Evaluating A Model To Predict Timber Harvesting In Austria
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Abstract—Between 1981 and 1985, the Austrian National Forest Inventory (ANF)
established a set of 5,500 clusters, each with four permanent plots, covering all
Austrian forests. After the first remeasurement between 1986 and 1990, models were
developed to predict tree growth, mortality, and the behavior of forest awners in
harvesting timber. A set of logistic equations describes the probability of a given
stand exhibiting intermediate harvesting, single-tree selection, or final clearcutting.
The independent variables were partly continuous and partly categorial, describing
(1) regional units such as provinces, (2) types of ownership (groups of ownership
sizes), (3) site factors (elevation and slope), and (4) stand characteristics (species
mixture, density, mean diameter). The removal in the plots is given by five relative
dbh classes. These removal percentages differ by elevation, harvesting categories,
and tree species groups. A forecast of timber harvests in their spatial arrangement
over Austria in the following four 5-year pertods was made available to the public on
a compact disk. In 1997, data from the second inventory remeasurements were

~avatlable, and thus the forecasts for this period conld be evaluated. Provided the
units for which the forecasts were done are large enough, the results indicate that the
deviations from the model are either small or can be expiained by a then different
timber market scenario and/or general socioeconomical scenario,

Austrian forests cover about 3.9 million ha or 47 percent
of the country’s total area, and 85 percent of these forests
are exploitable. The forest owners are typically nonindus-
trial owners, who sell their timber to the forest industry.
The ownerships are usually small (15 ha average), and
only 20 percent of the forest area is public forest. Two-
thirds of the owners own fewer than 2 ha, and approxi-
mately 50 percent of the forest area belongs to owners
with fewer than 200 ha (Bundesministerium fiir Land-
und Forstwirtschaft 1993; fig. 1). Forest industries,
especially the sawmills, typically (with some exceptions)
do not possess their own forests. As with forest owners,
the small sawmills cutnumber the big ones. Fifty percent
of the yearly roundwood is processed by sawmills that
process less than 100,000 o’ per year {(fig. 2). In 1996,
therefore, the Association of the Austrian Sawmilling
Industries ordered the development of software that would
enable a single sawmill or any other user to get forecasts
of timber harvesis for an interactively definable region
within Austria by tree species and a number of other
categories for four 5-year periods (fig. 3).
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Figure |—Forest ownership structure in Austria (source.
Bundesministerium fiir Land- und Forstwirtschaft
1993).

Figure 2—Sawmill structure in Austria (source:
Fachverband der Sdgeindustrie Osterveichs 1997).
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Figure 3 —[Interactive selection of regions, tree species, ownership classes, and other categories for timber harvest

Jorecasts with PROGNAUS.

DATA

To mimic the behavior of Austrian forest owners, a
harvesting model was built, based on the data of the
Austrian National Forest Inventory (ANF) from two
observation periods, 1981-1985 and 1986-1990. This
inventory is a permanent sample over the whole of
Austria. The sample plots are clustered at the four corners
of a 200- x 200-m square. The clusters themselves are
systematically distributed over Austria at a distance of
3.89 km apart. In any given year, every fifth cluster is
measured, ensuring a representative sample of all Austrian
forests cach year. The total inventory comprises 5,500
clusters, consisting of 22,000 sample plots. The center of
each plot was marked by a hidden iron stake buried
underground. Trees with a diameter at breast height (dbh)
larger than 10.4 cm were selected by angle count sam-
pling (Bitterlich 1948) with a basal area factor of 4 m?
ha', Trees with dbh between 5 cm and 10.4 cm were
measured only within a circle of 2.6 m radius. Each

. sample tree was recorded by its polar coordinates and
marked by a nail at the base of the tree. These plots were
remeasured in five overlapping 5-vear intervals, thus
covering the period from 1981 to 1990, For the ohjective

of this paper, i.e., the evaluation of the harvest model, data
from the second remeasurement of the plots in 1992 to
1996 were used.

