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Balancing the flow of wood and use of machinery in
harvesting operations — new perspectives on how to
improve performance in the wood supply chain

Abstract

Meeting current wood supply objectives requires a certain flexibility in the wood
procurement system. Suitable buffers to generate flexibility include creating a
balance between flow and resource efficiency. Research on resource efficiency (e.g.
cost-efficiency) in harvesting operations are abundant, but the flow efficiency have
not been given much attention. This is somewhat surprising as the constant need for
flexibility in practical operations has to be solved by more or less unplanned and
intuitive means, or handled by other parts of the supply chain. This thesis therefore
aims to improve performance in Nordic cut-to-length harvesting operations by
exploring flow and resource efficiency and suggesting new perspectives on how to
balance them well. Paper I covers how workloads in terms of produced volumes and
worked time vary in harvesting operations. The results revealed differences between
contractors’ workflows, which could be attributed to number of machines, machine
sizes and total workload. Papers II and III explore the trade-offs between flow and
resource efficiency by altering staffing levels within and between harvesting groups,
and thereby improving flexibility. The results revealed that with a balanced amount
of flexibility there could be a potential capacity to adjust wood flow efficiency at the
expense of resource efficiency. With flexibility, lead times could be shortened to one
tenth, but at an increase in costs of 3.2 - 3.5 % or 1.6-1.8 % if flexibility was enabled
within or in cooperation between harvesting groups. Paper IV identifies the
perceived drivers and hindrances acting on contractors’ flow and resource efficiency
while taking into consideration the expectation that harvesting operations also
include many other important aspects of performance. The results indicate that
incentives given in the business relationship mainly drive resource efficiency and
hinder flow efficiency, while involvement from the forest company mainly drive
flow efficiency while hindering resource efficiency. A framework was therefore
created to improve performance management which is currently surrounded by
complexity.

Keywords: buffers, contractor, cut-to-length, flexible resources, forwarder harvester,
logging, production management, tradeoffs, wood procurement
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1. Introduction

1.1 Background

The procurement of wood materials and products from forests has an
important role in the global economy and the transition to a bioeconomy
(Ollikainen, 2014). This is of great national and regional importance for
many countries. Around the world, about 4 billion m® of roundwood is
harvested annually to supply wood material and products to the world’s
population. Half of this volume is harvested for industrial use (FAO, 2022).
In order to remain competitive with other sectors and on the global export
market, the forest sector needs to increase or maintain the efficiency of all its
forest operations. That includes stand establishment and tending, harvesting
and extraction to roadside, transport to industry, and logistics (Epstein et al.,
2007; D'Amours et al., 2008; Ronnqvist et al., 2015). While constantly
pursuing improvements in rationalization, it is also important to meet
customer satisfaction and values (Kano, 1984; Gronroos, 1997). For decades
the forest sector has made intense efforts to decrease costs and increase the
efficiency of individual processes in the wood supply chain. In recent
decades, supply chain management has focused on trying to improve the
overall performance of the wood supply chain, rather than concentrating on
individual processes separately. Academic research has also addressed the
interests of the forestry industry (Carlsson and Rénnqvist, 2005, Palander,
2022). Moreover, the customer orientation is now also an important
consideration for the forestry industry. For example, wood-flow precision is
inherently important in a customer-oriented wood supply chain, meaning that
the right kind of products (or raw material) should be delivered to the
industrial customer in the right quantity and at the right time. In this way, the
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customer can maximize its own level of production (Carlsson and Ronnqvist,
2005).

Wood procurement is a complex process due to the geographical
dispersion of production, divergent flows of products, and acute sensitivity
to weather and climate. This means that wood flow is often and repeatedly
affected both by anticipated and unforeseen variations in those factors
affecting the flow of produced wood (Audy et al., 2012; Guatam et al., 2013).
Further complexity arises from climate change, with more extreme and
unexpected weather. Moreover, fluctuating demand from markets may not
always align with the most efficient time to harvest standing trees, which has
to take into consideration forest management objectives, fire hazard risks, or
road and terrain accessibility. Orientating wood supply to current demand,
while still maintaining efficiency in every operation and process, is thus a
challenge (Hoogstra-Klein and Meijboom, 2021). Forests also have
functions other than providing wood material and products for human needs.
The role of forests in mitigating climate change has increasingly brought the
attention of the public around the world to forest management. Recently, the
intensified debate concerning forests as carbon sinks, sources of biodiversity
and social welfare, as well as a supplier of renewable energy and products,
is changing the policies and priorities of forests and forestry (Ollikainen,
2014). This can affect delivery time, product quality and reliability, as well
as the reputation of wood suppliers and their products and, in the end, the
customer’s perception of the value of forest materials and products.

The challenges facing wood supply management are not likely to
decrease, but rather to increase and become more complex. The actors in the
wood supply chain are therefore constantly forced to adapt their operations
to the increased complexity of current needs and demands. It would of course
be interesting to look simultaneously at all the operations in the whole wood
supply chain. However, there are still many aspects within specific
operations that need further attention. The research in this thesis is therefore
focused on harvesting operations in the Nordic wood supply environment;
these include cutting and bucking the trees by a harvester, and the extraction
of logs to the roadside by a forwarder.
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1.2 Wood procurement system and supply chain

A wood procurement system includes planning and execution processes
for procuring and delivering raw materials from forest to the mill. That
includes procurement of forest stands for supply, harvesting, transporting,
and managing roundwood stocks (Uusitalo, 2005; Audy et al., 2012). In most
countries, the wood procurement system generally consists of several actors
and companies that interact through complex business relationships
involving material, information and financial flows (Audy et al., 2012).
Thus, the planning and execution processes are not carried out exclusively
and internally within one company. Supply chain theory is therefore suitable
for the wood procurement system as it consists of several independent actors
that are linked together, from procuring wood materials from the forest to its
delivery to the mill. Industrialization and globalization have been more
advantageous to companies that compete in supply chains than as individual
organizations. The term ‘supply chain’ was introduced in early 1980s and
different definitions have been proposed over the years. A supply chain can
be defined as a “network of organizations that are involved, through
upstream and downstream linkages in different processes and activities that
produce value in the form of products and services in the hand of the ultimate
consumer” (Christopher, 2005:6). A core idea for the supply chain concept
is collaboration between organizations to incorporate strengths and
streamline operations (Lin et al., 2006). To create an appropriate supply
chain is no longer solely an opportunity, it has rather become a survival skill
(Rezapour et al., 2014). Based on contingency theory (Morgan, 1986), there
is no universal set of options to organize, lead or make decisions that suits
all organizations. The optimal conditions that satisfy and balance internal
with external needs depends on the environmental context and
circumstances. Supply chain management must therefore be concerned with
developing alignments within and between organizations in the supply chain,
as well as with the surrounding external environment (Lee, 2004).

The environment surrounding wood supply is complex and offers many
logistical challenges that differ from those of the supply of goods in other
industries, such as mining, plastics or petroleum. With forests as the source
of raw materials, instead of sourcing the material from one or few locations
and transporting it to several locations next to customers, the raw material
has to come from many small locations in the landscape. Moreover, these
locations undergo constant change, since decades pass between when a given
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forest stand is planted and harvested to provide wood to various industries.
This is in stark contrast to most other industries that have geographically
static supply points. In the wood supply industry, every location (i.e. forest
stand) offers different working conditions affecting the felling and extraction
of wood from the forest to the roadside, as well as the transportation from
the roadside to the terminal or mill. These working conditions also differ
over time due to the seasonality of weather conditions affecting the
accessibility both of forest stands and roads, as well as the capacity needed
to deliver according to demand (Audy et al., 2012). Moreover, the varied
purposes and values associated with forests and forestry are of interest to
many different groups (Ollikainen, 2014); consequently government
agencies, non-governmental organizations, environmental groups, and
community stakeholders may all influence how wood material is procured
from forests. The mills, as customers of the wood supply chain, need to serve
market demands that can change rapidly; they therefore have high
expectations for product availability, quality and supply and the logistics
involved in its timely delivery. Such a customer orientated wood supply
means all parts of the overall supply chain need to match high performance
to satisfy the customers’ high requirements in terms of quality and flexibility
as well as the need and request for timed deliveries. Hence, there are high
requirements on wood-flow precision, which refers to the extent to which the
supply-rate coordinates with the demand-rate (Carlsson and Ronnqvist,
2005).

The actors and structure of the supply chain that harvests and transports
wood from forest to mill differs between countries (Audy et al., 2012). In
most, contractors normally undertake the harvest and transport of wood for
companies that have the main planning processes in-house and which usually
own the forest land and/or the mills (e.g. Drolet and LeBel 2010; Eriksson,
2016; Erlandsson, 2016; Mac Donagh et al., 2017; Jylhé et al., 2020). The
company responsible for the planning processes can be viewed as being
responsible for the management of the wood supply chain and aligning it
with customer-oriented needs at the mill and within the context of the
prevailing environment (Eriksson, 2016).

In Sweden the wood supply chain handles a fairly stable volume demand
over the year. However, there are seasonal variations that affect the
operational working conditions (Erlandsson, 2013), as well as other variables
within and between forest stands (Audy et al., 2012, Eriksson and Lindroos,
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2014). Normally, the winter season (ca December-March) provides good
conditions in which to conduct forestry operations without machinery
damaging the soil. Harvesting is therefore often intensified during this period
and the increased stock levels cover any fluctuation in production causing a
decrease in stock during spring. Thawing during the spring (ca April-May)
deteriorates road conditions and increases the risk of machinery damaging
forest soils. During the summer season (ca June-September), there is a
restriction on the time allowed for logs to be stored at roadside landings due
to the high risk of fungal and insect attack reducing wood quality
(Skogsstyrelsen, 2022). Moreover, production decreases due to vacations.
Production increases again during the fall (ca October-November), but must
be aligned with rainy weather and wet working conditions (Carlsson and
Ronngvist, 2005; Audy et al., 2012, Erlandsson, 2013). However, climate
change has led to more extreme and unexpected weather conditions, which
makes the conditions for wood supply in Sweden more uncertain (Keskitalo
et al., 2016; Lidskog and Sjdédin, 2016). For instance, the risk of forest fires
has increased markedly during recent summers and related safety restrictions
then limit the operation machinery in forests (Sjostrom, 2019; Pinto et al.,
2020). Usually, the winters provides good operational conditions, with
frozen ground making it possible for machines to drive on many otherwise
inaccessible forest locations. This is no longer always the case, since the
periods of good bearing capacity of forest soils have been shorter, or even
completely absent at some locations, in Nordic countries as winters have
become warmer (Jungqvist et al., 2014; Lehtonen et al., 2019). Warmer
weather, as well as increased wind damage resulting in fallen trees during
winter storms, has led to an increase in the occurrence and activity of
European spruce bark beetle (Ips typographus) (Marini et al., 2017).
Harvesting infested spruce trees (Picea abies) can limit the damage, but such
harvests do not necessarily align with market demands.
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1.3 Buffering for volatility in wood supply

In customer-oriented wood supply, wood-flow precision, meaning the
extent to which the supply-rate coordinates with the demand-rate, is
inherently important. Raw materials and products should be delivered to the
mill as customer at the right quality, right quantity, and right time. In this
way, the mill can align its production with downstream needs (Carlsson and
Ronngvist, 2005; Hoogstra-Klein and Meijboom, 2021). To ensure that the
mill is supplied with its demanded volumes, the wood supply chain must
compensate for the volatility of wood procurements. There is thus a need to
manage effectively the risks of any disruptions in the supply chain in order
to prevent delays in the timely delivery of materials. Buffering is one of the
most commonly used risk mitigation strategies in supply chains and it is
related to the creation of slack resources (Mishra et al., 2016). In wood
supply, this is most often created by two main principles — by buffering in
product stock capacity, and buffering in production capacity (Laestadius,
1990). Both principles are usually used to some extent in all wood supply
chains, but there can be differences in terms of which of these main principles
is used. This differs between countries, and between harvesting methods and
systems (Laestadius, 1990; Audy et al., 2012). A harvesting method is
defined by the state of harvested material at the roadside, while a harvesting
system is defined by the machinery used to perform the harvesting method
(Lindroos et al., 2017; Lundbéck et al., 2021).

