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Abstract

This paer describes some of the simulation and optimisatiols forforest

management that have been produced at the New Zealand Forest Research Institute
Limited over the past 20 or so yeaf$e systems are overviewed and the lessons
learnt in building, impgmenting them and field experiences are summarised.of

the more recent harvest scheduling t@stscovered in more detail.

Introduction

ATLAS Technology is a Strategic Business Unit of Scion (formally known as the

New Zealand Forest Research Ing&ju It has been openag in this manner since

200.Scion is one of New Zealandds crown rese
forestry research and development. There are 320 scientists working on new forestry
technologies and innovations within Scidimese ideas are often evolved and

developed into commercial software products by ATLA#ce the first software

products were produced by the Forest Research Institute in the late 70s and early 80s

and released into the industry, software has becoraeaapted technology transfer

medium.

Our teanof eleven skilled software engineers and forest industry expertsahave

average of 12+ years experienéd.LAS is arguably the largest supplier of forestry

IT/MIS solutions in the Southern Hemisphe@urrentp r oduct s i n ATLASOS
span along thentirevalue chain. See the figure below:
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Figure 1: Current products in the ATLAS Technology range.



Historical Tools i Estate Planning Models

The New Zealand Forest Research Institute has had a long history of developing
strategic and t@ical estate planning models.

IFS

Back in the 1970s a forest estataulator, Interactive Forest Estate Simulator JIFS

was developed (Garcia 1981fS was used widely by the New Zealand Forest

Service and by a group of smaller forestry organisations and forestry consultants. IFS
uses the concept of croptypes (homogenous forest areas grouped according to
silviculture, management, yield prediction or otbbaracteristics, as appropriate to

the planning exercise) to:

e Develop harvesting plans and schedules.

e Perform investment analysis of alternative management strategies.
e Derive forest valuations.

e Regulate the flow of resources, production, expenditureerehues.

e Address both strategic and tactical planning questions.

Because it is a simulatadhe user specifies the actions to be taken in each period.
These actions (or decisions) include what areas or volumes are to be cut from each
croptype and age da, what areas will be replanted, and what aaeste be

transferred between croptypes. The simulation is advanced period by period with
actions being performed each period. A number of different reports can be produced
to describe the results of appigi a particular management strategy.

| FS proved very usieffaulsdemareixgppd.orlithgwasvhats
framework for exploring forest estate manageni&hteadgill and Wakelin 1992)

|l téds a good tool for ¢aspreasheebondasamng t o do m
alternative to larger optimisation systeril@wever to come up with an acceptable

solutions sometimes requires a lotitefative work trying different scenario®ften

there is little knowledge of just how good close to optimathe derived solution is

FOLPI

In the early 1980the ForestryOriented Linear Programming Interpre(EOLPI)

was developed (Garcia 1984) to complement the capability of IFS through the use of
optimisation techniques. Both systems utilise the same datefs, but the use of

linear programmingLP) optimiser with FOLPI makes it possible to tackle larger and
more complex problems.

Since the initial development, FOLPI has been used widely used in New Zealand and
Australia by plantation forestry companiesnsultants, researchers and universities,

and has been applied in forest planning wavide. Traditionally, it has been used by

forest managers to develop and evaluate estate management and investment strategies,
including as a basis for forest valuatiManley and Threadgill 1991) and assisting in

the development of corporate silvicultural strategies (Manley and Wakelin 1990). It



has also been used for regional and national wood supply forecasts (eg. Turland et al
1993).

Other applications have inclad:

e Tropical agroforestry, where the crops of interest have included teak grown for
sawlogs.eucalyptus grown for pulp, coffee, cacao, rattan, bamboo, and
Ajungleo (from whi ch ).fMoreioutineamodelsnut s wer
have also included both thee& and livestock components of forest grazing
(Knowles 1994).

e Multiple objective modelling, highlighting the traddfs between conflicting
objectives (Hjortso 1997).

¢ Risk modelling, including biophysica¢g.Manley and Wakelin 1989) and
financial riks (Manley and Wakelin 1995).

e Carbon inventory (Maclaren et al 1995).