THE MODELS

From the first remeasurement of the forest inventeory, an
individual tree growth simulaior of the FVS type,
PROGNAUS, (Monserud ef al. 1997) was built, consisting
of a basal area growth model (Monserud and Sterba
1696), a height growth model (Knieling 1994}, a crown
ratio model (Hasenauer and Monserud 1996) and a
mortality model (Monserud and Sterba 1999). To develop
software to forecast timber harvests, Moser (1996) added
a harvest model, simulating the behavior of forest owners
in harvesting trees in their forests. Since all the above-
mentioned models were developed for a S-year peried
(according to the database) and the forecasts had to be
made for 20 years, some additional models, such as to
establish ingrowth and to describe the change of the forest
development type (youth, thicket, pole stage, mature,
uneven-aged), were built to update the data after each 5-
year forecast.
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For the harvest model at the plot level, a stochastic

approach was used, distinguishing between four kinds of '

harvests;

1. regular final harvests,
1.1 clearcuts (defined by the ANF as removing all
trees on an area larger than 500 m?)
1.2 single-tree harvests

2. regular intermediate thinnings, and

3. salvage cuts, i.¢., harvests needed because of damage
from snow, windthrows, insects, or fungi.

The probability of any of the above harvests taking place
on a given inventory plot was depicted by a LOGIT-
function of the general form

I

Plharvest) = LOGIT(X) =
I+e

Y

with X the vector of independent variables and b the
associated coefficients. The CATMOD-procedure (SAS
Institute 1987) was used to estimate the parameters of the
logistic equation using maximum likelthood methods. In
detail, there were four such cquations, building a system
in which only the underlined (fig. 4) probabilities (regular
harvest, final harvest, salvage cut, and clear cut) need to
be distinguished:

Index: 1989 =100 %

(1) Equation to determine the probability for any regular
harvest on a plot,

P(regular harvest) = LOGIT{dg, h . BA. CV, ELEV, PF,
HCI, HC2, DIST PROVI CON, MIX)

with dg, the dbh of the mean basal area stem, A ,» Lorey’s
mean height, B4, basal area per hectare, CV, the coeffi-
cient of variation of the dbh distribution, and ELEV the
elevation. All the other parameters are dummy variables
(Draper and Smith 1981) PF equals 1, if the plot is
situated in a protection forest, FIC1 is equal to 1 if the
slope is less than 30 percent, HC? is | if the surface at the
plot was classified as difficult for harvesting operations
(through soil groups), DIST is 1 if the distance to the next
rack or forest road is less than 100 m, PROV1 is | in the
province of Tyrol, CON is 1 if the proportion of conifers
{(by basal arca) is larger than 25 percent, and M/Xis 1 if
the proportion of conifers is between 25 and 75 percent,
ali otherwise (.

(2) Equation for salvage cuts, conditioned on no regular
harvest

P(salvage [ ~regular harvest) = LOGIT(dg, h,, B4, CV,
OW, HC, PROVI, PRGY2, CON)

where OW is 1 if the plot is situaied in a forest ownership
of Iess than 200 ha, PROF2 is 1 in the province of '
Salzburg, and the other variables are as given above.
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Figure 4 —Decision tree for simulating harvest at the plot level.
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(3) Equation for final harvest, conditioned on regular har-
vest

Pifinal | regular) = LOGIT(dg, h, BA, CV, OW, PF; CON)
(4) EBquation for clearcuts, conditioned on final harvest

Piclear _cut | final) = LOGIT(dg, BA, ELEV, PF)

The forecasts, finally made available on a CD, were the
results of 500 runs for each period; by random numbers in
comparison with the calculated appropriate probability, it
was decided which, if any, category of harvest was to take
place at the plot level.

After this, harvest at the tree level was simulated by the
foflowing procedure. Each sample tree on the plot was
related to one of five dbh classes, each comprising about
the same number of trees per hectare. Thus, for each tree,
the relative dbh was defined as

_ dbh —dg

rel

d

Sonh

with s, the standard deviation of the dbh on a plot.

efhly
The allocation of a sample tree into one of the five dbh
classes followed the assumption of normal distribution of
basal area over dbh; tlms, the 20th, 40th, 60th, and 80th
percentiles of the normal distribution were the breakpoints
for the five dbh classes.

Tables for average basal area removal percentage in these
dbh classes were calculated for a total of 60 strata, built
according to species groups, elevation classes, groups of
provinces, and harvesting categories. The examples (table

1) demonstrate how the removals differed between harvest
categorics and species. In the clearcuts, nearly all trees in
all dbh classes were removed; some shelterwood trees
were left, but ntot concentrated in a certain dbh class. To
also retain seed trees of beech (Fagus silvatica, L.), the
removals of beech on clearcuis were somewhat less than
those of Norway spruce (Picea abies L. Karst.), except in
the smallest dbh class. In the intermediate thinning, the
removals clearly decreased with increasing dbh and again
were less intensive in beech compared with spruce. In
spruce, final single-tree harvests seemed to increase with
increasing dbh (target diameter harvest according to
Reininger 1989), white in beech, single-trec harvests as
well as salvage cuts were about uniformly distributed over
the dbh classes. Salvage cuts in spruce were concentrated
around the average dbh.

