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Blue  intensity  (BI)  has the  potential  to provide  information  on  past  summer  temperatures  of  a similar
quality  to maximum  latewood  density  (MXD),  but  at a substantially  reduced  cost.  This  paper  provides
a  methodological  guide  to the generation  of  BI  data  using  a new  and  affordable  BI  measurement  sys-
tem;  CooRecorder.  Focussing  on  four sites  in  the Scottish  Highlands  from  a  wider  network  of  42  sites
developed  for  the  Scottish  Pine  Project,  BI  and MXD  data  from  Scots  pine  (Pinus  sylvestris  L.)  were  used
to  facilitate  a direct  comparison  between  these  parameters.  A series  of  experiments  aimed  at  identify-
ing  and  addressing  the limitations  of  BI suggest  that  while  some  potential  limitations  exist,  these  can
be  minimised  by  adhering  to appropriate  BI generation  protocols.  The  comparison  of  BI data  produced
using  different  resin-extraction  methods  (acetone  vs. ethanol)  and measurement  systems  (CooRecorder
vs.  WinDendro)  indicates  that comparable  results  can  be  achieved.  Using  samples  from  the same  trees,
a  comparison  of  both  BI and  MXD  with  instrumental  climate  data  revealed  that  overall,  BI  performs  as
well  as,  if  not  better  than,  MXD  in  reconstructing  past  summer  temperatures  (BI r2 =  0.38–0.46;  MXD
r2 = 0.34–0.35).  Although  reconstructions  developed  using  BI  and  MXD  data  appeared  equally  robust,  BI
chronologies  were  more  sensitive  to  the  choice  of detrending  method  due  to differences  in the  relative
trends  of non-detrended  raw  BI  and  MXD  data.  This  observation  suggests  that  the  heartwood–sapwood
colour difference  is  not  entirely  removed  using  either  acetone  or  ethanol  chemical  treatment,  which  may
ultimately  pose  a  potential  limitation  for extracting  centennial  and  longer  timescale  information  when

using  BI  data  from  tree  species  that exhibit  a  distinct  heartwood–sapwood  colour  difference.  Additional
research  is required  in order  to develop  new  methods  to overcome  this  potential  limitation.  However,
the  ease  with  which  BI  data  can  be produced  should  help  justify  and  recognise  the  role  of  this  parameter
as  a potential  alternative  to MXD,  particularly  when  MXD  generation  may  be impractical  or  unfeasible
for  financial  or other  reasons.

©  2014  Elsevier  GmbH.  All  rights  reserved.
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Within the context of late-Holocene palaeoclimatic research,
ree rings are among the most important proxy archives, not least

or their ability to preserve annually resolved climate information
Jones et al., 2009). It is possible to utilise the measurements
f multiple tree-ring parameters, each with their own specific
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trengths and limitations. As well as more conventional parame-
ers such as ring-width (RW), maximum latewood density (MXD)
nd stable isotopes, minimum blue reflectance or blue inten-
ity (BI) is emerging as a potentially important new parameter
elevant to dendroclimatological research. Traditionally, with
espect to their ability to capture past climate, RW has been seen
s superior to maximum latewood density (MXD) in the low

requency domain, while MXD  was considered to better represent
nter-annual variability (D’Arrigo et al., 2014). More recently, this
iew has been challenged (Luckman and Wilson, 2005; Büntgen
t al., 2006; Esper et al., 2012). However, the costs associated with
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XD  data generation are relatively high both from a financial
iewpoint (including equipment, software and maintenance costs)
nd in terms of the time and effort required compared to the
easurement of RW.  Therefore, only a few tree-ring laboratories

round the world have the ability to measure MXD  from conifer
ree-ring samples. This has undoubtedly been the primary reason
or the limited development and utilisation of MXD  chronologies
ompared to RW.  The prospect of a more affordable alternative to
XD  would have positive consequences for dendroclimatological

esearch and the field of dendrochronology more generally.
The relatively strong absorption of ultraviolet (UV) light by

ignin (Fukazawa, 1992) has been utilised in several previous stud-
es. Lange (1954) was one of the first studies to utilise this property
nd measured the cell wall lignin content of spruce with UV pho-
omicrographs. More recently, Gindl et al. (2000) explored the
ensitivity of latewood lignin content in Norway spruce to temper-
ture. By using UV microscopy they identified a significant positive
elationship between the lignin content of terminal latewood tra-
heids and late summer/early autumn temperatures.

Early attempts to utilise digital images of tree rings to identify
nd analyse anatomical features and to recognise the potential for
sing reflected visible light as a alternative to X-ray densitometry,
ere undertaken by Yanosky and Robinove (1986) and Yanosky

t al. (1987). These studies were also among the first to recog-
ise the potential of using reflectance as a substitute for MXD.

 different approach attempted to analyse light passed through
hin wood microsections (Park and Telewski, 1993), although this

ethod required thin-sectioning of the samples with a microtome.
Sheppard et al. (1996) utilised reflected light from the surface of

atewood for dendroclimatic purposes. Their work reconstructed
pril–May temperatures back to the beginning of the 19th cen-

ury using MXD  and reflected light measurements with density
nd brightness explaining 30.8% and 29% of variance, respectively,
uring the 1899–1976 period. The work was the first and so
ar only study to derive a temperature reconstruction using only
eflected light data, although a BI chronology was included in a
200 year multiparameter composite reconstruction from north-
rn Fennoscandia by McCarroll et al. (2013).

Using scanned images, McCarroll et al. (2002) examined the
greement of maximum, mean and minimum reflectance spectra
f visible light (blue, green and red wavelengths), infrared and UV
ith MXD  from the latewood of Scots pine samples from Finland.

hey observed that the strongest correlation with MXD was with
inimum blue reflectance (r = −0.976 with raw non-detrended

ata for the period 1960–1995). This result was attributed to the
igh sensitivity of absorbed blue light to lignin.

Campbell et al. (2007) further emphasised the relevance of BI as
 palaeoclimatic proxy parameter by comparing MXD  and BI data
f Scots pine (measured with WinDENDROTM (hereafter WinDen-
ro)) from northern Finland to several climate variables including
emperature. The study reported a similar response of both param-
ters to climate and a stronger correlation between BI and mean
une–August temperature from two weather stations compared to

XD  (r = −0.80 and −0.65 for BI; r = 0.59 and 0.58 for MXD).
Additionally, Sheppard and Wiedenhoeft (2007) discussed the

otential of measuring latewood reflectance of visible light using
amples with a noticeable heartwood–sapwood (HW–SW) colour
ifference using a peroxide and ethanol treatment. They were then
ble to model and reconstruct summer (May–September) precipi-
ation using latewood width and reflected light with an r2 of 0.25.
n attempt to provide guidelines and basic protocols for sample

reparation of ‘optimal’ samples (i.e. that did not contain tight-
inged segments or distinctly coloured HW–SW sections), was
resented in the study by Babst et al. (2009). Their results suggest
hat BI data quality may  decline if samples are sanded with less

m
o
(
w
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han 400 grit sandpaper, scanned using a resolution lower than
200 dpi and if the colour saturation level of the digital image is
educed below 100%.

Although some studies (e.g. Yanosky and Robinove, 1986;
heppard et al., 1996; Sheppard and Wiedenhoeft, 2007)
pproached the issue of image capture by using a camera system
oupled with a microscope, most were restricted to using a single
agnification setting to avoid brightness variations due to changes

n magnification, although Sheppard and Singavarapu (2006) were
ecently able to compensate for this effect. Other researchers (e.g.
cCarroll et al., 2002; Campbell et al., 2007, 2011; Babst et al., 2009;

ene et al., 2011; Wilson et al., 2012) adopted a different approach
sing a flatbed scanner to capture sample images which entirely
ypasses the magnification issue.

Despite BI showing great promise as a cheaper alternative to
XD, only very limited attempts have been made to reconstruct

ast summer temperatures using this parameter. However, even
ithout the need for an X-ray densitometer, publicly available

oftware still represents a significant investment for laboratories
ishing to commence research using this parameter. The most
idely applied method for generating BI data from tree cores cur-

ently uses the WinDendro software package (WinDendro, 2013).
lthough this approach produces reliable results for dendrocli-
atic purposes (Campbell et al., 2007, 2011), financially, it may  be

eyond the reach of many researchers who would consider under-
aking research with the BI parameter or who  wish to use it for
eaching and training purposes. If a cheaper software package were
o be available then this would not only help broaden access to this
owerful new proxy, but also provide a potential teaching resource
or student projects and field courses.

Over recent years, a low cost alternative for measuring BI
as been incorporated into the CooRecorder/CDendro software
ackage (Larsson, 2013). This software is more accessible to a wider
ange of individuals and organisations seeking to undertake BI
nalysis. Building on preliminary work by Wilson et al. (2012),
e present here the methodological steps for sample preparation

nd BI data generation using the CooRecorder/CDendro software
ackage.