The model has evolved and been extended in response to experience gained. The

system comes with support for a variety of LP solvers (e.g. XA, CWhiz, Mosek and

CPLEX). As improved_P solution methods and solvers became more sophisticated

the older solvers were swapped out in favour of more powerful ones. Likewise,

advances in computer hardware made it possible to transfer the system from a

mainframe computer to personal comput&ise combination of desktop availability

and an interface that allows users to construct complex models simply by filling in

forms, allowed FOLPI to become arguably thi
optimisation system.

An important early development thaas carried over into the first PC version

released in 1990 was the ability to explicitly model the allocation of logs to markets.
Demand by log grade can be specified for individual processing plants and a price
assigned to log grades supplied fromeatipular forest to a particular plant. Detailed
future processing scenarios can be developed and evaluated or future demand can be
incorporated.

FOLPI has someti mes been-tenhdrvest stleedulingdd i nt o
and optimal log allocativexercises (Manley et al 1991). Constraints on seasonal

harvest access, maximum harvest areas, crew availability as well as customer

demands in terms of quantity and quality of log products can be included, and a utility

was developed to allow spatial mefing of schedules in a thigarty GIS application.

IFS and FOLPI represent two differeqipioaches to estate modellinyith the

simulation approach, the detailed plan is an import to the model and the outcome that
results from this istammarised ito reports.The simulation approach is excellent in
simpler situations and especially where only the estate is to bdlewb(e resource
allocation).Subjective judgementsuch as saving specific asda harvestat

predefined datesan be easily incporated. However, simulation can be time
consuming, requires a lot of trial and error and there no clear indication of how good a
derived solution is.

Alt hough the LP optimisation approach of Fi
solutions quickly, vith the more complex scenarios it is common to experience long
solve times and also infeasible models. Unfortunately infeasibility analysis does not
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always explairexactlywhy the problem infeasible, or what changes should be made
to the model. An appardwttrivial change can result in an infeasible model.

With both the simulation and optimisation approaches, a major effort is required to
bring the varying quantity and quality of data sources together, aggregate them, and
reformat them. Any modelling es@se requires significant data manipulation effort.
Unfortunately, data management and the user interface in both IFS and FOLPI were
designed for the scale of analyses that were feasible in the early 1990s. Advances in
hardware and software, increaseditability of forest information, and the changing
business environment have all lead to larger, more detailed and more complex models
being constructed.

It was also soon obvious that the standard LP or MILP approach was inadequate for
dealing with sha-term harvest scheduling issues, leading to research into alternative
model formulations and solution techniques. (Cos882 Larozel999 Murphy

1998 Mitchell 2004

Market Supply (2003)

In 2003ATLAS wasapproached by what was then State Fer@dew South Wales
(SFNSW)to build a Market Supply model. Our intentions from the start were to
include and build on the lessons learnt fror2D5years of simulation and
optimisation experience.

State Forests of New South Wales owns and manages 85,000laatations in the
Hume regionTraditionally logs in this region were supplied to customers on a
stumpage basig.he customer organises their own harvesting and delivery to mills.
However logs are increasingly sold on a delivered basis with SFNSWimigpthe

harvest and delivery of the logBelivered sales provides SFNSW with the

opportunity to maximise its profits by scheduling the right log products to be cut from
the right locations at the right time and supplied to the right customers. Cogversel
they could also lose value (and customers!) if they get the scheduling wrong.

The dbjective was to build a system that selected which units to harvest, what crews
to allocate to what harvest unit, determine the best cutting pattern they should use and
assign from their production (or stocks) the logs to meet a mill demand. The model
was designed around an eight week rolling horizon.

Initially SFNSW ha managed the planning using a set of spreadshadta bit of

local knowledge. This can lzeveryconplex problem whewonsideringdeliveries of
30,000 cubic metres of logs per week with transport distances up to 350km, supplying
8-13 main mills per week from 11 main harvesting crews.

A system was built under a six month contradter a period of regirements
gathering and usease modelling the original model was prototyped in an Excel
spreadsheet using the LINGO modelling system.

The gstem was architected with three main componeéxtgaphical user interface
where the scenarios (problems) adéedd and maintained, a job monitor that monitors



and submits jobs to the solver and a sotiat takes the data and constraints entered
formulates a matrix, solves it and writes the solution back to a set of report tables.

