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A B S T R A C T   

Blue Intensity (BI) is coming of age in dendrochronology, although some methodological challenges still need 
resolution. In the last 20 years, 59 papers have been published focussing mainly on climatological based studies, 
although BI has also been shown to be useful both for historical dating and dendroecological studies. This short 
paper briefly reviews the BI method development of the last two decades and introduces a new collaborative 
initiative called I-BIND (International Blue Intensity Network Development Working Group), which is supported 
by the Association of Tree-Ring Research. The main aims of I-BIND are to promote continued methodological 
development, communicate best practice via workshops, encourage the development of BI data networks to 
enhance both dendroclimatology and dendro-historical dating, and to create a rich environment in which 
innovative and novel initiatives can be explored and discussed.   

1. Introduction 

Since the seminal paper of McCarroll et al. (2002), Blue Intensity (BI) 
is now slowly entering a mature phase of common usage within the 
dendrochronological community. In its most commonly used form, the 
method measures the intensity of the reflectance of blue light from the 
wood of scanned conifer samples so that a dark (dense) latewood would 
result in low reflectance values. Latewood minimum blue reflectance, in 
its raw form, measures similar wood properties to maximum latewood 
density (hereafter MXD) but is inversely correlated with it, but both 
provide similar proxy estimates of relative latewood density. To ensure 
the consistent processing (i.e. detrending) of MXD and blue reflectance 
data, Rydval et al. (2014) proposed the straightforward inversion of raw 
blue reflectance values. Although termed initially as Blue Reflectance 
(McCarroll et al., 2002; Babst et al., 2009), the inverted values of blue 
reflectance are now widely referred to as Blue Intensity (BI). There are 
two competing explanations for the physical and biological processes 
that drive BI variability. McCarroll et al. (2002) suggested that BI is 
related to the lignin content of latewood cell walls, whereas Björklund 
et al. (2021) proposed that BI represents the functional anatomical 
density - thus the cell wall thickness and the cell size are the crucial 
elements while the compounds in the cell walls are effectively insig-
nificant. Most studies that have directly compared MXD and latewood BI 
(hereafter LWB), from conifers expressing no obvious heartwood/sap-
wood colour transition, show little difference in both climate response 

(Kaczka et al., 2018) and long-term trends when the data are similarly 
detrended (Wilson et al., 2014; Ljungqvist et al., 2020). As well as LWB, 
the maximum BI values of the earlywood (hereafter EWB) can also be 
measured providing a similar wood property proxy to minimum early-
wood density (MND). MND and EWB have rarely been used in den-
droclimatology, but some studies have shown substantial potential for 
this parameter for dendroclimatology (Björklund et al. 2017; Buckley 
et al., 2018; Blake et al., 2020; Cao et al., 2020; Wilson et al., 2021). For 
species with a strong heartwood/sapwood colour change, subtracting 
the EWB data from LWB creates a new variable called Delta Blue In-
tensity (DB - Björklund et al., 2014) which has been shown, for some 
species, to be a significant methodological improvement to correct for 
non-climatic colour change related biases (Björklund et al., 2014, 2015; 
Wilson et al., 2017a; Fuentes et al., 2018; Reid and Wilson, 2020; Wang 
et al. 2020). 

A brief review of 59 published BI studies provides an interesting 
overview of the development of BI as a tool for tree-ring research 
(Table S1). Although early research exploring the use of image analysis 
methods to provide surrogate measures for density-related parameters 
were promising (Yanosky and Robinove (1986); Yanosky et al. (1987); 
Sheppard et al. (1996)), it was McCarroll et al. (2002) who finally 
detailed the substantial potential of BI for dendroclimatology. In fact, 
McCarroll et al. (2002) have been the only group who tested different 
parts of the reflected light spectrum, both visible and UV, as surrogate 
parameters for X-ray densitometry. Together with Campbell et al. (2007; 
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2011), these early studies clearly showed the potential of using BI as a 
summer temperature proxy. Based on this early work using Scots pine, it 
is not a surprise that 49 % of BI studies have since focussed on Scots pine 
(Pinus Sylvestris L.), with 32 % of these studies from Scandinavia (Fig. 1). 
Scots pine was the initial focus for BI experimentation (McCarroll et al., 
2002; Björklund et al., 2014, 2019, 2021; Rydval et al., 2014; Wilson 
et al., 2012), but Engelmann spruce (Picea engelmannii) and Norway 
spruce (Picea abies (L.) Karst) were also important in the formative years 
leading to the current accepted BI methodologies (Babst et al., 2009; 
Wilson et al., 2014; Österreicher et al., 2015). BI has since been suc-
cessfully tested on 21 coniferous species in Europe, North America, Asia 
and Australasia (Table S1). Similar to studies using MXD, BI has been 
employed almost exclusively as a warm season temperature proxy. 