The paper is divided into three sections; the first describes
ample preparation and BI data generation using CooRecorder,
he second presents data produced using alternative measure-

ent software and sample preparation techniques including both
inDendro and the MXD  parameter. Finally, the ability of each
ethod to capture climatic information is explored through com-

arison of the BI and MXD  parameters with monthly temperature
ata to assess their quality as summer temperature proxies through
he development of well-replicated living tree chronologies of
cots pine (P. sylvestris L.) from the Scottish Highlands.

Through this process, we also identify and explore several
otential biases which, if not considered and addressed, could limit
he ability of the data to represent climatic information robustly. In

 companion paper, the techniques described here are employed to
evelop a regional climate reconstruction using samples of Engel-
ann Spruce from British Columbia (Wilson et al., in review).

ethodology

Measurement of RW,  MXD  and BI was  carried out on samples of
cots pine from selected sites around the Scottish Highlands (Fig. 1)
or the purpose of assessing the BI parameter. Although BI has been
easured from a total of 17 sites, in order to focus on method-
logical aspects, we  focus on data from only four pine woodlands
including Ballochbuie and Ryvoan for which MXD  chronologies
ere also developed, Loch an Eilein, where three cores per tree
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ig. 1. Scottish Pine Project network. Site names highlighted in red are used in this
eferred to the web  version of the article.)

ere collected in order to perform signal strength tests, and Shiel-
aig, which was selected for experimentation due to the relative
hortness of samples from this site) using a variety of experiments
o assess the BI parameter. We  firstly detail the current methods
mployed by the St Andrews Tree-Ring laboratory developed over
everal years of experimentation. We  then also discuss method-
logical aspects of the approach which likely still need refinement.

t Andrews preparation and measurement method

Here we provide the methodological steps required to gener-
te BI data employing a resin extraction technique using acetone
nd the CooRecorder measurement system (hereafter referred to
s the ‘St Andrews’ method). 5 mm tree core samples were taken
sing a Swedish increment corer, stored in slitted plastic straws
nd allowed to air dry. If left moist for an extended period of
ime, the growth of fungi and mould could result in discoloura-
ion of the sample with the potential risk of degrading the quality
f extractable BI data as it may  change the reflectance properties
f the sample.

Prior to acetone treatment, the sample code of each core was
oted and the approximate length of each sample measured using

 ruler to permit identification of each core following acetone treat-
ent. Contrary to MXD  preparation methods, whole cores were

sed as it was not necessary to cut samples into thin laths. Samples
ere attached to long, thin stainless steel rods (∼5–6 cores per rod)

y placing them circumferentially around the rod and tying them

ith string every ∼5 cm along the length of the cores. In this way,
eformation and warping of the cores as they expanded in ace-
one was largely prevented. The metal rods were then placed inside
all 1L glass cylinders permitting them to be entirely submerged in

1
r
t
f

. (For interpretation of the references to colour in this figure legend, the reader is

cetone (≥99.5%, Fisher Scientific UK) at room temperature. The
ontainers were then sealed with rubber plugs to prevent evapora-
ion of acetone. Metal wire or string was attached to the rods and
laced partially outside the containers, ensuring easy removal after
cetone treatment.

Early experiments by Frith (2009) using 5 mm Scots pine cores
ound that a 72 h acetone treatment period was  sufficient to remove
xtractives, although that result was achieved using only partial
mmersion. However, a longer period of 1 week was  initially cho-
en here to ensure that all extractives were removed from fully
mmersed 5 mm samples. Experiments detailed later in this paper
etermine that a shorter period of acetone immersion is adequate
or resin extraction and that prolonged immersion can cause weak-
ning and gradual disintegration of the wood structure.

As core samples were used, as is the norm for measuring ring-
idth, it was important to maintain correct orientation of the core
uring mounting (i.e. vertical alignment of trachea cells). After
ounting, samples were sanded smooth using a fixed rotating

isc sander up to 1200 grit, which resulted in a smoother sur-
ace than the 400 grit considered adequate for BI analysis by Babst
t al. (2009). While sanding, samples were periodically checked
o ensure ‘flatness’ of the sanded surface, particularly while using
ower grit sandpaper, as an uneven surface would result in sections
f scanned images being out of focus.

A Canon CanoScan 9000F flatbed scanner in conjunction with
ilverfast (version 8.0.1.24) was  used to scan cores for mea-
urement and image analysis. Although a scanning resolution of

200 dpi was  suggested as adequate by Babst et al. (2009), a
esolution of 2400 dpi facilitated working with cores containing
hinner rings. Images were saved in the JPEG format, an image
ormat compatible with CooRecorder. An even higher resolution
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ig. 2. CooRecorder BI generation window with adjustable parameters w: width, f:
ffset, d: depth, and % dark latewood (parameters w, f and d are measured in number
f  pixels).

3200–4800 dpi) may  be beneficial for scanning cores containing
articularly thin-ringed sections (i.e. <0.05 mm).  However, as Babst
t al. (2009) caution, the scanning resolution should not exceed the
ardware resolution of the scanning device to avoid affecting BI by
he creation of artefacts from the interpolation algorithm. Further-

ore, doubling the scanning resolution increases scanning time
nd results in a quadruple increase in storage requirements, which
ay  be undesirable. Scanning a large area at a very high resolu-

ion may  also lead to memory or software limitations during the
canning process, in which case either a lower resolution should be
sed or the sample can be scanned in sections, producing multiple

mages that can then be spliced together.
Calibration of the scanner was necessary in order to ensure that

ny data generated are comparable between different scanners and
esearch facilities, and to prevent drift of BI measurements as out-
ut from the scanner light may  degrade over time (Campbell et al.,
011). An IT8 Calibration Target (IT8.7/2) printed on Kodak Pro-
essional Endura paper was used to calibrate the scanner by using
he SilverFast Auto IT8 Calibration procedure integrated in the Sil-
erFast scanning software. This procedure was repeated for each
canning session. In order to minimise any influence of ambient
ight which may  change with time and place, isolation of the scan-
ing surface from its surroundings was carried out by placing a
ox, fitted to the shape of the scanner, over the scanning area.
alibration and all subsequent scanning were performed with this
pparatus.

Samples were cross-dated using standard dendrochronologi-
al methods (Stokes and Smiley, 1968). RW and BI measurements
ere made using the programme CooRecorder which uses point
lacement to calculate RW by calculating the distance between suc-
essive (X,Y) coordinates. The same points are then used to generate
I data. The programme places a window around each point accord-
ng to adjustable parameters that include width, offset, depth and
 of latewood recognised as ‘dark’ (Fig. 2). The mean BI value of
he ‘dark’ latewood is then calculated and used as the BI value for

 particular ring. For more information on the basic functionality

t
a
i
t

logia 32 (2014) 191–204

f CooRecorder and a detailed step-by-step guide for the genera-
ion of BI data refer to the Cybis website (Cybis, 2013). Individual
I and RW data series were then transformed using CDendro to the
tandard Tucson decadal format. Cross-dating of the time-series
using both RW and BI) was verified using COFECHA (Grissino-

ayer, 2001) and CDendro.
BI is inversely correlated with MXD  (i.e. dense latewood will

xpress low reflectance). Therefore, in order to facilitate a direct
omparison between BI and MXD  whilst also allowing the same
etrending functions to be used for each parameter, all raw BI series
ere inverted prior to detrending according to Eq. (1):

i(adj) = 2.56 − xi

100
(1)

here xi is the raw BI value in year i. The constant 2.56 is used in
rder to prevent xi(adj) from becoming ≤0, considering all possible
alues of xi {0. . .255}. This inversion step is implemented as an
ption for the output of BI data in CooRecorder.

Detrending the age related growth trend was undertaken using
he programme ARSTAN (Cook and Holmes, 1986). Although using
ingle series data adaptive approaches, it is common to use a lin-
ar (or negative exponential) curve to detrend MXD  data (e.g. Davi
t al., 2003; Wilson and Luckman, 2003), it has been assumed that
I data should also be detrended in a similar way  (e.g. McCarroll
t al., 2002; Campbell et al., 2007, 2011). However, in many BI series
following inversion according to Eq. (1)) an initial increase in BI
s apparent in the juvenile period, followed by a steady decrease
hereafter. For this reason, fitting a Hugershoff curve (Bräker, 1981;
ook et al., 1990a) may  be more appropriate due to its extra flexi-
ility to fit the early period trends. Therefore all BI data herein were
etrended using this approach. This method was used extensively
y Briffa et al. (1992a) for their MXD  based western Northern Amer-

can spatial temperature reconstruction. For this reason, all MXD
ata were also detrended using a Hugershoff curve in order to facili-
ate direct comparison between the two parameters while ensuring
hat any differences were not subject to the choice of alternative
etrending methods.