" ATLAS Market Supply.

Scenatio Edit  Wiew Database Help
(=Gl Present State
Present Scenario

5 G Working Soerarios Hame [\week 22 [No ATBNarske route)
Description |Eunent state copied at 30-hay-2007 15:13:57 from Week 22
Beginz on week starting |25 Feb 2007 j
Scenaria State |soLvED
Progress |
Salution State |FEASIBLE Show Log
Submitted on [5/30/2007 2:33:31 PM
Salved on |5.-"3D.-"ZDD? 354:38 PM
Created By |C21569_ IR T1 \Administrator
Created On |5!30!200? 31357 PM
Last Updated by |C21569_ IR T1 \Administrator
Last Updated an |5/30/2007 4:22.24 PM

Check
o ATE-Norske route)
localhost [ 0% ] 1

Figure 2: Market Supply main user interface showing scenarios organised into folders.

Problems are organised into a tree folder struckaeh problem is called a scenario.
It is possible tareatecopy, rename and delete scenarios to aflowr e a sii fed
analysis.

The main user interfaces organised around a set of data or entity managers. The
managers allow for the importing of data dhd setting up of constraintEhere are
managers for each major entity in the system. For elqrtiyere are harvest unit,
crew, order stocksand yield manager.

ifwhat



‘1. Harvest Unit Manager - Present Scenatio ;Iglﬁl

: Fle Edt Constraints Help

Crag a column header here to group by that column.
Harvest Lnit Forest Compartment Season Operation Truck Type | zfwvailable Total Area Total NS4 -
[+ ATBYI0EETS [ ATEY 1066 ‘wiet Weather Stan Tz B_Double v 4222 4222
Patches
Age Forest Compartment Crop Type Start Date NSA Operation Seazon “rield Table Area ProgressivePT hindre.
14 23 1148 ATBYOTYE1DZB0 1984 0.0z T Unassigned 1] nn3 0.0z
18 23 1148 ATBYOTYS1DZB0 15984 0.47 T Unassigned 1] 047 0.47
18 23 1143 ATBYOTYS1D2B0 1334 064 T Unassigned 1] 064 1]
Harvest Unit Forest Compartment Seasan Operation Truck Type | sdwailable Tatal Area Tatal M54
B AMHNOG7158| AMHN 57 Intermediate Stan T B_Double v a03 a03
Patches
Age Forest Compartrment Crop Type Start Date MNSA Operation Season *ield T able Area ProgrezziveP T hindre,
18 53 57 AMHNOTYS0D 2B 1984 004 T Intermediate Stan 1] nn4 1]
18 jax} 57 AMHNOTYEOD 2B 1584 1.4 T Intermediate Stan 1] 141 14
18 53 57 AMHMNOTYE0DZE 15984 30z T Intermediate Stan 1] a0z 30z
18 53 57 AMHNOTYE0D 2B 1334 362 T Intermediate Stan 1] 362 1]
Harvest Unit Forest Compartment Seasan Operation Truck Type | sdvailable Tatal Area Tatal MSA
st AMHNE48198| AMHN o948 Dy wieather Stan T B_Double I~ gE.E9 g6.69
[} ATEWT14179| ATEW 10 Unaszigned T B_Double I~ 0.05 0.05
[} AMAHO29197 | AMAH 29 Dy wieather Stan T2 B_Double I~ 743 743
[} AMAPITIS7 | AMAP 309 wiet Weather Stan T2 B_Double I~ 1.94 1.94
ﬂ| AMHNE28198] AMHN g28 Dy wizather Stan T B_Double |~ 2867 2867 _’ILI

Figure 3: Market Supply harvest unit maintainer.

As muchdata as possibl@as imported using wizards from other SFN systems.

Harvest units (aggregations of d&épatcheso6 t
year of the tactical plan) were imported from ATLAS TFM2. Yield cubes (see figure

below) are imported from ATLAS Cruiser.

Cutting Strategy 7

Age

Figure 4: Yield cube structure.

Cutting strategies are different sef log products/grades mslice througha cube.
Within a cutting strategy there are different prices /priorities by grade. The model
choosegshe best cutting strategy to meet customer demand and mireruess

stock. Getting the yield tables correct and with a good variety of cutting patténes is



key to driving the model welBince it will provide the model with more choices to
match the poduct to the market.