1.3.1 Buffering in production capacity

A buffer in production capacity can be used to enable wood production
to vary according to current demand. When changes occur in the rate of wood
demand or in the working conditions for harvesting operations, production
can be adjusted both by changing the rate of productivity and utilizing
capacity. This can be achieved by adjusting the workload of production
resources, for instance: by controlling volume production by quotas (Ulmer
et al.,, 2004), by engaging machine operators in temporary employments
(Laestadius, 1990, Kelly and Germain, 2016), and by hiring contractors on
short-term contracts and through spot purchases (Erlandsson, 2013). In most
countries, harvesting operations are currently undertaken by contractors,
which increases the possibilities of using the latter alternative listed above
(Conrad et al., 2018; Erlandsson, 2016; Mac Donagh et al., 2017; Jylhi et
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al.,, 2020). If temporary resources are used, there is a risk of having
insufficient production capacity when demand increases (Conrad et al.,
2018). This can lead to opportunistic behaviors among contractors due to
increased bargaining power when the capacity needed exceeds that available
on the market, and which can thus potentially increase logging prices (Vining
and Globerman, 1999). If resources cannot be found, there is, of course, also
a risk of failing to meet the demands from the mills.

To ensure that the mills are supplied with their demands for wood the
whole year around, it can be beneficial to secure a large share of the
estimated annual capacity needed, on long-term contracts and by using a
harvesting fleet that is tolerant to short-term volatilities (Erlandsson, 2016).
Multipurpose machines that can be used for many tasks can increase that
opportunity (Asikainen, 2004). A practical example is the use of medium
sized harvesters and forwarders, which can operate in both thinning and final
felling (Erlandsson, 2013). This increases opportunities to adapt harvesting
operations to match current supply and demand needs without the same need
to adjust resource utilization.

Due to less equipment being needed, the Nordic two-machine system
used for CTL-method have relatively low relocation and setup time
compared to the harvesting systems used for the full-tree method (Guatam et
al., 2013; Lundbéck et al., 2021). Harvesting operations can thus be rapidly
relocated to forest stands where working conditions both match the demand
for production, and are operationally suitable. Thus, instead of changing the
workload on existing resources, production can simply be relocated to
another, more suitable, place. The one-machine-system, with a harwarder as
a combined harvester and forwarder, enables relocation and setup times even
quicker than the two-machine system. The harwarder can therefore be
suitable if operating in smaller forest stands and if the machines might need
to be frequently relocated (Kéarhéd et al., 2018; Jonsson et al., 2023). However,
although multipurpose machines can increase flexibility, they are often not
as efficient as specialized machines for the same type of operation (Ringdahl
et al., 2012; Eriksson and Lindroos, 2014). For instance, large sized
machines are more productive in final felling than medium sized machines
(Eriksson and Lindroos, 2014). Moreover, the time taken to undertake a
harvesting operation with a harwarder is usually longer than if using a
harvester and a forwarder specialized for their respective tasks of cutting and
extracting the wood (Jonsson et al., 2023).
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To benefit from specialized machines while still retaining flexibility in
harvesting operations, Eriksson (2016) suggested an approach of agile
production management. This takes advantage of differences in working
conditions between forest stands to steer the wood flow, while each operation
is performed by the most efficient resource. The term agile stand selection
will henceforth be used for this production management principle.

To steer and anticipate wood flow through agile stand selection requires
accurate information about the forest to be harvested, about the machines
that will be used, and requires accurate productivity models. The quality and
speed of gathering such information is currently being rapidly improved by
our present ability to collect detailed information directly from the machines
actually being used: for instance information about the trees, the machine
work, and productivity during harvesting. Therefore, data acquisition and
methods to produce models are constantly being refined (Eriksson and
Lindroos, 2014; Liski et al., 2020). Nevertheless, uncertainties in production
outcome still exist. Even though the increased quantity and improved quality
of data provide more reliable predictions, the outcome of a given operation
may still deviate due to, for instance, large differences between machine
operators (Purfiirst and Erler, 2011; Haggstrom and Lindroos, 2016; Manner
et al., 2016) and insufficient information about the forest to be harvested
(Gustafsson, 2017; Ulvdal et al., 2022). The ability to handle variations in
wood demand by adjusting working conditions depends on the available
flexibility concerning which forest stands can be chosen for harvest. This is
in turn limited by the forest stands available and their management plans
(Gunn, 2009; Guatam et al., 2013). Moreover, due to the divergent flow of
many different assortments of wood products from a given stand when
applying the cut-to-length harvesting method, it is rather complex to manage
and adjust the production of some specific assortments without interfering
with the production of others (Carlsson and Ronnqvist, 2005). Thus, any
planned outcome in terms of harvested volumes and needs for harvesting
resources can be subject to variations due to many different sources of
uncertainty.

Consequently, any opportunity to adjust production capacity rapidly, and
the associated costs, each depends on the labor and contractor market, the
machine fleet available, as well as there being an opportunity to use agile
stand selection and having confidence in its reliability (Laestadius, 1990;
Audy et al., 2012; Eriksson, 2016; Erlandsson, 2016).
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1.3.2 Buffers in stock levels

Stocks of wood can be built up over various intermediate levels within
the supply chain, as buffers against fluctuations and imbalances between
rates of supply and demand. Such buffers provide both the capacity to
manage fluctuations immediately, and time to adapt production rates. Thus,
buffer stocks increase the ability of the wood supply chain to overcome
uncertainties such as fluctuations in demand, machine breakdowns, weather-
related restrictions, and divergent wood flows.

Low levels of buffer stocks can cause poor resilience to any disruptions
and risks delays to production and reduced performance (Sessons et al.,
2005; Puchkova et al., 2015). However, stock levels that are too high can
create a high stock cost, due to money being tied up in the stock.
Furthermore, as wood is a biological material, its quality can decrease while
held in stock, leading to net losses (Jonsson, 2012). Hence, there is a certain
time-sensitivity in the supply of wood, but the level of sensitivity depends
on many interacting factors including tree species, weather, season, end-use,
etc. By building stocks, the time between harvest and delivery increases, and
the risk increases of decreased customer value from the wood. Moreover,
wood being stuck early in the supply chain can result in decreased
opportunities to store wood at later stages in the supply chain, which may, in
turn, result in a failure to meet time-constraints. This can then lead to
suboptimal industrial processing and increased costs for the mill, due to
higher losses in pre-processing, in grading of final products, in by-products,
and from increased consumption of process inputs, like bleaching chemicals
(Carlsson and Ronngvist, 2005). If stocks levels fluctuate, the economic
consequences and associated risks become even more unpredictable as well
as the delivery service becoming less reliable (Puchkova et al., 2015;
Hoogstra-Klein and Meijboom, 2021). It is therefore essential to find the
optimum size and distribution of the various stock levels along the wood
supply chain.

In the wood supply chain, the wood is stored in yards at the mill or at
terminals when delivered. Before that, it is stored at the roadside in the
vicinity of the forest stand while waiting for transport to a mill or terminal.
When using the Nordic CTL-system with a harvester and a forwarder, there
are natural occasions when the wood will be in stock. Thus, there is a stock
of logs in the forest, consisting of logs produced by the harvester but not yet
extracted to the roadside by the forwarder. The Swedish wood supply chain
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has a long tradition in managing these three stocks at levels which contribute
to buffering the wood flow. The benefits are cost-efficiency with high
turnover, an even utilization of the resources, and the ability to secure
supplies of wood even when production is limited, or wood flow is disturbed
(Laestadius, 1990; Audy et al., 2012).

When using a harvester and a forwarder, a buffer is needed to overcome
disturbances to production and the imbalances that occur between their
respective productivity rates. The forwarder takes over after the harvester has
done its work. Thus, the forwarder is dependent on the work conducted by
the harvester (Lindroos, 2012). Therefore, to avoid the forwarder standing
idle or, losing productivity due to unfavorable working conditions and other
disruptions affecting the harvester, a buffer in wood volume between the two
machines can be very useful. Wood that has been felled, but not yet extracted
to the roadside, is subject to higher risk of deterioration in quality and/or even
loss, than are standing trees or the logs at the roadside. This risk increases
with the stock level between the machines and also depends on weather and
season. For instance, in winter, logs can be covered by snow and hence
difficult or impossible to find, and changes in the weather in any season can
restrict the forwarder’s ability to access a logging site for long periods.
Moreover, at this position in the supply chain when the stock is at the
beginning of its potential decline in wood quality, the time it’s held in stock
affects the possibility of using it as a buffer at later stages in the supply chain,
and so maintaining customer value. This calls for small and equal
operational stock levels between the machines’ outputs. However, a small
stock level can potentially reduce resource efficiency of the harvesting
operation, both in terms of machine utilization and their productivity
(Lindroos, 2012; Lindberg, 2016).
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1.3.3 Balancing between flow and resource efficiency

Balancing between using buffers of production capacity and stock levels
is directly associated with balancing between flow and resource efficiency.
The focus on flow efficiency is on the value-added time on the task in relation
to the total lead-time to deliver it. Flow efficiency aims to maximize value-
adding time and minimize waiting time on the task eg. a service or product.
Thus, flow efficiency is associated with keeping stocks at low and even
levels. This is because stocks at this stage are in waiting-time when no value
is added to the service or products (Ohno, 1988; Naylor et al., 1999). In
harvesting operations, the task is to cut trees and extract them to the roadside.
In the two-machine system for the CTL-method, the trees are cut and bucked
by a harvester and later grabbed by a forwarder for further extraction to the
roadside landing. This work can be seen as the value-adding time of the
harvesting operation. The time between the harvester and forwarder
operations is waiting-time that is added to the total lead-time together with
the value-added time. The total lead-time in harvesting operations can thus
be viewed as the time from harvest to when the logs are extracted to road-
side landings. Flow efficiency increases as the time-gap between these
machines’ operations is reduced, and as the value adding times lengthen.
With flow efficiency, the opportunities to achieve wood-flow precision
increase and the negative consequences of holding wood in stock decrease
(Hoogstra-Klein and Meijlboom, 2023).

Wood-flow efficiency does not take resource efficiency into account.
Resource efficiency means maximizing production while minimizing use of
resources (Eriksson, 2016; Lundbédck et al., 2022), which is inherently
important for competitive wood procurement costs (Rennel, 2010; Eriksson,
2016). Resource efficiency can mean low value-adding time, simply due to
the high efficiency of operational tasks. In such a case, flow efficiency is
negatively influenced, compared to less efficient and hence more time-
consuming operations, due to the low value-adding time. The total lead-time
is positively influenced by both high efficiency of operational tasks and short
waiting-times. However, the time-gap between the machines’ operations is
usually much larger than the time taken to complete actual tasks during a
harvesting operation. There is, therefore, significant potential to decrease
lead-times in a harvesting operation by decreasing the time-gap between the
machines’ respective tasks. Thus, improved lead times relates to improved

23



flow efficiency. However, to achieve the optimum lead-time for harvesting
operations, both flow and resource efficiency need to be balanced.

According to Laestadius (1990) the two principles of using production
capacity and stock as buffers can be substituted for each other to meet a
particular need for flexibility. Stocks buffer for imbalances between supply
and demand, and increase opportunities to achieve high resource efficiency.
Conversely, buffering production capacity increases the opportunity to
achieve high flow efficiency. Which of these balancing strategies between
the two buffering principles is used in wood supply chains differs according
to the different histories and traditions employed in adapting the wood supply
to its demand, together with differences in relative cost of keeping resources
and wood idle (Laestadius, 1990; Helstad et al., 2001; Audy et al., 2012,
Conrad et al., 2018).

Figure 1 is based on Laestadius 1990:103 which describes the
substitutable effect between buffers in production capacity and stocks. In this
relationship, there exists an isoquant and isocost line for the optimal mix of
the two principles. Here, the isoquant represents all combinations of
alternatives that will produce a certain flexibility. The isocost line represents
all combinations of alternatives that have the same cost output. If a given
balance is below the isocost line, the wood supply chain has a high cost-
efficiency. However, the flexibility to produce the right volumes at the right
time is insufficient and creates a potential risk of decreasing customer
satisfaction. If above the isocost line and below the isoquant, then the supply
chain is neither cost-efficient nor has enough flexibility. If the supply chain
is above the isoquant in flexibility, then right and timely volume deliveries
can be achieved. However, customer satisfaction may be decreased due to
costs being higher than necessary. According to the contingency theory,
there is no general optimum input mix of the flexibility alternatives that
might fit all types of wood supply chain. The necessary flexibility, as well as
the relative cost of the substitutes, differs between different contexts in which
the supply chain operates. However, for the supply chain to find its optimum,
it is important to investigate different combinations of the flexibility
alternatives and the respective trade-offs.
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Figure 1. Isoquant (green) and isocost line (blue) for the optimum mix of
flexibility in production capacity and holding stocks (based on Laestadius
1990:103), given the relationship between costs of flexibility in production capacity,
and in holding stocks.

