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Abstract

The regional forest agreement process, as outlined in the National Forest Policy
Statement, offers a consultative proeess whereby Australian governments can reach
agreement on the long-term management and use of forests in a particular region.
This process will include comprehensive regional assessments to evaluate the
environmental, heritage, social and economic impacts of alternate forest uses. These
assessments will assist policy makers to answer questions relating to trade-offs
between often competing forest uses, industry development options and changes to
forest product markets.

ABARE is developing a regional linear programming model of production forestry,
incorporating the variables and relationships of an operating forest system. This
model - FORUM (Forest Resource Use Model) - can be used to simulate the complex
interactions between regional forest resources, wood based forest industries and final
product markets using spatially dissaggregated data. FORUM may be used to provide
decision makers with information on the regional impacts of proposed resource use or
industry development options, including spatial analysis of proposed resource use
options on the commercial value of forests and the net treturns to the wood based
industries.

In order to demonstrate the use of FORUM, a stylised case study of the forest product
industries of the Bathurst region of New South Wales was chosen. This region has
been assessed previously by ABARE and prov;idcsa g,OOchamp]e of a forest :region
where the data are readily available to assess the validity-of the model. The analysis
focuses on the economic implications of policy or proposed resource use changes,
including a change in the wood resource base; industry structure and a shift in world
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£ prices for forest products. This paper contains a discussion of the development of the
modelling framework and outlines some alternative approaches to its further

development.




Introduction

Australia has around 40 million hectares of native forests with tess than three per cent
of these being plantation forests. About 30 million hectares are publicly owned and
managed on a sustainable basis by State governments for the Australian community.
(ABARE 1995), Since e late 1960s there has been a rise in broad based community
sentiment for nature conservation with the use and management of Australia's public
native forests receiving particular atteation.

Three aspects of Australia’s native forests have drawn particular public attention; the
impacts of wood production on old-growth forests, wilderness values and the issue of
whether there are adeguate and representative samples of all major forest ecosystems
in conservation reserves. The conflict over the allocation of public forest resources
between competing uses also includes concerns over the adequacy of the decision
making process to determine the socially optimal level and pattern of forest use
(Industry Commission 1993). As a resuit, forests have been the subject of intense
examination by governments, community groups, forest managers and the scientific
community, From this, the integration of economic and conservation goals within a
decision making framework based on the principle of ecologically sustainable forest
use has become a priority (Commonwealth of Australia 1991).

The development of forest policy

State and Territory governments are primarily responsible for forest management and
land use decisions in Australia. The Commonwealth government is responsible for
mecting various international and domestic obligations relating to forests and forest
product trade. A range of policy requirements relating to the National Forest Policy
Statement (NFPS 1992) and the Inter governmental Agreement on the Environment
(IGAE) have added further to the development of Australian forest policy. These
requirements are described in the Commonwealth Regional Forest Agreement
position paper (Commonwealth of Australia 1995a).

Past criticism of the processes under which forest land use decisions are made has led
to the joint Commonwealth and State governments' decision to-develop Regional
Forest Agreements. This process involves the Commonwealth and:States entering into
an assessment and agreement on the use of forests within a specified region. The
primary basis for the negotiation of Regional Forest Agreements will be a




comprehensive assessment of the environmental, heritage, economic and social values
of a specific region,

The Regional Forest Agreement process will generate u significant demand for

information related 1o the long term economie interactions between forest resource

use, forest industey structure and forest product markets, This information will be
needed 10 answer policy questions relating to the economic costs and benefits of o
range of possible forest use and industry development options for the forest region.
ABARE has primary responsibility within the Commonwealth for collecting this

information and undertaking necessary economic analysis (Commonwenlth of

Australia 19950).
FORUM - A modelling Trameweork

ABARE has been developing an cconomic model - FORUM (Forest Resouree Use
Model) - to simulate the resource use activities involved and the econotie principles
required for the analysis of forest use and industry development options, 1t is intended
to assist in meeting the analytical requircments to answer policy questions that are
likely to evolve out of the development of a Regional Forest Agreement. The
modelling framework is designed to link the regional forests with wood bascd
industries and nassociated forest product markets. The model is based on a pastial
benefit-cost framework and represents the cconomie und institutional fedtares thit
determine management decisions within a given policy framewaork for the forest
industry. It can be used 1o examing the potential impagt of ehanges in management,
prices or costs on both the profitability and strueture of the forest industry, The madel
does not explicitly incorporate non murket values, or any values assoctated with
alternate Jand use options such ns agriculture. However, the model can provide
information on the valuation of forest land use for the wood based industrics und
hence the opportunity costs of alternative forest uses such as forest conservation and
reereation (Neek, Stephens and Hansard 1995).

