Beadle and Inions (1990) note the spectacular
growth rates mentioned for eucalypts when
grown in tropical areas outside Australia but
they conclude that growth rates within
Australia are still quite favourable when
compared to other temperate regions. They
present collected Australian results
demonstrating that growth rates of up to

30 m*/ha/ yr are achievable, and thus the
results of the STANDSIM simulations
presented here are reasonable and cover the
upper end of the range of productivities likely
to be achieved in Australia.

Very few results are presented in the
literature for long rotation sawlog regimes.
Haslett (1988) reports that eucalypt
plantations in New Zealand will produce
340 m’/ha of sawlogs at age 40, which is a
sawlog MAI of 8.5 m*/ha/yr. This compares
with results presented here which are more
conservative, with sawlog MAIs ranging
from 3 to 7 m’/ha/yr depending on site
quality.

It must be recognised that all site quality
classes are not distributed equally across the
land. Most importantly, the highest quality
land (SI 43 in this study) only occupies a
very small area, with rough estimates of the
percentage of Tasmania that has been
Pl-typed in the E1, E2 and E3+ PI-height
classes being 1%, 20%, and 20% respectively,
with E1+ (> 76 m) making up such a very
small part of the E1 area that it is not
regularly separated (T. Kelley, pers. comm.).
The authors consider that if current site
selection and establishment guidelines

are followed then the majority of future
eucalypt plantations in Tasmania will have
a productivity of at least 15 m’/ha/yr.

Discount rate

Figure 3 presents the results of a sensitivity
analysis of the effects of discount rate on the
four management regimes considered.
Several important conclusions can be drawn
from this graph. Firstly, interest rates have a
very strong effect on the profitability of a
plantation, with interest rates at or above 8%

being so high that all regimes are made
financially unattractive.

Secondly, for interest rates at or above 4%, the
regimes follow a consistent ranking of
pulpwood, commercial-thinning, clearwood
veneer, and lastly clearwood only, in order of
decreasing NPV. Only for extremely low
interest rates of about 2% or less do the longer
rotation sawlog regimes become more attractive
than pulpwood, but still the ranking within
them is the same, with the commercial-
thinning regime being the most attractive.

Finally, a drop in interest rates from 6% to 4%
is enough to make a commercial-thinning
regime financially viable under these
assumptions if roading and establishment
costs can be kept below $1600/ha.

Financial analysis

The following financial analysis results are
calculated on the basis of the NPV of a
single rotation excluding establishment, roading
and land purchase costs. The resulting NPV
represents the maximum establishment and
land rental cost which will still ensure an
economically viable plantation.

Pulpwood regime. Table 4 presents the
range of financial outcomes for a eucalypt
plantation managed under a pulpwood
regime for various royalty and site index
values. It indicates that on a reasonable site
(SI 30) within 40 km of the processing plant
(royalties of $22/t), a pulpwood eucalypt
plantation would be economically viable for
any establishment and land cost up to
approximately $2125/ha.

A plantation on land with SI 30 which is
further than 120 km from a processing plant
(thus receiving only $14/t in royalties) will
only be viable where the establishment and
land cost is less than approximately
$1282/ha. The boxed area in Table 4
indicates those sites which are considered
most likely to be financially viable

(> $1600/ha) based on recent Tasmanian
plantation establishment costs (Neilsen 1990).
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Figure 3. Effect o{discount rate on four management regimes assuming SI 30, and royalty rates of$18/1713 for
pulpwood, $20/m” for knotty sawlog and $30/m? for clear sawlogs. NPV figures exclude roading, and establishment

and land purchase costs.

Figure 4 shows the NPV for plantations of
four site indices, and the effect of increasing
pulpwood royalty. On the basis of the site
preparation costs given in Neilsen (1990), it is

Table 4. Nett Present Values ($/ha) for the pulpwood
regime, excluding establishment and land costs.
These are equivalent to the maximum break-even
establishment and planting costs.

likely that, depending on the cost of the land,
sites would be financially viable only where
their NPV exceeds a typical establishment
cost of $1600/ha.

Clearwood sawlog regime. Table 5 presents
the range of financial outcomes for a eucalypt
plantation managed under a clearwood
regime, including the effects of various
sawlog and pulpwood royalty rates and

site indices. This type of regime has yet

Royalty Site Index to be proven commercially for eucalypts
($/0) 23 30 37 43 but is currently under investigation
(Gerrand 1992).
11.00 637 965 1213 1405
1400 873 _ = e We have assumed a sawlog to pulpwood
18.00 1188 1703 2092 2392 o of 33:67. but the fi al - 1
2200 1504 2125 2504 2056 ratio o 167, ut' t. e financia gna yslis resu ts
are not very sensitive to the ratio chosen due
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to the similarity in price between sawlogs and
pulpwood, particularly for sites close to a
pulp mill.