1.4 Operational planning for harvesting operations

Planning that includes consideration of environmental, economical and
social values is essential for sustainable forestry (MacDicken et al., 2015).
In operational planning, the decision maker must consider multiple factors
when selecting which forest stands to harvest at different times. The selection
is made from the list of available stands, often called a tract bank, of standing
forests that are planned to be harvested but which have not yet been harvested
(Nilsson et al., 2013). Factors that affect the choice range from the
availability of forest stands in the tract bank, to forest management
requirements, production goals, machinery and operators in the resource
fleet, weather conditions, and economical results of the operation. Thus,
forest stands cannot be selected solely to attain the most appropriate wood-
flow and resource utilization at each moment (see section 1.3.1). When
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selecting a forest stand for harvest, the future availability of forest stands in
the tract bank also need to be considered and accounted for. Moreover, the
selection must also suit other forest management plans and requirements, for
example, some forest stands can only be harvested during certain seasons
and weather conditions (Nilsson et al., 2012; Nilsson et al., 2013). This
means that there is usually a certain time window when harvesting a forest
stand can be accomplished to avoid exceeding its ‘best before date’.

The composition and number of stands in the tract bank is inherently
important when opting to use agile stand selection (Flisberg et al., 2019).
One consideration is the source of the forest stands. If a forest company’s
tract bank typically comprises a high proportion of its own forest, it is less
subject to uncertainties concerning its future, and is likely to have a better
chance of stands being selected for harvest at opportune times (Nilsson et al.,
2013). In contrast, if a large proportion of the tract bank belongs to non-
industrial, private owners, there will be more uncertainty concerning which
stands will be felled under contract (Erlandsson, 2013), and more stringent
demands from the forest owners concerning when their stands will be
harvested (Erlandsson et al., 2017).

Another essential limiting factor in operational planning is the ability of
the terrain to withstand the traffic of machinery operating in a stand, together
with whether roads permitting access to wood at the road-side landings for
onward transportation are passable. The greater the proportion of forest
stands there are with terrain and passable roads suitable for harvesting
operations to be carried out in all seasons and under a wide range of weather
conditions, the better the opportunities for agile stand selection during the
greater part of the year (Rowell, 2023).

Despite the complexity arising from the plethora of factors needing to be
taken into consideration, planning and decisions regarding forest stand to
harvest is largely done manually with help of simple support systems and
calculation tools. However, although there has been an intention to optimize
the scheduling of forest stands, they have not been implemented in practice
to any significant degree (Frisk et al., 2016). Difficulties surrounding the use
of such scheduling optimization can be explained by the complexity of
harvesting operations, with the many dynamic variables affecting the
outcome of any apparently optimal plan, all of which also vary with time, as
well as there being questions concerning data reliability. As mentioned
above, some examples of these dynamic variables are also subject to
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variation in operational conditions within and between each stand (Nilsson
et al., 2012; Wilhelmsson et al., 2021), in skills and performance among
machine operators (Purfiirst and Erler., 2011; Haggstrom and Lindroos.,
2016; Manner et al., 2016), in weather and seasons (Keskitalo et al., 2016;
Lidskog and Sjodin., 2016), and in forest information (Ulvdal et al., 2022).

Thus, agile stand selection requires a high level of competence in the
decision maker. He or she must have a thorough understanding of all the
relevant factors that need to be considered, as well as knowledge concerning
the local prerequisites relevant to such factors as those mentioned above. As
the decisions concerning which stand to harvest affects many stakeholders,
including the forest owner, the machine group or contractor, and the mill, it
is a challenge to satisfy everyone’s demands. If the companies within the
supply chain share common goals of competitiveness and commercial
success (Lee, 2004), a holistic perspective and collaboration between all the
stakeholders could eventually lead to an optimal solution to the supply of
wood and management of forests due to decreased sub-optimization of
individual stakeholder’s desires. As policies change to include forests having
extra functional roles as carbon sinks, and as sources of biodiversity and
social welfare (Ollikainen, 2014), sustainable forest management becomes
ever more important with each forest stand subject to adaptions (Mohtashami
et al., 2017). This means further additional constraints on forest management
practices, which may limit opportunities to use forest stands flexibly in order
to steer wood flow. Adapting to the increasing demands of a customer-
oriented wood supply probably means a greater need for flexibility in
production capacity as a buffer by varying use of machinery and/or being
able to provide more versatile services.

27



1.5 Contractor performance alignment with the wood
supply chain

In Sweden, forest companies (among whom also include forest owners
associations) are the main planners of harvesting operations, including
sourcing and aligning harvesting resources to the requirements of the wood
supply chain (Eriksson, 2016; Erlandsson, 2016). Since the period from
1980-1990, when extensive outsourcing resulted in forest companies
offering to sell their machinery to machine operators, the executors of
harvesting operations have mainly comprised contractors (Eriksson, 2016).
Most contractors are small and medium-sized enterprises (SMEs) with only
two, three or four employees and one or two machines. Forest companies
therefore often rely on contracts with several contractors to secure the
required amount of harvesting operations in a given geographical area
(Haggstrom et al., 2013; Kronholm et al., 2019). To maintain
competitiveness and success of the wood supply chain, it is essential that
there is alignment between a forest company’s needs and the performance of
many different contractors (Lee, 2004; Eriksson, 2016).

Performance in harvesting operations is a multidimensional quantity that
may be defined by many parameters (Haggstrom and Lindroos, 2016;
Blagojevi¢ et al., 2019). This further complicates the ease of alignment
between contractors and a forest company. For instance, there are large
variations among contractors regarding their profitability (Kronholm et al.,
2021; Jyltha, 2020), machine efficiency (Eriksson et al., 2015), and various
value attributes of the harvesting operation as a service (Eriksson et al 2015;
Erlandsson et al., 2017). This highlights the variation that exists among
contractors regarding their ability to align with a forest company’s needs,
which is consequently disadvantageous for the wood supply chain (Eriksson
etal., 2017).

Actions taken by the forest company affect contractor performance
(Krause et al., 2000), contractor satisfaction and profitability (Erlandsson
and Fjeld, 2017), contractor alignment with a forest company’s needs
(Eriksson et al., 2015; Eriksson, 2016) as well as contractors’ resource
investments and business models (Benjaminsson et al., 2019). For a forest
company that is aiming to improve the alignment between their contractor
fleet and the forest company’s need, Eriksson et al., (2015) developed a
framework comprising four generic managerial approaches - Active
contractor selection, Incentives alignment, Supplier development initiatives,
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and Active use of a power advantage. Because performance varies among
contractors, Eriksson et al., (2015) also developed a process by which an
appropriate mix of the managerial approaches for each contractor’s case
could be chosen, depending on the capability of the individual contractor and
the contractor’s current performance alignment with the forest company’s
needs. For the process to be effective the contractor must have the means to
perform what is required, both regarding their capability and the intended
goals of the forest company.

For decades, strenuous efforts have been made to minimize the cost of
harvesting operations by improving productivity and cost-efficiency
(Eriksson, 2016). That work represents one of the successes for
competitiveness in the wood supply chain, as harvesting operations
constitute for half the share of the forestry costs involved in wood
procurement (Eliasson, 2022). Due to the need to conform to an
environmental context and related circumstances (Morgan, 1998), such as
traditional practices and opportunities for holding roundwood stock (Ager,
2014), the Swedish wood supply chain has invested heavily in sophisticated
and specialized harvesting resources (Nordfjell et al., 2019). Thus, many
Swedish contractors now have specialized machines that can only operate in
final felling (Kronholm et al. 2021), and which require regular and high work
rates to keep logging costs low (Eriksson et al., 2015). Contractors with
machinery used in thinning, comprising mainly medium sized, can also
operate in final felling (Erlandsson, 2013). However, this is not the most
cost-efficient choice because thinning machines are not best suited to final
felling (Eriksson & Lindroos, 2014), and because operator skills increase
with experience (Purfiirst, 2010) with their competency becoming more
specialized when mainly working in one kind of operation - thinning or final
felling.

Thus, as the harvesting operation in Sweden relies on to utilize resources
in a high and even degree, it also applies for the contractors that have the
investments in the machines. Therefore, a consistent and high utilization of
the machines is important for costs of the harvesting operations (Erlandsson,
2016; Erlandsson and Fjeld., 2017). These high levels of efficiency,
productivity and utilization rate are also important to satisfy the forest
companies (Eriksson et al., 2015). However, increased requirements for
wood-flow efficiency in harvesting operations can result in contractors’
machines being utilized at more uneven and unexpected levels during the
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year. Increased variation in the requirements of harvesting operations also
means increased uncertainties and risks in the sourcing process by forest
companies. For instance, there are costs that forest companies may have to
incur when compensating contractors for under-used machines and
manpower according to the common standard for agreements between
customers and forest contractors (Skogforsk, 2020). The increased
uncertainties and risks can also have negative effects on contractor
profitability and satisfaction (Erlandsson and Fjeld, 2017). Therefore, if
wood-flow efficiency needs to be increased, forest companies should want
to be able to match contractors’ flexibility with the necessary flexibility.
Based on Eriksson’s et al., (2015) framework for aligning performance with
customer needs, it would first be necessary to specify the need for flexibility,
evaluate its importance, evaluate contractors’ current performance, and
assess contractors’ capabilities to fulfill the need. A suitable strategy for
improving flow efficiency in harvesting operations can then be developed.
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1.6 Aims and objectives

The overall aim of this thesis is to improve performance in harvesting
operations by exploring and suggesting new perspectives on how to balance
flow and resource efficiency. This is done in the context of Nordic cut-to-
length harvesting operations, where forest companies outsource a large part
of the harvesting operation to contractors. The research progresses from
investigating the current situation, to analyzing potential improvements, and
identifying factors affecting performance in harvesting operations.

Specific objectives of studies I-IV were to:

IL.

III.

Iv.

Investigate the level of contractors’ workload variation in terms
of wood volume handled and time spent on the operations.
Analyze how machine use flexibility created by different
numbers of operators within a machine group influences the
balance between flow and resource efficiency.

Analyze how cooperation between machine groups staffed with
flexible operators influences the balance between flow and
resource efficiency.

Identify perceived drivers and hindrances for contractors’ flow
and resource efficiency, taking into consideration that harvesting
operations also include other important aspects of performance.

All studies presented here were conducted within a case of an integrated
forest company operating in central Sweden as purchaser, and the company’s
contractors providing harvesting services in the region.
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2. Materials and methods in brief

2.1 The company in the case-study

This thesis was performed as an industrial doctoral project financed by
Stora Enso Skog AB; all empirical data were collected within the boundaries
of Stora Enso’s harvesting operations in Sweden.

Stora Enso AB is one of the biggest forest owners and wood supply
organizations in the world. Globally, Stora Enso owns or leases lands that
cover a total area of 2.01 million hectares, of which 1.4 million hectares are
located in Sweden. Annually, the company harvest about 6.4 million m? of
roundwood in Sweden (Stora Enso, 2022) and the operational area is mainly
in the central parts of the country, from Bohuslén in the south to Hérjedalen
in the north.

The largest proportion of the harvesting work in Sweden is performed by
contractors. Contractors’ agreements normally extend over 1-3 years and
there is usually a long-term intent to business relationships thus allowing
collaborations to develop over many years. Contractors usually operate a
single group comprising one harvester and one forwarder; but the number of
machines and groups can vary. A work schedule of two work-shifts per
machine per day is standard, but many contractors operate single shifts.

The conditions under which the present study was carried out are similar
to those usual in the business relationship between forest companies and
contractors in Nordic countries (Eriksson, 2016; Jyltha, 2020; Kronholm et
al., 2021).
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2.2 Paper|

In order to examine variations in contractors' workflow volumes and
times, and to identify differences between contractors, data on contractors'
harvesting work during the calendar years 2018 and 2019 were collected
from Stora Enso Skog's records stored in its IT systems. The dataset included
reported volumes per machine, stand, and date together with information
about the type of operation (final felling, thinning or other harvesting work),
estimated productivity, and reported time and compensation for other
harvesting work. Hourly compensation rates were extracted to enable the
derivation of machines’ monthly variation in terms of work time. The
information in the dataset also included machine size and type, and to which
contractor the machine belonged.

To quantify workflow accurately at the machine level, it was important
that data derived from the machines operating during the study were reliable.
Therefore, to handle the flaw of data errors and so minimize the effect that
poor data quality might have on the reliability of results, the original data
were refined by excluding machines that did not meet the criteria of three
data reduction steps. After the three reduction steps, 77 machines (19%)
remained, which accounted for 38% of the total harvested volume, and 36%
of the total time in the original dataset.

