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Abstract 

 
In this paper, we describe the background of the harvesting and scheduling problem together 
with the solution approach. This approach includes the different models used. 
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1. Background 
 
Within FlexWood work package 5500 we have developed a solution approach and models 
aimed to schedule harvesting resources (i.e. harvester, forwarder and harwarder) in 
combination with the selection of stands to be harvested under restriction of fulfilling demand 
from industry and minimizing the overall logistic cost. The purpose is to create a operational 
plan on which stands are to be harvested when in time and by which harvesting machine 
team. The logistic cost includes costs for harvesting, transportation of round wood from forest 
to mill and moving machines between stands. The outcome of the harvested stands (volume 
per assortment) will be matched with the demand from pulp-mills, sawmills and CHP-plants. 
In order to get the right outcome from the stands the solution approach must suggest which 
apt file that should be used for each stand. 
 
The plan or schedule is supposed to be detailed (daily) for about one month. However, this 
short term plan needs to be balanced against the long term use of the resources. Otherwise, 
we may get stuck in a bad situation with very high cost. A simple example is if we harvest the 
closest (to mills) harvest areas first (as this has the lowest cost for the transportation). As we 
get closer to the end of the year, we have a very difficult situation with stands far away and 
not enough transport capacity and/or long equipment moving. It is possible to formulate the 
overall problem into one model. However, this model would be too large and not possible to 
solve in reasonable time. Instead we apply a decomposition scheme where a sequence of 
models are solved based on a hierarchical structure. With this final solution, we have a 
detailed schedule for the operational planning. This can then be resolved in a rolling horizon 
type approach i.e. resolved as things are changed. The result, in the form of a scheduled 
harvesting plan, is to be presented both as a Gantt chart and in a map. The results will also 
be shown in tables and diagrams (costs for harvest and transportation, harvested volumes, 
etc.). 
 
The models and solution approach will be implemented and used in VSOP, an application for 
operational harvest planning created by Logica and used by several Swedish forest 
companies. The implementation of the model in VSOP will be conducted and tested within 
FlexWood 8100 - The Swedish use case. The models need information about the outcome 
per stand, which can be generated at an earlier stage by the VSOP system. Data for each 
stand consists of one or more outcomes depending on how many different apt-files that are 
used. The model in this stage is developed and tested within a Nordic context with cut to 
length systems with harvester and forwarders as logging devices. It is important to point out 
that the model is general and usable for any logging- and transportation systems. 
 
The model is working on both a short and long term horizon. The short term is based on 
short time periods, say 30 one day periods, and the remaining long term on longer timer 
period, say 11 one-month periods. This provides a detailed planning of the first month and a 
coarser planning for the remaining 11 months. The first time period is linked to a specific date 
in order to have control over current operations and inventories, when in time various areas 
are available and when different machine teams can work (holidays, planned maintenance 
stops, etc.). In addition, there must be a calendar that determines when different accessibility 
periods occur as well as an availability calendar for all machine resources. 
 
Demand is described as a target volume of all specified assortments in a given time period 
(calendar week) for a particular recipient. Also, it should be possible to require a balanced 
distribution of deliveries between the days of the week (5, 6 or 7 days). Deviation from the 
target volume is allowed by a specific percentage (both up and down) per week and per 
month. Tolerance of weekly level is typically greater than the permissible deviation of a 
monthly level. Demand is complemented with price information, that is, the price the recipient 
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pays for the respective assortment. The model can also maximize the impact by choosing 
the most convenient apt-file and decide which mill the volume is aimed for. The company's 
delivery requirements based on agreements must be met. The exception is if there is 
insufficient amount of volume of a specific assortment. In such case, the model is able to 
purchase these volumes from an external source with a given cost. 
 
