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ARE MODELS THE ANSWER?
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Abstract. This note gives a short discussion about using models with or without correction by field
measurements in forest inventory. While modelling with LiDAR may be tempting, the author would argue
that these inherently limited models are best used for their ability to distribute overall totals after the fact,
or to assist a more general unbiased inventory approach using models as an initial estimate.
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The Discussion

I think not. This is particularly the case with LiDAR,
and it will probably be the case with the next remote
sensing method that comes along. I clearly remember
a recent response from a friend when I asked how they
measured growth in his country. His response was “we
don’t measure growth – we model it”. Measurement,
you see, is so messy. It involves not only field work,
weather and variability - but time, expense, and pain.
Models offer such precision and comfort in comparison to
the messy processes of sampling and measurement. We
already hear talk around the coffee pots at conferences
about “virtual timber cruises” to be made up of odd bits
of data combined in some way in order to avoid ventur-
ing into the forest, as if our forests were the dangerous
void of space. The fact that these synthetic processes
are almost indecipherable only seems to add to the an-
ticipation of their potential performance.

There is, of course, no option to modeling when it
comes to some situations. For combinations were we
have no evidence, and no option for verification, models
are an obvious choice, and a good one if their potential
error is reasonably assessed. Some silviculture combi-
nations are a clear example of this. Interpolation is a
modeling strength, extrapolation is generally its weak-
ness.

The recent rise of LiDAR is a modeling case of in-
terest, and a method likely to fail for quite some time
before it becomes thoughtful. New technology often does
this. GIS technology is an example of many years being
spent before someone came to their senses, stopped “do-
ing GIS” and started “displaying and analyzing data”.

At present, the halls of upper management seem filled
with people who want do “do LiDAR” rather than do-
ing forest inventory. The fact that enormous numbers of
data points are used, manipulated by algorithms (often
unknown, indecipherable or proprietary), seems to indi-
cate that the true experts in the process must be contrac-
tors who “do LiDAR” on the bankroll of the company.
No amount of failure or budget overrun is considered
an example of a mistake in this approach. Unpublished
failures can certainly be found, many struggling to look
like a success.

LiDAR, of course, is a wonderful opportunity, just as
any of the remote sensing methods might be. The com-
plete coverage it offers, along with automatic computer
processing and engineering applications on the side, is
very appealing and essentially a new opportunity. It
cannot, however, measure forests. It takes no depth of
thought to determine this. Regardless of this fact, reams
of data are often collected, on large fixed plots, in ques-
tionable locations from a sampling point of view, in order
to produce a “model” to apply to the remaining LiDAR
data in the forest.

The problems of over-fitting and the inadequacy of
this data to produce the wide range of results needed by
a forest inventory are ignored. Often, so many of these
plots are produced to “calibrate the LiDAR model” that
they would provide a reasonably good overall answer by
themselves. In such cases, the forest inventory total will
change very little. What, then, is the advantage of Li-
DAR? Certainly it must be in solving the most perti-
nent issue of the last half a century – not “how much
do you have”, but “where is it”. Better location of the
total resource has been the practical problem for many
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decades in forest inventory, but it is seldom indicated in
sample statistics or addressed in the nearly unreadable
papers produced by biometrics specialists. Getting total
volume has not been the essential issue for many years.
Distribution is.

Model calibration errors, as well as sampling errors,
become biases when a model is applied directly. This
is often forgotten by modelers, and unknown to many
model users. The usual model applied to a set of data
(LiDAR and otherwise) is filled with assumptions, and
that can also be true with many of the measurements
used to calibrate it. If these issues are brought out in
court, the numbers of assumptions and faith-filled as-
surances that they “probably will not matter” might be
enough to convince a court that people who rely on these
models fall into the realm of true believers, and might
not be thought of as having much depth.

There is a way to overcome this problem. There is a
great deal of preparatory work in making a model where
the outcome of its application depends upon it being un-
biased. This can be replaced by a sampling process that
is unbiased and corrects a flawed model which simply
assists in the inventory process. I am avoiding the use
of “model dependant” and “model assisted” as terms be-
cause they are so impenetrable, if not muddled, in the
current literature.