Table 5 indicates that a sawlog eucalypt
plantation managed under a clearwood
regime would not be economically viable
even under an optimistic combination of
royalty rates and site qualities. The likely
higher royalty rates and slightly shorter
rotation lengths are not enough to offset the
compound interest on the very high
management costs incurred early in the
rotation under this regime.

Veneer regime. Using the same management
regime as for sawlogs, it is possible that a
quantity of veneer quality logs could be
produced. We have assumed that such logs
could be expected to fetch a veneer royalty

of $60/m®. The NPVs for this option are
given in Table 6 assuming a veneer:sawlog:
pulpwood proportion of 15:18:67.

3000 —
2500 —-
Typical establishment cost

2000

1500

NPV ($/ha)

1000

500

These figures are between $132 and $377/ha
higher than for the equivalent sawlog-only
regime. However, they still remain too low tc
cover the likely establishment costs to
produce financially viable plantations.

Commercial-thinning sawlog regime.
Table 7 presents the range of financial
outcomes for plantations managed under a
commercial-thinning regime for various
sawlog and pulpwood royalty rates and site
indices.

The commercial-thinning regime assumes
that a commercial harvest of pulpwood will
be extracted between years 9 and 20, allowing
the remaining trees to grow on for potential
sawlog production. Based on operational
experience, the royalty rates for thinnings
were assumed to be half those at clearfall due
to smaller piece size, the operational
difficulties associated with thinning
compared to clearfalling, and extra

a S143

SI137

S130

] ] 1 |

T T T |
16 18 20 22

Pulpwood royalty ($/t)

Figure 4. Nett Present Values for four site indices under a pulpwood regime.
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supervision costs (B. Farmer, pers. comm.).
This significantly reduces the NPV of this
regime. Jennings (1992) noted a similar
strong effect of thinning on the overall return
of a commercially thinned plantation. Her
results were based on different methods and
assumptions from those used in this paper
and are thus not entirely comparable but she
notes that if thinning royalties are reduced
from $15/m’ to $8/m’ then the land
expectation value for a high quality site is
reduced by 50%.

Final crop tree form and timber quality are
likely to be lower in this regime than in the
clearwood regime, hence the sawlog to
pulpwood recovery ratio is assumed to be
15:85 and the royalty achieved is also likely to
be lower as discussed previously.

This material is likely to be considerably
different from the current Tasmanian
oldgrowth hardwood which produces high
quality, knot-free, appearance-grade sawn
timber. This raises concerns over the market
acceptance of such knotty hardwood,
particularly considering the competitiveness
of radiata pine.

These figures indicate that a commercially
thinned eucalypt plantation would only

be financially viable on extremely good
sites (SI > 37) where productivities were
over 25 m’/ha/yr and where the plantation
was within reasonable proximity to a
pulpwood processing plant. In addition, high
royalty rates would be required for both
pulp and sawlogs. Average sites (SI < 30),
even when close to a processing plant, are
unlikely to be financially viable when
consideration is given to both establishment
and land costs.

It should be noted that changes in the sawlog
royalty rate have very little impact on the
NPVs associated with this management
regime due to the impact of the early
commercial thinning and the low proportion
of sawlogs in the final harvest. NPV is more
strongly influenced by rotation length and the
age of thinning which should be done as early

Table 5. Nett Present Values ($/ha) for the clearwood
regime, excluding establishment and land costs.
These are equivalent to the maximum break-even
establishment and planting costs.

Royalty ($/m?) Site Index

Pulp Sawlog 23 30 37 43
11 15 938  -678 -434 -85
14 20 -865  -532 -218 230
18 20 -809 422 -57 466
18 25 -777  -358 -38 604
22 30 -690 -184 294 977

Table 6. Nett Present Values ($/ha) for the clearwood
veneer regime, excluding establishment and land costs.
These are equivalent to the maximum break-even
establishment and planting costs.

Royalty ($/m?) Site Index

Pulp Sawlog 23 30 37 43
11 15 -806  -416 -47 480
14 20 -747  -298 125 732
18 20 -692  -189 287 96
18 25 -675  -154 338 1043
22 30 -602 -9 551 1354

Table 7. Nett Present Values ($ [ha) for the commercial-
thinning regime, excluding establishment and land
costs. Thinning royalty equals 50% of clearfall pulp
rate. These are equivalent to the maximum break-even
establishment and planting costs.