The structure of the model is shown in figure A, There are & number of distingt
components — natural (the forest resource), ingtitutional (management) and ceonomic
(revenue and cost structure of mills and markets), Together these components énuble
the model user to estimate the resource and cgonomic outcomes for: ttm forest ndnmrry
under different management steategics, The model ¢stimates a seto

that maximises the return (o the forest subject1o a set-of constrais

model was used 1o estimate the Jovel of forest harvested, the
mill, and the quantity of each product sold 4t cach market n orde
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industries can be identified over time. When the returps from these flows are
calculated in each time period and discounted over time, a maximum net present
value for the commercial use of the forest is-obtained (in terms of using the forest to
produce wood products), The commercial return to the forest owner will vary with:the
costs and prices associated with alternative resource and industry options examined.

The ability to spatially represent the allocation of wood resources is likely to be
critical to economic analysis with the comprehensive regional assessment process.
Spatial analysis will enable the determination of which regions face the greatest
impacts of any changes to wood resources, market conditions or industry structure.
FORUM is structured so that wood flows can be traced from forest to mill to market.

In this case study the objective was to maximise the annual Jand rent to the forest
owner for the region. The annual value of land rent is fully defined in the appendix. It
is a measure of revenue less all costs (including transport, mill processing, harvesting,
and forest management costs). The model determines which wood flow path is most
profitable on the basis of the land rent per unit of input. The per unit land rent is an
estimate of the value of the wood on the stump (and is derived in the appendix) and
represents the implicit price that would be received by the grower for the sale of the
standing wood resource (Stephens et al, 1993). A different per unit land rent is
obtained for alternative wood flows associated with each scenario. The model
allocates logs to the wood flow path in each scenario that has the highest per unit land
rent.

Although land rent to the forest owner is maximised in the model, itis not necessarily
an indication of the profit to be made by any individual or group of individuals atany
stage of the forest to mill to market process. Instead it represents the total potential
rent created throughout the growing, processing and marketing chain. Profit is
maximised at each stage of the chain and competition between participants ensures
that only the underlying land rent in the system is obtained. The maximum amount
investors could pay for available land for plantation development in perfectly
competitive forest product markets is equivél‘cnt‘to the net present value of land rent.
This is because all the revenue in excess of costs for harvesting, transporting,
processing and marketing is assumed to accrue to-the plantation investor (Stephens et
al 1993). The study is based on a planning horizon of thirty five years, which
corresponds with a ip’lkantation‘ rotation over this period, The net present value of the
resource is obtained by discounting the annual land rent over the plantation rotation of
thirty five years.
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Cagse study background

A key objective in undertaking this case study was to demonstiate the potential uses
of FORUM for the comprehensive regional assessment process, The model identifics
the economic impaets from proposed policy or resource use changes on a regional
basis. The ease study has also allowed an opportunity o validute the model using data
from the Bathugst plantation region. The model results are validated agoinst the
results from this previous ABARE study of the Bathurst region of New South Witles
(Stephens, Hansard and Dean 1993).

Resouree

The Bathurst region is a typical example of the major softwood plantation
development undertaken by State Governmients during the 1960s and 1970s, The
plantation resource in the region b+ pely been established by the New South Wales
Government, although the area of privitely owned plantations is inereasing, Soflwood
plantations were first planted in 1920 and routine planting has continued annually,
Annual plantings were increased in the 1960°s and 1970%s largely in response 10
Commonwenlth government nssistance under the Softwood Forestry Agreement Acts.
The dominant plantation species is P, radiata, oceupying 99 per cent of the total 60

900 hectares of publiely owned plantation area. Approximately 18 000 heetares of

privaitely owned plantations also exist in the area, the majority of these mannged by
forestry investment companies. The average growth rates for existing forest
management arens were based on the Bathurst Management Plan, and varied between
9 and 16 cubic metres per hectare per year (Forestry Commission of NSW 1987), The
average yield ealeulated from this was assumed to be an uniform sustainable anpual
tiarvest for cach forest arei,