Due to the homoscedastic nature of the data, it was possible
o detrend the series by calculating BI and MXD  indices as resid-
als of the raw data from the fitted curve (Schweingruber, 1988;
ook et al., 1990a) and chronologies were calculated using a robust
bi-weight) mean to limit the influence of outliers (Cook et al.,
990b). For all series, the BI measurement of the most recent ring
as excluded from analysis as it consistently exhibits an anoma-

ously low BI signature due to an edge effect likely related to the
atewood-bark boundary.

The above description details the basic methodology used to
easure and process the BI data. However, in order to assess poten-

ial problems or biases associated with BI generation, a series of
xperiments were performed which are detailed below.

I measurement experiments

indow parameter settings
To evaluate the influence of changing the window parame-

ers in CooRecorder (Fig. 2) on the overall BI chronology from
allochbuie, the chronology was generated multiple times with
ifferent parameter settings. As well as assessing the influence of
odifying all parameters, one reason in particular for undertaking
his experiment was  to determine whether the size of the window
ffects the quality of the data, as a larger window should theoret-
cally produce a more representative mean BI estimate for a ring
han a smaller one.
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cetone immersion experiments
As with any method intended to remove extractives using a

hemical solvent, it should be possible to determine an immer-
ion time which produces optimal results with tree cores. Although
reliminary experiments were undertaken by Frith (2009), these
esults were never published and as far as we are aware no other
roup has published such experiments for acetone. We  therefore
how experimental results using samples from the Shieldaig site
Fig. 1) used to assess the improvement in data quality and to iden-
ify the duration of a sufficient time period for acetone extraction
y comparing BI results from the samples left in acetone for 0–144 h

n 48 h increments.

mbient and reflected light
As scanners are essentially designed to capture an image of a

at object such as a picture, as soon as a raised sample (or disc)
s scanned, there is potential for ambient light from the surround-
ng room to influence the scanned image. To minimise this effect,

 box was constructed to surround the whole scanner (without
id) to stop any ambient light contamination. Initially, as all scan-
ers have a white inner surface on the lid, we used a box with a
hite, smooth inner surface. However, when scanning the same

ample using different orientations, we noted that the BI results
iffered slightly which initially could not be explained. We  hypo-
hesised that light from the light source is reflected within the box,
nducing a potential bias. To test whether the use of boxes with
ifferent inner surface properties (colour and texture) affected BI
esults, an image of the entire empty (no sample) scanning area
as obtained with the scanner covered by a box with the smooth,
hite inner surface. BI measurements were then carried out along

everal tracks, representing a range of potential sample placement
nd orientation choices on the scanning surface. This process was
hen repeated using a box with a black, non-reflective inner surface.

arameter comparison

PS and replication
Data from cores collected from the Ballochbuie and Loch an

ilein sites were examined to identify whether any differences in
xpressed signal strength (Briffa and Jones, 1990) existed between
I and MXD  and to explore any potential improvements in the com-
on  signal that could be gained by averaging data from multiple

ores per tree.

I vs. MXD
To facilitate a comparison of BI and MXD, a set of 21 tree core

airs (’A’ + ’B’ cores from the same tree) were sampled from Bal-
ochbuie and 17 pairs at Ryvoan (Fig. 1). To generate BI data, the
rst subset of 5 mm diameter cores (’A’ cores) was  processed using
he St Andrews method described above. MXD  was  measured from
he second (’B’ core) subset of 10 mm diameter cores from both
ites at the Bolin Centre for Climate Research at Stockholm Uni-
ersity (hereafter referred to as ‘Stockholm’ samples). The MXD
ata were produced using an ITRAX multiscanner from Cox Ana-

ytical Systems (Cox, 2013). The samples were prepared according
o standard dendrochronological techniques (Schweingruber et al.,
978). Thin laths were cut from the samples using a twin-bladed
ircular saw (1.20 mm thickness) and treated with ethanol in a
oxhlet apparatus for 24 h in order to extract resins and other sol-
ble compounds. The laths were X-rayed (with 12% water content
air dry)) in the ITRAX equipped with a chrome tube tuned to 30 kV

nd 50 mA,  with the steptime at 75 mS.  The multiscanner produces

 16 bit, inverted grey scale digital image at 1270 dpi resolution.
alibration of the grey scale was done with a calibration wedge
f cellulose acetate with a density of 1.274 g/cm3 from Walesh

f
a
i
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lectronic (Schweingruber, 1988). The radiographic images were
valuated using WinDendro, to provide ring width and density data
Guay et al., 1992).

In addition to comparing the BI and MXD  to each other, the rela-
ionship between the two parameters and climate was assessed
sing the Scottish dataset of mean monthly surface temperature
hereafter referred to as ‘MST’) developed by Jones and Lister
2004). As this dataset ends in 2004, 0.5◦ gridded mean monthly
emperature CRU TS3.10 data (hereafter ‘CRU’ – Harris et al., 2014)
ere used to extend the MST  dataset to 2009 by scaling the post-

004 period CRU temperature data from the region covered by MST
ver the common period of overlap of the two  datasets. For the pur-
oses of this study, the earliest date of the MST  dataset used is 1866
ue to potential homogeneity issues prior to this time discussed by

ones and Lister (2004). The combined MST  and CRU temperature
ata are hereafter referred to as ‘Extended-MST’ (EMST).

thanol vs. acetone
To evaluate whether BI results are influenced by the choice of

hemical treatment, off-cuts from a subset of nine of the ethanol
reated ‘Stockholm’ samples were scanned and measured for BI
ith CooRecorder. Separate chronologies were developed using

hese nine ethanol-treated ‘B’ cores and the nine acetone-treated
A’ cores and then compared using correlation response function
nalysis (CRFA) to the EMST dataset.

ooRecorder vs. WinDendro
To assess the performance of two  alternative measurement sys-

ems, an independent group of nine samples from Ballochbuie were
repared at Swansea University. Samples were cut into thin laths of

 mm thickness using a twin-bladed saw and extractives removed
sing ethanol (≥99.5%, Fisher Scientific UK) in a Soxhlet apparatus
or 48 h followed by repeated washing in boiling deionised water
nd air drying, prior to sanding and scanning. These 10 mm  diam-
ter samples were measured with WinDendro and subsequently
sing CooRecorder at St Andrews. Both resultant BI chronologies
roduced from these measurement systems were compared with
ach other and to the EMST data with CRFA.

esults and discussion

I measurement experiments

indow parameter settings
In order to assess the sensitivity of BI data to the selection of

I window parameters in CooRecorder (Fig. 2), the Ballochbuie
hronology was  generated multiple times by systematically modi-
ying each of the adjustable parameters in turn, producing a range
f ‘raw’ BI values for each year (Fig. 3). The parameter selection
ogether with the inter-series correlation (RBAR) of the detrended
ersion of each chronology is provided in Table 1. The results indi-
ate that the raw BI data remain relatively constrained regardless
f the choice of BI window parameters, although a wider range
ecomes apparent as replication decreases in the early portion of
he chronology.

The results from this test suggest using a large (yet not exces-
ively large) window and lower % dark latewood for optimum
esults. Although optimal settings may  be species, site and sam-
le specific, for all following analyses (including Wilson et al., in
eview) we utilise 160–5–50–15 as the optimal window parame-
ers yielding the strongest common signal (Table 1).
While the variability between the different versions remains
airly constrained regardless of parameter choice (Fig. 3), the size
nd placement of the window which measures blue reflectance
n CooRecorder can have a significant influence on the quality
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Fig. 3. Range of Ballochbuie BI chronology varian

in terms of inter-series agreement – RBAR) of data produced.
hoosing a larger window size allows the derivation of the most
epresentative BI value for the latewood of each ring by integrating
nformation from as large an area as possible, minimising the influ-
nce of anomalous features (e.g. resin ducts). However, the window
idth should not be so large as to exceed the sample boundary

r integrate data from previous or subsequent rings (for example
hen ring boundaries are substantially curved such as near the
ith). This is also related to the orientation of the window since
he placement of the succeeding point in CooRecorder determines
he orientation of a given window (i.e. the wider the window, the
reater the chance that they become rotated – possibly leading to
ntegration of areas from other rings than the one for which a value
s being derived).

Likewise, although increasing the depth parameter will also
enefit BI results, beyond a certain point, only earlywood will be
dded as the parameter increases and so will therefore not affect
he BI estimate for that ring. Similarly, the depth of a window will
e limited if a window’s edge touches the boundary of the previous
ear’s window, thus preventing overlap. A small offset parameter
parameter f in Fig. 2) set to ∼5 pixels can in some cases be use-
ul for including latewood sections at ring boundaries that have a
on-uniform shape. Ultimately however, although the “optimal”
arameter selection could theoretically vary from sample to sam-
le, the BI measurements on the whole appear generally insensitive

o variations in the window parameters (Fig. 3). A simple rule of
humb is that a larger box provides a more robust mean estimate
f BI.

able 1
ean inter-series correlation (RBAR) of Hugershoff detrended Ballochbuie

hronologies developed with a range of BI window parameters. (The optimal param-
ter option for the particular image resolution utilised in this study is highlighted.).

