1993	1994	1995	1996	1997	1998	1999	2000	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	1142.5999999999999	1108.7	1376.3	953.62	995.1	1263.8	1173.82	1316.5	1478.5	1578.4	1281.7	1168.9000000000001	1183	1097.9000000000001	1399.9	1179.4000000000001	1339.67	1043.56	1188.54	1126.8	1332.4	1156	1278.3499999999999	926.86	959.5	1105.5	1395.34	1304.2	1633.7	1282.4000000000001	1524.4	1021.8	1408.8	1111.9000000000001	1188.94	1573.61	1513.99	1295.53	985.66	1287.77	1656.33	Average ring          widths (mm)	1.84	1.85	1.78	1.76	1.81	1.69	1.8	1.74	1.71	1.59	1.67	1.83	1.77	1.64	1.64	1.65	1.59	1.64	1.63	1.62	1.6	1.6	1.57	1.59	1.64	1.63	1.58	1.55	1.55	1.69	1.64	1.56	1.57	1.47	1.54	1.52	1.62	1.59	1.63	1.67	1.59	Year

Precipitation (mm)

Average Oak ring width (mm)



The annual average temperature (ºC) Vs the average Sycamore ring width (mm) between 1972 and 2012
Temperature (ºC)	1972	1973	1974	1975	1976	1977	1978	1979	1980	1981	1982	1983	1984	1985	1986	1987	1988	1989	1990	1991	1992	1993	1994	1995	1996	1997	1998	1999	2000	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	11.6	12	11.9	12.5	12.2	11.7	11.6	10.9	11.6	11.6	12.4	12.3	12.4	11.1	11.1	11.3	12.2	13	13	12.2	12.5	11.8	12	12.9	11.5	12.9	12.4	12.7	12.5	12.4	12.8	13.4	12.9	12.7	13	13.3	12.6	12.5	11.5	12.9	12	Average ring      widths (mm)	1972	1973	1974	1975	1976	1977	1978	1979	1980	1981	1982	1983	1984	1985	1986	1987	1988	1989	1990	1991	1992	1993	1994	1995	1996	1997	1998	1999	2000	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	1.64	1.75	1.63	1.64	1.66	1.67	1.68	1.77	1.67	1.58	1.64	1.72	1.6	1.66	1.67	1.63	1.61	1.61	1.62	1.61	1.54	1.53	1.68	1.66	1.63	1.69	1.69	1.76	1.66	1.72	1.81	1.71	1.72	1.73	1.8	1.66	1.76	1.83	1.87	1.79	1.71	Year

Temperature (ºC)

Average Sycamore ring widths (mm)



The annual average temperature (ºC) Vs the average Beech ring width (mm) between 1972 and 2012
Temperature (ºC)	1972	1973	1974	1975	1976	1977	1978	1979	1980	1981	1982	1983	1984	1985	1986	1987	1988	1989	1990	1991	1992	1993	1994	1995	1996	1997	1998	1999	2000	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	11.6	12	11.9	12.5	12.2	11.7	11.6	10.9	11.6	11.6	12.4	12.3	12.4	11.1	11.1	11.3	12.2	13	13	12.2	12.5	11.8	12	12.9	11.5	12.9	12.4	12.7	12.5	12.4	12.8	13.4	12.9	12.7	13	13.3	12.6	12.5	11.5	12.9	12	Average ring    width (mm)	1972	1973	1974	1975	1976	1977	1978	1979	1980	1981	1982	1983	1984	1985	1986	1987	1988	1989	1990	1991	1992	1993	1994	1995	1996	1997	1998	1999	2000	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	2.0499999999999998	2.39	2.1800000000000002	2.2200000000000002	2.0699999999999998	2.16	2.2200000000000002	2.12	2.14	1.95	2.08	2.09	1.97	2.15	2.17	2.08	2.0299999999999998	2.04	2.11	2.15	2.09	2.0499999999999998	2.06	2.0499999999999998	2.06	2.08	2.1	2.1	2.06	2.19	2.1800000000000002	2.11	2.2799999999999998	2.13	2.11	2.0699999999999998	2.06	2.08	2.04	1.99	1.94	Year

Temperature (ºC)

Average Beech ring width (mm)