Inndustry

The Bathurst region prescotly supports a coneentration of associnted forest processing
industrics including a number of wood processing facilities gearcd to process
softwood sawlogs and pulplogs. As the majority of the plantation resource is owned
and managed by the State Forests of New South Wales, the forest processing
industries have not been dircetly linked with the development of thic plantatian
resource, Most of the logs are progessed in the region by tiree mills, producing
medium density fibreboard, particleboard and sawntimber, These mills wtilis nmunci
690 000 cubic metres of plantation sawlog and pulplog per year (Stephens-et-al 1993).
Products from these mills are usually transported by roud o Sydiey tobe sold:in final
markels or exported 10 other markets outside New South Wales.




For the purposes of this study, the potential use of the regions forests by new
‘greenfields’ mills is examined, which includes the processing of sawlogs into
sawntimber and pulplogs into either particlecboard, medium density fibreboard or
newsprint. Estimated mill capacities and resource requirements for each of the
‘greenficld' processing mills are presented in table 1. Processing options were based
on new rather than existing mills as data were available for the new mills,

Table 1: Mill capacities for possible processing mills in the Bathurst-region

Processing mill Mill-output  Mill fesource requirement
(cubie metres/ionnes per (cuibie metres log per

yeir) year)

Final product Pulplogs

Particiehoar( 90000 139:500
Medium density fibreboard (MDF} 100000 185000
Newsprint 220000 501600
Sawlogs

Sawntimber 260 000 637 000

Source Mill capacitis are based on Forestry and Forest Products Indusiry Council (1990).

As in Stephens et al, 1993, these processing options are based on internationally
competitive scale wood processing facilities for products that could be processed
within the region. The cost of capital, operating and maintenance costs over the life of
a mill is expressed as an average cost per unit of throughput at full eapacity,
Economies of scale are not considered, so that any increase in unit costs when mills
are operating at less than full capacity is not considered. Further rescarch to develop
cost functions, dependent on the level of mill output, will be required, and is likely to
be a major data input in the comprehensive regional assessment process.

International competitiveness

It is assumed that Australia's international competitiveness in the forestry scctor is
represented by the small country tradeable good model (Stephens, Hansard and Dean,
1993). In this model it is assumed that Australia is a country with no influence on
import and export prices for forest products. If Australia is an efficient small trading
country, then import and ¢xport parity prices for processed forest products will
largely determine domestic prices, production, consumption and trade.

The adoption of the smali country model also means that changes to the production of
forest products within a region will not influence forest product prices in-regional or
international markets. All producers of forest produets in a region are assumed (o be
price takers and all changes to market prices are a result of exogenous influen




Model scenarios

Simulations

As discussed above, the evaluation of the Bathurst region using FORUM is based on
cost and price data used in Stephe s et al. (1993). However, the FORUM mode] also
j includes spatially differentiated data on the forest resource, which is divided into
forest management areas, Each forest management arca has a distinctive set of yield
and transport cost data, depending on site productivity and the geographic location of
each management area with respect to processing mills, Growth data for forest
management arcas arc based on the Bathurst management plan (Forestry Commission
of New South Wales 1987), whereas Stephens et al. (1993) used the regional average.
For transport costs from forest to mill, additional data on distance to mill were
obtained from the Bathurst management plan and were used in the transport cost
function estimated by Stephens et al. (1993), All data used arc listed in the appendix.

An annual model of the forest region was constructed composing seventecn forest
arcas, three processing mills and a final product market. The three processing mills
produce one product each, sawntimber, particleboard and medium density fibreboard
E; (MDF) respectively. The product market was assumed to be located in Sydney. It was
t‘f assumed that there was no temporal variation in resource availability or industry
structure,

The study region represents a subscetion of the forest resources covered under the
: Bathurst areca management plan, The current supply of wood from the arca studied is
around 521 000 cubic metres of sawlogs and 253 000 cubic metres of pulplogs a year,
This is significantly less than the potential total annual yicld from the-entire Bathurst
management arca of 900 000 cubic metres of sawlog and 439 000 cubic metres of
pulplog (Stephens et al 1993), The total wood supply is less than that currently
estimated for the region as a whole as the case study region only includes public
plantation arcas for which location and yield data were available. The studied region
does not include private plantations which occupy approximately 18-000 ha. Also, the
woad supply is based on resource data from 1987 (Forestry Commission of New
South Wales 1987), and it is likely that planting rates for public plantations have since
increased, As a consequence, the simulation results from this analysis may only
demonstrate a part of the total return that may be gained from the resource of the
entire Bathurst management area.