Width–offset–depth–%blue RBAR

5–5–10–15 0.155
10–5–10–15 0.165
20–5–10–15 0.176
40–5–10–15 0.188
60–5–10–15 0.190
80–5–10–15 0.191

160–5–10–15 0.196
40–0–10–15 0.185
40–5–15–15 0.200
40–5–30–15 0.212
40–5–50–15 0.221
40–5–10–5 0.188

40–5–10–25 0.186
40–5–10–50 0.183
40–5–10–75 0.176

160–5–50–15 0.224
240–5–50–15 0.211
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g various CooRecorder frame parameter choices.

In general, it is important to avoid anomalously dark areas or
rtefacts (e.g. cracks) which may  radically depress the measured BI
alue. If not avoided, such anomalous values may  primarily affect
he correlation of a sample with a master chronology. Likewise, if

issing rings in individual series are represented by ‘zero values’,
his may  adversely affect correlations because while low RW or

XD values represent a poor growing season, low BI values cor-
espond to very productive years (or high RW and MXD). Thus,
etting a BI value to zero to represent no growth would run con-
rary to a high BI value that would be expected for such a ‘ring’.
nlike with RW for example, values of BI should never approach
ero (due to the inverted nature of the parameter relative to RW).
lthough some software such as CDendro exclude missing rings

rom affecting analysis (e.g. correlation calculation), others may
ot. This ceases to be an issue once the data are inverted before
ny other data manipulation or analysis takes place. We  therefore
dvise that the raw BI data should be inverted according to Eq. (1)
o allow for the retention of missing ring information, but also to
llow similar detrending methods to be employed as used for MXD.

cetone immersion experiments
In order to evaluate the effect of varying periods of time used

o treat the Scots pine samples with acetone, a chronology was
eveloped with samples treated from 0 to 144 h in 48 h increments
Fig. 4). As the HW–SW transition occurs around the same point in
he majority of core samples, it is possible to discern relative dif-
erences in the two  sections of the chronology. BI changes are most
oticeable in the heartwood portion where reflectance increases

ollowing treatment, with relatively little change occurring in the
apwood. That the greatest change is observed in the heartwood is
ot surprising as the darker heartwood contains a greater amount
f extractives (Ekeberg et al., 2006). A step trend in BI is apparent
round the HW–SW transition, which becomes reduced but does
ot disappear following acetone treatment. Treatment time tests
uggest that the majority of extractable material is removed from
he heartwood within the first 48 h of acetone treatment. This result
ndicates that 48 h, shorter than 72 h suggested by Frith (2009), is

 sufficiently long treatment time (to remove extractives to the
xtent that it is possible with acetone) and so longer treatment
imes are unnecessary when samples are fully immersed.

mbient and reflected light
BI measurements of several measurement tracks using a box

ith a white, smooth inner surface are presented in Fig. 5a. The
esults reveal BI data trends, that should not be present, varying

n shape and magnitude for different sample orientations. This
rocess was repeated using a box with a black, non-reflective

nner surface (Fig. 5b) where all trends in essence disappeared.
he results of scanning with a ‘black’ or ‘white’ background clearly
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Fig. 4. Change in BI properties with varying acetone treatment time using s

ndicate the potential of introducing a bias merely by the scan-
ing process alone. Although ideally, scanning different sections in
ifferent ways would potentially minimise some of this potential

ow frequency bias, this would only be true if samples of the same
ength were scanned vertically in 50% of cases and upside down

ith the other 50%. However, this probably would not happen as
amples would typically be scanned the same way  in the majority
f cases. If these results become systematically biased in this way,
s illustrated by Fig. 5, it would translate to a warmer (colder) early

late) period.

Fortunately, the problem can be avoided entirely by using a
lack, non-reflective scanning background. Although placing a box
ver the scanner represents one way of doing this, it should be

E

e
i

ig. 5. BI measurements of empty scanned image using (A) a smooth, white background an
f  reflected light (highlighted blue line represents the most frequently used placement)
eferred to the web  version of the article.)
es from Shieldaig (measured along same tracks following each treatment).

ossible to achieve the same results through other means such as
overing the scanner area with a black velvet fabric. It is likely that
arlier BI chronologies produced for Scotland (Wilson et al., 2012)
ave been affected to some degree by this phenomenon and the
xtent of this should be assessed in future work and corrected for
f possible.

arameter comparison
PS and replication
The assessment of averaging multiple cores per tree and its

ffect on the strength of common chronology signal with chang-
ng replication is presented in Fig. 6b. The Expressed Population

d (B) a non-reflective, black background along various tracks to assess the influence
. (For interpretation of the references to colour in this figure legend, the reader is
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Fig. 6. (A) EPS estimates based on 21 detrended series using BI and MXD  data from
Ballochbuie with the 1901–2010 common analysis interval and (B) EPS estimates
based on detrended BI data from 17 trees (three cores per tree) from Loch an Eilein
with the 1901–2010 common interval for analysis. ‘Worst/best’ represents the com-
bination of 17 series producing the worst and best RBAR (and EPS). One series per
tree  is used for the ‘individual’ results (i.e. A or B or C). Averages of two  cores from
each tree (i.e. A + B or B + C or A + C) are used for ‘pairs’, and ‘triple-all’ represents the
average of all three samples (i.e. A + B + C). Average (worst/best) simply represents
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n average of the worst and best results of the ‘individual’ and ‘pair’ results, indicat-
ng a typical (most probable) scenario (between-tree RBAR is used in both (A) and
B)  as effectively only one series per tree is used for each analysis).

ignal (EPS – Briffa and Jones, 1990) increases for any given level of
eplication when BI data from an increasing number of within-tree
ores are averaged. However, greatest gains occur when using an
verage of two cores instead of one, with improvement diminish-
ng as the number of averaged cores increases. The EPS and sample
eplication results provide evidence in favour of using averaged
ata of several same-tree samples as opposed to individual cores
hen using BI data. The possibility of obtaining stronger common

ignal by using the average of more than one same-tree sample can
e useful when the number of tree samples is limited or the com-
on  signal is weak. This may  be particularly helpful in the context

f attempting to date undated samples (e.g. subfossil or historical
ood).

A similar analysis of EPS using Ballochbuie BI and MXD  data
ith only single cores per tree is shown in Fig. 6a. These results

emonstrate that BI data contain a weaker common signal than
XD  when replication is equal for both. This observation was  also

ighlighted by Wilson et al. (in review). While at the individual tree
evel the signal from BI can be improved by averaging 2 or 3 radii,

o
W
M
F

logia 32 (2014) 191–204

XD  ultimately still has a stronger common signal. However, as
he costs and effort associated with generating additional BI data
re negligible compared to MXD, this does not present a problem as
n most cases more data can easily be obtained by sampling more
rees.

I vs. MXD
Correlation response function analysis (CRFA) of monthly EMST

ata against detrended chronologies from Ballochbuie (Fig. 7)
nd Ryvoan (Fig. 8) over the 1866–2009 period reveal the high-
st seasonal response to mean temperature for the July–August
JA) season when considering BI and MXD  results for both sites
although MXD  at Ballochbuie responds marginally more strongly
o the broader February–August season). The Ballochbuie results
f the two  parameters are nearly identical, while the Ryvoan
ata indicate a modestly better representation of JA tempera-
ures using BI. Using the period when EPS > ∼0.85, the correlation
etween the two parameters is r = 0.90 (p < 0.001) for Ballochbuie
or the 1768–2010 period and r = 0.85 (p < 0.001) for Ryvoan for
he 1811–2010 period. Furthermore, despite a few minor depar-
ures, very few qualitative differences are apparent between the

XD  and BI chronologies of the two  sites (Figs. 7b and 8b).
he CRFA results and the chronology comparisons suggest that
espite all of the potential biases highlighted above, given that
eplication is sufficiently high, BI data from acetone treated
amples can represent temperature similarly to MXD. The simi-
arity and high level of agreement between the two  parameters
s also highlighted by their high between parameter correla-
ions. Similar results were also reported in Wilson et al. (in
eview).