The analyses focused on two main sources of variation (Performance
variation and Workflow variation), and on two main aggregation levels
(individual machines and contractor). For analysis at the contractor level, the
volume and machine time of those owned by the same contractor were
aggregated per month. To derive performance variation, the relative monthly
variation for a machine was calculated by comparing monthly values with
the mean value over the studied period, for both volume and time, as well as
for individual machines and contractors. Workflow variation was defined as
the coefficient of variation (CV) of performance variation. Performance
variation and workflow variation were normalized to render them
comparable between machines or contractors.
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2.3 Papers Il & llI

Discrete Event Simulation (DES) was used to analyze how flexibility of
machine use within and between harvesting groups influences the balance
between flow and resource efficiency. In Paper II, a simulation model was
used to evaluate a standard two-machine cut-to-length system (large
harvester and forwarder). The two-machine system was operated by two,
three or four operators, making the machinery adaptable to different wood-
flow related objectives within the harvesting group. With respect to wood-
flow, certain conditions and objectives were included at different levels in
the experiment, as well as time consumption as a factor dependent on stand
condition, and random periods of downtime. In order to isolate the effect of
adapting machine use, stand selection was not used to influence flow and/or
resource efficiency.

The model in Paper III built on the model used in Paper II. The more
developed model was expanded to include two harvesting groups, with three
or four operators each. The two groups also operated simultaneously, with
the added possibility that machine operators could not only adapt machine
use to wood-flow related objectives within one harvesting group, but also
between harvesting groups.

To run the simulations, actual stand-data recorded in final fellings during
2021 were provided by Stora Enso Skog AB. The data included information
on harvested volumes as well as on tree and terrain features. The data were
used to calculate stand specific time consumptions for the harvesting and
forwarding of loads in the stand, as well as the number of full forwarder loads
in each stand. Statistics on harvester and forwarder downtimes during 2021
were also provided and used to customize probability functions for downtime
intervals and durations in the models. For cost calculations, estimates of cost
components for large machines were provided by the forest company
according to their costing model in which utilization rates were set according
to the follow-up dataset as 86% for harvester and 89% for forwarder. To
accommodate differences in machine usage with different numbers of
operators, the expected lifetime was set as 9.0, 6.1, and 4.6 years, with
salvage values of 15%, 22.5% and 30% of machine investments for two,
three, and four operators, respectively. Operator costs were set as the same
for both the harvester and the forwarder. Moreover, different machine usage
was also expected when there was cooperation between machine groups (i.e.
with 7 operators), leading to different lifetime and salvage values. With
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limited information on how large the effects would be prior to the
simulations, the fixed values were set between the values of having 3 and 4
operators per group, respectively.

At the end of each simulation, the resulting datasets were automatically
reported and collected in new spreadsheets. The results were further analyzed
with Minitab 18 to compare the different combinations of machine operators,
machine choice thresholds, and initial gaps.

2.4 Paper |V

For this exploratory study, a qualitative approach with in-depth semi-
structured interviews of four production supervisors and eight contractors
was used. Snowball sampling, which followed a specific structure, was used
to select the study participants in order to identify as much variation in
perceptions about performance as possible within a limited sample.

During the interviews, each of the participants was asked to reflect upon
different value attributes of the harvesting service and the performance
within them. A list of value attributes was provided as examples to help
stimulate the participants to consider different value attributes. The
participants were also asked to reflect on reasons behind the outcome of the
performance to gain insight into which factors drive and hinder contractor
performance. For example, production supervisors were asked to identify
which factors supported and hindered contractors’ performance results, and
which of these factors best explained the contractors’ performance results.
Similarly, the contractors were asked to identify factors that either supported
or hindered their own performance.

The interviews were recorded, and the transcripts approved by the
participants. All of the transcripts were coded and subjected to content
analysis. The identified values relating to harvesting service were
categorized according to value attributes, which were in turn sorted into
identified attribute groups. Identified factors were organized based on the
themes of Capability, Incentives, Commitment, and Involvement, along with
External factors. In the transcripts, the occurrence of each value attribute and
each factor was counted. Thus, the counting was based on the number of
contractors the production supervisors mentioned with each value attribute
and identified factor, and how many of the interviewed contractors
mentioned each value attribute and factor.
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3. Results

3.1 Contractors’ workflow variations (Paper I)

Performance in terms of volume produced and worked time varied
between months and years for harvesters and forwarders (Figure 2). There
was a large dispersion in performance variation over the 24 months within
the 77 machines, regarding both volume produced and worked time. Some
of this could be attributed to seasonal patterns in most machines performed
above or below their mean volume and time values, with performance during
May, June and July being notably lower. Significant differences were mainly
observed between months in different seasons, but also occurred between
months in the same season and between the same month in different years.
For example, produced volume and worked time were higher in the May and
August of 2018 than 2019. The largest difference in performance between
all 24 months was observed between July and August 2018.

The relative performance variation within months of volume produced
and worked time for all the 77 machines pooled was positively correlated.
However, it was noted that the range of dispersion between volume produced
and worked time was considerably smaller for negative values (i.e. when
machine performance is below average) compared to positive values (i.e.
when machine performance is above average) of relative variation. The
dispersion of relative variation decreased when aggregating the machines
over the 39 contractors that owned them. Moreover, the dispersion of
variation for volume produced was wider than for worked time on data
aggregated at the level of both machine and contractor .
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Figure 2. Relative variation in the machines’ volume produced (dark gray) and
worked time (light gray) over months for 2018 (upper panel) and 2019 (lower panel).
Boxes indicate median and quartile values. A relative variation value of 0% indicates
that the value for that month was the same as the mean value for the machine’s
performance during the observed 24 months. The lowest possible relative variation
value —100% indicates that the machine had not been used or produced no volume
at all that month. N = 77 machines per month.

Individual machine’s and contractor’s workflow variation in volume
produced and worked time was indicated by the coefficient of variation (CV)
of their monthly performance over the studied 24 months. In general, there
was a strong positive correlation between workflow variation in produced
volume (CVyoume) and workflow variation in worked time (CVime) at both
machine (Figure 3) and contractor levels (Figure 4). But there were also
examples of substantial deviations between CVioume and CVime at both
levels. Most of the correlation deviations indicated a higher CVyoume than
CViime. These examples were common for medium sized harvesters and
forwarders (Figure 3) and contractors with medium sized machines (Figure
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4). This indicates that medium sized machines could have high CVsume
while still having relatively low CViime.

The results revealed that a contractor’s workflow varies in both volume
and time. However, the study also showed that it is not the same for all
contractors as the level of unevenness in workflow differed between
contractors, which could be attributed to the number of machines, machine
sizes and total workload of harvesting services. These results indicate that
many contractors demonstrate capacity flexibility that has negative effects
on their resource efficiency, and thus, on the costs of the harvesting
operation. It seems that contractors with more machines can even out the
workload between the machines, resulting in a more consistent workflow at
the company level than at that of individual machines.
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Figure 3. Relationship between the machines’ CVolume and CViime, distributed
over machine type and size. The closer to the line, the more equal CVoume and
CViime. Machines under (to the right of) the line have a lower CVime than CV yolume. T
= Pearson correlation coefficient. The number in parenthesis represents the total
number of machines. n = number of machines in each combination of machine size
and type.
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Figure 4. The contractors’ machines’ CV yolume and CViime With information about
machine size and the number of their machines. The closer to the line, the more equal
CVyolume and CVime. Contractors under (to the right of) the line have a lower CVtime
than CVyoume. r = Pearson correlation coefficient. The number in parenthesis
represents the total number of contractors. n = number of contractors in each
combination of number and sizes of machines.
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3.2 Balancing flow and resource efficiency (Papers Il and

10

The results show that there is a trade-off between flow and resource
efficiency within harvesting groups. Indeed, flexibility in terms of the
production capacity to adjust utilizations on machines according to wood
flow objectives was successfully achieved, but at the expense of resource
efficiency. To staff the machines with four operators was, in Paper II, related
to no flexibility, and provided the best resource efficiency, but low and
highly variable flow efficiency. To staff the machine with two operators
resulted in complete flexibility, but at the expense of cost efficiency and long
lead-times. The best balance was achieved when staffing the machines with
three operators, which allocated 33% of the work time to flow adjustment
work, which resulted in the shortest lead-times and the smallest cost
increases (Figure 5). Compared to four operators, the lead-times were 22% -
91% lower with three operators depending on the initial gap and time-gap
threshold for machine-choice, but it came with increased costs of 3.2% -
3.4%.

Cooperation between harvesting groups staffed with flexible operators
gave further possibilities to balance the amount of flexibility, both within and
between harvesting groups. The result of the cooperation between the
harvesting groups, compared to groups working independently, was that the
group with four operators attained in average 60-90% lower lead-times and
increased costs of in average 1.6-1.8%, while the harvesting group with three
operators maintained the lead-time at the same levels but for almost half the
costs increase (1.6-1.8%), (Figure 6). The results in Paper III thus show that
the need to balance the amount of flexibility, in terms of production capacity,
in order to adjust wood flow efficiency, could be done with less loss of
resource efficiency if the flexibility adjustment work was done between,
rather than only within, harvesting groups.
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Figure 5. Mean lead time plotted against mean cost per load for all combinations of
operators, machine-choice thresholds and initial gap. n = 50 sets of forest stands.

Initial gap (loads) 0 68
Machine
choice . 200 205 210 215 220 225 230
threshold | Staffing
(PMh15) [T option
I . . L] . e O-indep.
L o ¢ @, L ® 7-coop.
. L @ 7-indep.
*e®s [ . bt . o S-indep.
L * 3, . o S
14.24 e "% . il s . .®
- ) L} s ¥V g M
- e o L4 .
= -
H o & See .
=
Z
Er
= e sonemmbmes B ® 0 o % wonidicm Mmoo o
@
£
| 25F . *
E t . * e .
o L
| % . o . . ® L]
[ 8. . L] L™
15+ o o* ° & . e s "
5696 | ~.... . . e T L o
10- . oo !'. :. . * e
5‘ ee TLATW, WS ° oo WAV Vet ™ , ¢
300 205 Zi0 Zi5 220 235 730 : ' ' ‘ ‘ ' '
Cost (USD/load)

Figure 6. Mean lead time plotted against mean cost per load for all combinations of
staffing options, machine choice threshold and initial time-gap. n = 20 sets of forest

stands.

42

25

20



3.3 Performance in harvesting operations (Paper V)

The interviews in Paper IV revealed 18 different value attributes as
aspects of performance, which were perceived to be important in harvesting
operations. These value attributes were divided into eight groups. Ordered
from the most to least the frequently mentioned, the groups were:
Adaptability, Operational quality, Delivery, Information, Development,
Independence, Stability, and Safety. This shows that performance in
harvesting operations consists of many different values that can be perceived
differently by production supervisors at the forest company and by the
contractors. What constitutes good performance can therefore be assumed to
be case specific.

Contractor performance was perceived as being affected by a range of
driving and hindering factors. These factors were categorized into five
themes: Capability, Incentives, Commitment, Involvement, and External
factors. Most factors could exert both a driving and hindering effect, which
varied between contractors and depended on the value attributes in question.
In total, production supervisors most often mentioned factors in the theme
Capability when discussing both what drives and what hinders performance
under a value attribute. The contractors also mentioned factors connected to
Capability the most when reflecting about what might hinder performance.
However, concerning what drives performance, factors connected to
Incentives were instead the most frequently mentioned.

The main reason for why Capability was stated most often as being
obstructive to performance was because under many value attributes and for
many contractors, the factor ‘resources’, in which there was a lack of
machine operators was frequently considered to hinder performance.
Production supervisors also frequently mentioned a contractor’s competence
as affecting performance, both in a positive and negative direction,
depending on which contractor or value attribute was being discussed.
However, contractors considered their own competence only in a positive
light. A mirror image of this pattern was noted for the factors ‘collaboration
interface’” and ‘relationship’. These factors were given as examples both of
driving and hindering effects by the interviewed contractors, but production
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supervisors only mentioned these factors when providing examples of what
drives performance.

The same factor could have opposing effects on different value attributes.
Such opposed effects were found in ‘collaboration interface’ and ‘economy’
of the performance in the groups Adaptability and Delivery, which are values
connected to flow and resource efficiency. Most contractors were perceived
to perform well in Adaptability according to both the production supervisors
and the contractors themselves. The ‘relationship’ and ‘collaboration
interface’ factors were mentioned by both business parties as the drivers of
good performance in Adaptability. The production supervisors did not
mention many hindrances, but many contractors highlighted obstacles to
their Adaptability performance being due to ‘economic losses’ and ‘lack of
resources’. The economy was instead mentioned as a driver of Delivery
(volume production and delivery reliability) that was hindered by the
‘collaboration interface’. Thus, it seems that Incentives drives resource
efficiency while hindering flow efficiency, and Involvement drives flow
efficiency while hindering resource efficiency.
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Figure 7. The proportions of the themes and factors within examples given (n)
by the production supervisors and contractors, organized as total instances of cases
in which the theme/affecting factor was mentioned as an obstacle or driver. The
themes and factors are sorted according to frequency, with the theme that was
mentioned most often at the top of each circle (frequency of mentions then
progresses clockwise in descending order).
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4. Discussion

Based on the findings revealed by these four studies, the following
sections discuss challenges, potentials, and solutions for managing
harvesting operations in a complex operating environment.