The annual average temperature (ºC) Vs the average Oak ring width (mm) between 1972 and 2012
Temperature (ºC)	1972	1973	1974	1975	1976	1977	1978	1979	1980	1981	1982	1983	1984	1985	1986	1987	1988	1989	1990	1991	1992	1993	1994	1995	1996	1997	1998	1999	2000	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	11.6	12	11.9	12.5	12.2	11.7	11.6	10.9	11.6	11.6	12.4	12.3	12.4	11.1	11.1	11.3	12.2	13	13	12.2	12.5	11.8	12	12.9	11.5	12.9	12.4	12.7	12.5	12.4	12.8	13.4	12.9	12.7	13	13.3	12.6	12.5	11.5	12.9	12	Average ring    width (mm)	1.84	1.85	1.78	1.76	1.81	1.69	1.8	1.74	1.71	1.59	1.67	1.83	1.77	1.64	1.64	1.65	1.59	1.64	1.63	1.62	1.6	1.6	1.57	1.59	1.64	1.63	1.58	1.55	1.55	1.69	1.64	1.56	1.57	1.47	1.54	1.52	1.62	1.59	1.63	1.67	1.59	Year

Temperature (ºC)

Average Oak ring width (mm)





The annual average Oak ring widths (mm) from Accrington and Sheffield between 1972 and 2003
Sheffield ring      widths (mm)	1972	1973	1974	1975	1976	1977	1978	1979	1980	1981	1982	1983	1984	1985	1986	1987	1988	1989	1990	1991	1992	1993	1994	1995	1996	1997	1998	1999	2000	2001	2002	2003	1.07	1.44	1.47	1.34	1.19	1.1499999999999999	2.12	2.12	1.94	1.9	1.72	1.52	1.69	1.7	1.94	1.79	1.74	1.67	1.26	1.67	1.56	1.77	1.83	1.56	1.62	2.17	1.71	1.85	1.33	1.66	1.72	1.69	Accrington ring     widths (mm)	1972	1973	1974	1975	1976	1977	1978	1979	1980	1981	1982	1983	1984	1985	1986	1987	1988	1989	1990	1991	1992	1993	1994	1995	1996	1997	1998	1999	2000	2001	2002	2003	1.84	1.85	1.78	1.76	1.81	1.69	1.8	1.74	1.71	1.59	1.67	1.83	1.77	1.64	1.64	1.65	1.59	1.64	1.63	1.62	1.6	1.6	1.57	1.59	1.64	1.63	1.58	1.55	1.55	1.69	1.64	1.56	Year

Average Oak ring widths (mm)



The annual average Oak ring widths (mm) for Accrington and Savernake between 1972 and 2006
Savernake ring      widths (mm)	1972	1973	1974	1975	1976	1977	1978	1979	1980	1981	1982	1983	1984	1985	1986	1987	1988	1989	1990	1991	1992	1993	1994	1995	1996	1997	1998	1999	2000	2001	2002	2003	2004	2005	2006	1.48	1.84	1.56	1.53	0.87	1.3	1.73	1.66	1.76	1.57	1.8	1.55	1.51	1.62	1.55	1.61	1.54	1.42	1.34	1.49	1.4	1.48	1.47	1.29	1.3	1.32	1.55	1.53	1.38	1.51	1.17	1.24	1.34	1.03	1.33	Accrington ring    widths (mm)	1972	1973	1974	1975	1976	1977	1978	1979	1980	1981	1982	1983	1984	1985	1986	1987	1988	1989	1990	1991	1992	1993	1994	1995	1996	1997	1998	1999	2000	2001	2002	2003	2004	2005	2006	1.84	1.85	1.78	1.76	1.81	1.69	1.8	1.74	1.71	1.59	1.67	1.83	1.77	1.64	1.64	1.65	1.59	1.64	1.63	1.62	1.6	1.6	1.57	1.59	1.64	1.63	1.58	1.55	1.55	1.69	1.64	1.56	1.57	1.47	1.54	Year

Average Oak ring widths (mm)



The annual average Oak ring widths (mm) for Accrington and East Pomerania between 1972 and 1985
East Pomerania     ring widths (mm)	1972	1973	1974	1975	1976	1977	1978	1979	1980	1981	1982	1983	1984	1985	1.53	1.3	1.35	1.28	1.19	1.35	1.39	1.44	1.77	1.48	1.48	1.41	1.51	1.36	Accrington ring     widths (mm)	1972	1973	1974	1975	1976	1977	1978	1979	1980	1981	1982	1983	1984	1985	1.84	1.85	1.78	1.76	1.81	1.69	1.8	1.74	1.71	1.59	1.67	1.83	1.77	1.64	Year