Which machine team that will be assigned to which stand is determined by several factors. 
Consideration should be given first and foremost to the machine type and whether it is 
allowed in the current stand (a machine for final felling is not allowed e.g. small thinning). In 
addition, there are restrictions on how far from home base a machine is allowed to operate. 
For each machine, a performance which is dependent on the average log (harvesters), 
forwarding distance (forwarder) together with other factors (e.g. season) is used a s a basis 
to compute harvest times. The performance of the machine code is also used for different 
cutting types (clear cutting, thinning and harvesting seed trees). The decision of when a 
particular area is to be harvested is determined partly by its bearing capacity. In VSOP the 
bearing capacity is defined as a combination of road and terrain accessibility together with 
ground conditions. The time of logging can also be controlled explicitly by the user to specify 
when a specific stand should be harvested. In addition, stands can be forced to become a 
priority so that they are harvested within a fixed set of months after the purchase (in the case 
when Korsnäs purchase harvesting rights from Bergvik). 
 
The solution approach is implemented in a web service and should work fully automatically. It 
is called from the FlexWood platform, see Figure 1. The web service, which is allocated to a 
server at Skogforsk, consists of a function to receive input files and a model that optimizes 
the harvesting resources and match assets with demand. The result is sent back to the 
FlexWood platform to be illustrated graphically together with reports to the user. 
 

 
 
Figure 1. Illustration of the connection between FlexWood and the Skogforsk web service.



Grant Agreement No. 245136 
Deliverable 5.3 

 

Software and optimisation models for novel logistic and harvesting concepts  

  6 

 

2. Solution approach 
 
The solution approach works in several main steps, even if the user does not notice of more 
than one. These steps are describe in detail in Section 5. Moving costs can be specified 
directly even if, as in this case, Korsnäs has this cost embodied in the cubic meters price to 
the contractor. However, it is possible to limit the number of moves per year for a machine. 
If this number is exceeded, a penalty fee will fall out. It is also possible to add an additional 
cost that fall out for each stand (e.g. cleanup compensation to the hauler). If multiple areas 
can be clustered only one cost for the entire cluster is applied. It is also possible to force a 
particular harvesting team to harvest a specific stand, for example, if there are special 
requests from the landowner. 
 
The model is scalable, i.e. it will allow optimization with a smaller data set if all data are 
available. The optimization provides possibilities for having various factors weighted 
depending on the organization objectives. Factors that can be weighted are revenue, 
transportation cost, harvesting cost and moving costs. By default all the factors will be given 
the weight one, i.e. all the factors are equally important. The optimization also takes into 
account other harvesting objectives, in particular the percentage volume in thinning versus 
clear cutting and the also the proportion of volumes harvested in own forests versus 
purchase from private forest owners. 
 
The overall information flow process is described in Figure 2. First the data files are 
converted into a standard optimization format. In our case we use the modelling language 
AMPL and hence the files are converted into a AMPL format. With this data we perform a 
number of controls to make sure that the data satisfy some basic rules. In case any error is 
detected, this generate an error output. We then apply a solution approach by solving a 
number of models. The models are described in detail in A, B and C. The models are solved 
using the commercial solver CPLEX. Once the solutions are generated they are produced in 
AMPL format. This needs to be converted back into a general XML format and then sent 
back to the user. 
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Figure 2. Overall description of the process with data, solution approach, and result handling.  
 
The result of the optimization includes: 

 a scheduling of all machines of the first 30 days, 

 a note about what apt-file to be used in each stand, 

 a description of the volumes that will be allocated to which recipients, 

 a summary of the costs (harvesting, moving, transport and other), 

 flows and 

 summaries of how well the demand is achieved with the current solution. 
 
The results are integrated into VSOP and can be visualized in different reports. One 
important output is a Gantt schedule, see an example in Figure 3. The harvesting sequence 
for the teams can be illustrated with maps. Figure 4 illustrate a harvest sequence where 
stands are represented with different colors. In this example, the colors represent the 
dominant tree species. The figure represents the harvesting sequence for the first ten stands. 
In addition there will be tables with costs and other summaries. 
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Figure 3. An example with a Gantt scheme. 