Royalty ($/ m>) Site Index

Pulp Sawlog 23 30 37 43
11 15 99 351 642 1055
14 20 215 536 906 1434
18 20 350 748 1204 | 1855
18 25 365 774 1245 | 1917
22 30 514 1012 1584 | 2401

as possible if NPV is to be maximised. The
rotation age is speculative at this stage and is
highly dependent on the response of the
retained stems, future utilisation standards
and royalty rates.
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Figure 5. Map showing zones for the Nett Present Value (NPV) of eucalypt plantations in Tasmania
grown under a pulpwood regime. In deriving the zones, site preparation and planting costs were excluded
but an estimate of annual rental based on Figure 2 and Table 1 was included. A key to the letter-coded

zones is given in Table 8.

Tasforests 92 October 1993



Using the map of NPV for eucalypt plantations in
Tasmania

Figure 5 presents a graphical representation
of NPV zones for eucalypt plantations across
Tasmania. The map is held by the Forestry
Commission as a clear overlay at a scale of
1:500 000 to enable easy use but is presented
here in reduced form due to space restrictions.

The map highlights the impact of the
interaction of land values and distance to
market on financial viability. The major feature
of the map is that it shows zones representing
the maximum break-even establishment and
land purchase cost for eucalypt plantations
grown on the short rotations (10-20 years) for
pulpwood, using data presented in Tables 3
and 4. Sawlog rotation lengths are longer and
NPV figures would be lower than shown here.

The NPV zones shown on the map include an
assumed land value given in Table 1 and
Figure 2 for 30 land-value zones as broadly
determined for State forests by the Valuer
General. These values are generally lower
than cleared private land and thus the map may
not represent NPVs on private land correctly.

Table 8 presents NPVs (excluding establishment
costs) for four site indices for the labelled
zones in Figure 5. The values given in Table 8
are not merely the mid point of the $100
category because they are based on an area
weighted average of the NPV in that zone.

The map can be used to compare the financial
viability of one or more sites (see below)
through evaluating the effects on profitability
of various combinations of site preparation
costs, productivity (using site index as an
estimate of site quality), and transport costs
(using distance to mill). A considerable
refinement of the results shown could be
achieved by using a digitised coverage of the
actual road network to determine distance to
the various mill sites at a later stage.

To determine the viability of one location.
The graphical presentation of the data in the
map provides a guide to the maximum

Table 8. Area-weighted average Nett Present Values
(excluding site preparation and planting costs) for zones
shown in the map for pulpwood eucalypt plantations in
Tasmania for four site indices (based on age 20). These
are equivalent to the maximum break-even establishment
and planting costs applicable to each zone.

Site index SI23 SI30 SI37 SI43
Pl-type approx.* E3+ E2 E1l El+
MAI (m’/ha/yr) 15 20 25 30
Rotation (years) 20 15 12 10
NPV zone NPVs ($/ha)
A 1411 2004 2476 2840
B 1329 1929 2407 2776
C 1260 1813 2281 2643
D 1140 1616 2048 2382
E 1037 1465 1870 2183
F 928 1337 1724 2022
G 833 1200 1531 1787
H 751 1167 1491 1741
[ 663 1110 1450 1713
] 568 990 1337 1606
K (No area between $400 and $500/ha)
L 391 876 1239 1519

* PI-type is only a poor estimate of site index.

amount that can be spent on site preparation
and planting and still break even. For
example, a plantation at Site X on Figure 5 is
in the NPV zone E, and thus from Table 8, if
we assume a site index of 23, it would be
financially viable if the site preparation costs
were kept below $1037/ha.

The map assumes a single site index (as an
estimate of site quality and productivity)
across the State but Table 8 can be used to
allow for varying growth rates and hence
rotation lengths. It is not necessary to know
the site index if the MAI for the plantation
can be estimated or if the Pl-type is known,
although the latter is less accurate. Thus,

if Site X is assumed to be SI 30, the break-even
establishment cost increases to $1465/ha.

Comparing more than one location.

A plantation at Site Y (NPV zone C,
$1260/ha) is more financially attractive than
Site X ($1037/ha) where both are SI 23
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because it has a higher NPV due to closer
proximity to a mill site which more than
offsets a slightly higher land value. However,
if Site X is of higher site index (e.g. SI 30),
then it would be more attractive than Site Y
because the NPV for zone E at the faster
growth rate is $1465/ha (higher than Site Y at
$1260/ha).

The map is in no way a definitive presentation but
is useful for comparing the relative merits of
various potential plantation sites rather than the
absolute dollar values. No responsibility for the
accuracy of land values or viability of plantations
shown in this map is accepted by the authors or
the Forestry Commission, Tasmania.

Discussion
Growth rates and rotation lengths

The rotations described in Table 3 were based
on the achievement of a specific piece size
and standing volume but may be longer than
the financially optimum rotation. Harvesting,
handling and processing costs were excluded
from this analysis. A more complete analysis
would require yield tables, recovery figures,
royalties and harvesting costs for each size
and quality category. Most of these data are
currently unavailable and were considered
too speculative for this paper.