To illustrate the type of analysis that can be undertaken using FORUM, five scenarios
were developed. The scenarios can be classified into three broad categories; changes
in industry; the wood resource and market conditions, The assumptions of each
scenario are described in table 2. Scenario A is the base case, whichds most similar to
the current forest processing situation in the region.

Changes in industry structure were examined in two scenarios. In scenario B, a
newsprint mill located within the Bathurst region was added to examine the imp'\ct of
alternative industry development on the allocation of wood 1o ills,

The distinetion between an existing mill and a new mill is an important component of
any cconomic analysis of industry structure within comprehensive regional
assessments. The capital cost of new mills represents a significant component of total
costs. However the capital cost of an existing mill will largely be sunk, with the
salvage value of mill capital representing an opportunity cost. To examine the
differcnee hat capital costs ereate between the profitability of an existing mill and a
new mill, the particleboard mill was assumed to be pre-existing rather than new in
scenario C. The processing cost per unit was reduced to reflect a zero capital cost,
indicating the mill has no salvage value, It was assumed (hat there were no higher
costs with potentially less efficient processing methods of an older mill.

The impacts of a change in market conditions was examined in scenario D. The
newsprint price was increased so that the impact of a change in market conditions on
wood allocation and mill output could be examined,

The impact of a change in the wood resource was examined in scenario E. An
additional forest management area was included within the region. The arca was
18 000 ha (approximately the size of the private plantation resource) and was assumed
1o be located approximately 50km from the existing mills in the region. The yield of
cach log type from this area was assumed to be consistent with the average yield from
the Bathurst region,
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Table 2z Mode! scena riqs

Smmta!ion )

FALL o 'muccuw function is{o maximise mmum rctum (or vutm. m’h y

All sawlogs harvested are processed into spwatimber. Sawmill residues are not ,.‘

considered

All pulnloga harvested gre processed into one-or more of parti¢leboard, MDEF or ;

newsprint

A maximum forest supply of around 521 000 cubic metres of swwloga and 253000 |

cubic metres of puiplogs is i place » is binding inailstmulations

A-maximum mill cupac ity constralut is inplace (as perdable 1)

Ench processing mill produees only one: product type

All output produced: by mitls is sold-at either-one of the two markets

Transpart costs from the forest is same for all mills except newsprintin Sydney
g 'b(mrd nnd MDE

A ~ Base scenario: Three mills sa.wnumfu. par

B " Four mills - saentimber, partiglebourd, MDE and newspr nt

Change in industry structure

C ' ~ Four miils - q.antmxher. partictetioard, MDD and newspr

=

nt

The particleboard mill is pre-existing - has a lower pmcu;smg cost as capital ¢osts :

pre sunk

Change in market. mmlitig_;_g

D T Tour mills - sawntimber, particleboard, MDE and nuwsprmt
A higher market price is used for newsprint _

Changein L wood resource

r Four mills - sawntimber, particieboard, MDF and newsprint
A higher maximum forest supply of around 693 000 cubie metrds of sawlogs and
337 X QOO cubic metres of puiplops is i place - is bi dmg for, pulplogs only

In all the scenarios the objective was to maximise the annual value of land rent to-the
forest owner for the region. It was also assumed that all sawlogs harvested went to the
production of sawn timber and all harvested pulplogs are allocated to the other mills,

Results

Given the assumed log supply in this case study, not all mills would be able to-operate
at maximum capacity, as shown in table 3. If the log supply limit was lifted the
processing mills would be able to operate at greater capacity and therefore generate
greater output. However, these volumes would not be sustainable without access to
new additional forest resources.

