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Designing silvicultural regimes with a structural log 
index

Introduction

Many New Zealand plantation silviculturalists 
are abandoning pruning in favour of structural 
regimes (Figure 1), and we debate whether or not our 
silvicultural regimes will optimize value in the face of 
uncertain future markets. There is at present no easy 
means of comprehensively assessing value likely to 
arise from structural regimes.  

We can improve structural wood properties by 
careful selection of sites, genotypes, and silvicultural 
strategies, but by how much, and are such choices 
optimal?  Growing a clone that is pre-selected for 
good wood properties, on a warm moist site, with 
higher than usual initial stockings will promote 
stiffness and stability, but clones, productive sites, 
and high initial stockings are expensive. Moreover, 
quantifying the gain in quality is problematic and so 
silviculturists do not get appropriate feedback from 
their computer simulations of alternative structural 
regimes. Furthermore, market transactions do not 
fully reflect structural log lumber value.  These 
problems can be addressed by creating a structural 
log index (SLI), similar to our pruned log index (PLI) 
(Park, 1989) but focused on yields of structural grade 
boards from our structural logs rather than clear 
grades from pruned logs.

In this paper I will outline factors known to 
influence desirable wood properties, identify some 
unknowns, list how structural log features are 
measured in current markets, discuss what should be 
included in an SLI, and suggest a research programme 
to create an SLI.

Factors influencing desirable properties of 
structural logs

Marketing structural wood from radiata pine 
plantations is limited by the corewood zone of each 
log, a zone which lacks stiffness and is unstable 
during drying (Harris and Cown, 1991).  While 
basic density is lower in the corewood zone, the 
key factor affecting wood properties in this zone 
is the angle of microfibrils of cellulose within the 
S2 layer relative to the tracheid axis (Walker and 
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We need a structural log index (SLI), similar to Jim Park’s pruned log index (PLI) in order to improve estimates 
of value in the log market, identify existing stands of high quality structural wood, and allow silviculturalists 
to plan structural regimes effectively.  Key components of a structural log index are potential conversion of 
logs to boards, stiffness, and stability during drying.  We can use conversion potential from the PLI for the 
SLI and existing models of branching plus branch index (BIX) can be employed so that large-scale geometry 
is represented.  In addition we need estimates of gradients in cellulose microfibril angle (MFA) across log radii 
because MFA influences stiffness and MFA gradients affect stability during drying.  Gradients can be estimated 
from standing trees using an ultrasonic velocity (USV) core scanner we have developed at the School of Forestry, 
University of Canterbury, and a USV disc scanner can provide higher resolution maps of gradients if required. 
Spiral grain also needs to be included, and our recent results show that this is likely to be relatively unaffected 
by silviculture but may be critically influenced by genotype.  Three datasets from sawing studies are available 
for us to test formulations of the SLI, but no one dataset covers all the required variables and so a new sawing 
study will be required after a pilot study with existing data.  Recent research results support these ideas, and 
developing the SLI will involve balancing complexity with utility.

Figure 1 – Proportion by area of New Zealand’s 
plantation forest that was, or is destined to be, pruned 
versus establishment year. These estimates came from 
a reworking of the National Exotic Forest Description 
database (2011).
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Butterfield, 1996).  Higher microfibril angle (MFA) 
is associated with lower stiffness (measured as 
dynamic modulus of elasticity, MOE) and with greater 
longitudinal shrinkage during drying (Pentoney, 
1953).  Furthermore, high rates of change in MFA 
within this zone mean that different parts of boards 
shrink by different amounts longitudinally, directly 
contributing to instability (Walker and Nakada, 
1999).  The corewood zone has been defined as the 
first 10 rings from the pith of a radiata pine log, but 
this is an approximation of a zone that varies in 
properties with silvicultural, climatic and genetic 
influences.  “Outerwood” is wood beyond this zone.

Much has been learned about corewood properties 
during the last few years, but while there are several 
theories (Mason, 2008), we do not fully understand 
the processes that lead to trees growing low quality 
corewood.  We know that corewood of radiata pine 
grown in warmer regions such as Nelson or Northland 
tends to be stiffer than that grown in colder climates 

(Cown et al., 1991; Watt et al., 2009).  We also 
know that increasing tree stocking tends to improve 
corewood properties; that different genotypes 
produce different qualities of corewood; and that 
genotype and stocking tend not to interact in their 
effects on stiffness and MFA in our experiments 
(i.e.: their effects are additive) (Lasserre et al., 2004; 
Waghorn et al., 2007). 