4.1 Evaluating flexibility in harvesting operations

Because wood supply is a complex process, it is widely understood that
there is a need for flexibility in the wood supply chain. However, wood flow
efficiency by buffering with flexibility in capacity rather than with stock
levels has not received much attention in either previous research or in the
operational practices used in the harvesting operation part of the Swedish
wood supply chain, although a few studies did highlight this topic 20 years
ago (eg. Helstad et al., 2001; Brunberg, 1999a; Brunberg, 1999b). One
reason for this lack of attention may be that flexibility has always been
associated with decreased resource efficiency and increased costs. This is
anathema to the stringent goals of cost efficiency in harvesting operations.
Rennel (2010) emphasized low fiber costs and cost efficiency of wood
procurement as being strong determinates of a mill’s competitiveness.
Harvesting operations constitute more than half of forestry costs and
consequently every improvement in cost-efficiency means large savings on
the cost of wood procurement (Eliasson, 2022). The history and tradition of
holding large stocks of roundwood in floating, and subsequently in road and
railway transport, have meant the need to focus on flexibility has been
sidelined, with a greater focus instead on making harvesting operations as
cost-efficient as possible. In Sweden, flexibility has therefore been left as
something to be accommodated by other parts of the supply chain. Hence,
the tradition of holding stocks has remained, being considered a more cost-
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efficient way to buffer fluctuations instead of buffering resource capacity,
and thereby keeping costly resource capacity idle (Laestadius, 1990; Audy
et al., 2012; Eriksson, 2016).

The lack of research into flexible resource capacity in harvesting
operations does not mean that there is no need for flexibility in that part of
the supply chain. In fact, that need for flexibility has always happened in
Swedish forest operations in one way or another. For instance, one of the
perceived benefits of outsourcing forest work in Sweden during the 1980s
and 1990s was the opportunity to increase capacity flexibility in harvesting
operations (Ager, 2014; Erlandsson, 2016). Outsourcing makes it possible to
secure a certain proportion of the required capacity through long-term
contracts, and temporary fluctuations in required capacity could be managed
through short-term contracts or spot-purchases. However, as argued by
Erlandsson (2016), this increases the risk of lacking capacity when it is
needed, or of opportunistic behavior among contractors, which can lead to
rising prices. Moreover, the control of operational performance decreases
(Erlandsson, 2016), which can have negative effects on the wood supply
chain (Eriksson, 2016). It is not surprising therefore, that contractors engaged
on long-term contracts use flexibility to adjust volume production according
to current need - a practice that is highly appreciated by their clients, as
earlier demonstrated by Erlandsson et al., (2017) and which was also the case
in Paper IV of this thesis.

Capacity flexibility in harvesting operations is obviously needed (e.g.
Paper 1) but is normally not purposely integrated in either the design of the
supply-chain or the contractor’s business relationship with their customer.
This seems especially true when it comes to adjusting the utilization of
resources. It seems that when a need for flexibility occurs, the organizations
involved in a harvesting operation adapt to solve a problem with the current
situation. That probably means an increase of logging costs, but of an
uncertain amount. Despite the potential cost increase caused by flexibility,
not much has done to investigate how much flexibility is needed, nor how it
can be handled in an efficient way. However, the potential of agile selection
of harvesting stands to steer production has been in more focus for
practitioners (Eriksson, 2016) and using a combination of a flexible
harvesting fleet that can operate in both thinning and final felling
(Erlandsson, 2013). The potential is that the need for costly capacity
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flexibility in harvesting operations can decrease with the amount of volume
flexibility that can be managed through agile stand selection.

Agile stand selection can be done using models that predict machine
productivity based on the conditions in the stand to be harvested (Eriksson,
2016). The company used as a case study for this thesis used such
productivity models to direct wood flow toward satisfying demand, while
trying to enable contractors to utilize their resources at a high and consistent
level throughout the year (Paper I). Indeed, if that goal is achieved and a
suitable business model for pricing of operation is used, it should limit
negative effects on contractors’ profitability and satisfaction, as Erlandsson
and Fjeld (2017) found to be a risk with an uneven workload. For contractors
to accept agile stand selection, the pricing of the operation needs to be
adjustable for variations in work conditions. Payment per unit work time
meets this requirement but might not be preferred by a forest company in
many cases. Payment per produced unit, on the other hand, is considered to
promote work efficiency. For this pricing model to compensate adequately
for variable work conditions, the productivity of harvesting operations needs
to be predicted under various work conditions. Moreover, such pricing
models also enable work conditions to be matched to the quantities of wood
desired, by selecting harvestable stands based on the predicted time it will
take for the contractor to harvest the standing volume. Agile stand selection
will then reduce the cost of unused machinery and manpower for which the
forest company may compensate contractors according to the common
standard agreements between the business partners in the harvesting
operation (Skogforsk, 2020). Therefore, it is assumed that the produced
volume varies more than the time consumption on contractor’s machines.

As shown in Paper I, ‘volume produced’ and ‘worked time’ are
significantly correlated. Thus, agile stand selection cannot fulfill the whole
need for volume flexibility without including capacity flexibility. Thus,
contractors should assume that the need for flexibility in harvesting
operations refers both to volumes to be produced, and working time to
produce it. However, according to the results in Paper I, it appears that this
assumption depends on whether flexibility is needed to increase or decrease
volume production. If the aim is increased volume production, it might be
achieved without the same need of flexibility in working time. However, if
the aim is to decrease volume production, it would probably also require
flexibility concerning decreased work time.
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Machine size and type also seem to be important as medium sized
machines, especially the harvester, attained larger workflow variations in
produced volume than worked time. This is due to medium sized machines
being capable of both thinning and final felling (Erlandsson, 2013). As
shown by the production models in Eriksson and Lindroos (2014), this
affords an opportunity to make large adjustments in volume production
without needing to adjust machine working-times. As mentioned above, the
difference between relative variation in volume and time is smaller when
decreasing than increasing produced volumes. This may be because medium
sized machines are normally used in thinning, but when wood demand
increases some can be transferred to final felling, so increasing delivered
volume without changing working time. However, in final felling, large
machines are more productive than medium machines. Thus, using medium
machines in final felling often results in higher logging costs. More
thoughtful adjustments of machine working-time could create further
potential for improvement by selecting stands for final felling by large
machines, and for thinning by medium machines.

In Paper I, workflows were more evenly spread at the contractor level
than on individual machines. The reason behind this may be that some
contractors appoint machine operating staff in such a way that it levels out
the available and required work-time between machines. This indicates
adaptability over time to the respective, but fluctuating, needs for harvesters
and forwarders. In this way, although none of the machines are utilized
equally each month, the buffering between the machines effectively manages
the need for flexibility and may potentially increase the overall machine
system’s flexibility. However, further knowledge is required concerning how
best to set up such flexible staffing in order to manage the need for flexibility,
and to quantify any other potential gains and trade-offs. The next section
therefore discusses how harvesting operations can improve flow efficiency
by using machine flexibility within and between harvesting groups, and what
trade-offs in resource efficiency it might lead to.
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4.2 Trade-offs between resource and flow efficiency in
harvesting operations

As Paper I indicates, contractors must manage variation both in produced
volume and in the utilization of their resources. It should be expected that
any increased need for volume flexibility in harvesting operations would not
be without a need for capacity flexibility. Thus, a need to increase flow
efficiency in a harvesting operation, probably means a decrease in cost-
efficiency. How the harvesting operation could contribute to improved flow
efficiency in the supply chain, and what trade-offs might exist between
flexibility and costs, therefore requires more attention. Moreover, bearing in
mind the high variation in contractors’ workloads, as shown in Paper 1,
managing the need for capacity flexibility and thereby limiting the negative
effects and unexpected cost increases it may otherwise cause, should also be
examined more closely.

In Paper II, flow and resource efficiency were compared between
harvesting groups staffed with different numbers of operators. With the
operator numbers, different amount of working time in which the operator
can choose what machine to operate occurred. In that way, different capacity
flexibility was enabled between machines. With the full crew of four
operators, there was no possible capacity flexibility. Hence, flow efficiency
differed largely between sets of forest stands. However, flexible capacity was
possible with two or three operators due to there being an opportunity to
buffer between the machines’ fluctuating productivities. With two operators,
100% of the work time was flexible and available for wood flow adjustments,
whereas 50% of the work-shifts was available with three operators. Since the
sets of forest stands did not result in any differences in flow efficiency for
harvesting groups staffed with two or three operators, it can be argued that
harvesting groups with this setup are substantially less dependent on the
success of agile stand selection to be flow efficient. As three operators in a
harvesting group decreases the lead-time more than when there are only two,
and lessens any cost increase, the amount of buffered production capacity
should not be too large. Based on these findings, it should be possible to
allow enough capacity flexibility between machines to provide more reliable
and stable lead-times in forest operations.

How the machine group is staffed can therefore be a useful way to enable
capacity flexibility in the two-machine system and increase flow efficiency
in harvesting operations. However, rationalizing the work of harvesting
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operations has meant concentrating attention on attaining the highest
possible resource efficiency and highest possible cost-efficiency of
operations (Ager, 2014; Eriksson, 2016). The baseline is often set at
operating each of the machines over two shifts per day. In that way, the fixed
costs on the machines is distributed over more hours and volumes, which
leads to lower delivery cost as revealed in Paper II. With capacity flexibility
enabled by flexible machine use, the utilization of individual machines
becomes lower and more uneven. Not surprisingly, this also leads to higher
costs in general, as well as large cost-variations between different sets of
forest stands. However, considering the costs between different sets of forest
stands, large variations were also observed when having the resource
efficient group with four operators. Thus, costs can be assumed to be very
sensitive to working conditions, irrespective of the flexibility of the
harvesting group. This is not surprising since machine productivity differs
among stands (eg. Eriksson and Lindroos, 2014; Liski et al., 2020), which
also affects costs. Paper III demonstrated how cooperation between
harvesting groups can substantially improve flow efficiency, and keep the
increase in costs lower than when only flexible machine use is enabled within
independent harvesting groups.

Without capacity flexibility in harvesting operations, large stock levels
occurred between the harvester and forwarder. Moreover, it resulted in long
lead-times for the wood to go through the two-machine system. Thus, even
if machines are staffed according to their full potential, it will still be
necessary to adjust their capacity. Such an adjustment of machine use also
means a level of capacity flexibility that is likely to increase logging costs
and add uncertainties. Machine operators may then need to operate outside
normal working time on the machine that falls behind in order to catch up
with production. However, that also has its challenges and limitations. Labor
regulations limit the working time of machine operators, as well as their
ability to work between certain hours at night (Skogsavtalet, 2020).
Moreover, current difficulties in recruiting and retaining machine operators
(Ager, 2014; Kronholm et al., 2021) limits opportunities to temporarily
adjust utilization on the machines by adjusting the number of employed
operators, or adjusting their working time. This thesis has not included any
further investigations into how operators’ working conditions might be
influenced by increasing wood flow efficiency. Further work in this area
would be essential before implementing the results of this study.
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It is normally a forest company’s responsibility to match production to
delivery plans (Audy et al., 2012; Erlandsson, 2013; Eriksson et al., 2017).
This was also true for the case studied in this thesis. The delivery demanded
of the contractors can therefore be dependent upon what forest stands
contractors are instructed to harvest. To steer production to desired levels,
the forest company can act according to the principle of agile stand selection.
This is a complex task that requires a high level of competence in order to
steer production successfully while also considering management plans for
the forest. Another challenge is to balance production rates between the
harvester and forwarder. With flexible machine use by flexible operators, as
investigated in Papers II and III, capacity flexibility buffers interruptions to
wood flow caused by fluctuating productivity of the harvester and forwarder.
If volume production needs to increase or decrease, it still requires agile
stand selection to change productivity. However, because the ability to adjust
volume production by agile stand selection is limited (Audy et al., 2012,
Guatam et al., 2013), there will probably need to be additional capacity
flexibility that will in turn require adjustments to working time both of the
machine operators and the machines, in order to increase or decrease
produced volume. The challenge of implementing agile stand selection, and
the fact that in this case there were potentially larger variations in demand
than agile stand selection can manage, probably explains some of the
considerably larger variations that were observed in Paper I compared to that
generated in the simulations of Papers II and III. It should also be noted that
the reality of harvesting operations is more complex than addressed in Papers
IT and III, which is also likely to have contributed to the differences observed.