Table 3: Estimated mmuni m:ll output undcr caehi:scenario

Simulation Milt output(m3)
Sawntimber Particicboard Newspring:
A 212588 44069 nay
B 212 588 44069 0
c 212 588 90 000 0
D 212 588 0 111 440
E 760000 90 000 55601
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“Fable 4: Estimated annugl mill revenues andeienchiscennrio.

Gimulation T Millrevenue ($m) o :

Sawntimbier Particiebourd MDE Neéwsprint
A 62.3 14:6 423 T |
B (2.3 14.0 423 ol
e 62.3 208 26.0 0
D 6.3 0 0 965
B 162 298 42.3 AL

Estimated mill revenue (table 4) is ealeulated by multiplying the Jevel of mill output
by an estimate of mill door price per unit of output. The mill door price is estimated as
the final market price for the product less the transport costs associated with getling
the product to the markel.

Tuble 5: Estimated vafue of hind rent under cuch seenria

Simulation Anvual Innd rent ($m) — Net present v;:lua of Innd-rent
($m)

A 124 318.6

B 24 378.0

9 369 4302

D 315 4370

i ; w7 45l

The annunl value of fand rent (table 5)1s fully defined in the appendix. 1t is a measure
of revenue less all costs (including transport, mill processing, harvesting and forest
management costs).

Discusston of results

The results of this case study were compared to those obtained by Stephens et al. 1993
(table 6). It can be seen from these results that in most cases the mills were operating
at less than full capagity, largely due to the supply constraint mentioned eaclier. In the
base scenario the MDF mill was the most profitable pulplog based mill and reached
its maximum eapacity constraint, whilst the sawmill and particlebonrd mills operated
at Jess than full capacity.

The effect of alternative industry structurcs was examined when the Bathurst based
newsprint mill was added, Logs were allocated to the MDF mill followed by the
particlehoard mill, reflecting their relative profitability, This produced the same result
as for the base scenarfo as in this scenario newsprint was the least profitable
alternative for pulplogs and therefore no newsprint was produced. This result is
consistent with the findings of Stephens et al, 1993, who noted that the option of
supplying the domestic market with newsprint failed to produce a positive net present

vilue,
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Yuble 6: Cosestudyouteomes .
FORUM . [Stephens et.al, (1993)

MDF production generates greatest fand rent MDF production generated highest internal rate.
1of return.

Newsprint not produced under current price |Newsprint failed to produce positive net present |
eonditions vl « not internationatly compefitive under the

The impact of cost differences between existing mills and new mills was
demonstrated when the particleboard mill was assumed to be pre-existing, The
decrense in processing cost associated with the sunk eapital cost of the existing mill
meant that the particleboard mill became more profitable than the MDF mill. The
newsprint mill was still the least profitable of the pulplog based mills. Hence, with no
minimum mill throughput constraint, the particleboard mill operated at foll capacity,
the MDF mill at less than full capacity, and newsprint was not produced. The
difference in wood allocation and mill profitability highlighted by the change to a pre~
existing particlcbonrd mill demonstrates the kind of issue that will be prevalent during
the comprehensive regional assessment process. It will be important to analyse
industry development options Mtaving due regard for the efficiency of existing mills.

The importance of market conditions was simulated by examining the impact of an
increased newsprint price on log allocation and the value of land rent, The estimated
annual land rent was inicreased when a higher newsprint price was introduced. Under
this scenario logs were allocated to the most profitable produetion alternative,
newsprint. Logs were no longer allocated to pariicleboard and MDF as they had a
lower per unit land rent than newsprint. As the newsprint mill did not reach maximum
capacity no logs were alloeated to the other pulplog based mills.

The issue of resource availability was cxamined by the inercase in the wood resouree,
and was most notable in its impact on mill output. With & higher log supply the
sawntimber mill reached maximum capaeity and not all sawlogs were harvested,
Pulplogs were allocated to the most profitable mill, MDE, until it reached full
capacity. Pulplogs were then allocated to the particlehonrd mill as the most profitable
alternative. The log supply was large enough for both the MDF and particleboard
mills to reach full capacity so that some pulplogs were also allocated to the newsprint
mill.




Investment in the Australian forest product industries is subject to the usual
commercial risks associated with large scale capital projects such as future costs,
prices and interest rates, as well as the perceived risk or uncertainty associated with
access to native forest resources. While the development of comprehensive regional
assessments and regional forest agreements (RFAs) is likely to reduce the overall
level of uncertainty regarding access to forest resources for wood production, there is
likely to remain a degree of risk associated with any new investraent decision.