In the final tree-harvest model, the basal area, represented
by every tree in the plot, was reduced by the percentages
given in the appropriate table.

EVALUATION OF THE HARVEST MODEL

The actual harvest was calculated from the repeated forest
inventory of 1992-1996, so the plots last measured in
1986 were measured again in 1992, those measured in
1987 in 1993, and so on. Because this inventory pertod
covered 6 years, while the simulator PROGNAUS was
built for 5-year periods, the harvests reported by the
inventory had to be multiplied by 5/6 to compare with the
forecasts of PROGNAUS.

The various comparisons were made twice, first for the
whole of Austria, and second—as the example choscn—
for a region that could have been selected by a sawmill
situated in eastern Carinthia and wanting to know the

Table | —Example for the harvesting model at the tree level. Norway spruce and common beech in one of the 60 site
strata. Percent basal area removal in five relative dbh classes with approximately equal initial tree numbers is given

by harvesting categories.

Relative dbh-class

Species Harvest category 1 2 3 4 5
Clearcut 72.4 1000 7286 86.3 77.6
Norway Single tree selection 22.4 239 187 325 330
spruce Intermediate thinning 60.2 401 278 18.0 7.9
Salvage cut 20.2 301 388 12.7 9.8
Clearcut 92.5 622 602 775 752
Common Single tree selection 32.4 23.0 221 185 202
beech Intermediate thinning 39.9 33.0 197 94 10.0
Salvage cut 28.0 200 2841 19.2 300
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probable timber yield within a circle of approximately 60
km around the sawmill. Compared with the Austrian
average, the average elevation of this region is somewhat
higher, there are more spruce and fewer broadleaves,
profection forests are less, and small forest ownerships are
even more frequent in this region (table 2).

Table 2 —Characteristics of the selected region in
comparison with the average of Austria

Austria Selected
region

Elevation [m] 905 1,062
Protection forest

area [%] 7.4 5.1
Small forest ownership

area [%] 53 70
Norway spruce

volume [%] 61 72
Broadleaf tree

volume [%] 16 9

For both areas, Austria and the selected region, harvests
will be compared in terms of fellings in m*. In the future,

" the proportions of total harvested volume with respect to

management types (protection forest, commercial forests),
elevation, harvest categories (intermediate thinning,
single-tree selection, final clearcuts), dbh classes, and tree
species will be compared. Because of the large number of
plots and sample trees, practically any deviation from the
forecasts is expected to be significant. Of interest is not
the statistical significance, but rather the magnitude of the
deviations of predicted volume proportions by categories.
Therefore, a simple distance measure {Dirk 1995} for this
deviation was defined as

Distance [%] = 2| f% opserved =/ %0 pROGNAUS |

Categories

with /%4 the observed and predicted proportion of har-
vested volume in the given category, and Distance%
covering a range between 0 (no deviation, full fit) and 200
percent (maximum deviation).

RESULTS

For the whole of Austria, the total actual timber harvest
was about 10 percent smaller than predicted, while for the
selected region, the difference was not so large. Never-
theless, in both reference areas, harvests in the small
ownerships were distinctly overestimated (table 3). This
overestimation is one more reason to later compare
relative volume proportions by categories rather than
absolute volume in m?, The distances between the
distribution of volume to categories are given in table 4.

Table 3.—Feilings by ownerships and harvest categories as observed by the Austrian Forest Inventory (ANF92/96) and
predicted by PROGNAUS in 1,000 m’ 0.b. A% is the overestimation or underestimation of the actual harvests by the

madel (in percent}.

