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Thereis aperception that most growth modelli ng
problems have been solved and that there are now
satisfadory redpes. However, complacency with
current orthodoxy can/should be dhallenged. Thereis
still much to be dore (after al, I'm paid for that!)
Even for “simple’ stands.

| shall question some of our present pradices and
asumptions, mostly around these threethemes. More
guestions than answers for now.

Misunderstandings and unnecessary controversy from
faili ng to distinguish dfferent modelli ng objedives.



Management Decision-making

= Prediction
= Precision
= Controllable variables
= Match:
Available input info
Required output info

Scientific Research

“Pri models” W MUCH LONGER ARE
" 0065? . o S, ) ?oau GOING To BE INTHAT
= Mechanistic, realistic BATH, ARCHIMEDES?
m Detailed
= Qualitative behavior

= Generate questions

Science vs. Technology
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Journal of
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“Science” used to be seen with suspicionin relationto
“Pradice”. The situation has been reversed in the |ast
decale or two.

Grants can be obtained if one can prove that the
research won't have ay pradicd use whatsoever. “If
it isuseful, it shoud be funded by Induwstry”. But a
company only funds work on groblems gedfictoit,
or resultsthat could be appropriated. Not research that
would raise the efficiency of the whole forestry sector.
Worldwide, applied forest reseach has fallen through
the aacks.

Few outlets for applied forest research. To (some?)
forest reseach journals only “scientific” results
(p-value computations?) are acceptable, “techndogy”
isnat.

Limits also to techndogicd reseach in generdl
journals addressed to practiti oners?



“Applied Forestry”. Think about it!
Science vs. Technology Don't know exadly what the other kind o Forestry is,
but will be talking here abou the goplied sort.

N,S, W, E

Journal of

“Traditional” growth models these days project tree
Prediction level values, with or without coordinates (e.g., tree
[ ———— - Ii gs)

Reliableinfo at the tree level israrely avail able.
Prediction Decent estimates from operational forest inventory
L | Tl || may be expeded orly for stand level aggregates (e.g.

basal areg stand density, top height).
Treelist generation or other techniques are used to
fake theinitial condtions required by the growth

_ -




Prediction

Complexity, Resolution Level

Often projections are summarized for decision-
making.

An (unfashionable) aternative is to attempt projecting
directly the information available.

More difficult to enforce plausible behaviour in stand-
level models.

Plausible but wrong more dangerous than obviously
wrong?

Y es, we do not know how to make good stand-level
models for uneven-aged and multi-species stands

(vet!)

Theworld iscomplicated. No limit to the level of
detail that can be included in amode.



Complexity, Resolution Level

“Model at one level of detail below the level
desired for prediction”

Complexity, Resolution Level

“Model at one level of detail Lciow the level
desircd jor prediction”

= Understanding: Two levels higher?

= Prediction: Same level

Complexity, Resolution Level

“Model at one level of detail ciow the level
desircd jor prediction”

= Understanding: Two levels higher?

= Prediction: Same level

Links

Statement in arecent forest growth modelli ng state-of -
the-art address Today’ s consensus?

(Semantic nitpicking: “below” or “abowve’?)

Sounds good.

Disagree, at least for deasion-making.

Maybe for research models, athough more detalil
might be desirable (what exadly dowe mean by level
of detail ?)

For decision-making, in fields other than Forestry
(Management Science, Control Theory, etc.) it iswell
establi shed that redundancy shoud be minimized. A
model shoud conred as diredly as passble adionsto
consequences.

Desirable to establi sh li nks between models at
different levels. Benefitsin bah dredions:

To incorporate scientific knowledge into management
models.

To study higher-level emergent properties that escgpe
to the reductionist approach.
Two ways.

Empiricd fitting of simple models to complex
models.

Mathematicd relationships between models at
different levels.



Growth Drivers

Av = f(age, dbh, site) ?

Growth Drivers

Av = f( , dbh, ) ?
height

Growth Drivers

Av = f(height, dbh)

Growth driven by stem thickness?

Empiricd models work fine in many situations.

For extrapalation, a more medhanistic basis might be
desirable. Can use knowledge from more detail ed
research models.

To predict tree or stand gowth, which are the
variables that first spring to mind?

Many foresters/modell ers would probably think of
those @owve.