thanol vs. acetone
In order to test whether different resin extraction methods may

ead to differences in results, the response to monthly temperature
ata was  also assessed using a subset of nine sample pairs from Bal-

ochbuie that either underwent acetone or ethanol treatment and
ere then measured with CooRecorder (Fig. 9). MXD  data from the

ame samples as ‘BI Stockholm’ were also included for comparison.
hile the ‘Stockholm’ BI chronology responds marginally better to

he July–September season than to July–August, ‘St Andrews’ BI
as a stronger response with JA temperature. MXD  also mainly
esponds to JA temperatures, although there is also a strong
esponse to a broader February–August season. On the whole, with
his particular sample subset, ‘Stockholm’ BI appears to show the
est response followed by MXD  and then ‘St Andrews’ BI. These
esults appear to provide an interesting indication of the relative
trength of each method. However, they should be interpreted with
aution as replication is not especially high (∼20 series required for
PS > 0.85). Additionally, although the ethanol treated ‘BI Stock-
olm’ and MXD  data were measured from the same samples (’B’
ores), the acetone treated ‘BI St Andrews’ data were measured
rom ‘A’ cores (i.e. not the exact same samples). This caveat is fur-
her emphasised by the fact that the ‘BI St Andrews’ correlations
n Fig. 9 are lower compared to MXD  data, although those results
epresent a subset of the Fig. 7 data which show ‘BI St Andrews’ and
XD  correlations that are more similar. Nevertheless, the results

uggest that BI data from hot ethanol-treated samples may  pro-
uce marginally better results than cold acetone-treated samples.

t is not, however, possible to draw a conclusive statement whether

ne method is better than the other based solely on these results.
hat these results suggest is the stronger common signal of the
XD  data when replication is low as already discussed in relation to

ig. 6a.
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ig. 7. (A) Correlation response function analysis of BI and MXD chronologies comp
ata  over the 1866–2009 period and (B) time-series of the chronologies with EPS ca

ooRecorder vs. WinDendro
In order to evaluate any potential difference between measur-

ng systems, a set of ‘Swansea’ ethanol treated BI samples were
easured using CooRecorder and also with WinDendro (Fig. 10a

nd b). The direct comparison of BI data treated with ethanol
ut measured separately with CooRecorder and with WinDen-

ro demonstrates that although not identical, the two methods
roadly produce chronologies that are very similar. Overall, the
onthly and seasonal responses are very similar for both datasets,

lthough the CooRecorder results display higher correlations with

t
O
b
t

ig. 8. (A) Correlation response function analysis of BI and MXD  chronologies composed
ata  over the 1866–2009 period and (B) time-series of the chronologies with EPS calculat
f 21 series (same tree samples) from Ballochbuie with monthly and seasonal EMST
ed using 30-yr running RBAR with 29-yr overlap.

nstrumental temperature data for all months prior to October
ompared to the WinDendro results, which is also reflected in the
easonalised parameters.

Although in this case the data were generated from the same
amples, these results should however be viewed with some cau-
ion, taking into account the limited sample replication. It is likely

hat results would be more comparable with higher replication.
ne additional explanation for any differences in BI data produced
y each measuring system is that CooRecorder integrates informa-
ion from a larger area of latewood (i.e. using a window) to produce

 of 17 series (same tree samples) from Ryvoan with monthly and seasonal EMST
ed using 30-yr running RBAR with 29-yr overlap.
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ig. 9. (A) Correlation response function analysis of BI and MXD chronologies com
866–2009 period and (B) time-series of the chronologies for the period when replic
hile  BI St Andrews was  measured from same tree samples as the other two  chron

n average minimum value of blue reflectance while WinDendro

enerates a BI value from a single point of lowest reflectance from a
ore restricted area (i.e. along a track). We  should stress that at this

ime, as the two systems measure BI using different approaches, the
erging of BI data from the two systems should be approached with

f
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ig. 10. BI chronologies from Ballochbuie consisting of nine series generated using ethan
amples used). (A) Correlation response function analysis with monthly and seasonal EM
eriod  when replication is more than seven series.
d of nine series from Ballochbuie with monthly and seasonal EMST data over the
is more than seven series (MXD and BI Stockholm were measured on same samples,
s).

aution and it is recommended that they be checked and adjusted

or homogeneity prior to combination (analogous to different den-
ity measurement systems). An assessment of the relative merits
f each system will require a more systematic and detailed exam-
nation in future.

ol Soxhlet extraction and measured either with CooRecorder or WinDendro (same
ST data over the 1866–2009 period; (B) full length graph of chronologies for the
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ig. 11. BI and MXD  scaled (Esper et al., 2005) reconstruction of mean July–August t
nd  (B) Ryvoan (17 series) MXD  and BI chronologies (samples from same trees).

emperature reconstruction

Fig. 11a and b presents reconstructions of JA mean tempera-
ure performed using the full 21 series Ballochbuie and 17 series
yvoan chronologies of BI and MXD  introduced in Figs. 9 and 10. A
omparison of the regular and first-differenced r2 results between
ach of the two parameters and JA temperatures indicates a higher
ercentage of variance explained at higher frequencies for both
arameters. Although BI calibrates somewhat better with Bal-

ochbuie and noticeably better with Ryvoan than MXD (despite a
lear disturbance event in the early 1960s in the Ryvoan data), BI
nd MXD  produce very similar results. These results are in agree-
ent with results from previous studies (e.g. McCarroll et al., 2002;

ampbell et al., 2007). In fact, they suggest that BI is not only
omparable to MXD, but that in some ways and under certain cir-
umstances the parameter is able to modestly surpass the results
btainable with MXD, as is the case here and as was reported in
ampbell et al. (2007).

The first-difference results indicate that although BI data explain
ore of the JA temperature variance than MXD, proportionally
ore of the high-frequency variance is explained by BI, suggest-

ng perhaps that at lower frequencies it does not perform as well.
ne likely contributor to this effect is the previously noted HW–SW
ias that could still exist even after acetone or ethanol resin extrac-
ion has been performed. Based on a visual assessment of samples
reated with ethanol using a Soxhlet apparatus, this feature does
ot appear to be entirely removed using this treatment method

ither. This perhaps suggests that there may  be limits regarding
he extent to which both acetone and ethanol treatments are able
o reduce wood discolouration and it is therefore clear that this
ssue requires further attention.

t
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s
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atures using the 1866–2009 calibration period based on (A) Ballochbuie (21 series)

To explore these ideas further, Fig. 12a and b highlights differ-
nces in the trends of non-detrended BI and MXD  chronologies
sing data from Ballochbuie and Ryvoan. The raw non-detrended BI
ata from both sites clearly show a divergence in trends in the 20th
entury related to the HW–SW colour change. In addition to earlier
esults (Fig. 4) suggesting that a step-trend remains after immer-
ion in acetone, these results further indicate that some extractives
re not removed, causing a discolouration difference between the
W and SW.  This is also observed visually in many samples. Note

hat this is also relevant for samples processed using the ethanol
oxhlet approach and regardless of which measuring system is
sed. Figs. 7 and 8 suggested that the Hugershoff detrended MXD
nd BI chronologies for both locations were very similar. How-
ver, Fig. 12c and d, which show both chronologies after using a
ore conservative linear regression function for detrending, clearly

ighlight a potential bias in the recent period of the BI data where
he recent warming signal, clearly picked up in the MXD  data, is
ot captured in the BI chronologies. This issue was  also highlighted

n Björklund et al. (2014).
In order to optimise the utility of BI from samples containing a

istinct HW–SW colour change and thus yield useful information in
he low-frequency domain in addition to mid-to-high frequencies,
n objective method must be developed to minimise the non-
limatic colour trend. There are several potential solutions to this
ype of problem including (1) utilisation of a combination of hydro-
en peroxide and ethanol treatments explored by Sheppard and
iedenhoeft (2007), (2) statistical adjustment of the raw data from
he HW and SW sections relative to each other to eliminate an arti-
cial step or gradient in the data, (3) digital post-processing of the
canned image to adjust the reflectance levels of the HW relative
o the SW,  (4) using a high pass/low pass filter approach to retain
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Fig. 12. Raw (non-detrended) MXD  and BI chronologies converted to z-scores for (A) Ballochbuie (21 series – same as in Figs. 7 and 11a), ethanol-treated ‘Stockholm’ samples
(nine  series – same as in Fig. 9) and ethanol-treated samples measured with WinDendro (nine series – same as in Fig. 10) covering the 1778–2010 period, and (B) Ryvoan (17
series  – same as in Figs. 8 and 11b) covering the period 1811–2010 (raw BI data were inverted for comparison); (C) and (D) include the full 21 series and 17 series BI and MXD
chronologies in (A) and (B), respectively, detrended using linear regression (Ballochbuie chronologies were normalised to the 1778–1950 period and Ryvoan chronologies
t
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o  the 1811–1950 period to emphasise any differences in trend post-1950).

he high frequency variance from BI and low frequency variance
rom RW,  and then combining the two band-pass filtered parame-
ers into a single time-series optimised at each frequency (Osborn
nd Briffa, 2000), or (5) using the reflectance properties of early-
ood to adjust those of the latewood for each ring as proposed

y Sheppard et al. (1996). This approach has recently been further
eveloped in the BI context by Björklund et al. (2014) who  pre-
ented the adjusted BI parameter (termed �BI) in order to adjust for
ocal discolouration and removal of any undesired trends unrelated
o lignin content.