The existence of x-ray measurements additionally helped to improve 
the understanding of BI, solidifying the notion that BI can be employed 
as a stand-alone tree-ring parameter. The constant effort to improve the 
understanding of both the biological and physical principals behind BI is 
continuing by a growing number of labs experimenting with these pa-
rameters which is reflected in a steady growth of publications dedicated 
fully or partially to such improvements (Shepard et al. 1996; McCarroll 
et al., 2002; Campbell et al., 2007, 2011; Babst et al., 2009; Rydval et al., 
2014; Wilson et al., 2014; Björklund et al., 2014; Kaczka et al., 2018; 
Björklund et al., 2019; Reid and Wilson, 2020; Björklund et al., 2020; 
Wang et al., 2020b; Frank and Nicolussi, 2020; Wilson et al., 2021). The 
development of new tools, especially the incorporation of BI measure-
ment into standard tree-ring software packages such as Windendro 
(Regent Instruments, Canada), Cdendro & CooRecorder (Cybis Elek-
tronik & Data AB, Sweden), and LignoVision (Rinntech-Metriwerk 
GmbH & Co. KG Germany) as well as BI focussed workshops associated 
with conferences such as TRACE (2018, 2019, 2021) and WorldDendro 
(2018), have helped to propagate the method to the wider dendro-
chronological community. More and more papers are being published 
that detail direct exploration of BI data (as well as tree-ring width) and 
since the second half of 2010s, a >60 % increase in BI focused papers is 
noted (Fig. 1). Such studies have substantially improved our under-
standing of tree-growth/climate response for multiple species and lo-
cations. This review also highlights the advantage that BI has over other 
wood properties parameters, like density and quantitative wood anat-
omy, in that more data can be produced in a substantially shorter period 
of time, leading to the development of regional networks, a trend which 
has increased substantially in recent years (Rydval et al. 2016; Wilson 
et al., 2014, 2019, 2021; Janecka et al., 2020; Seftigen et al., 2020; Wang 
et al., 2020a; Harley et al., 2020). Interestingly, in the last two decades, 
only a handful of studies using BI were dedicated to topics other than 
growth-climate response or/and climate reconstruction. Wilson et al. 
(2017) and Mills et al. (2017) used LWB, measured from Scots pine in 

Scotland, to demonstrate that BI could be employed to enhance dating 
and provenancing of historical wood. Further evidence detailing the 
potential of LWB to improve historical dating has been presented by an 
expanding number of groups (Spyt et al. 2016; Myglan et al., 2018; 
Akhmetzyanov et al., 2020). A dendroecological study assessing the 
effect of the larch bud moth revealed that the defoliation of European 
larch is better registered by BI than tree-ring widths (Arbellay et al., 
2018). These rare non-climate related studies clearly detail the potential 
of BI in research areas other than dendroclimatology. 

The measurement of BI parameters is especially attractive to the 
dendrochronological community because, compared to standard 
methods for measuring wood density and wood anatomical properties, 
BI data generation is relatively easy, quick, and cheap. This makes BI 
data an affordable option to almost any laboratory. The potential of BI 
data therefore revolves around the fact that it is a tree-ring parameter 
(like ring-width) for the masses and is not constrained to be measured by 
only a few laboratories with specialised equipment. The downside, 
however, is that BI data are not problem free, and the potential of data 
misuse is substantial. BI parameters have clearly been useful in many 
dendroclimatological studies (Campbell et al., 2007, 2011; Helama 
et al., 2013; McCarroll et al., 2013; Rydval et al., 2014, 2017a, 2017b, 
2018a, 2018b; Björklund et al., 2014, 2015; Wilson et al., 2012, 2014, 
2017a, 2019; Linderholm et al., 2015; Österreicher et al., 2015; Babst 
et al., 2016; Brookhouse and Graham, 2016; Dannenberg and Wise, 
2016; Dolgova, 2016; Fuentes et al., 2016; Wilson et al., 2016; Arbellay 
et al., 2018; Buckley et al., 2018; Buras et al., 2018; Anchukaitis et al., 
2017; Fuentes et al., 2018; Kaczka et al., 2018; Wiles et al., 2019; Blake 
et al., 2020; Schwab et al., 2018; Kaczka et al., 2017; Heeter et al., 2020; 
Heeter et al., 2019; Nagavciuc et al., 2019; Piermattei et al., 2020; Reid 
and Wilson, 2020; Seftigen et al., 2020; Tsvetanov et al., 2020; Wilson 
et al., 2021). However, despite many of these studies presenting cali-
bration results at least as strong as those often found using MXD, such 
reflectance-based measures are liable to substantial potential bias due to 
non-climatic related discoloration of the samples and caution is needed 
in sample and data processing (Björklund et al., 2014). The potential 
impact on long term trends that could theoretically be extracted from BI 
based records is profound. In this regard therefore, the utilisation of BI is 
still very much in an early stage and methods for overcoming these is-
sues are not yet fully realised although several studies have shown that 
these biases can be overcome (Björklund et al., 2015; Rydval et al., 
2017a, 2017b; Wilson et al., 2017a; Fuentes et al., 2018; Reid and 
Wilson, 2020; Wang et al. 2020). A coordinated initiative to ensure 
continued methodological development and communication of best 
practise is needed. 