Nevertheless, the results from Papers II and III clearly show that the
balance between flow and resource efficiency can be improved in the
harvesting operation. A first step would be to enable the flexible use of
machines by flexible operators within harvesting groups to create capacity
flexibility in order to buffer the imbalances that can occur in the two-machine
system (as in Paper II). A further step would be to enable cooperation
between harvesting groups over flexible machine use, as in Paper III. This
would also potentially increase flow efficiency in harvesting operations but
with a considerably smaller trade-off loss in terms of decreased resource
efficiency and increased costs. However, as discussed below, enabling
cooperation between machine groups might also be more challenging than
enabling capacity flexibility within machine groups.
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4.3 Improving performance in harvesting operations

As Papers II and III revealed, flexibility within and between harvesting
groups is key to improving the balance of flow and resource efficiency in
harvesting operations. This is in accord with supply chain theory, which
states that cooperation networks towards shared goals leads to gains in
competitive benefits (Lee, 2004), which are inherently important for the
long-term survival of businesses (Rezapour et al., 2014).

However, cooperation in harvesting operations towards shared goals are
subject to a range of challenges. One of these is the fact that many contractors
in Sweden own only one, or just a few, machines (Haggstrom et al 2013;
Kronholm et al., 2021). To manage flexibility between harvesting groups
thus means that cooperation is needed between contractors. As contractors
compete for contracts and look to their own interests of profitability and
satisfaction, it is naturally unfair if one benefits from the cooperation and the
other does not. However, some learnings can be gained from cooperation
during the road-transport operations in the wood supply chain. In this last
link in the supply chain, cooperation between contractors is the norm as it
enables backhauls for better routes and thus better flow and resource
efficiency (Carlsson and Ronnqvist, 2007; Frisk et al., 2010). However,
cooperation models to improve flow and resource utilization at a holistic
level have, to my knowledge, not been applied in Nordic harvesting
operations. Palander (2022) pointed out a potential with a franchise concept,
in which synchronization of many operations can improve the combined
efficiency when compared to the sum of separate operations. By applying a
franchise concept, benefits to large contractors’ might be achieved when
balancing flow and resource efficiency by cooperation between harvesting
groups. Thus, the franchise concepts may be a means to align many smaller
contractors towards the same goals, but other ways to combine efficiency in
a collaborative manner also exist. More research is needed to elucidate how
cooperation and business models can be applied to align harvesting
operations into the whole wood supply chain. As forest companies are very
involved in planning and coordinating harvesting operations to align with
supply needs (Audy et al., 2012; Erlandsson, 2013; Eriksson et al., 2017),
such cooperative models would probably need forest company involvement.

Another way to enable flexibility between harvesting groups without the
need of cooperation between contractors, is to keep harvesting operations in-
house instead of outsourced to contractors. Another way is to encourage
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contractors to expand. Then, cooperation can take place between a
contractor’s own machine groups. With owners of contractor companies
aging and the number of young persons entering the contractor business
decreasing (Conrad et al., 2018; Kronholm et al., 2019), those contractors
that tend to have their performance aligned with the forest company also tend
to be offered larger contract sizes (Eriksson et al., 2015). In Finland Jylha et
al. (2020) found that the size of a business was positively correlated to a
contractor’s profitability, since larger businesses had capacity to provide
large volumes as well as versatile services, power in negotiation, and
opportunities for a more cost-efficient harvesting operation within their
company. The same tendency has also been shown for the larger contractors
in Sweden (Kronholm et al., 2021). Moreover, as the results in Papers I-I11
show, it is likely that contractors with many machines and machine groups
are better able to strike a good balance between flow and resource efficiency.

The potential to improve the balance between flow and resource
efficiency as described in Papers Il and IIl requires flexible machine
operators who can operate different machines instead of just one. The
managerial capability of contractors is therefore extremely important
regardless of whether the contractor comprises and manages one or many
harvesting groups. The managerial capability and skill in operating a
business have been highlighted in many studies as the reason for why some
contractors succeed while others struggle (Eriksson et al., 2017; Contrad et
al., 2018; Gercans et al., 2021; Kronholm et al., 2021). Good alignment with
the forest company is also a key to success (Eriksson et al., 2015). However,
such alignment requires not only good managerial skills of the contractor,
but also a willingness to collaborate with the forest company and to satisfy
customer demands with the harvesting operation (Eriksson et al., 2017). A
forest company would therefore benefit from applying a managerial role
upon their contractor fleet in order to stimulate collaboration and alignment
with the needs of the various links in the whole wood supply chain.

However, performance in harvesting operations is a complex,
multifactorial metric, and is very case specific (Eriksson et al., 2015;
Hiaggstrom and Lindroos, 2016; Erlandsson et al., 2017). Therefore, in
addition to improving the balance between flow and resource efficiency,
other value attributes within the harvesting operation must also be
considered, which can make it difficult to realize what alignment with the
supply chain really is.
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As the study in Paper IV revealed, contractors are a blend of professionals
characterized by a unique mixture of performance achievements across
different value attributes. Some contractors perform strongly across many
value attributes, while others perform strongly in only a few. Regardless of
whether the decision to focus on certain value attributes is conscious or not,
this result indicates that different niches and business models exist among
contractors. Furthermore, even if a forest company has not considered a
certain value attribute, it may still be important. In general, service
companies that are one step ahead, and provide unexpected beneficial values,
can attain excellent customer satisfaction and gain a better market position
(Kano, 1984). Something that should also be true for harvesting contractors.
To be one step ahead in terms of innovation and finding niches requires
contractors to have an entrepreneurial attitude. As St-Jean and LeBel (2012)
concluded, this requires a certain degree of independence from the forest
company. Nevertheless, the forest company and its contractors should
benefit from any close collaboration aimed at development and innovation,
as it increases the chances of better alignment with the whole supply chain
(Eriksson et al., 2017).

The results of the study reported in Paper IV indicate that a forest
company may be satisfied with contractors due to their good adaptability
regarding performance, even if they perform poorly in other value attributes
compared to their competitors. Thus, contractors that facilitate and support
the work of the employees of the forest company were much appreciated, as
well as contractors who adapted to variations and changes that occurred in
daily operations. Moreover, as some of the wood supply came from non-
industrial private forest owners, contractors that adapted their operation to
the special needs of private owners were also much appreciated. As stated by
Nordlund and Westin (2010), and Erlandsson et al. (2017), non-industrial
private forest owners may have requests that limit opportunities to use agile
stand selection to steer wood flow. This can mean an increasing need for
capacity flexibility for the contractors as well as increasing difficulties to
match production with industry demands (Audy et al., 2012; Erlandsson,
2013). Erlandsson (2016) described the perspective of harvesting operations
involving the triad of forest owner associations, forest owners, and
contractors. The perspective on performance in harvesting operations differs
among these three entities, as well as what satisfies them (Erlandsson et al.,
2017). Having a large part of the wood supply from non-private forest
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owners may therefore make it even more challenging to achieve both high
flow and resource efficiency.

As was shown in Paper IV, forest companies appreciate contractors who
are highly adaptable due to their ability to make rapid changes in, for
instance, the order in which stands are harvested. This indicates that the
forest company will be satisfied with adaptable contractors, regardless of
whether a problem was caused by the forest company, the contractor, or by
external circumstances. Based on these observations, it seems that
adaptability is one of the most important attributes for a contractor to master.
On the other hand, Erlandsson and Fjeld (2017) report that such adaptability
can decrease contractor satisfaction and profitability. It also decreases
operational efficiency, which Eriksson et al. (2015) highlighted as being the
most important feature of contractor performance. As Paper IV indicated,
performance in harvesting operations is complex not only because there are
many aspects that different individuals perceive differently, it is also difficult
for any one player to excel in all aspects of performance and the associated
value attributes, as some can contradict the performance of others. Such is
the case for flow and resource efficiency as it clearly means trade-offs, which
by definition means that better performance in one aspect is at the cost of
another. Therefore, it was not surprising to find that some factors perceived
to drive performance in value attributes important for resource efficiency,
simultaneously hindered performance in value attributes important for flow
efficiency, and vice versa. However, what was notable in the results of Paper
IV, was the imbalance and contradiction of Incentives and Involvement on
those performances in value attributes that were important for resource and
flow efficiency. If the incentives tell a contractor to do one thing and
involvement by the forest company to do another, it is obviously difficult to
develop performance alignment. Therefore, if both flow and resource
efficiency are important in harvesting operations, the different factors
affecting performance should be in better balance and synergy with each
other. To guide management through the complexity of the myriad factors
affecting performance, the section below provides a framework for
discussion based on a concept map (Figure 8) of the interactions between
many factors that affect performance in harvesting operations.
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4.4 Conceptual framework for performance management

Performance excellence emerges from the judicious selection of action at
the best level, for each of the many factors that together form a complex
matrix. Based on contingency theory (Morgan, 1998), these factors need to
be organized in a way that meets the requirements of the environment they
operate in. A part of that environment was captured by External factors in
Paper IV, but there are other contextual factors which are essential and
underlie organizational behavior (Johns, 2006). To contextualize the concept
map below on a broader basis than just External factors, it is presented in the
context of Working conditions, Market conditions, Contractor conditions,
and Supply chain conditions. Based on John (2006), interactions exist
between contextual factors, as well as on the organizational setting and
behavior. Organizational behavior can be many things (Morgan, 1998), but
the concept map in this thesis limits it to the themes that were used in Paper
IV viz Incentives, Involvement, Contractor capability, and Contractor
commitment. In the concept map Incentives and Involvement are considered
as managerial factors executed by the forest company in order to affect a
contractor’s Capability and Commitment to performance. Along with
interactions within the contexts of Working conditions, Market conditions,
Contractor conditions, and Supply chain conditions, the interactions between
these themes leads to the performance outcome (Figure 8). Combined with
the concept map in Figure 8, I suggest the use of a four-step process to
orientate performance management within harvesting operations (Figure 9).
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Working conditions (4)
* Harvesting type

» Forest stands

» Work order

» Weather and seasons

\ J

Capability (2)

Market conditions (4)

* Demands for harvesting
operation

* Available contractors

Supply chain conditions (4)

* Performance alignment with
other companies

* Aligned development needs

r

— Involvement (3) Performance (1) Incentives (3) +—

Commitment (2)

Contractor conditions (4)

* Personal goals

* Perceptions on harvesting
operation

Figure 8. Concept map of interactions between factors affecting performance in harvesting operations. Suggested
process for orientating is provided in Figure 9, where the numbers (1-4) indicate the relevant process steps. Blue
indicates the forest company, green indicates the contractor.
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3. Use incentives and
involvement to align
capability and

2. Assess capability
and commitment
status for
performance

4. Adapt and interact
with the surroundings

1. Specify performance

commitment with
performance needs

Figure 9. Flowchart of suggested processes for orientating in the concept
map in Figure 8, where the numbers (1-4) indicate the relevant themes.

441 Specify performance (1)

To use the concept map for performance management, one first needs to
specify what performance is in harvesting operations. As other studies such
as Eriksson et al., (2015) and Erlandsson et al., (2017), along with Paper IV
of this thesis reveal, harvesting operations comprises a range of different
value attributes. This process step can be made by using the method
described in Eriksson et al., (2015), which requires specifying the attributes
of service needs together with their importance. Such an approach can be
helpful when balancing and evaluating trade-offs between different value
attributes. However, there is a risk of an unbalanced focus favoring the value
attribute perceived to be most important, with concomitant disadvantages to
performance in others. It is therefore suggested that, in the concept map, each
attribute also is individually reconsidered as being perceived to have
importance in the harvesting operation.

4.4.2 Contractor capability to performance (2)

To deliver a performance required by the harvesting operation, the
contractor must be able to actually do so, and do so satisfactorily. According
to the resource-base view (RVB) of a firm, resources as tangible and
intangible assets are key to performance. Tangible assets are physical
resources such as machinery, equipment and financial capital, whereas
intangible assets have no physical presence, but exist in the abstract such as
skills and knowledge (Wernerfelt, 1984). Tangible assets are easier to copy
and procure according to best practices than intangible assets (Grant, 1991).
In Swedish harvesting operations, relevant machine types and sizes affect a
performance in its various value aspects differently. For instance, larger
machines are more productive in final fellings than medium sized machines
(Eriksson and Lindroos, 2014), but medium machines are more flexible
when there is a need to manage volume production because they can be used
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both in thinning and final felling (Erlandsson, 2013). Thus, tangible assets,
such as using the right machines and equipment for what needs to be
performed, are important. However, what often divides successful businesses
from their less successful competitors are their intangible assets such as
competence and the knowledge held by the firm (Grant, 1991). For instance,
the importance of skilled machine operators is often highlighted, as the
operator has a great influence on performance in harvesting operations
(Purfiirst and Erler, 2011; Héggstrom and Lindroos, 2016). However, for a
contractor it is seldom enough to be a skilled machine operator for the
business to succeed. For instance, Norin and Thorsén (1998) noticed that
good leadership and efficient processes are commonly apparent among high
performing contractors. Moreover, Eriksson et al., (2017) emphasized
managerial and collaborative capabilities as essential for both business
success and alignment with a forest company. Gercans et al. (2022) also
pointed out those capabilities as success factors, along with experience in the
sector, skillful employees, teamwork, and good contract rates.