While the chronologies presented in Fig. 11 undeniably produce
esults that are at least as good as MXD  data in their detrended
orm based on their correlations with instrumental temperature
ata, the utilisation of the more flexible Hugershoff detrending
ere serves to illustrate that it is possible to overlook limitations
f the raw, non-detrended data and which the detrending process
an mask. Although Hugershoff-detrended chronologies appear to
ehave well, failure to adequately address anomalous trends in
he raw BI data could undoubtedly affect low frequency trends
nd result in the production of potentially biased chronologies
nd reconstructions, particularly if they are intended to retain low
requency variance using methods such as Regional Curve Stan-
ardisation (RCS – Briffa et al., 1992b; Briffa and Melvin, 2011) or
ignal free detrending (Melvin and Briffa, 2008).

onclusion

BI is a promising new parameter for the reconstruction of past
limate from conifer tree-ring samples. Although a variety of fac-
ors can potentially affect the quality of BI data to various degrees,
n many cases their effects can be identified and minimised. The
irect comparison of BI and MXD  for the two sites in this study
onfirms the ability of BI data to represent summer temperatures

n a similar way to MXD  – at least at mid-to-high frequencies.
owever, differences in methodological treatment of BI data gen-
ration and their consequences for data quality should be explored
urther.

a
f
a
t

The ability of BI to capture longer time-scale information (i.e.
sing RCS or signal free methods that better preserve mid-to-low-
requency variance) need also be explored further (see Wilson et al.,
n review). Although BI undoubtedly performs at least as well as

XD in the mid-to-high frequency domains, there is evidence to
uggest that low frequency trends may not be fully represented.
his effect is most likely primarily caused by the HW–SW colour
ifference and the inability of the chemical treatments as described
erein to fully remove this discolouration. Such factors warrant

urther attention and require more detailed evaluation in order
o ensure that BI data are able to adequately capture climatic
ariability at all frequencies. However, although this presents a
hallenge for coniferous species with distinct HW–SW discoloura-
ion, it should in no way affect those species that do not exhibit such
W–SW differences, although other sources of discolouration may

till pose a problem.
Discolouration of the wood surface is among the most serious

ias that may  affect BI data. This issue may  have several potential
auses including fungal growth on tree cores that are not allowed
o dry adequately, use of inferior quality sandpaper in the sand-
ng process, discolouration of subfossil material due to decay, and
ossibly the treatment of historical material with dyes, varnishes,
tc. However, the quick, simple and affordable generation of BI
ata using CooRecorder presents a unique opportunity to assist
ith dating of historical or subfossil wood material (Wilson et al.,

012). In particular, the strong common signal which, at mid-to-
igh frequencies at least, is comparable to that of MXD,  reduces the

evel of uncertainty inherent in attempting to crossdate material of
nknown temporal origin.

In this paper, we have introduced the methodological steps
equired to generate BI data using CooRecorder. The use of this soft-
are allows the affordable generation of climate-sensitive data that

ppear to be comparable to MXD. In this way, BI data can be gener-

ted for more sites and at a lower cost than would ever be possible
or MXD. In addition to refining sample preparation procedures
nd exploring signal stability through time, a challenge for fur-
her work will be to overcome potential lower frequency biases in
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hose species (e.g. Scots pine) that exhibit a distinct colour change
etween the heartwood and sapwood. Standard resin extraction
ethods do not remove this potential bias entirely and therefore

ther techniques need to be explored. Although a range of poten-
ial solutions exist to address this issue, the most feasible of these
pproaches, which will be explored in further research, includes
eneration of the �BI parameter (Björklund et al., 2014) in order to
djust for local discolouration or by utilising only the high-to-mid
requencies from the BI data with low frequencies from RW in a sin-
le chronology to produce a combination of the two high/low-pass
ltered time-series (Osborn and Briffa, 2000).

Although some methodological issues still remain to be
esolved, it is certainly not the case that there is little justifica-
ion for the use of BI over MXD  as suggested by Tene et al. (2011).
n the contrary, the ease with which BI data can currently be
enerated and relatively low associated costs alone should jus-
ify the attractiveness of this parameter for dendroclimatological
esearch.
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roviding funding for Miloš Rydval’s Ph.D., thereby contributing to
he production of this work. This research was part funded through
lue Intensity development aspects of the UK Leverhulme Trust and
atural Environment Research Council (NERC) projects, “RELiC:
econstructing 8000 years of Environmental and Landscape change

n the Cairngorms (F/00 268/BG)” and “SCOT2K: Reconstructing
000 years of Scottish climate from tree-rings (NE/K003097/1)”.
e also wish to acknowledge funding provided by The Royal

ociety of Edinburgh. We  are grateful to Colin Leslie and Steve
rown (Forestry Commission), Glenn Iason (James Hutton Insti-
ute), Richard Gledson (Balmoral Estate), Keith Duncan and Nicola
allach (Scottish Natural Heritage) for allowing us permission to
ample. N.J.L. & G.H.F.Y. thank Climate Change Consortium for

ales (C3W).

eferences

abst, F., Frank, D., Buntgen, U., Nievergelt, D., Esper, J., 2009. Effect of sample prepa-
ration and scanning resolution on the Blue Reflectance of Picea abies. In: TRACE –
Tree  Rings in Archeology, Climatology and Ecology, Scientific Technical Report:
09, pp. 189–195.

jörklund, J.A., Gunnarson, B.E., Seftigen, K., Esper, J., Linderholm, H.W., 2014. Is blue
intensity ready to replace maximum latewood density as a strong temperature
proxy? A tree-ring case study on Scots pine from northern Sweden. Clim. Past
Discuss. 9, 5227–5261, http://dx.doi.org/10.5194/cpd-9-5227-2013.

räker, O., 1981. Der Alterstrend bei Jahrringdichten und Jahrringbreiten von Nadel-
hölzern und sein Ausgleich. Mitt. Forstlichen Bundesversuchsanstalt Wien 142,
75–102.

riffa, K., Jones, P., 1990. Basic chronology statistics and assessment. In: Cook, E.R.,
Kairiukstis, L.A. (Eds.), Methods of Dendrochronology: Applications in the Envi-
ronmental Sciences. Kluwer Academic, Dordrecht, pp. 137–152.

riffa, K.R., Jones, P.D., Schweingruber, F.H., 1992a. Tree-ring reconstructions of sum-
mer  temperature patterns across western North America since 1600. J. Clim. 5,
735–754.

riffa, K.R., Jones, P.D., Bartholin, T.S., Eckstein, D., Schweingruber, F.H., Karlen, W.,
Zetterberg, P., Eronen, M.,  1992b. Fennoscandian summers from AD 500: tem-
perature changes on short and long timescales. Clim. Dyn. 7, 111–119.

riffa, K., Melvin, T., 2011. A closer look at regional curve standardization of tree-
ring records: justification of the need, a warning of some pitfalls and suggested
improvements in its application. In: Hughes, M.K., Swetnam, T.W., Diaz, H.F.
(Eds.), Dendroclimatology: Progress and Prospects. Springer, Dordrecht, pp.
113–145.

üntgen, U., Frank, D.C., Nievergelt, D., Esper, J., 2006. Summer temperature varia-
tions in the European Alps, AD 755-2004. J. Clim. 19, 5606–5623.

ampbell, R., McCarroll, D., Loader, N.J., Grudd, H., Robertson, I., Jalkanen, R., 2007.

Blue intensity in Pinus sylvestris tree-rings: developing a new palaeoclimate
proxy. Holocene 17, 821–828.

ampbell, R., McCarroll, D., Robertson, I., Loader, N.J., Grudd, H., Gunnarson, B., 2011.
Blue intensity in Pinus sylvestris tree rings: a manual for a new palaeoclimate
proxy. Tree-Ring Res. 67, 127–134.

S

logia 32 (2014) 191–204 203

ook, E.R., Holmes, R.L., 1986. Users manual for program ARSTAN. In: Holmes, R.L.,
Adams, R.K., Fritts, H.C. (Eds.), Tree-Ring Chronologies of Western North Amer-
ica.  University of Arizona, Tucson, pp. 50–65.

ook, E.R., Briffa, K.R., Shiyatov, S., Mazepa, V., 1990a. Tree-ring standardization and
growth-trend estimation. In: Cook, E.R., Kairiukstis, L.A. (Eds.), Methods of Den-
drochronology: Applications in the Environmental Sciences. Kluwer Academic,
Dordrecht, pp. 104–123.

ook, E., Shiyatov, S., Mazepa, V., 1990b. Estimation of the Mean Chronology. Kluwer
Academic Publishers, Dordrecht, pp. 123–132.

ox, 2013. Cox Analytical Systems. http://coxsys.se/ (accessed 6.12.13).
ybis, 2013. CooRecorder basics. http://www.cybis.se/forfun/dendro/helpcoore

corder7/index.htm (accessed 20.6.13).
avi, N.K., Jacoby, G.C., Wiles, G.C., 2003. Boreal temperature variability inferred

from maximum latewood density and tree-ring width data, Wrangell Mountain
region, Alaska. Quaternary Res. 60, 252–262.