In these circumstances, there are a number of approaches for dealing with risk in
forest industry investment decisions or industry development proposals. These include
the use of adjusted or higher discount rates to reflect the additional risk associated
with the project; the use of sensitivity analysis to assess the robustness of a project
subject to the estimated range of values for ecach uncertain parameter; and the use of
stochastic investment analysis where the shape or distribution of uncertain values is
known with some degree of confidence. The stochastic method of analysis has been
used previously in the context of domestic forestry investment by Kirby, Sinden and
Kaine (1993) and Stephens and Hansard (1994), where estimates of the range and
likelihood of values for uncertain parameters are used to derive a range of results with
their corresponding probability of occurrence.

ABARE is exploring all three approaches in the treatment of risk associated with
forest industry investment proposals. Particular attention will need to be applied to the
inclusion of sovereign risk aspects of forestry investments.

Direction for further research

FORUM is being developed to meet the demand for quantitative information in the
context of comprehensive regional assessments of forest regions within Australia. The
analysis in this paper was simplified and styled to be applicable to a case study
region. Mills were assumed to produce single products and for average costs to-equal
marginal costs. The study was based on 'greenficlds' mills with new scale and
technology. It was also assumed that there was no temporal variation in resource
availability or industry structure. Whilst these are significant simplifications of the
circumstances to be encountered in undertaking comprehensive regional assessments,
it has provided a basis to demonstrate the broad economic framework to be adopted.

The ability to determine whether a new or existing mill is more likely to operate under

future options proposed as part of a comprehensive regional assessment will be an

important feature of FORUM. There will be a period in the life of a mill where the
14




operating and maintenance costs will be lower than the operating and capital costs of
a new mill. Given that a new mill is likely to be more efficienit and have fower per
unit operating costs, there will be a point in time where maintenance costs for an
existing mill will rise sufficiently for it to be more profitable to repliuce it with a new
mill.

However, there is also an important distinction between the economic and financial
profitability for mill owners. An existing mill owner may still be incurring some
capital payments, and hence returns for financial viability may need to be higher than
those required for economic viability - the latter being a competitive return to
salvageable capital. If the existing mill owner owes money for capital, then the mill
will need to more than cover operating costs for that owner to remain in front
financially. The mill will continue to aperate, either by the owner finding funds from
other sources or by someone else buying the mill (at a lawer price) and continuing the
mill's operations. However, the financial and economic compatibility of industry
development options, particularly their effects on existing owners, will be of
particular concern in the comprehensive regional assessment process.

The model can simulate the vse of forests by wood based industries and provide
policy makers with insight into how these uses may be affected by various forest
resource use options, Extensions to include full general equilibrium analytical
capabilities are being explored. FORUM is a partial analysis of the forest sector from
the supply of wood to fipa] markets. It can be linked with general equilibrivm models,
such as MONASH (MONASH Impact Group 1994), to demonstrate broad cconomy
effects of changes in forest resource availability, industry structure of market
fluctuations. :

At present FORUM is not intended to be a land use optimisation model which
identifies all potential uses of forests and determines an optimal balanee of those uses.
Rather it offers a tool to evaluate the effects of alternate forest processing options for
given forest resources under prescribed management regimes.

FORUM can be used to estimate the commercial returns that can be obtained from
forestry operations in a particular forest area. Within the Regional Forest Agreement
process, the commercial value that can be derived from a forestry operations in an
arca will also depend on other land use prioritics, such as herituge and wilderness
classifications. Hence the values calculated within FORUM will vary depending on
how the forest arcas are classified, and how the land isimanaged for alternative uses.
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ABARE is continuing to assess a number of issues to increase the religbility of
FORUM as an analytical 1ool in the Regional Forest Agreement process. These
include appronches to emulate the behaviour of industry, and the relationships
between industry cost structures, input, product mix and employment,
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Appendix
Mathematical specification of the model
The FORUM model is a lincar programming model.