First, while saying “age” oneis probably thinking
“size”. Age, as elapsed time, does not have aphysicd
presence in the stand (other than as number of growth
rings), so it shoud na have acausal effed. Itis sze
that matters

Not much differencein pradice, because of the dose
relationship between age, height and site. But cleaner,
more logical, to use height instead.

Deding with a particular stand, site may be omitted to
simplify notation (usually taken as constant).

How does the anount of dead xylem accumulated on
the stem aff ect treegrowth?

There may be some extreme limiti ng relationships,
related to medhanicd support.

But normally it shoud belargely irrelevant.



Growth Drivers

Av = f(height, dbh)
Growth driven by stem thickness??

Av = f(height, resources captured)

TASS

Mitchell 1975

Rather, growth shoud depend onthe anourt of
resources intercepted by the treeor stand: light, water,
nutrients.

May be predicted from the amourt of foliage, etc.

The only diameter-free growth model in use?
Treestem volume increment predicted from amount of
foliage and height.

It isthen dstributed along the stem according to
Presder’s Law.

(Foaotnote: Presder’s 1864 modd isaso known asthe
pipe model theory, after its re-discovery by Japanese
scientistsin the 1960s. Itsessentias can be traced
bad to Leonardo daVinci)

In fad, the increment is closely related to just the
crown projection and tree height.

1975model for Coastal Douglas-fir. Versionsfor
other spedes later.

Because of complexity and state information
requirements, TASSisrarely used drectly for forest
management. However, yield tables generated by
TASSand accessed through a program cdled TIPSY
are widely used in Briti sh Columbia.



Stand-level

NI ER GR N
AN/ AH = g(H, N, C)
AC/AH = h(H, N, C)

Just to prove apoint, a stand-level model called
TADAM closely approximated all the planted
Douglas-fir TASSyield tablesfrom TIPSY.

TADAM isentirely empiricd, using as gate variables
top height, stems per hectare and basal area(H,N,B).
Goodenough for most pradicd purposes. But if
pushed too far, might break. Like self-thinning lines
and stand density management diagrams, which work
fine for the unmanaged stand cata on which they are
usually based, bu fail miserably under thinning.

A more medhanistic diameter-freeTASS
approximationisin the works, using crown cover %
(C) asan additional variable.

TIPSY (and TADAM, and the new model) uses
Eichhan’s Law, implying that increments relative to
top height increment are independent of site. Not
esential, bu smplifiesthings alittl e.

Following TASS stand vdume increment (relative to
H) varieswith H, N, andC. No B, V or D!

Similarly mortality.

Neel also an equationfor C. For theinitial crown
closure process andits reavery after thinning.

I’ll show only crown cover.

TASSsimulations (in TIPSY yield tables) of crown
cover for planted lodgepole pine.

Unthinned, pre-commercially thinned, and
commercialy thinned stands.



Stochastic Models

= Convenient for the modeller [&§ 7 EQ >
= Variability info?
= In practice, single realization )

Gross Increment

Model predictions (green), from initial point of each
yield table.

Actuadly, differential equations are used instead of the
finite increments shown before.

Degree of approximation limited by randam
fluctuationsin the simulations (TASSis astochastic
model).

Same for TADAM.

Randamnessmore naticeable for volume/basal area,
and espedally mortality.

Easier to model mortality with stochastic models, for
instance

“Nature is variable; we shoud provide the dedsion-
maker with full range of possble outputs”
Operationally, just one model runis normally used.
Some simulators have the randam numbers seed
hardwired, nd to confuse the user.

A deterministic model does not imply a deterministic
world. May represent an average or most likely
outcome.

Most likely outcome (and perhaps ome rough ideaof
variability) is all that users want and rneed?

Example: gross $and vdume increment (relative to H
increment) in TIPSY Douglas-fir yield tables.

One simulation for each treament, presumably with
the same random seed.



Should at least average a number of simulations?

Stochastic Models

Convenient for the modeller &3 7 07)
Variability info? ‘

In practice, single realization Jf#rszs
Worse of both worlds?

Hand waving. Some pointers to more in website.

Mind the Users! Hope more than expectation: afew researchersin new
generation might escape measuring success by number
of publications, and tackle some Applied Forestry?
Conclusion: We are not there yet...

web.unbc.ca/~garcia