 

 
 
 
Figure 4. An example with a map describing which areas to harvest and when. 
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3. Input data 
 
A separate document describes the input data files in xml format and its contents. This 
section will only describe the data in a comprehensive way. The optimization models require 
input in the form of asset description (volume and value of the outcomes of all stands), stand 
description (average stem, forwarding distance, bearing capacity, etc.), the demand 
description (delivery requirements to various reception sites) and description of machine and 
machine teams. In addition, it requires distances between all the stands, between stands and 
the home base for the harvest teams and between stands and recipient sites. Input is 
retrieved from various system/subsystem but is defined in the same way before it is sent to 
the optimization. 
 

3.1 Assets 

The forest assets for all stands available in the bank of stands is described with one or more 
sets of volume outcomes per assortment depending on the used apt-file (price list). Assets 
are described with an id number for the stand, names of apt-file and volume per assortment.  
This can be described in one file, or in multiple files (one file per apt-file). 
 

3.2 Stands 

For each stand it is required (except for the volume and value outcome) information about 
the properties that are relevant for the selection of harvesting machine, time of harvesting 
and choice of harvesting point of time. These properties are total volume, average log, 
forwarding distance, bearing capacity, felling form (clear cutting, thinning, seed tree felling), 
any performance reduction and bearing capacity area. Furthermore, the coordinates of the 
stand as well as information about if it is own forest or purchase from private forest owner. 
 

3.3 Demand 

The demand is described for each mill with volume per assortment and time period. Volume 
per week will probably be the most common. The mills must also be described individually by 
name, id and coordinates. 
 

3.4 Machines 

The described of harvesting machines is associated with the description of harvesting teams. 
Each machine is described with the id, which team the machine belongs to, machine type 
(harvesters, forwarders or harwarder), size (large, medium, small), available capacity per 
time period and the cost per hour. 
 

3.5 Harvesting teams 

The teams are described with id, type (own or contractor), home base, radius of action (max 
allowed distance between home base and stand), the minimum and maximum time that the 
team can work each time period and possibly the minimum working time if there is any. For 
each home base, name and coordinates are required. 
 

3.6 Additional information 

Additional information necessary for the optimization is distance information (between all 
stands, between the home base and stand and between stand and mills), transport costs 
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(timber transport and passenger transport), road maintenance costs (such as snow removal), 
moving costs for machinery , the accessibility of the bearing capacity areas, the minimum 
distance to move machines  to apply the moving cost, time to move between stands, the 
maximum share of thinning and the maximum percentage of purchase from private forest 
owners. We might also add an adjustment of the performance functions that depends on the 
season. 
 
 

4. Solution method 
 
In this section, we outline the proposed solution approach. This approach together with the 
models are developed from a number or earlier contributions and developments at 
Skogforsk. A general description of problems in the forest industry is found in D'Amours et al. 
(2008). Annual harvest planning has been studied by Bredström et al. (2010) and Karlsson et 
al. (2004). More short term scheduling of teams is given in Karlsson et al. (2003). Integration 
of harvest planning and road investment over several years is studied in Henningsson et al. 
(2007) and Frisk et al. (2006). Transportation planning can be done with the Decision 
Support System (DSS) FlowOpt, see Forsberg et al. (2005) and Carlsson and Rönnqvist 
(2007). Detailed routing and related models can be found in Andersson et al. (2008). An 
application where harvesting is integrated with logistic planning using an extension of 
FlowOpt is described in Broman et al. (2009). The issue to integrate long term and short term 
planning models is studied in Troncoso et al. (2011). 
 
The solution approach is based on solving one Master problem. This Master problem 
includes the main decision variables for allocating teams to stands, time to harvest stands, 
flows between stands and industries, inventories and apt instructions. The main interest is to 
decide an operational short term plan but include long term planning to balance capacities 
and supplies. To include this, we divide the planning horizon into business periods (detailed 
short term) and anticipation periods (aggregated long term). Examples are daily periods for 
the first month and monthly periods for the remaining part of the year. It is important to note 
that the business decisions provide the operational decisions and the anticipation decisions 
provide possible plans in the future. This Master problem will be extremely large in our 
application and it is not possible to solve directly. Instead, we need to apply some 
decomposition and aggregation techniques to stepwise solve the full Master problem. The 
overall solution approach is described below. 
 