’Arrigo, R., Davi, N., Jacoby, G., Wilson, R., Wiles, G., 2014. Dendroclimatic Studies:
Tree Growth and Climate Change in Northern Forests. John Wiley & Sons, pp. 88
pp.

keberg, D., Flæte, P.-O., Eikenes, M.,  Fongen, M.,  Naess-Andresen, C.F., 2006. Quali-
tative and quantitative determination of extractives in heartwood of Scots pine
(Pinus sylvestris L.) by gas chromatography. J. Chromatogr. A 1109, 267–272.

sper, J., Frank, D.C., Wilson, R.J.S., Briffa, K.R., 2005. Effect of scaling and regression
on  reconstructed temperature amplitude for the past millennium. Geophys. Res.
Lett. 32, http://dx.doi.org/10.1029/2004gl021236.

sper, J., Frank, D.C., Timonen, M., Zorita, E., Wilson, R.J.S., Luterbacher, J., Holzkäm-
per,  S., Fischer, N., Wagner, S., Nievergelt, D., Verstege, A., Büntgen, U.,  2012.
Orbital forcing of tree-ring data. Nat. Clim. Change 2, 862–866.

rith, A., (Unpublished undergraduate dissertation project) 2009. Exploring Meth-
ods of Blue Intensity in Dendrochronology. University of St Andrews, UK.

ukazawa, K., 1992. Ultraviolet microscopy. In: Lin, S.Y., Dence, C.W. (Eds.), Methods
in  Lignin Chemistry. Springer, Berlin, Heidelberg, pp. 110–121.

indl, W.,  Grabner, M.,  Wimmer, R., 2000. The influence of temperature on latewood
lignin content in treeline Norway spruce compared with maximum density and
ring width. Trees-Struct. Funct. 14, 409–414.

rissino-Mayer, H.D., 2001. Research report evaluating crossdating accuracy: a
manual and tutorial for the computer program COFECHA. Tree-Ring Res. 57,
205–221.

uay, R., Gagnon, R., Morin, H., 1992. A new automatic and interactive tree ring
measurement system based on a line scan camera. Forest. Chron. 68, 138–141.

arris, I., Jones, P.D., Osborn, T.J., Lister, D.H., 2014. Updated high-resolution grids
of  monthly climatic observations – the CRU TS3.10 Dataset. Int. J. Climatol. 34,
623–642.

ones, P., Lister, D., 2004. The development of monthly temperature series for Scot-
land and Northern Ireland. Int. J. Climatol. 24, 569–590.

ones, P.D., Briffa, K.R., Osborn, T.J., Lough, J.M., van Ommen, T.D., Vinther, B.M.,
Luterbacher, J., Wahl, E.R., Zwiers, F.W., Mann, M.E., Schmidt, G.A., Ammann,
C.M., Buckley, B.M., Cobb, K.M., Esper, J., Goosse, H., Graham, N., Jansen, E., Kiefer,
T., Kull, C., Küttel, M.,  Mosley-Thompson, E., Overpeck, J.T., Riedwyl, N., Schulz,
M.,  Tudhope, A.W., Villalba, R., Wanner, H., Wolff, E., Xoplaki, E., 2009. High-
resolution palaeoclimatology of the last millennium: a review of current status
and  future prospects. Holocene 19, 3–49.

ange, P.W., 1954. The distribution of lignin in the cell wall of normal and reaction
wood from spruce and a few hardwoods. Sven. Papperstidn. 57, 525–532.

arsson, L., 2013. CooRecorder and Cdendro programs of the CooRecorder/Cdendro
package version 7.6. http://www.cybis.se/forfun/dendro/ (accessed 10.8.13).

uckman, B., Wilson, R., 2005. Summer temperatures in the Canadian Rockies during
the last millennium: a revised record. Clim. Dyn. 24, 131–144.

cCarroll, D., Pettigrew, E., Luckman, A., Guibal, F., Edouard, J.-L., 2002. Blue
reflectance provides a surrogate for latewood density of high-latitude pine tree
rings. Arct. Antarct. Alpine Res. 34, 450–453.

cCarroll, D., Loader, N.J., Jalkanen, R., Gagen, M.H., Grudd, H., Gunnarson, B.E.,
Kirchhefer, A.J., Friedrich, M.,  Linderholm, H.W., Lindholm, M., Boettger, T., Los,
S.O., Remmele, S., Kononov, Y.M., Yamazaki, Y.H., Young, G.H.F., Zorita, E., 2013.
A 1200-year multiproxy record of tree growth and summer temperature at the
northern pine forest limit of Europe. Holocene 23, 471–484.

elvin, T.M., Briffa, K.R., 2008. A signal-free approach to dendroclimatic standard-
isation. Dendrochronologia 26, 71–86.

sborn, T.J., Briffa, K.R., 2000. Revisiting timescale-dependent reconstruc-
tion  of climate from tree-ring chronologies. Dendrochronologia 18,
9–25.

ark, W.-K., Telewski, F., 1993. Measuring maximum latewood density by image
analysis at the cellular level. Wood Fiber Sci. 25, 326–332.

chweingruber, F.H., Fritts, H.C., Bräker, O.U., Drew, L.G., Schär, E., 1978.
The X-ray technique as applied to dendroclimatology. Tree-Ring Bull. 38,
61–91.

chweingruber, F.H., 1988. Tree Rings-Basics and Applications of Dendrochronology.
Reidel, Dordrecht, pp. 276 pp.

heppard, P.R., Graumlich, L.J., Conkey, L.E., 1996. Reflected-light image analysis of
conifer tree rings for reconstructing climate. Holocene 6, 62–68.

heppard, P., Singavarapu, S., 2006. Solving the magnification irony in microscope-

based reflected light image analysis of conifer tree rings. J. Imaging Sci. Technol.
50,  304–308.

heppard, P.R., Wiedenhoeft, A., 2007. An advancement in removing extraneous
color from wood for low-magnification reflected-light image analysis of conifer
tree  rings. Wood Fiber Sci. 39, 173–183.