Stock information is imported from Artlis (Meynink et al 2004). Haulage distances
between harvest units and delivery points are derived from SllSlata and
constraints are securely stored iN&rosoft SQLServer database.

Themodel itself is scripted in the LING®athematical programmingodelling
language and a standard MPS matrix is generated by calling LINGO to compile and
build the matrix using the data stored in the database. Once built the matrix is
submitted to a solve Once agaithe lessongarnt previouslyvere put to good use
namely to decouple from%party components like the matrix generator and solver. It
would be relatively trivial to rewrite the script for a different matrix generator and to
plug in a dfferent solver if needed.

Wherepossible the aim waso build asystemwith a solver that was powerful enough
to avoid long solution times. Much testing and comparative running was done with
four leadingedge solvers (LINDO, Mosek, XPres#? and CPLEX}o0 pickthe most
suitable for the type of model we were solving.

The model is a mixed integer linear programming model. Some of the variables are
restricted to integer values. For example, the variables that emsurere than one
harvest crew caneballocated to a harvest unit in a week; and that a harvest crew must
be allocated to a single harvest unit, unless they are idle, are integers.

Because of the nature of integer models there is little information onichdiagnose
infeasible modelsBased on our previous modelling experience, good infeasibility
diagnostics are essential to a successful optimisation system. Sets of dummy variables
were implemented to assistdiagnosing these problemBypically a harvest unit

with unlimited area and gld cube assigned to it with any possible product capable of
being produced, a high operating cost crew with unlimited capacity and a mill capable
of consuming any product (while paying nothing for them) are included in the model.
When the harvest unit lgarvested fronmor the crew is made operationaf the mill

receives deliverieghen there is obviously a problem with the structure the model.

The sample Gantt chart below shows an example of crew harvestikgng in a

high cost harvest unit to meatsupply constrainBy looking at the product types and
guantities produced by the crew in this harvest unit the modeller can deduce where the
shortfall is.

Problems with up to 170 potential harvest units, 20 cutting patterns considered for
each harveatnit, 10 crews, 30 log products and 10 customers have been solved
successfully on a PC in approximately80 minutesTypical problem size is about
50000 rows and columns of which some 20% are integeessystem itself has no
internal limits on the nubrer of harvest units, crews, customers and products that can
be modelled.

A variety of chartgsee figure belowand reports can be producadthe result tables
dumped to CSV files.



Filter D ata ‘Where |ElewN ame j is | J Group by:
ATLAS Market Supply 8052007
CrewProduction Gantt for Crew in HarvestUnit
Hone T H — H T — = = T
HighCostHU |1 I B AM Harvesting
O Asher0ss
ATBV1073137900 - | I —E— W AsherD3C
O Croziern3a
e I—
ATEV1072197900 L HH H H B crozierd3n
ATBEV1070197300 1 B Garner
B Groves 128
ATBV10691397900 | - - - - - - - W Groves12
B Groves22a
I B N
ATEV1066197900 O FighCostCres
ATBV1065197900 {1 w3 B Pine Harvestingdd
B PTFS
- - - - - - -
ATEV 064157500 O Raymar
ATEV1061197801 L H 1 H H T H H 1 B Rosin03A
O Rosinls
ATBV1053197600 | - - - - - - - - O Rosimg
O Rosin3sa
- - - - - - - -
ATBV1057197500 B Rustripdl &
= ATBM734197000 [ HH T H - HH HH 1
£
% PN == e | — H H H
@
% ATBMS35187100 —— 1+
T
ATBJ454196800 I o
ATBEJ479196700
ATBJ474186700 L H
ATEF1 130196300 - I -
ATBECT093198101 {1 - — ]
ATBC1091195100
ATBC1086198100 {1 H HAL H |
ATBC1083198100 {1 ——— F
ATBBO3T197900 I —
ATBB0361 97300 -{ I
AMHNEZ3187300 -
AMAMITE185000
L e ] — i ] o i — B — s B

03 Mar 2007 10 ar 2007 A7 Mar 2007 24 Mar 2007 31 Mar 2007 07 Apr 2007 14 Apr 2007 21 Apr 2007
w0700 C21563_VIRT 1A dninizte stor

Fiter Datawhere [SoenarioName v | © [Wweek 21 Trial ~| Graup by:

ATLAS Market Supply aM02007

Allocation for Scenario "Week 21 Trial', grouped by LogGrade

Production (t)

26 Feh 05 Mar 12 Mar 19 har 26 Mar 02 Apr 09 Apr 16 Apr
w0.7.00 C21569_VIRT1\WLcdministrstor

Figure 5: Sample Market Supply charts.