Clearly, the MAI actually achieved is
dependent upon good initial establishment
and subsequent management such as ability
to control weeds and pests which can have
significant deleterious effects on growth
(Wilkinson and Neilsen 1990; Elliott et al.
1990). Candy et al. (1992) present data which
indicate gains in NPV of over $1000/ha
through use of an integrated pest
management strategy to control defoliation
by the Tasmanian leaf beetle Chrysophtharta
bimaculata. Because this strategy is still
being developed, it is unclear what the costs
will be routinely for these operations over a
whole rotation and we have not included a
figure for insect control in our financial
analysis.

Royalty rates

In a somewhat dated but nonetheless
comprehensive review of log pricing in
Australia, Byron and Douglas (1981) conclude
that, historically, royalty rates, in addition to
being unrelated to market forces, generally
underestimate the prices that the market
could bear. Future demand levels and
changed pricing mechanisms such as
auctioning are a few of the many factors that
will influence royalty rates. There is little
doubt that this situation may change
substantially during the time taken for any of
the rotations presented here and we have not
attempted to speculate on this but preferred
to use existing achieved market prices.

Plantation establishment costs

Neilsen (1990) presents estimates of
Tasmanian plantation establishment costs
varying from $1300 to $1885/ha depending
on terrain and level of logging residue. These
figures represent the estimated establishment
cost per hectare given that all reasonable
efficiencies are attained and only apply to
first rotations. Turnbull et al. (1989, 1992)
note that establishment costs for some areas
in southern Tasmania have been in excess of
$2000/ha due largely to the high residue
levels, wet conditions and the very broken
terrain. We have chosen $1600/ha as a
representative cost for an average site. In
Tables 4 to 7, NPVs are highlighted and
enclosed in a box where they exceed this
figure for estabishment costs and are thus
likely to be profitable.

It is important to note that the above analysis
is calculated on the basis of a single rotation.
The inclusion of future rotations (where
profitable) will increase the NPV and may
make some sites with very high preparation
costs financially viable (de Laborde 1992).
Subsequent rotations should be between $400
and $700/ha cheaper due to the existing infra-
structure in the form of roads and reduced
clearing and site preparation costs. For
example, where a second rotation is $500/ha
cheaper to establish and follows a 15-year
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pulpwood plantation, it will add over $200/
ha to our current NPV, thus allowing a
financially marginal plantation to become
profitable. However, deferring the second
rotation by initially undertaking a 40-year
sawlog rotation will reduce this benefit to
under $50/ha.

Conclusions

This analysis has highlighted a number of
factors which are critical to the financial
viability of any plantation establishment
programme.

The analysis indicates that both pulpwood
and commercially thinned sawlog eucalypt
plantations have the potential to be
financially viable where establishment costs
are minimised and high quality sites are
utilised. Given a constant site quality, it is
obvious that financial returns will be
maximised by locating a plantation as close as
possible to a processing plant. It is also worth
noting that better site quality may mean that
a plantation located at a greater distance from
the nearest processing plant actually returns a
higher nett financial benefit. The map
presented in Figure 5 can assist in assessing
future plantation developments to determine
whether they have the potential to show
positive returns. It enables simple
comparisons of one or more sites to
determine which is likely to be the most
financially viable, and enables estimates to be
made of an upper limit to the establishment
and land costs that can be incurred for the
plantation to break-even.

Our analysis indicates that a pulpwood
plantation on a good site (SI 30) within 40 km
of a processing plant will be financially viable
for any establishment and land costs up to
$2125/ha. But, where the plantation is
located further than 120 km from the
processing plant, it will be financially viable
only if the establishment and land costs are
less than $1282/ha. An average quality
pulpwood plantation (SI 23) will only be
viable when located close to a processing site

(i.e. approximately 40 km or less) and then
only if establishment and land costs can be
kept below $1504/ha.

Commercially thinned sawlog plantations on
average sites (SI 30) have NPVs approximately
$500 to $1000/ha less than for pulpwood
plantations. However, on higher quality sites,
this gap closes so that on sites of SI 43, the
single rotation NPVs are equivalent although
they have been returned over differing
rotation lengths. This increase in rotation
length is reflected in higher land rental costs.
Both these factors stress the high importance
of selecting high productivity sites.

A major benefit of the commercially thinned
sawlog regime is that no significant
additional nett investment during the life of
the plantation is required in order to produce
sawlogs, unlike the clearwood management
regime. With all the sawlog regimes, it is
possible to realise the trees remaining after
thinning as pulpwood before they reach
sawlog size if so desired, but the price
obtained per m’ is likely to be similar for all
regimes and unlikely to cover the higher costs
of early thinning and pruning incurred in the
clearwood regime.

On the basis of our analysis, the authors
consider that it is unlikely that a clearwood
management regime will be financially viable
under any reasonable growth and royalty
assumptions.
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