http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0005
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0005
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0005
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0005
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0005
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0005
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0005
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0005
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0005
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0005
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0005
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0005
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0005
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0005
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0005
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0005
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0005
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0005
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0005
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0005
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0005
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0005
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0005
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0005
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0005
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0005
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0005
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0005
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0005
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0005
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0005
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0005
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0005
dx.doi.org/10.5194/cpd-9-5227-2013
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0015
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0015
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0015
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0015
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0015
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0015
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0015
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0015
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0015
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0015
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0015
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0015
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0015
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0015
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0015
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0015
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0015
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0015
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0015
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0015
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0020
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0020
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0020
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0020
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0020
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0020
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0020
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0020
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0020
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0020
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0020
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0020
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0020
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0020
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0020
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0020
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0020
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0020
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0020
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0020
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0020
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0020
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0020
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0020
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0020
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0020
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0020
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0025
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0025
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0025
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0025
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0025
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0025
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0025
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0025
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0025
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0025
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0025
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0025
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0025
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0025
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0025
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0025
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0025
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0025
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0025
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0030
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0030
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0030
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0030
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0030
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0030
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0030
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0030
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0030
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0030
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0030
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0030
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0030
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0030
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0030
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0030
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0030
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0030
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0030
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0035
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0035
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0035
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0035
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0035
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0035
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0035
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0035
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0035
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0035
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0035
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0035
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0035
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0035
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0035
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0035
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0035
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0035
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0035
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0035
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0035
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0035
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0035
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0035
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0035
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0035
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0035
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0035
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0035
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0035
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0035
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0035
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0035
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0035
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0035
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0035
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0035
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0035
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0035
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0035
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0035
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0035
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0035
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0035
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0040
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0040
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0040
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0040
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0040
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0040
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0040
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0040
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0040
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0040
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0040
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0040
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0040
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0040
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0040
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0040
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0045
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0045
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0045
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0045
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0045
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0045
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0045
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0045
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0045
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0045
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0045
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0045
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0045
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0045
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0045
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0045
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0050
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0050
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0050
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0050
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0050
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0050
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0050
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0050
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0050
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0050
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0050
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0050
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0050
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0050
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0050
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0050
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0050
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0050
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0050
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0050
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0055
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0055
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0055
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0055
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0055
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0055
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0055
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0055
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0055
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0055
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0055
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0055
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0055
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0055
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0055
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0055
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0055
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0055
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0055
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0055
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0055
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0055
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0055
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0055
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0055
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0055
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0055
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0055
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0060
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0060
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0060
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0060
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0060
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0060
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0060
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0060
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0060
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0060
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0060
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0060
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0060
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0060
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0060
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0060
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0060
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0060
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0060
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0060
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0060
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0060
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0060
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0060
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0060
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0060
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0060
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0065
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0065
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0065
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0065
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0065
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0065
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0065
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0065
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0065
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0065
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0065
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0065
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0065
http://coxsys.se/
http://www.cybis.se/forfun/dendro/helpcoorecorder7/index.htm
http://www.cybis.se/forfun/dendro/helpcoorecorder7/index.htm
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0080
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0080
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0080
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0080
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0080
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0080
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0080
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0080
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0080
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0080
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0080
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0080
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0080
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0080
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0080
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0080
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0080
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0080
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0080
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0080
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0080
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0080
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0085
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0085
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0085
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0085
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0085
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0085
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0085
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0085
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0085
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0085
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0085
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0085
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0085
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0085
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0085
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0085
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0085
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0090
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0090
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0090
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0090
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0090
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0090
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0090
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0090
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0090
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0090
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0090
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0090
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0090
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0090
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0090
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0090
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0090
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0090
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0090
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0090
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0090
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0090
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0090
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0090
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0090
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0090
dx.doi.org/10.1029/2004gl021236
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0100
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0100
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0100
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0100
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0100
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0100
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0100
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0100
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0100
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0100
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0100
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0100
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0105
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0105
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0105
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0105
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0105
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0105
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0105
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0105
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0105
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0105
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0105
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0105
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0105
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0110
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0110
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0110
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0110
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0110
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0110
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0110
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0110
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0110
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0110
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0110
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0110
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0110
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0110
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0110
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0110
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0110
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0110
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0110
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0115
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0115
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0115
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0115
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0115
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0115
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0115
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0115
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0115
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0115
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0115
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0115
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0115
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0115
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0115
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0115
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0115
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0115
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0115
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0115
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0115
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0115
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0115
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0115
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0115
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0120
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0120
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0120
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0120
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0120
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0120
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0120
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0120
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0120
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0120
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0120
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0120
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0120
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0120
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0120
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0120
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0120
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0120
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0120
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0120
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0125
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0125
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0125
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0125
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0125
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0125
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0125
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0125
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0125
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0125
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0125
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0125
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0125
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0125
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0125
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0125
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0125
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0125
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0125
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0125
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0125
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0130
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0130
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0130
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0130
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0130
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0130
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0130
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0130
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0130
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0130
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0130
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0130
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0130
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0130
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0130
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0130
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0130
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0130
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0130
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0135
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0135
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0135
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0135
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0135
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0135
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0135
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0135
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0135
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0135
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0135
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0135
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0135
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0135
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0135
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0135
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0135
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0135
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0135
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0140
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0140
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0140
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0140
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0140
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0140
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0140
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0140
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0140
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0140
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0140
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0140
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0140
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0140
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0140
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0140
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0140
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0140
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0140
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0140
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0145
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0145
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0145
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0145
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0145
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0145
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0145
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0145
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0145
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0145
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0145
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0145
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0145
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0145
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0145
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0145
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0145
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0145
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0145
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0145
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0145
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0145
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0145
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0145
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0145
http://www.cybis.se/forfun/dendro/
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0155
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0155
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0155
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0155
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0155
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0155
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0155
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0155
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0155
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0155
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0155
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0155
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0155
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0155
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0155
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0155
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0155
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0155
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0155
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0160
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0160
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0160
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0160
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0160
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0160
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0160
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0160
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0160
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0160
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0160
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0160
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0160
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0160
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0160
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0160
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0160
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0160
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0160
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0160
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0160
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0165
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0165
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0165
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0165
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0165
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0165
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0165
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0165
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0165
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0165
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0165
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0165
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0165
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0165
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0165
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0165
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0165
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0165
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0165
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0165
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0165
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0165
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0165
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0170
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0170
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0170
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0170
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0170
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0170
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0170
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0170
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0170
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0170
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0170
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0170
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0175
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0175
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0175
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0175
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0175
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0175
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0175
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0175
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0175
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0175
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0175
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0175
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0175
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0175
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0180
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0180
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0180
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0180
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0180
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0180
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0180
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0180
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0180
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0180
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0180
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0180
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0180
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0180
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0180
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0180
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0180
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0180
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0185
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0185
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0185
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0185
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0185
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0185
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0185
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0185
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0185
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0185
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0185
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0185
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0185
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0190
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0190
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0190
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0190
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0190
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0190
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0190
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0190
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0190
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0190
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0190
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0195
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0195
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0195
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0195
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0195
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0195
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0195
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0195
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0195
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0195
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0195
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0195
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0195
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0195
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0195
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0200
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0200
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0200
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0200
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0200
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0200
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0200
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0200
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0200
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0200
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0200
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0200
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0200
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0200
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0200
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0200
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0200
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0200
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0200
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0200
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0200
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0200
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0200
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0205
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0205
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0205
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0205
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0205
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0205
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0205
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0205
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0205
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0205
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0205
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0205
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0205
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0205
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0205
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0205
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0205
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0205
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0205
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0205
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0205
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0205
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0205
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0205


2 hrono

S

T

W

W

W

W

Y
anatomical structure of tree rings. Can. J. Bot. 64, 2896–2902.
04 M. Rydval et al. / Dendroc

tokes, M.A., Smiley, T.L., 1968. An Introduction to Tree-Ring Dating. University of
Chicago Press, Chicago, pp. 95 pp.

ene, A., Tobin, B., Dyckmans, J., Ray, D., Black, K., Nieuwenhuis, M.,  2011. Assessment
of  tree response to drought: validation of a methodology to identify and test
proxies for monitoring past environmental changes in trees. Tree Physiol. 31,
309–322.

ilson, R., Luckman, B., 2003. Dendroclimatic reconstruction of maximum summer
temperatures from upper treeline sites in Interior British Columbia, Canada.

Holocene 13, 851–861.

ilson, R., Loader, N.J., Rydval, M.,  Patton, H., Frith, A., Mills, C.M., Crone, A., Edwards,
C., Larsson, L., Gunnarson, B.E., 2012. Reconstructing holocene climate from tree
rings: the potential for a long chronology from the Scottish Highlands. Holocene
22, 3–11.

Y

logia 32 (2014) 191–204

ilson, R., Rao, R., Rydval, M.,  Wood, C., Larsson, L.-Å., Luckman, B.H., 2014.
Blue intensity for dendroclimatology: the BC blues: a case study from British
Columbia Canada. Holocene (in review).

inDendro, 2013. WinDENDRO: an image analysis system for annual tree-rings
analysis. http://www.regentinstruments.com/assets/windendro about.html
(accessed 4.12.13).

anosky, T.M., Robinove, C.J., 1986. Digital image measurement of the area and
anosky, T.M., Robinove, C.J., Clark, R.G., 1987. Progress in the image analysis of tree
rings. In: Jacoby, G.C., Hornbeck, J.W. (Eds.), Proceedings, International Sympo-
sium on Ecological aspects of Tree-Ring Analysis. National Technical Information
Service, Springfield, Virginia, pp. 658–665.

http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0210
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0210
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0210
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0210
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0210
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0210
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0210
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0210
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0210
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0210
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0210
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0210
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0210
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0215
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0215
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0215
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0215
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0215
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0215
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0215
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0215
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0215
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0215
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0215
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0215
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0215
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0215
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0215
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0215
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0215
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0215
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0215
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0215
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0215
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0215
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0215
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0215
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0215
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0215
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0215
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0215
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0220
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0220
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0220
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0220
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0220
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0220
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0220
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0220
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0220
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0220
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0220
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0220
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0220
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0220
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0220
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0220
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0220
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0220
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0220
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0220
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0225
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0225
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0225
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0225
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0225
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0225
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0225
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0225
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0225
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0225
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0225
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0225
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0225
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0225
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0225
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0225
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0225
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0225
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0225
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0225
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0225
http://www.regentinstruments.com/assets/windendro_about.html
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0240
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0240
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0240
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0240
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0240
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0240
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0240
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0240
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0240
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0240
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0240
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0240
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0240
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0240
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0240
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0240
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0240
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0240
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0240
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0245
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0245
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0245
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0245
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0245
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0245
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0245
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0245
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0245
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0245
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0245
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0245
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0245
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0245
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0245
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0245
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0245
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0245
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0245
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0245
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0245
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0245
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0245
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0245
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0245
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0245
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0245
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0245
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0245
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0245
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0245
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0245
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0245
http://refhub.elsevier.com/S1125-7865(14)00034-4/sbref0245

	Blue intensity for dendroclimatology: Should we have the blues? Experiments from Scotland
	Introduction
	Methodology
	St Andrews preparation and measurement method
	BI measurement experiments
	Window parameter settings
	Acetone immersion experiments
	Ambient and reflected light

	Parameter comparison
	EPS and replication
	BI vs. MXD
	Ethanol vs. acetone
	CooRecorder vs. WinDendro


	Results and discussion
	BI measurement experiments
	Window parameter settings
	Acetone immersion experiments
	Ambient and reflected light

	Parameter comparison
	EPS and replication
	BI vs. MXD
	Ethanol vs. acetone
	CooRecorder vs. WinDendro

	Temperature reconstruction

	Conclusion
	Acknowledgements
	References