The system is a gross feeder of information and has proven to be reliant on data from
other systemslin general, themport wizardsare reliable, providgood diagnostics
andareeasy to use.

The optimising Market Supply model is an id&afor the FNSW situations. It
integrates into their business and systems well. In their complex situation with
delivered sales, differing graddst of crews with differing capability and production
rates a variety ofcustomersvith differing requiementsand many potential harvest
units the software tool really does improve their ability to deliver the right log to the
right customer at the right time the most profitable way

Harvest Scheduler (2007)

Late in 2006, ATLAS Technology was approatisy a group from Hikurangi Forest
Farms(HFF), a mediurrsized forestry company based in Gisbowmetheeast coast

of the North Island of New Zealand. They employ 16 staff to manage 35,000 ha of
forest estate predominantly on steep terrain.

H F F 6 segis plannad¢beginswith the production o& 10year cut plarwhich

includes detailed harvest plai®ad and skid plans are developetzhithe harvest

plans Planning and machine requiremearg validatedvith a field trip. After

resource consents halveen approvedoad and skid construction is commenced.
Because of the nature of the terrain and soil type they invest heavily in roading and
skid constructionMost harvesting is performed using cable hauler systems with
manual log processing on a skidod processings gradually migrating to mechanical
processing.The majority ofthe logs produced are deliverede delivery point (the

port) for export However by the end of next year they hope to commence deliveries
to a new mill that is currently bagrbuilt in Gisborne.

In terms of the harvest unit, crew assignment, produqtianning problem the

Hikurangi situation is reasonably straightforward. Ongheplanners had built a
customised spreadsheet to help schedule the crews to areas andhengroduction

of different products waselatively even and consistent however tligeadsheet was
becoming very large (>15Mb) and unmanageabiee it containedive years worth

of harvest schedule planning at the daily levEhe person responsiblerf

maintaining the spreadsheet was leaving the company and there were concerns about
maintenance of thepreadsheet

HFFO6s r e cqrefainly@em@mplicadedThey needda system to replace the
functionality of the spreadsheet model. It had to siteulae harvesting of areas of

their estate and generdatsnes by log product per day. Crew production rates, move
times and gaabilities had to be capturetihey were interested in reporting area

depletion by harvestnit and production of log typ&ecaise the current spreadsheet

was used by anyone from their production planners to their accountant the system had
to be reportable on variable time scales from daily, weekly, mhgrgquarterly up to
annually.The system héto be multiuser and secur@nly authorised peopleould

be permitted to view or modify data within parts of the system.
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Yield Harvest Units

Cut Basket

Simulate Production and Depletion

—! Reports
Crew, Hunit, Day, Grade, Production, ::>

3

As requirements were captured it was also noted ntegriation withATLAS
GeoMaster (spatial estate database)AndAS Yield Table Manager (yield cube
repository) was needd@ordon and Pilaar 200.7As we learnt with Market Supply,
the ability to easily and reliably import data was key to ensuring thersysould be
easy to use.

Figure 6: Harvest Scheduler design.

Some of the same design concepts that were used with Market Supply have been
carried oer to Harvest Scheduleh. top-level scenario entity is used. aEh scenario
containsa version of data independent frathers.It can be updted, copied,

renamed, deleted or organised into foldersitoamaw e as-i € 0 & vkdzdsy s i s .
control can be applied to folders containing scenarios to allow them to be modified
only by specific groups of users. This is useful so that once a goegshatan ha

been arrived at the scenariandedeliberately fixed andecured Scenarios can be
derived from this but thaitial scenariowill always remainn its original state