The specifications of FORUM used in the case study are given in this appendix, The
coefficients used in the model are also presented. For simplification, variables are
written in upper case and parameters are writien in lower case. Subscripts are
elements of the sets of forest areas, mills, markets, log types and final wood produets.
A summary of variable and parameter definitions is given in table 7.

Table 7: Variable and parameter definitions (Alphabetical order)

feF A regiong! forest in the s¢t of all forest arens (a subset of /)

! Locations - includes forest areas, mills and markets

K A subset of £, all markets

neM A mill in the set of all mills(a subset of 7)

o Inputs and outputs - includes log types and final product outputs

Barameters

af ‘Fhe size of forest arca f (000 ha)

alphay The level of utilisation of the resource in forest area f (%)

hey The cost of harvesting logs in lorest area f ($/ ha)

lef The opportunity eost of land in forest area f (8 / ha)

lmaxf,o The maximum volume of log type o that can be barvested from forest area ©
000 m3)

mef The management cost of forest arcaf ($ 1 ha)

mmaxm o The maximum capacity of mill m to produce product o (000 m3)

mpm, 0.k The price received by mitl m for sending product o to market k (87 m3)

nirm The revenue received by mill m ($)

Pemo.00  Thecost of processing log lype oo into output type o at millm ($/ m3)

Prio The price of product o at market & ($/ m3)

'm,0,00 The conversion rate at which log type oo is processed into product type o at-mill
m

I¢i,0,if The cost of transporting product o from place i to place i (§/m?)

ulrf.m, 0,00,k The per unit land rent of log type 00 in forest area ffrom producing product type
o at mill m and selling it at market & ($/m3)

FYfo The quantity of Tog type.o harvested at forest.area f(000 m)
RENT The annual value, orland rent, of the forest-resource
MDg.o The quantity of product o sold at market k (000 m3)

Mim,00 The quantity of log type do used as input to mill m (000 m3)
MOm,0,00 Thequantity of log type oo processed-into-outputtype-o atmill-pr (000 m3)
OTi.o0,ii The quantity of product o transported from place i to place ii (000 m3)
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The objective function in this-case study was to maximise the total return to the forest
sector as a whole, The annual fevel-of land rent is.defined by:

RENT = Z Xpﬂ.oMDim -y E Yote u,uQTi.n if

(I) kel 00 el o0 irel]
) Ll 2 z L]JCm n.mMOm,n o= 2 Zhﬁfr}?.a" Zlncm;— Z[C[aj
meMoet) ooe0D [6Fae0

where MD, o is the quantity of each product sold at each market or market demand,
Pri,o is the final market price for each product, QTj,q,ii is the quantity of either log
type or final product transported from forest to mill or mill to market, and rcj,g, i is
the associated cost of transporting this volume. MO, 0,00 is the quantity of each final
product produced from each log type at each mill, and pem, 0,00 is the mill cost of
processing those final products. FYf o is the quantity of logs harvested from cach
forest areq, hef is the harvesting cost in each area, mg‘and [ef are management and
land costs per heetare respectively and agis the total arca of each forest.

A number of constraints are imposed on the model, The first two ensure that mill
output equates with forest outputs. The Jevel of mill output is determined by the
quantity of log inputs and the recovery rate for each mill. This is the rate at which log
inputs are converted into final products. Mill output is given by;

(2) MOs.0.00 = Mln,ooFm. 0,00

where My, o0 is the quantity of log inputs at each mill, and rrn, 0,00 is the recovery
rate or conversion factor for each mill. Equation 3 ensures that the quantity of logs
harvested is equal to the volume of log inputs at each mill.

(3) YFYro= S Mins

I&F meM

A further constraint ensures that the level of mill output is equal to the amount of
product demanded at market and is given by equation 4.

(4) ZMDk,.n-— Z ZMOmoa

meM oc0

Constraints are imposed such that the mills operate within capacity constraints, The
level of mill output must be no greater than the maximum capacity of the mill,
mmaxm, o, as given in equation 5,

(5) mmaxmo2 Y, MOn.o.00
00600
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There was also a constraint on the amount of logs that could be harvested from-cach
forest area. " 1e forest yield had to be no greater than the total volume of logs in cich
area, Imaxf, o, multiplied by the level of resource utilisation, . This is assumed:to be
level of sustainable harvest cach year in each-dand unit, and is given by equation. 6,

6) FYr,o £ aftmax f.0

A number of transport constraints were imposed to ensure that the volume of outputs
transported was equal to the actual level of output from cach sector. Equation 7
ensures that the volume of wood harvested is transported to a mill.