Hatrvest Size of Austria Selected region
category ownership ANF 92/96 PROGNAUS A% ANF 92/96 PROGNAUS A%
Regular < 200 ha 8,425 10,031 +19 2,105 2,215 +5
harvest > 200 ha 7,559 7,559 +4 910 860 -6
T 15,984 17,871 +12 3,015 3,075 +2
Salvage <200 ha 235 687 -26 191 149 -22
cuts > 200 ha 1,007 1,362 +35 105 124 +18
z 1,941 2,050 +6 296 273 -8
<200 ha 9,360 10,718 +14 2.298 2,364 +3
p> > 200 ha 8,566 9,202 +7 1,015 984 -3
z 17,926 19,920 +11 3,311 3,348 +1
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Table 4 ~Distance (%3} between harvest volume distributions

Austria Selected region
Grouping Regular Salvage Regular Salvage
harvest cut harvest cut
Elevation 7.28 4117 9.47 398.94
Management type 0.90 3.40 0.98 2.52
Harvest category 10.71 - 11.56 -
Dbh-class 7.26 13.33 8.75 25.98
Tree intermediate thinning 10.88 - 8.19 oo
species single tree selection 12.88 - 21.45 -
within  clearcut 9.60 - 5.18 .
total 6.40 10.89 8.77 765

Obviously, and not unexpectedly, the predictions were
somewhat worse for the salvage cuts and in the selected,
and thus smaller, region. To illustrate the magnitude of
the deviations between predicted and observed volume
distributions, table 5 depicts the respective dbh distribu-
tion. For the whole of Austria as well as for the sclected
region, the regular harvest—dbh distribution was quite
well predicted by PROGNAUS, whereas for salvage cuts,
the harvests in smaller dbh classes seem to have been
underestimated. This shift to smaller dbh classes was
even stronger for the selected region than for all over
Austria.

Given that distances above 10 indicate some important
deviations from the predicted distribution, the distribution

of salvage cuts to elevation classes (table 6), the distribu-
tion of regular harvests to harvest categories (intermediate
thinning, fina! single-tree selection and clearcuts, table 7},
and species distribution, especially in single-tree selec-
tions (table 8), exhibited interesting deviations from the
model.

DISCUSSION
Total Harvest

The first and most important result to discuss is the
overestimation of the total harvests. Nearly all of these 2
million m* overestimates are located in regular harvests of
small forest ownerships (table 3), Scvere storm damages
in forests, only partly in Austria but mainly in the neigh-
boring German (Bavarian) forests in 1990, were followed

Table 5.—Harvested volume distribution by dbh classes (percent of volume) as observed (ANF 92/96) and predicted

(PROGNAUS)
Dbh [cm]
<10 15 25 35 45 55 65 =70

Regular harvest ANF 92/06 41 146 212 247 189 1it1.0 3.6 20
Austria PROGNAUS 31 134 232 259 186 100 36 23
Salvage cuts ANF 92/96 23 127 231 261 198 9.3 44 29
PROGNAUS 1.7 94 208 278 212 119 45 3.0
Reguiar harvest ANF 92/96 39 143 228 243 184 115 34 1.9
Selected PROGNAUS 3.0 136 244 273 177 9.7 29 18

region
Salvage cuts ANF 92/96 43 181 255 239 104 119 3.1 2.9
PROGNAUS 21 120 235 278 185 102 35 2.3
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Table 6. Hearvested volume distribution by elevation classes (percent of volume) as observed (ANF 92/96) and pre-
dicted ( PROGNAUS)

Elevation m}
<500 600 800 1,000 1,200 1,400 =>1,500

Regular harvest ANF $2/96 238 176 17.7 134 125 9.3 58

Austria PROGNAUS 222 182 166 140 142 9.0 59

Salvage cuts ANF 92/98 222 159 226 105 135 11.2 4.3

PROGNAUS 102 133 166 175 177 116 131

Regular harvest ANF 92/96 59 153 157 183 19.0 16.0 2.8

Selected PROGNAUS 72 166 151 190 200 16.1 6.0
region

Salvage cuts ANF 92/96 12.8 47 188 244 158 216 2.1

PROGNAUS 51 127 146 192 209 188 88

Table 7-—Distribution of observed (ANF 92/90) and predicted (PROGNAUS) harvested volume
by harvesting cutegories. Values given are percent of harvested volume. Intermediate
thinning, single-tree selection and clearcuts are related ro regular harvests, while salvage
cuts are related to total harvesis.