The bottom 2 m section of the buttlog of a radiata 
pine tree is typically the worst section, while the next 
2 m length is often the best section of the log, as 
shown with data from a Nelder spacing study (Figure 
2).  This means that if we can solve the problem in 
the very base of the buttlog, then we should be able 
to grow more valuable trees in structural regimes, 
and negate the only real advantage of steel: its 
dimensional stability.

Trees grown at high stocking may have met the 
machine stress grade MSG8 within 5-6 cm of the pith 
at breast height in a clonal spacing experiment at 520 
m elevation in Canterbury (Figure 3); a site that we 
would normally expect to produce very low-grade 
structural wood. In contrast, trees at lower stocking 
generally failed to meet the MSG8 benchmark out to 
15 cm from the pith.  Estimates of MOE from acoustic 
time of flight (Figure 4) were found to increase with 
stocking and with clone, and genotype did not 
interact with stocking (Lasserre et al., 2004).

Figure 2.  Relationship between MOE estimated from an 
acoustic resonance device and (a) vertical height for trees 
growing at initial stand densities of 2551 stems ha-1 
(filled circles), 1457 stems ha-1 (open circles), 635 stems 
ha-1 (filled squares), 364 stems ha-1 (open squares), and 
275 stems ha-1 (filled triangles) and (b) vertical height for 
the 870 breed (filled circles), three-year-old cuttings (open 
circles), 268 breed (filled squares), one-year-old cuttings 
(open squares) and 850 breed (filled triangles) (Waghorn 
et al., 2007)
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Figure 3 – MOE versus distance from pith at breast 
height for 11 year old radiata pines grown at Dalethorpe, 
Canterbury, at 520 m above sea level.  The horizontal 
dotted line shows the boundary for machine stress grade 
8 (MSG8).  In this experiment the highly-stocked trees 
had mostly reached this boundary by ring 5, while almost 
all those at low stocking had failed to reach it by ring 8.  
MOE was estimated using X-ray diffraction (Evans, 1998).
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We do not fully understand effects of spacing 
on MOE and MFA gradients.  Competition from 
herbaceous weeds has been shown to decrease MOE 
in some circumstances (Figure 5), while competition 
from shrubby plants or trees generally increases 
MOE in crop trees (Watt et al., 2009).  While small 
ring widths are often considered to be indicators of 
stiff and stable wood, in New Zealand some of the 
stiffest wood and also wood with the highest basic 
density occurs on warm sites (Cown et al., 1991; Watt 
et al., 2009) where tree diameter growth is usually 
most rapid.  Within trees the correlation between 
ring width and structural wood quality often holds, 
but this might be explained by geometry.  Poorer 

wood grows in the corewood zone when diameters 
are small, and a given amount of basal area growth 
around a stem with a small diameter must inevitably 
produce a wider ring than on a large diameter 
stem. Similarly, while high stockings produce both 
better structural wood and smaller ring widths, the 
correlation between the two does not prove a causal 
connection between ring width and structural wood 
properties.  Silvicultural treatments producing trees 
with the lowest MOEs have sometimes been found to 
also have the smallest ring widths (Figure 5).

Slenderness (tree height to diameter ratio) has 
been suggested as a causal of stem MOE (Watt et 
al., 2009), however several experiments have shown 
the reverse or no correlation where factors other 
than woody plant competition have influenced 
slenderness (for example see Figure 5). 

Spiral grain is important for lumber stability 
but it is little understood. Recent, not yet published 
results at the University of Canterbury’s Rolleston 
experiment revealed that spiral grain was unrelated to 
stocking, weed control, wind sway and fertilization.  
It was, however, influenced by tree genotype.

These results may offer us some new alternatives 
for growing structural regimes in New Zealand.  
It seems likely that regimes designed to promote 
structural wood quality might include all or some of 
the following features:

•	 High initial spacing and/or changes in woody 
weed management

•	 Warm, moist sites, already noted for their 
superior structural wood properties

•	 Clones pre-tested for high MOE and low 
spiral grain

Current log grades, however, do not encourage 
New Zealand’s silviculturalists to employ these 
strategies, and our silvicultural simulation models 
do not reflect values that future markets are likely 
to recognize.