Fig. 1. Blue Intensity publications between 2002 and 2020: a) geographical location of the studies; b) the percentage of employed conifer species; c) number of the 
publications, locations and species over time (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of 
this article). 
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2. I-BIND - international blue intensity network development 
working group 

Methodological improvement is paramount for the continued utility 
of BI for dendrochronology. Currently, standard high-resolution scanner 
systems are used to capture images (1200–3200 DPI resolution) from 
conifer samples, from which ring-width and BI data are measured using 
a range of software packages (CooRecorder, WinDendro, LignoVision 
etc). However, scanned image quality is rarely good enough to robustly 
capture micro-rings of one or two cells thickness and it is now well 
known that the quality of both MXD and LWB potentially suffers, if rings 
are narrow, when using lower resolution approaches (Björklund et al., 
2019). High-resolution camera-based systems may well be the next 
methodological step to improve image resolution and BI data quality, 
but substantial methodological experimentation is still needed to derive 
an optimal resolution (i.e. too high is also not ideal) with associated 
image colour calibration. Moreover, image analysis programs need to be 
improved to capitalize on the information that can be extracted from 
high-resolution images. 

Although substantial success has been noted when using the DB 
parameter to overcome colour related non-climatic trend biases 
(Björklund et al., 2014, 2015; Wilson et al., 2017a; Fuentes et al., 2018; 
Blake et al., 2020; Reid and Wilson, 2020; Wang et al. 2020) or 
band-pass approaches (Rydval et al., 2017a, 2017b), sample dis-
colouration still provides perhaps the greatest challenge to the uti-
lisation of BI data and it is likely that true unbiased estimates of relative 
wood density may only be derived from wood anatomical approaches 
(Björklund et al., 2020). The challenge for the dendrochronological 
community is to continue experimenting with BI data, ideally in 
conjunction with MXD and/or wood anatomical data to finalise a robust 
methodology that is available and affordable to all. 

Finally, despite its strong climate signal, MXD has never been used 
for historical dating. The ease of BI generation, and the similarity of this 
variable to capture a strong inter-annual climate signal and minimise 
site specific disturbance effects (Rydval et al., 2018a), could potentially 
lead to a revolution in BI based historical dating (Wilson et al., 2017b). 
Further, MXD data have rarely been measured from low elevation sites 
where moisture limitation may be the primary control on growth (Rocha 
et al., 2020; Seftigen et al., 2020) but where much of the source timber 
material could come from for historical structures. With relative ease, BI 
data could be measured from living and historical samples from both 
low and high elevations and across multiple conifer species to create a 
new rich dataset for climatology and historical dating (and associated 
provenancing). The continued development of the BI method as a 
coherent and fully reliable scientific tool and the creation of regional 
networks is therefore vital for both dendroclimatology and historical 
dating. However, success can only be facilitated by a more coordinated 
collaboration between laboratories. 

With these issues in mind, and with the support of the Association of 
Tree-Ring Research, we have created the I-BIND (International Blue 
Intensity Network Development) Working Group which has the 
following aims:  

1 To promote the methods of BI generation for Tree-Ring Laboratories 
around the globe and encourage labs to embrace the method and 
ensure best practise.  

2 To encourage the further development of the BI methodology 
through workshops and collaboration 

3 To encourage collaboration for the creation of regional (e.g. Euro-
pean, Africa, South, North America, Asia and Australasian etc.) 
networks of BI chronologies – not just from temperature limited 
treeline locations, but also from more moisture stressed limited sites 
at low elevations/latitudes.  

4 To explore the utilisation of BI for historical dating and dendro- 
provenancing.  

5 To test innovative and novel initiatives (e.g. application of BI on 
broadleaf species, further exploration of new species etc.). 

An initial start-up meeting of the I-BIND Working Group and an 
associated workshop took place as part of the 2021 “virtual” TRACE 
conference (June 14–18). Follow up Workshops and meetings will occur 
annually and will run in conjunction with the Q-NETA (Quantitative 
wood anatomy) Working Group. Both initiatives essentially focus on the 
measurement of similar wood properties and collaboration between 
both will hopefully lead to common protocols for maximising efficient 
wood property measurement for dendrochronology. 
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