As with Market Supply, Harvest Scheduler uses the concept of dattaimars to

import and manage the specific entity types. Below is an example of the harvest unit
maintainer form:
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#7 Harvest Unit Maintainer
File Edit View Help
Mame Forest Name Op Type Name Yield Cube Plant Date HArea
B2800 [ Wakaroa [RL ['\WYield Cubes\RL tonnes'\B2802 RL interpolated Monthly Converted
B3001 Wakaroa RL “Yield Cubes‘\RL_tonnes"B3001_RL interpolated Monthly Converted 01/06/1977 26
B3101 Wakaroa RL “Yield Cubes®RL_tonnes'B3101_RL interpolated Monthly Converted 01/06/1977 26
B3802 Wakaroa RL “Yield Cubes'\RL_tonnes"\B3802_RL interpolated Monthly Converted 01/06/1977 28
B4201 Wakaroa RL “Yield Cubes'RL_tonnes'B4201_RL interpolated Monthly Converted 01/06/1977 4
MO304 Mangarara RL “Yield Cubes'\RL_tonnes'\M0304_RL interpolated Morthly Converted 01/06/1977 256
M0501 Mangarara RL “Yield CubestRL_tonnes'M0O501_RL interpolated Monthly Converted 01/06/1977 7
MOB01 Mangarara RL “Yield Cubes‘\CF_tonnes'\MD&01_CF interpolated Monthly Converted 01/06/1977 Ti
MO701 Mangarara CF “Yield Cubes'CF_tonnes'MO701_CF interpolated Monthly Converted 01/06/1977 107
MO801 Mangarara CF “Yield Cubes‘\CF_tonnes'\M0801_CF interpolated Monthly Converted 01/06/1977 1
M0802 Mangarara CF “Yield Cubes'CF_tonnes'MOB01_CF interpolated Monthly Converted 01/06/1977 11.21
MOS01 Mangarara CF “Yield Cubes\CF_tonnes'\MO5%01_CF interpolated Monthly Converted 01/06/1977 82
M10011 Mangarara CF “Yield Cubes'CF_tonnes*M10011_CF intempolated Monthly Converted  © 01/06/1577 4609
MI0011RL Mangarara RL “Yield Cubes'\RL_tonnes'M10011_RL interpolated Monithly Converted  01/06/1577 404
M10012 Mangarara RL “Yield CubestRL_tonnes'M10012_RL interpolated Monthly Converted : 01/06/1577 24
M10021 Mangarara RL “Yield Cubes'\RL_tonnes'M10021_RL interpolated Monithly Converted  01/06/1577 2]
M10022 Mangarara CF “Yield Cubes'CF_tonnes'M10022_CF intemolated Monthly Converted  © 01/06/1577 45
M10022RL Mangarara RL “Yield Cubes'\RL_tonnes'\M10022_RL interpolated Morithly Converted  01/06/1577 0.3
M1012 Mangarara CF “Yield Cubes®CF_tonnes'M1012_CF interpolated Monthly Converted 01/06/1977 818
M1021 Mangarara CF “Yield Cubes\CF_tonnes'M1021_CF interpolated Monthly Converted 01/06/1977 13
M11011 Mangarara RL “Yield Cubes®RL_tonnes'M11011_RL interpolated Monthly Converted : 01/06/1577 2166
M11020 Mangarara CF “Yield Cubes‘\CF_tonnes'M11020_CF interpolated Monthly Converted 01/06/1577 7.25
M1104 Mangarara RL “Yield Cubes'\RL_tonnes'M1104_RL interpolated Monthly Converted 01/06/1977 06
M1201 Mangarara RL “Yield Cubes'\RL_tonnes'M1201_RL interpolated Morthly Converted 01/06/1977 19
M1301 Mangarara RL “Yield Cubes'\RL_tonnes'M1301_RL interpolated Morthly Converted 01/06/1977 58
M1303 Mangarara RL “Yield Cubes\RL_tonnes'M1303_RL interpolated Morthly Converted 01/06/1977 5]
M1305 Mangarara RL “Yield Cubes'\RL_tonnes'M1305_RL interpolated Monthly Converted 01/06/1977 04
M1401 Mangarara RL “Yield Cubes'\RL_tonnes'M1401_RL interpolated Morthly Converted 01/06/1977 3
M1402 Mangarara RL “Yield Cubes'\RL_tonnes'M1402_RL interpolated Monthly Converted 01/06/1977 1 hd

Import from GeoMaster. .. | Ok Cancel Apply Help

Figure 7 : Harvest Scheduler harvest unit maintainer.