Algorithm 1 Overall solution approach 
  
 Phase 1: 
 Assumptions: All periods (business and anticipation) are aggregated into one single 
 period. 
     Solve Problem P1 (Simplified allocation problem) 
 Output: Initial allocation of stands to teams. 
 
 Phase 2: 
 Assumptions:  Teams aggregated into one final felling team and one thinning team, all 
 business periods aggregated into one, original anticipation periods 
 Solve Problem P2 (aggregated Master problem) 
 Output: Allocation of stands to aggregated business period 
 
 Phase 3: 
 Assumptions: Selected stands to business periods. 
 Solve Problem P3 (Master problem with business periods only) 
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 Output: Allocation of stands to teams and starting harvesting times in business periods 
 i.e. initial schedule in business periods 
 
 Phase 4: 
 Assumptions: Generation of many detailed schedules based on initial stand-team 
 allocation 
 Solve Problem P4 (Detailed scheduling) 
 Output: Detailed schedule in business periods 
 
 Phase 5: 
 Assumptions: Detailed schedule in business periods 
 Solve Problem P5 (Full Master problem fixed schedule (not flows and inventories) in 
 business periods) 
 Output: Full plan in business periods and anticipation periods including all flows and 
 inventories. 
 
 
Below follow some comments for each of the problems. 
 
 
Problem P1 
 The objective with problem P1 is to allocate harvest areas to teams. There is only one 
 time period. The purpose is to support problem P2 to make sure that the spread of areas 
 to home bases is balanced i.e. we need to set some restrictions on P2. There are no 
 flows included in this problem. 
 
Problem P2 
 We use two aggregated teams to make sure that the proportion of final felling and 
 thinning stands are balanced. We use all anticipation periods together with one 
 aggregated business period. Based on the solution from P1, we make sure that there is 
 balance of harvest areas close to the home bases (and the related teams). The purpose 
 of problem P2 is to allocate areas to the aggregated business period. In this model we 
 include inventory and flows between stands and industry. 
 
Problem P3 
 From P2, we know which stands that will be harvested in the business periods. Note that 
 now we have a quality balance between business and anticipation periods. This 
 coordination is done by solving P1 and P2. We now want to solve the full model but only 
 for the business periods. The purpose is to allocate areas to teams and an initial 
 sequence in how they will be harvested. The sequencing part is an approximation as we 
 allow only one area to be harvested in each business period. In this model we include 
 inventory and flows between areas and industry. 
 
Problem P4 
 Given that we know which areas that are allocated to each team and an initial 
 approximate sequence the first month we generate many detailed schedules. These 
 detailed schedules include exact costs for moving equipment and how much is produced 
 in each business period. The next problem is a set partitioning type problem where each 
 team is to select one detailed schedule while all together satisfies demand restrictions 
 and minimize logistic costs. A schedule may also include a detailed description of apt 
 instruction for each area. In this model we include inventory and flows between areas and 
 industry. 
 
Problem P5 
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 Given the detailed schedule for the business periods, we can solve the remaining full 
 problem to allocate areas to teams for the anticipation periods. In this model we include 
 inventory and flows between areas and industry. This will provide the final solution to be 
 presented. 
 
 
Problem P1 is an approximation and will be described in detail in Appendix B. Problem P2 is 
a special case of the full Master problem (with aggregated teams and aggregated business 
periods) and here we can use the full model as a basis. The Master model will be described 
in detail in Appendix A. Problem P3 is one part of the master problem as we consider only 
the business periods but no anticipation periods. Problem P4 is a detailed formulation using 
sequences as variables. This model will be described in detail in Appendix C. Problem P5 is 
one part of the full model. In this problem, the sequences are fixed but harvesting decisions 
in the anticipation periods must be taken. Also, all flows over all periods are to be decided. 
The latter also include flows in the business periods. 
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