It is interesting to discuss capability in terms of the opinions of
participants from the forest company in Paper IV. About the larger
contractors, they mentioned contractors’ leadership skills as a principal
reason for performance excellence, whereas an excessive focus on
contractors’ themself operating machinery was regarded as a reason for poor
performance. By contrast, about small contractors they mentioned
operational skills (e.g. handling of machines) to positively influence
performance, whereas leadership skills were seldom mentioned. To some
extent, this may be explained by the nature of the work. Larger contractors
have more employees operating machinery. Therefore, the contractor
responsible for agreeing contracts will take on distinct managerial roles (both
internally and externally), spending more time managing the company rather
than operating the machines (Jylhd et al., 2020). This does not mean that
smaller contractors do not need leadership skills, but rather that the
importance of leadership skills may increase successively with the size of the
organization. Forest companies’ actions of Incentives and Involvement
should therefore benefit from assessing the contractor’s leadership and
operational skills, as both of these factors are relevant to the performance of
the harvesting operation.
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4.4.3 Contractor commitment to performance (2)

An individual’s commitment to an organization and their own work
activities has been shown to correlate with performance, because committed
individuals tend to be more likely to meet an organization’s demands than
those who are less committed (Porter et al., 1974). This also applies to
contractors since the most successful contractors are often highly committed
to their customers and tasks (Eriksson et al., 2017). Commitment can be
based on emotional attachment and a calculative dimension to performing
the task (Gilliland and Bello, 2002).

Based on discussions with the participants in Paper IV, the forest
company seem to consider contractor commitment to rely mostly on the
actions of the contractors themselves. Notably, operational quality was
mentioned to be driven by a contractor’s enthusiasm and pride in
performance. The interviewed contractors also confirmed that their positive
attitude drives their operational quality of performance, as they often
described their own pride at performing well in these attributes. The
relationship was mentioned by both parties, but to a considerably higher
degree by the contractors. In the discussions linked to the relationship factor,
the participants mentioned a mutual trust between the parties as a driver of
performance, with this characteristic especially mentioned regarding
adaptability, which included flexibility, collaboration, and where wood
procurement might be necessary from private forest owners. Moreover, the
contractors commonly judged their adaptability to be beneficial in the
development of any long-term relationship with a customer, which also
indicated a calculative dimension on commitment for further business
opportunities with a forest company. These recorded attitudes are important
to take into consideration in the actions of Incentives and Involvement when
improving a contractor’s commitment to the business relationship, and thus
their commitment to providing a good performance in harvesting operations.
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4.4.4 Incentives and involvement (3)

Eriksson et al., (2015) suggested the use of active sourcing, supplier
development, incentives alignment and use of power, in order to improve
contractors’ performance alignments with requirements. They emphasized
that any suitable approach would be case specific, depending on the given
contractor’s capability for performance and how well the current
performance aligns with requirements. This thesis takes that framework as
its base and adds the dimensions of commitment and the context in which
the forest company and contractor operates. Thus, the most appropriate
approach depends on contractors’ capabilities, their commitment and the
contextual setting.

The concept map of this thesis suggests that incentives can be used to
improve contractor capability and commitment to improve performance.
Incentives can mean actively sourcing a contractor with capability that aligns
with the necessary performance required. It may involve increasing contract
sizes of current contractors in the business relationship, or contracting new
or additional contractors that have the necessary capability. For these
contractors to engage in the task that has to be performed to the required
degree of excellence, the forest company also needs to deploy motivators to
enhance a contractor’s commitment. That might include aligning economic
incentives, as suggested by Eriksson et al., (2015), to promoting contractors’
own returns while simultaneously maximizing customer value (Cohen at el.
2007). However, lifestyle objectives can be more important for contractors
as SMEs, than maximizing returns of their business (St-Jean and LeBel,
2014; Erlandsson and Fjeld, 2017; Johansson et al., 2021). Moreover, as
Erlandsson and Fjeld, (2017) empathized, contractors’ satisfaction is not the
same as their profitability. Thus, deploying motivators may include more
than economic incentives, such as, for instance satisfaction of needs at
different levels of Maslow’s Hierarchy which includes physiological,
security, social, ego, and self-actualizing needs (Maslow, 1943; Morgan,
1998). ‘Use of power’ leverage is also an incentive that might be used to
commit contractors to performance. As such, the forest company as customer
can leverage their dominant position in the business relationship to convince
a contractor to act in a certain way (Eriksson et al., 2015). In the Swedish
context, contractors who offer harvesting operations have high investment
costs in machinery and rely on only a few large companies to make a living
(Erlandsson, 2016; Kronholm et al., 2019). Thus, these contractors
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understand that if they do not provide the required performance then the cost
of a potential breakdown in the business relationship will be rather high and
they will therefore take this factor into account if they want to maintain the
relationship (Morgan and Hunt, 1994; Gilliland and Bello, 2002). However,
‘use of power’ can cause conflicts, which do nothing to assist the goal of
achieving performance excellence. For instance, low levels of trust between
the forest company and the contractor, where the forest company is
disrespectful towards the contractor, along with unprofessional and
dishonest behavior are all attributes of conflictual relationships (Eriksson et
al., 2017). This significantly harms commitment and hurts performance
excellence (Porter et al., 1974).

Along with incentives, a forest company’s involvement with its
contractors can improve the contractors’ capabilities and commitment to
performance. For instance, to improve current contractors’ capabilities, the
forest company can offer development initiatives, such as education and
training programs, that strengthen the contractor’s necessary capabilities to
perform (Eriksson et al., 2015). In this way, the forest company can promote
the development of contractors’ capabilities to align with future needs
(Krause et al., 1998). If development is left in the hands of the contractors
themselves, or to market mechanisms, it can expose the supply chain to risks
since contractors’ actions as entrepreneurial SMEs may not always align
with the rest of the supply chain members’ needs (Falkner and Hiebl, 2015).
Development initiatives provided by the forest company to help contractors
improve their capabilities can therefore be for the common good of the whole
wood supply chain (Lee, 2004). However, for contractors to actually follow
any development initiatives provided by the forest company, the forest
company also needs to engage in the collaboration interface with the
contractor. How the forest company interacts in the collaboration interface
is inherently important for a contractor’s commitment to attain the
improvements suggested by the forest company. This includes how the
forest company fulfills their part of the assignment, and the consequences of
these actions. Moreover, the contractors then receive help and guidance from
the forest company when it is needed. Erlandsson and Fjeld., (2017)
highlighted this as being essential for contractor satisfaction, and it can also
be assumed to be true with respect to their commitment to performance
excellence.
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445 Interact with the contextual environment (4)

The contextual environments of Working conditions, Market conditions,
Contractor conditions, and Supply chain conditions affect the capability and
commitment necessary for contractors to perform to the required standard,
as well as the incentives and involvement a forest company needs to apply
when managing the performance of their contractor fleet.

Working conditions directly affect performance capability. It includes the
use or availability of machinery that is suitable for the job in hand, since large
machines outperform medium machines in final felling while they are not an
option in thinning (Eriksson, 2016). This means capability depends on
appropriate machinery depending on whether the operation involves final
felling only or if thinning is also needed (Erlandsson, 2013). Moreover, as
performance differs widely among machine operators (Purfiirst and Erler,
2011; Héaggstrom and Lindroos, 2016) it is likely that their skills also differs
between harvesting types. Thus, different harvesting groups are likely to
differ in their capability to perform thinning, final felling or both. Managing
the variations in working conditions between forests stands (Nilsson et al.,
2013), as well as according to season and weather conditions (Keskitalo et
al., 2016; Lidskog and Sjodin, 2016), also requires certain capabilities.

Working conditions in turn affect the contextual environment of the
market mechanism with the demand for harvesting operations varying over
time. This gives incentives for using short-term contracts and spot purchases,
or adapting capability to more long-term projects (Erlandsson, 2013,
Erlandsson, 2016).

Working conditions also affect collaborations along the wood supply
chain, as it can mean specific adaptations being made to different parties,
which can in turn further affect performance. For instance, the decision of
which forest stand to harvest affects not only the harvesting group and the
contractor, but also many other links in the wood supply chain, such as the
forest owner (Erlandsson et al., 2017), stock levels (Paper II and III), and the
mill (Carlsson and Ronnqvist, 2005).

A contractor’s commitment to perform in a harvesting operation depends
not only on incentives from and involvement by the forest company, but also
the contractor conditions, such as personal goals and perceptions for what
good performance is. Indeed, the results of Paper IV indicate that such
contractor conditions are perceived to be important for their performance in
harvesting operations. Contractor conditions do not only affect their
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commitment to performance, but also the market conditions. For instance,
forest companies should contract contractors with conditions that align with
the required performance (Eriksson et al., 2017), but they should also adapt
their incentives depending on the contractor (Eriksson et al, 2015).
Moreover, if contractor conditions are severely misaligned with market
demands, it can lead to the liquidation of the firm (Eriksson et al 2017),
leading to fewer contractors on the market.

Contractor conditions also affect collaborations along the wood supply
chain, and, in turn, the involvement by the forest company. For instance, if a
contractor is willing to participate in aligned development needs,
involvement efforts can help struggling contractors to align, or strategically
develop their capability and commitment for better performance in the future
(Krause et al., 1998; Eriksson et al 2015).
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4.5 Strengths and weaknesses

To address the high-level goal of improving performance in the
harvesting operation part of the wood supply chain, a combination of
quantitative and qualitative research methods was used. In Paper I, large
datasets on real-life harvesting operations were provided by Stora Enso Skog
AB, so validating the results and their practical relevance. However, the data
used suffer the same limitations as similar datasets, in being case-specific as
well as containing errors (Eriksson and Lindroos, 2014; Manner et al., 2016).
Moreover, the study focused on machines working continuously for the
company, so it did not encompass the complete breadth of the various
harvesting operation scenarios at the contractor level. The complete range of
management flexibility as used by the forest company has not therefore been
completely addressed. Nevertheless, the results clearly show the potential of
evening out variations when there is the possibility of balancing machine use
across many available machines.

Papers II and III focused on flexible machine use within, and between
harvesting groups, respectively, and the effects on flow and resource
efficiency by using discrete-event simulations (DES). Some of the main
advantages in using simulations is that they can mimic a specific bounded
real system in a robust way, and the effects of manipulating a system in
different ways can be evaluated without carrying out expensive or hazardous
physical experiments (Banks et al., 2005). Hence, different levels of machine
use flexibility of the standard two-machine cut-to-length system could be
evaluated under controlled and comparable conditions. That would be
difficult to do as a physical experiment, both due to high costs and the
impossibility of making comparisons under identical conditions. Real-life
data were provided by the forest company acting as the subject in the case
study, thus validating the results and their practical relevance. However, as
with all models, the representations of reality and system boundaries had to
be simplified. The models in Papers II and III are thus imperfect imitations
of the actual complexity of the system. Although variation in forest stands
and downtimes were considered, many other variables were not accounted
for. The possibility and willingness of operators to work according to the
flexible machine-use scheme is the most obvious area to investigate further
in future research.

The performance outcome of harvesting operations is surrounded by a
degree of complexity that could not be accounted for in the quantitative
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approaches used in Papers I, I and III. A qualitative approach with in-depth
interviews was therefore used in Paper IV. That study was conducted in the
context of a real-life case with the forest company and its associated
harvesting contractors. The sampling process aimed to identify the maximum
variation and diversity of performances in the harvesting operation among
the participants in order to reveal the multiplicity of perspectives from a
limited sample. This is a common approach in qualitative research (Creswell
and Poth, 2016). Paper IV thus explored a broad spectrum of examples
comprising a range of different perspectives of factors affecting the value
attributes in different aspects of performance in harvesting operations. In
contrast to other studies based on surveys (eg. Drolet and LeBel, 2010;
Erlandsson et al., 2017), the results of Paper IV were derived from in-depth
interviews within a case study. The strength is that new perspectives can be
explored after participants have been able to reflect upon their experiences,
and the interviewer can thus gain further details and a deeper understanding.
Thus, despite the relatively small sample, the results widen the insights
concerning the complexity that underlies a successful harvesting operation
executed by contractors. However, due to the intrinsic features of qualitative
research, it is important to keep in mind that the results are a range of case-
specific examples of different perspectives built on a sample of 12 persons
and may not represent all contexts or cases. These insights and case-specific
examples should therefore be used as indications, rather than conclusive
results when researchers and practitioners consider performance in
harvesting operation in similar contexts elsewhere.