Current log grades

Current structural log grades characterize large-
scale log geometry, but hardly address small scale 
wood properties such as MFA, MOE and density at 
all. Our unpruned log markets offer prices that vary 
with log sweep, log small end diameter, and branch 
size.  Swept logs yield lower conversions in a mill and 
are also likely to contain undesirable compression 
wood.  Larger diameter logs yield a greater range of 
board dimensions and also greater conversions to 

Figure 4 – Wood stiffness estimated with an acoustic time of 
flight tool (TreeTap, designed and built by Dr Michael Hayes 
at the University of Canterbury), versus stocking and clone at 
Dalethorpe, Canterbury (Lasserre et al., 2004).
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Figure 5 – Effect of grass competition on MOE of radiata pine, 
estimated using acoustic velocity (Treetap) in an experiment at 
Dunsandel, Canterbury (Mason, unpublished).  Ring widths were 
smallest in the “None” treatment where trees were subjected to 
competition from pasture.
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sawn timber.  Large branches contribute to low MOE 
and also to defect during drying.

A comparison of two silvicultural regimes 
simulated using the Atlas Forecaster modeling system 
illustrates how current log grades can mislead us 
when we design structural regimes.  A site in northern 
Kaingaroa forest was selected, and the first five 
years were simulated using the initial growth model 
(Mason, 2001), then the simulation was continued 
using the 300Index model (Kimberley et al., 2005) 
in Forecaster.  The regimes were designed using 
stand density index as a guide.  Traditionally New 
Zealand silviculturalists have used Penistan’s (1960) 
survival curve for radiata pine as an guide for stocking 
management (Figure 6), but stand density index is a 
more useful approach for structural regimes.

Stand density index is typically employed 
to maintain stockings within 0.35 and 0.55 of 
maximum stand density index, a “sweet zone” where 
productivity is maintained with minimal risk of 
mortality and where frequent thinning can reduce 
risk of windthrow.  The maximum stand density 
index for radiata pine using 254 mm (10 inches) as 
an index dbh tends to be 1200 in the Central North 
Island (J. Moore & E.G. Mason, unpublished data), 
and so regimes with initial stockings of 1000 and 
1800 stems per hectare were designed to track to 
similar yields and piece sizes at a stocking after the 
last thinning of 500 stems/ha (Figure 7).  

A financial comparison of the two regimes using 
current log grades and prices (Figure 8) suggests that 
the lower initial stocking would be more profitable, 
and yet as outlined above, lumber cut from buttlogs 
of the 1800 stems/ha regime would be more valuable 
than that those cut from the 1000 stems/ha regime.  
A simple analysis shows that raising initial stocking 
and adding a second thinning to waste would become 
profitable if either the buttlogs in the 1000 stems/ha 
regime were lowered from current S1 to L1 prices, or 

Figure 6 – Penistan’s (1960) survival curve for radiate 
pine, a typical stocking design for clearwood regimes 
in New Zealand, illustrating the large loss of potential 
volume production that financially optimal clearwood 
regimes exhibit, and two structural regimes simulated for 
initial stockings of 1800 stems/ha and 1000 steams/ha.
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Figure 7 – Trajectories of the two structural regimes 
designed using stand density index as a guide.  The top 
dotted line is at SDI=1200, while the two lower lines show 
0.35 and 0.55 of this index.
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Figure 8 – A financial comparison of the two regimes 
using current log grades and prices suggests that lower 
initial stockings are more profitable, and yet experimental 
evidence shows that the more highly stocked regime would 
yield more valuable structural lumber that current log 
grades fail to account for.
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prices for the 1800 stems/ha buttlogs were raised by 
30%.  Such an analysis would be far more precise if 
we could attach prices to logs graded by an SLI.

Mill owners are beginning to recognize log 
velocity measured through resonance velocity (with 
a “Hitman” device) as an indicator of structural log 
quality.  For instance, Nelson Pine International 
Ltd. currently requires all purchased logs to have 
a resonance velocity greater than 3.1 km/s.  This 
requirement is appropriate for a laminated veneer 
lumber plant where stability during drying is not an 
issue.  The forecaster simulations described above 
yielded virtually identical final buttlog velocities for 
the two regimes at 1000 and 1800 stems/ha initial 
stockings, and experimental evidence described above 
suggests that this is incorrect.  In lumber mills velocity 
alone may be inadequate as a predictor of stability 
during drying, however, and so an SLI would be a 
better target for silviculturalists.