A harvest unitis considered to be any area of forest that will produce log volume and
grade moreor-less uniformly across its exterience one yield cube is sufficient to
predict the yield. A harvest unit could bsetting(the ATLAS Harvest Manager

system recognizes hierarchy of Forest, Block, Harvest Area, Setting), or could be a
stand(ATLAS GeoMaster uses Forestompartment, Standjarvest units also
require a unique name, f or esfroadlmipggar at i on
ficlearfelb), a plan date and a net stocked ar&ach harvest unit ust be linked to a

yield cube.Using plant date the age of the harvest unit is derived and used to look up
expeced yields from the yield cubélarvest Scheduler makes the yield cube selection
easy by populatg a drop down list in the yield cube field of the maintainer or
allowing the user to select and browse for the yield on themtly selected harvest

unit. Later, when setting up harvest lisisne ofthe cutting stratgies fromwithin the
selected yielatube will be assignetb a crew

12



i Crew Maintainer: \Scenarios\Trial\Trial

File Edit View Help

Iz Available

|

Cutting Strategy

HFF_CutPlan
HFF_CutFlan
HFF_CutPlan
HFF_CutFlan
HFF_CutPlan
HFF_CutFlan

Finish Date

Production Rate ...

180
150
180
150
180

Production Rate ...

150
150
190

lz Available

Crew
MName Move And Setup...
-} Log] 0
CrewHarvestList
Sequence Mo HUnit
1 M10021
2 M1305
3 M1301
4 M1303
5 M1401
6
fi
CrewProductionForest
Forest Mame COp Type Name
Huanui RL
Mangarara RL
Te Marunga RL
Wairangi RL
Wakaroa RL
CrewProductionHUnit
HUnit Production Rate ..
M10012 185
CrewProductionHUnit Day
HUnit Day
M100m2 02/07/2007
M10012 03/07/2007
M1002 04/07/2007
Crew
MName Move And Setup...
+ Log2 0
+- Logd 0
+ Logd 0
+- Logh 0
+} Logh 0
+- Log7 0
+ Log8 0
+- Log9 0

Ok

HEREMNEEEE

Cancel |

Ppply

dl BEECutPlan L

Help

Figure 8: Harvest Scheduler crew maintainer.

Production rates are hedd three levels:

Thecrew maintainer is a little

more complex than the harvest

unit maintainer. Each crew

requires a unique nameé\

moveandsetup time (days) is
neededn order to be able to
model the loss of production
between finishig one harvest

unit and starting the next.

A harvest list is a sequenced
list of harvest units that the

crew will harvest in the
specified order. Each

sequenced harvest unit refers
to a cutting pattern (see the

figure below) selected from the
assigned

harvest urti 6 s

cube. The cutting strategy is

referenced directly from

ATLAS Yield Table Manager.
Optionally a finish date can be
specified. If no finish date is

set t he

stocked area is depleted daily

(depending

on

prodiction rate) until no more

area is available. When

harvesting has completethe
crew move to the next harvest

unit in their harvest list.

e production rate per calendar day, per harvest unit,
e production rate per harvest unit,
e base production rate per operation type per forest.

The most specific rate is applied first when simulating through the harvest list.

13

har vest

t

u

he

y i

c

t

r



YieldCube - Crop_T3.J14-A

Name [Crop_T3u12-A 22a6T48c-cled-4ea3-atbd-3ccdTEEabd3d

Description |Importad from D:\atlas'\gordona_YTManagerV1.1_int\Yield Table Manager Test Yield TableManager'data“Crop_T3J14-Acav

Units m3_per_ha -

LastModified [21/06/2007  [gordona History | Add Comment |
Yield Tables ]Thinning Sequence ]
Cutting Strategy G g = =
CraUmKsEa
CS16b . :
Log Product Volume- CS_7-6 v Small Framing
w| —— Small Utility
w| = Industrial
200 v —— Pulp
180 v| = Small Structural
w| —=— Small Pruned
i w| —— Large Utility
140 v —— Large Structturﬂl
T w| —— Large Framing
c‘VEE': 120 v —— Pruned
T w| —=— Appearance
E 100
=
=]
= 8
60
40
20} o [ s e o (- ;
0 ._._'—‘—w/l e, U G g
16 18 20 22 24 26 28 30 32 34 36 38 40
Age (years)

Properties... Ok | Cancel | Help

Figure 9: Yield Table Manager cutting pattern selection.