Average Oak ring widths (mm)



The annual average Oak ring widths (mm) for Sheffield and East Pomerania between 1972 and 1985
Sheffield ring widths (mm)	1972	1973	1974	1975	1976	1977	1978	1979	1980	1981	1982	1983	1984	1985	1.07	1.44	1.47	1.34	1.19	1.1499999999999999	2.12	2.12	1.94	1.9	1.72	1.52	1.69	1.7	East Pomerania    ring widths (mm)	1972	1973	1974	1975	1976	1977	1978	1979	1980	1981	1982	1983	1984	1985	1.53	1.3	1.35	1.28	1.19	1.35	1.39	1.44	1.77	1.48	1.48	1.41	1.51	1.36	Year

Average Oak ring widths (mm)



The annual average Oak ring widths (mm) for Sheffield and Savernake between 1972 and 2003
Sheffield ring     widths (mm)	1972	1973	1974	1975	1976	1977	1978	1979	1980	1981	1982	1983	1984	1985	1986	1987	1988	1989	1990	1991	1992	1993	1994	1995	1996	1997	1998	1999	2000	2001	2002	2003	1.07	1.44	1.47	1.34	1.19	1.1499999999999999	2.12	2.12	1.94	1.9	1.72	1.52	1.69	1.7	1.94	1.79	1.74	1.67	1.26	1.67	1.56	1.77	1.83	1.56	1.62	2.17	1.71	1.85	1.33	1.66	1.72	1.69	Savernake ring      widths (mm)	1972	1973	1974	1975	1976	1977	1978	1979	1980	1981	1982	1983	1984	1985	1986	1987	1988	1989	1990	1991	1992	1993	1994	1995	1996	1997	1998	1999	2000	2001	2002	2003	1.48	1.84	1.56	1.53	0.87	1.3	1.73	1.66	1.76	1.57	1.8	1.55	1.51	1.62	1.55	1.61	1.54	1.42	1.34	1.49	1.4	1.48	1.47	1.29	1.3	1.32	1.55	1.53	1.38	1.51	1.17	1.24	Year

Average Oak ring widths (mm)



The annual average Oak ring widths (mm) for Savernake and East Pomerania between 1972 and 1985
Savernake ring    widths (mm)	1972	1973	1974	1975	1976	1977	1978	1979	1980	1981	1982	1983	1984	1985	1.48	1.84	1.56	1.53	0.87	1.3	1.73	1.66	1.76	1.57	1.8	1.55	1.51	1.62	East Pomerania    ring widths (mm)	1972	1973	1974	1975	1976	1977	1978	1979	1980	1981	1982	1983	1984	1985	1.53	1.3	1.35	1.28	1.19	1.35	1.39	1.44	1.77	1.48	1.48	1.41	1.51	1.36	Year

Average Oak ring widths (mm)



The annual precipitation (mm) Vs temperature averages between 1972 and 2012 
Precipitation (mm)	1972	1973	1974	1975	1976	1977	1978	1979	1980	1981	1982	1983	1984	1985	1986	1987	1988	1989	1990	1991	1992	1993	1994	1995	1996	1997	1998	1999	2000	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	1142.5999999999999	1108.7	1376.3	953.62	995.1	1263.8	1173.82	1316.5	1478.5	1578.4	1281.7	1168.9000000000001	1183	1097.9000000000001	1399.9	1179.4000000000001	1339.67	1043.56	1188.54	1126.8	1332.4	1156	1278.3499999999999	926.86	959.5	1105.5	1395.34	1304.2	1633.7	1282.4000000000001	1524.4	1021.8	1408.8	1111.9000000000001	1188.94	1573.61	1513.99	1295.53	985.66	1287.77	1656.33	Temperature (ºC)	11.6	12	11.9	12.5	12.2	11.7	11.6	10.9	11.6	11.6	12.4	12.3	12.4	11.1	11.1	11.3	12.2	13	13	12.2	12.5	11.8	12	12.9	11.5	12.9	12.4	12.7	12.5	12.4	12.8	13.4	12.9	12.7	13	13.3	12.6	12.5	11.5	12.9	12	Year

Precipitation (mm)

Temperature (ºC)
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