(7) YFie= EQTln,m

weM

The level of log inputs to cach mill has to equal the quantity of wood transported from
uil forest areas, as given by equation 8,

(8) Mln,o= 2. QT}0.m
Fia

The quantity of final products produced by each mill must be equal to the quantity of
product transported to all the markets, as shown in equation 9.

(9) E Al(:)mmmaa EQTM,,J}.,A
kek

Prteled

Finally, the quantity of product sold at each market must be equal to the quantity of
produets transported from all mills, as determined by equation 10,

(10) MDio= ¥.0Tmon

meM

A number of parameters were determined exogenously to the model once the optimal
solution had been determined, The domestic mill door price, mpm,o,k: is the price
received by the mill for cach unit of mill output. it is calculated by subtracting the
transport cost from mill to market from the final market price for that product, and is
given in.equation 11,

(11) MPriso k= Pri,o==1Cma.k




The tevel of mill revenue, mry, is then simply determined by multiplying the mill
door price by the quantity of product output from the mill. The level of revenue for
each mill is given by equation 12.

(12) Mran = Z X zm[)m.vmm”.()m.mm

bek 0O imeli0

Finally, an estimate is made of the per unit land rent, ulrfm,0,00,k- The per unit land
rent is given in equation 13 is caleulated by subteacting all costs from the mill door
price. The recovery rate is used to convert the price from a per unit of output to a per
unit of log input base,

l(ll‘/. m, 00, b = (l?fﬁm.u.( = [lm0, tm) RRw,0.00 ~ {Cf.om

(13) - hey = mey = ley

Data used in the model

Al data used in cost figures is derived as a cost per cubic metre of Jog input. The only
exceptions are for management and fand costs which are derived on a per hectare
basis. The latter costs are calculated as an annuity over the thirty-five year life of the
plantation and are deducted as an annual cost on a net present value basis. A real
discount rate of 8 per cent, as used in Stephens, Hansard and Dean 1993,

Table 8: Generic cost data

| Parameter
Harvest cost ($ /m?3) 22
‘Land cost (8 /ha) & 70
Muanagement.cost ($/ha). b 277
a; Land cost 15 annuitised cost of land as in Stephens et al (1993) for a 35 year totation.

b: Management cost includes the annuitised value of establishment, thinning, roading, pruning,
clearfell and maintenance costs contained in Stephens et al (1993) for-a 35 year rotation,

Table 9: Mill cost data

Ml " Transportcostto  Processing cost
| domestic market S/ m3)
($/md)

28 85
Patticleboard 18 200:a
MDF ‘ 25 223
‘Newsprint (from 25 591
‘Bathurst)
I Newsprint (from 0 591
Sydney) g

a: Processing cost for existing particleboard mill is $132/m?




. 'l'ablé 10‘ ’Mill physical dma
Ml Rceovcry ntcﬁglo

| Newsprint

Table:l1t ngrkel price data.

Product” Domesticprice (3¢ tn‘3)
Sawntimbar 321 i
1 Pamclctumd 349
:Nmpdm , 758 E
| Newsprint (higher price) __BY3
_Table 12: Forest land unit duta, o
Forest ©Area (00 ha)  Maxlogyicld Mnx log yield ’l‘rsnsp ort cost 16 5
management area (000 m3)- pulplog (000 m3)- sawlog .
1 3.028 14.357 29,549
2 2.490 13.435 27,650
3 0.570 3,075 6.330
14 0.898 4.570 9.407
S 13.751 72.187 148568
6 9.801 52.197 107.427
7 0.196 1,058 2.116
8 8.047 36013 74,119
9 4.963 24.441 50,302
{10 0.581 3,135 6452
In 1.899 5,601 11,528
12 3.816 20.589 42,375
13 0937 5.056 10405
14 1.821 53N 11.054 ;
15 0.504 2,719 5.597 o
16 0293 1389 2.859
117 0273 1,299 2:674 }{
118 18.000 $8.290 181710 i

| Sonrce: Smphuns etal (1993Y; Forestry Commission of New South Wales (1987),