Each crew has a set of days that they are available to work over the period of the
scenario.This is userdefined and can exclude weekends,ljgutiolidays and other
nonwork days (due to shedowns etc)There is a maintainer to manage the masking
off of these unavailable days.

The schedule of production by log types (specified in the harvest units assigned
cutting strategies) is calculated lgefrom the scenario start to finish date. The daily
area depleted by harvest unit iscatslculated at the same time.

A variety of charts and tables are igded from the production datdhese can be
summarised dailyweekly, monthly, quarterly, finara-yearly or annually.

Production charts and reports show the log production by grade through time. Area
charts and reports show the depletion of net stocked area from harv@stmgharts
show the sequence of harvest units by time that the crewstiwotigh. Production

and area reports can be exported to Excel if any additionadtaodard reports are
required.
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Area Depletion Report '@ ATLAS Harvest Scheduler

Scenario Name \Scenarios\Trial\Trial

Scenario Start Date Sunday, 1 July 2007

Scenario Finish Date: Monday, 30 June 2008

Last Updated: Wednesday, 11 July 2007 3:23 p.m.

Time scale: Weekly

Report Start Date: Sunday, 1July 2007

Report End Date: Saturday, 29 September 2007

(Column dates show start of Weekly period)

H t Unit Start 1Jul’2007  8/Jul/2007  15Aul/2007  22/Jul/i2007  29/Juli2007  5/Augi2007 12/Aug/2007 1 9/Sep/2007 16/Sep/2007 23/Sep/2007
e M pant End Depl. End Depl. End Depl. End Depl. End Depl. End Depl. End Depl. End Depl. End Depl. End Depl. End Depl. End Depl. End
MOT01 10.7 18 91 21 70 21 50 24 29 21 09
M0801 10 10 00

M10021 25 15 10 10 00

M11011 217 15 202 12 180 15 175 15 160 15 145 15 130 12 118 15 104 15 89 15 74 15 58 15 44 15 29
M1301 98 15 83 12 71 22 48 27 21 21 00

M1303 50 15 35 12 23 15 08 08 00

M1305 04 04 00

M1401 30 03 27 16 11 11 00 00 00

M1402 10 10 00 00 00

M1601 19.9 12 187 12 175 12 162 12 150
T0101 56.2 19 544 15 529 18 510 19 491 19 473 19 454 15 439 19 421 19 402 19 383 19 365 1.9 348 19 327

T1001 21 07 1 14 00

T1002 1.0 03 06 06 00

T1201 652 09 53 15 38 15 23 15
w2002 208 12 186 12 185 12 173 12 161
waro1 150 04 146 09 137 11 125 11 114 11 103 11 82 09 83 11 71 11 60 11 49 11 38 141 27 11 15
w3101 161 03 1538 13 145 13 132
w3501 118 15 102 12 90 15 74 15 58 15 44 15 28 12 16 15 01 01 00

w4001 138 16 122 13 109 16 93 16 77 16 61 16 45 13 32 16 16 16 00

w4501 485 15 471 12 459 15 444 15 430 15 415 15 400 12 389 15 374 15 359 15 345 15 330 15 315 15 301
w4701 145 14 131 11 120 14 106 14 92 14 78 14 64 11 53 14 39 14 25 14 11 11 00

ALL 2800 138 2671 10.6 2565 131 2434 132 2302 120 2173 136 2037 107 1930 137 1793 132 166.2 133 1529 13.2 1397 13.2 1265 13.2 1133

Harvest Scheduler 0.3.1.1 Page 1/1 13/07/2007 2:36 p.m. Prepared by | NTFR\gordona

Figure 10: Sample Harvest Scheduler chart and report.

Currently there is no financial data (costs or revenues), stocks or customer orders
included in the model. These are possible areas where the software could be
expanded to make it more applicable for ofloeest owners
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