Austria Selected region
Harvesting category ANF 92/96 PROGNAUS ANF 92/96 PROGNAUS

Intermediate thinning 16.9 12.3 17.3 13.6
Single-tree selection 35.5 35.6 31.6 37.2
Clearcut . 36.8 41.8 421 41.1
Salvage cuts 10.8 10.3 8.9 8.2

Table 8 —Distribution of observed (ANF 92/96} and predicted (PROGNAUS) harvested volume by species in percent of
final single-tree selections

Austria Selected region
Species ANF 92/96 PROGNAUS ANF 92/96 PROGNAUS
Norway spruce (Picea abies L.) 58.2 59.8 64.8 72.1
White fir (Abjes alba L) 6.7 54 2.4 2.3
Ewropean larch (Larix europaea L.) 4.8 4.4 9.9 7.5
Scots pine (RPinus silvestris L.) 12.1 8.3 12.5 7.2
Common beech (Fagus sifvatica L.) 6.9 88 1.1 4.3
Oak (Quercus sp.) 3.7 28 1.4 0.6
Cther deciduous ‘ 7.1 9.8 7.9 58
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by a bark beetle outbreak that lasted until about 1996
{Forstliche Bundesversuchsanstalt 1996). Partly for this
reason and partly because of low world market sawnwood
prices, the timber prices decreased seriously and have not
yet fully recovered (fig. 5). Among the forest owners,
only those with small land holdings, who do not really
depend on the income from forestry, are able to react to
such fluctuations of timber market prices {Schwarzbauer
1997). So, the storm damages of 1990, together with the
following timber market situation, seem to have led small
forest owners to decrease their harvests.

Distribution by Different Categories

As indicated by the average distances (table 4), the
relative distribution of harvested volume to most of the
different categories was predicied quite well by
PROGNAUS. Those less well predicted are discussed in
the following sections.

Salvage Cuts by Elevation and Dbh Classes

The bark beetle outbreak may again be the reason why
salvage cuts shifted to lower elevations (table 6) to
smaller dbh classes than expected from the inventory
period 1981-1990 and thus the model. Due to the biology
of Ips typographus and Ips chalcographus, forests in
lower elevations and smaller trees there are more suscep-
tible to bark beetle attacks. Since by Austrian law, dead
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trees have to be removed from the forest, the concentra-
tion of salvage cuts in these strata after 1990 may be
explained by this effect.

Harvesting Categories

Although the proportion of salvage cuts was predicted
quite well (table 7), the observed distribution between
intermediate thinning, final single-tree selection, and
clearcuts within the regular harvests deviated markedly
trom the PROGNAUS predictions. In the whole of
Austria as well as in the selected region, a shift from final
harvesting to thinnings seems evident. This means that
the decrease in total harvesis, compared with
PROGNAUS (table 3) and probably caused by decreasing
timber prices, concerns final harvests more than thinnings,
which are seen more under the aspect of tending and
investment in future stand quality. Final single-tree
selection is the preferred harvesting method in smaller
forest ownerships. That’s why in the region with the
higher proportion of small ownerships, the decrease in
final harvests is charged to single~tree selection, whilg in
Austria, on average, there are fewer clearcuts—both in
favor of intermediate thinnings,

Tree Species in Final Single-Tree Seleciion

One reason for harvesting single trees in old stands is the
fact that due to the central European debate on forest

.
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Figure 5.—Conifer roundwood price deve[opmem ( 1 986’ ] 00/ 9] fmm Fachverband der Sagemdu strie

Osterreichs (1997).
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dieback, single trees that by their crown condition seem to
indicate poor vigor and probably approaching death are
harvested as long as they still live, in the course of
“regular” harvesting. If they had already died, they would
have been counted as “salvage cuts™ in the forest inven-
tory. From the monitoring of crown conditions in Austria,
we know that white fir, Scots pine, and oaks are the
species with the worst crown conditions over the years
{Kristotel and Neumann 1997). Although the vigor of
white fir has improved significantly since 1990, average
needle losses of Scots pine and oak have varied strongly,
with peaks in 1992 and 1994 (Kristofel and Neumann
1997). Therefore these species might have been removed
more frequently during these periods than predicted by
PROGNAUS.

CONCLUSIONS

In general, we conclude that our harvesting model worked
quite wetl, Nevertheless, larger catastrophic events {(e.g.,
windthrows, bark beetle outbreaks, serious changes in
crown conditions as a measure of tree vigor) and eco-
nomic developments cannot be foreseen by PROGNAUS.
Including market figures such as roundwood prices in the
model, as well as individual tree crown condition, will not
be able to improve predictions as long as they themselves
cannot be predicted. However, they would enable the
model to be used for projections under different scenarios
of timber market and “forest dieback” and thus help
answer “what-i”” questions.
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