An SLI can promote optimal structural regimes, 
and also ensure that both millers and growers receive 
appropriate values in log markets.  As we learn 
more about causes of structural log features we shall 
increasingly predict SLI values, just as PLI is predicted 
in some of today’s growth and yield models, but in 
the interim we can measure SLI variables in surveys 
of stands or logs.  The SLI should employ feasible 
measurements of both large-scale and small scale log 
features that contribute to sawn lumber value.

What do we need in an SLI?

The value of a log destined for structural wood 
products is likely to increase with:

1. Conversion.  Conversion diminishes as a 
function of decreasing small end diameter 
and sweep.  It also differs between mills.  PLI’s 
“conversion potential” takes these factors 
into account and can be used directly in an 
SLI.

2. Stiffness.  Stiffness varies throughout a tree, 
and so average log velocity, while a candidate 
indicator, may not be as strongly related to 
value as a characterisation of the variation in 
MOE within a log; the radial MOE gradient 
and its change along the length of a log.  MFA 
gradient is a good surrogate for MOE in the 
corewood zone, and this can be estimated 
using ultrasonic velocities within discs or 
increment core samples.

3. Stability during drying.  Stability is influenced 
by the distribution of MFA, which influences 
the extent of shrinkage in all three cardinal 

directions, but most importantly by 
longitudinal shrinkage which increases with 
MFA.  If longitudinal shrinkage is markedly 
different across the width of a board then the 
board will deform.  Radial gradients in MFA 
are therefore critical measurements for an 
SLI.  Spiral grain also influences stability, and 
so a measure of this feature would improve 
the SLI.

Variables in the SLI must be measureable.  We 
can estimate conversion potential with standard 
measurements of small end diameter, ellipticity 
and sweep.  Branching can be measured as either 
maximum branch, as at present, or branch index.  
MFA gradients can be measured using a new scanner 
developed at the University of Canterbury.  This 
scanner measures longitudinal ultrasonic velocity in 
either discs or increment cores, and these values are 
strongly correlated with estimates of MFA derived 
from much more expensive x-ray diffraction (Figure 
9). 

Developing an SLI

In order to develop an SLI we need a comprehensive 
mill study that measures the right variables. I know 
of three recent mill studies that together might yield 
a draft version of the SLI, but none of the three 
included all the measurements of log features, lumber 
grade outturn and lumber stability that we need.  

The SLI should be capable of delivering estimates 
of percentages of structural lumber grades, as well as 
value, just as PLI can deliver percentage of clears or 
log value. Structural properties are more complicated 

Figure 9 – Ring mean MFA estimated by X-ray diffraction 
(Evans, 1998) versus ultrasonic velocity measured on the 
University of Canterbury’s scanner (Mason & Sialumba, 
unpublished data)
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than clearwood ones, and so we may need to adopt an 
index that is partly a simulation of outturn.  Lumber 
grades may change and the SLI should be capable of 
adapting to new lumber grading standards.  However, 
as the SLI becomes more of a simulation and more 
adaptable, so its complexity will increase.  Developing 
the SLI therefore implies balancing complexity with 
utility, adaptability with feasibility, and finding a 
level of complexity that reflects our understanding 
but still allows for future changes will be important.

Conclusion

Foresters who pruned during the 1960s were 
acting from faith that future markets would recognize 
the value of clear grades of radiata pine. They were 
willing to invest more in their forest estates in the 
expectation that this investment would yield a 
valuable return. It was not until the 1980s that we 
developed simulation tools required to scientifically 
design clearwood silvicultural regimes and the late 
80s saw the development of an index of pruned log 
value that makes such regime design easy.

Many foresters adopting structural regimes today 
show little faith that future markets will reward them 
for investing in quality.  They use cheap tree stocks 
and low initial stockings in what is clearly an exercise 
in cost minimization.  It is time to develop an SLI so 
that investing in forest quality requires rationality 
rather than faith.
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