The current sequence used by so many inven-
tories [data/model/application] is perhaps not the
best approach. Only decades of failure will prove
this, but not everyone has missed the idea of
[data?/model/application/correction] where the ques-
tionable model is applied over the landscape in the hope
of a good relative distribution, and then corrected by
sampling to eliminate the biases of the model. New data
may not be needed to support an initial model. Why,
after all, should the adjacent valley be essentially differ-
ent and require a new set of data to calibrate the LiDAR
data? Should the previous model not apply? Perhaps
not, if it included serious overfitting.

Gathering a new set of data each time will disguise
the overfitting, but not eliminate any biases it creates.
It is a small change, but an important one, to shift the
serious data gathering to the end of the process. That
lets LiDAR have free reign to make correlated estimates
with no necessity for precision or unbiasedness. LiDAR
can then do what is needed most, and perhaps what it
is best suited for – the distribution of volumes, species,
and other items across the landscape. The idea of all
stands in a strata having the same description is long
outdated, and with the advantages of LiDAR it is not
necessary to have the same density inside a stand.

In my opinion, the best role of LiDAR is not “what
do we have”, but “where is it located”. In many cases,
we already have a more than adequate inventory total

– but LiDAR and other data could much improve the
distribution of such an unbiased total. Accuracy is not
necessary in LiDAR predictions to get the full benefit
of the largest advantages of LiDAR – full coverage, au-
tomatic processing, and positioning on the landscape.
These are practically new to the remote sensing world,
and a great advantage to forest inventory. Sampling
theory has lots of ways to measure and correct initial es-
timates. Good estimates from the model would greatly
improve the sampling error, of course. Additional esti-
mates can be provided by other means for many stand
variables, rather than a LiDAR model produced from
calibration plots.

I personally believe that LiDAR will be widely and
cheaply available in the near future. For one reason, the
engineering aspects are certainly more valuable than air
photos, which are widely available at present. Use of
the technology in self-driving cars and archeology appli-
cations will drive the cost down very rapidly. I believe
that the vertical data alone is not the critical advantage,
but rather the highly automated and very complete na-
ture of the process. Forestry is a sideline for LiDAR,
and we do not seem to have been thoughtful about the
overall application of this powerful technology. If Li-
DAR “lumps” that might be trees (or clusters of them)
can be accurately located in the field for measurement,
something like Sorted List Sampling offers real poten-
tial, and the mapping aspect of the process for trees or
clumps has great potential on its own.

There are, of course, similarities to other processes in
forestry where we have failed to apply this opportunity.
When we do check cruising, are the initial results ad-
justed by the check cruise results? Why not? Are the
forest model predictions for large areas adjusted by the
periodic measurement of the forests with temporary or
permanent sample plots? How often do we hear about
such comparisons?

British Columbia has built a correction system into
their tree volume equations. Questionable sources and
treatments of data were used to produce the “tree ta-
per model” equations years ago. An actual sample of
trees across the Provincial land base is gathered to check
these volume equations, so corrections can be applied
when necessary; including to sub-regions where the over-
all equations cannot be expected to apply directly. The
basic tree form geometric model, as an estimate, does an
excellent job overall and can be made unbiased by a few
actual and careful measurements from a real sample.

Such an approach has only one consistent criticism.
“Don’t the small number of measurements for the cor-
rection process increase the variance?”. The answer is
simple. “Not if you don’t choose to recognize it” is the
baited reply. When the predictable reaction of “well you
simply must consider that” is given, the response is “I
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suppose so – how do you include the variability and bias
from your old tree volume equation in your current sam-
pling process?”.

Models as estimates make great sense. If they are rea-
sonable, they also provide better efficiency to a sampling
process that will correct the biases that assumptions and
other errors cause. Models as the assumed truth are of-
ten not necessary, seldom wise, and full of problems that

are easily removed by a sample after the model is used
as an estimate. LiDAR is a good current example of
this issue. Distribution of inventory results over the land
base is important, even if it produces no direct informa-
tion about the total to be distributed. I believe that
the progress of sampling methods over the last several
decades has a clear central message –sample to correct
an initial estimate – not to create a model. Those who
are trying to do it that way need more company.
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