All four studies within this thesis were conducted within the boundaries
of a specific forest company, Stora Enso Skog AB. This cooperation was
invaluable, since it gave access to otherwise inaccessible data. The drawback
is that the results are case-specific. However, as Stora Enso Skog AB
operates in a context that is broadly similar to other forest companies and
forest owner associations in Sweden and the Nordic countries, it is
reasonable to assume that the results are likely to be relevant in those similar
contexts. Moreover, balancing between flow and resource efficiency in forest
operations as well as in the whole wood supply chain is of global relevance.
The results disclosed by this thesis are therefore likely to be of general
interest. Naturally, when the results are further explored in other contexts,
adequate adaptations have to be considered.
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5. Future research

The results of this thesis indicate that there exists a potential to improve flow
efficiency in the harvesting operation part of the wood supply chain.
However, improved flow efficiency comes at the expense of decreased
resource efficiency, and thus increased costs of harvesting operations. This
trade-off must be seen in relation to potential cost savings in other parts of
the supply chain, for instance by holding lower stock levels. Future work
should therefore focus on evaluating whether flow efficiency in harvesting
operations should indeed be increased at the expense of higher logging costs,
and if so, by how much it should be increased. Moreover, the contribution
from increased flow efficiency in harvesting operations on wood-flow
precision also needs to be investigated further in order to evaluate if flow
efficiency, with its buffers in capacity flexibility, is justified.

If increased flow efficiency is justified in the harvesting operation part of
the wood supply chain, it is probably possible to reach an efficient balance
of increased flow efficiency with limited trade-offs in decreased logging
costs if flexible operators and cooperation among several pairs of machines
can be used to enable flexibility in capacity. For that to be an option,
operators need to be able and willing to work according to the flexible
machine-use scheme and this is an obvious area to investigate further in
future research. Furthermore, an integrated business model that focuses on
the combined results of machine operators, contractors and harvesting
operations would probably be needed. How such a model should be formed
and developed is another interesting topic for future research.

The identified drivers and hindrances of incentives and involvement were
perceived to influence the capabiliy and commitment for flow and resource
efficiency differently. Future research should also therefore address how to
align incentives and involvement in order to work synergistically to improve
the balance between flow and resource efficiency, as well as other aspects of
performance in which harvesting operations are expected to excel.
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6. Conclusions

Contractors currently need to manage considerable variations in
workflow in terms both of produced volume and worked time. These
variations can negatively affect resource efficiency and, thus, costs for
harvesting operations. However, some contractors manage capacity
flexibility among their machines, resulting in relatively high variation in
workflow for individual machines but a more even flow on their combined
set of machines.

A more holistic perspective on workflow could substantially improve
flow efficiency in harvesting operations. By enabling flexible machine use
within harvesting groups, lead-times decreased by 22 % - 91% with a cost
increase of 3.2% - 3.4% compared to having no capacity flexibility, and
depending on the time-gap required between the harvester and forwarder
operations. Improved flow efficiency therefore comes at the expense of
decreased resource efficiency, and thus increased costs for harvesting
operations. The negative effects of the trade-off when balancing flow and
resource efficiency can be decreased by cooperation between harvesting
groups sharing the flexibility. By doing so, the cost increase was only 1.6-
1.8 % for a similar substantial improvements of lead-times as was attained
within harvesting groups.

Managing performance in harvesting operations is complex with the
many aspects of performance making it difficult to excel in them all. The
complexity is inherent when balancing between flow and resource efficiency
as it clearly means trade-offs that favor one aspect of performance over
another. The framework provided here should therefore be considered when
balancing flow and resource efficiency, and with respect to other aspects of
performance. The complexity surrounding the management of performance
is then likely to be simplified by applying a more holistic perspective
regarding how incentives and involvement influence a contractor’s
capability and commitment to different aspects of performance.
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Popular science summary

Forests are an important source of renewable raw materials, and the
forestry industry is likely to play an increasingly key role in the development
of sustainable, bio-based societies. Sweden is a country with 69 % of'its area
covered by forest and is one of the world's largest exporters of forest products
into the highly competitive global market. It is therefore important that forest
management is carried out in the best possible way in order to supply the
demand for renewable raw materials in a socially, environmentally and
economically sustainable way. Using forests to produce raw materials poses
a number of challenges, not least because of their geographical distribution,
but also because of the complexities involved in moving different wood
products from a standing tree to where it can be processed in a mill, and the
need to work around the further complexities of unpredictable weather and
climate change. This places high demands on all parties that play a role in
the forest sector to achieve good interactions and relationships between them
as wood passes along the supply chain from forest to mill. In Sweden,
harvesting work, i.e. the felling of trees, cutting into logs, and transporting
logs to the nearest road, is carried out with a system of machines consisting
of harvesters and forwarders which normally work together paired as a team.
But economics is always a consideration, and even though they work in
teams, an important factor is usually to maximize performance of the
individual machines. However, the two machines often work out of sync with
each other, because their work is affected by different things — for example,
the harvester works quickly if there are large trees, while the forwarder works
quickly if the road is nearby. Any unbalanced teamwork needs to be
managed: one way of doing this is by managing the so-called forest stock,
i.e. the wood that the harvester has harvested, but which the forwarder has
not yet transported to the road. This forest stock can be used to act as a buffer
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between the productivity of the two machines so that they can work as
quickly as possible. A large forest stock reduces the risk of the machines
hindering each other in their work, so working efficiently, and keeping
harvesting costs competitive. However, if the forest stock is too large, it can
take too long to transport it all to the road and on to the mill, and while it
waits, the wood can become difficult to access by the forwarder - perhaps
because of poor weather, - and its quality can deteriorate.

The work in this thesis examined how harvesting operations might be
improved, by exploring in a suite of four studies if there could be better ways
of balancing the use of machinery to improve the flow of wood at the
beginning of the supply chain. The first study examined the current situation,
the second and third analyzed potential of two different solutions to improve
the situation, and the fourth identified those factors that most affect the
performance of the harvesting operation as a whole. The first study showed
that, currently, the use of machinery in harvesting operations varies a lot from
month to month resulting in a similarly variable rate of wood production.
This leads to large uncertainties in the expected costs. It is also uncertain how
the flow of wood from harvester to forwarder, or from forest to roadside is
affected by this volatility. However, the study revealed that flexibility in
harvesting operations was necessary to manage the imbalances between the
production rates of the two machines. This is currently managed in several
different, but not very structured or systematic ways. Studies two and three
used simulations that showed how flexible staffing, both within a team and
between teams, can help to balance the flow of wood between machines,
while controlling the cost of the added flexibility. With certain scenarios it
proved possible to reduce the forest stock to one tenth of the level that
occurred without flexibility. In Study 2, quite high levels of flexibility were
gained if machine groups worked independently, but costs increased by 3.4-
3.4 % above that of the machines working without flexibility. In Study 3,
potential improvements were made if teams worked together so sharing the
flexibility among more machines and operators. When two teams
cooperated, they achieved the flexibility needed to balance the differences
between machines’ productivities and thus kept forest stock low, and at a
cost increase of only 1.6-1.8%. Having flexible operators and cooperation
between machine teams requires the overall focus to shift to the perspective
of collective common goals, rather than simply trying to maximize the
performance of individual machines or machine teams. In the last study,
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interviews with various participants in different sectors of the industry
revealed that the performance of harvesting work is very complex. Clients,
such as forestry companies, expect contractors and machine operators to
perform many different roles to satisfy their desires. This complexity was
evident when it came to balancing the flow of wood and use of machinery,
as actions and practices that can lead to small forest stocks and short lead-
times were often at odds with keeping costs low. A concept map and
associated flowchart was therefore devised based on factors revealed by the
interviews, that were deemed to influence contractors and operators. This
concept map is intended to help clients understand the complexity of the
system and how contractors and operators can each be influenced to achieve
desired results. One potential route to improvement would be for clients to
take a more holistic perspective on how the incentives they provide and the
degree and nature of any active involvement they have, fundamentally
affects the capability and commitment of contractors and machine operators
to achieve the desired results and satisfy the different goals of clients,
contractors and operators.
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Popularvetenskaplig sammanfattning

Med skogen som fornybar ravara har skogsnéringen en nyckelroll i
utvecklingen mot ett héllbart, biobaserat samhille. Sverige ar ett land vars
yta till 69 % dr tickt av skog och dr en av virldens storsta exportorer av
skogliga produkter pa den hogt konkurrensutsatta globala marknaden. Det ar
viktigt att brukandet av skogen sker pa basta mojliga sétt, for att kunna
leverera den fornybara rdvara som efterfragas pa ett socialt, miljoméssigt och
ekonomiskt héllbart sitt. Att bruka skog for att ta fram rdvara innebér en hel
del utmaningar, inte minst pa grund av den geografiska spridningen, dess
komplexa virkesfloden och paverkan frdn védder och vind.
Klimatfordndringarna gor att brukandet av skogen &n mer svarplanerat och
komplext. Detta stiller hoga krav pa aktorerna inom skogsnéringen, for att
fa till ett bra samspel inom virkesforsorjningskedjan fran skog till industri. [
Sverige genomfors drivningsarbetet, det vill sdga avverkningen av traden till
stockar och transporten av stockar fran skogen till ndrmaste bilvdg, med ett
maskinsystem bestdende av skordare och skotare. Dessa tvd maskiner arbetar
i normalfallet tillsammans i lag bestaende av en skordare och en skotare. Men
trots att de arbetar i lag s dr det oftast fokus pé att maximera de enskilda
maskinernas prestationer. Detta gor att maskinernas arbete ofta ar i otakt,
eftersom deras arbete paverkas av olika saker - skordaren jobbar snabbt om
det &r stora trid, medan skotaren jobbar snabbt om det ar néra till bilvigen.
Den obalans som uppkommer mellan maskinernas produktion hanteras bland
annat genom ett sa kallat skogslager. Det bestar av det virke som skordaren
har avverkat, men som skotaren &nnu inte har transporterat till bilvag.
Skogslagret buffrar alltsé sé att de bada maskinerna kan jobba pé snabbt, och
ett stort skogslager minskar risken for att de hindrar varandra i arbetet. Ett
stort skogslager gor alltsa att maskinerna kan anvindas effektivt, och ge en
konkurrenskraftig drivningskostnad. Men det &r inte bra med ett for stort
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skogslager eftersom det da tar ldng tid innan virket transporteras ut ur
skogen, och sedan vidare till industrin. En l&ng véntan i skogen medfor risker
for bland annat att virket kan bli svérare att komma at for skotaren vid till
exempel vdderomslag som kraftiga snofall eller regn, och en lang véntan
innan virkes anvénds i industrin innebdr risk for att kvaliteten kan forsdmras.

Denna avhandling fokuserade dérfér pa hur drivningsarbetet kan
forbéttras, genom att utforska nya perspektiv for hur effektivitet i virkesflode
och i maskinanvéndning kan balanseras. Detta &r gjort i ett paket av fyra
olika studier. I den forsta undersoks den nuvarande situationen, 1 den andra
och tredje analyseras forbéttringspotentialen i tva olika 16sningar, och i den
fjarde identifieras faktorer som paverkar drivningsarbetets utférande i sin
helhet.

Den forsta studien visade att normal drivningsverksamhet innebér stora
ménadsvisa variationer i virkesproduktion och maskinanvidndning, vilket
medfor stora osdkerheter i vilka kostnader som kan forvéntas varje manad.
Dessutom &r det osédkert hur virkesflodet paverkas av denna ryckighet.
Studien visade dock pa ett stort behov av flexibilitet for att hantera
obalanserna mellan maskinernas produktionstakter. Detta hanteras for
ndrvarande pd manga olika sitt, men inte sidrskilt strukturerat eller
systematiskt.

Studie tvd och tre visade att flexibel bemanning inom och mellan
maskinlag &r effektiva sitt att balansera virkesflodet mellan maskinerna,
samtidigt som man har kontroll pd kostnaden for flexibiliteten. I
simuleringarna som gjordes sa visade det sig mojligt att sinka skogslagret
till en tiondel av nivan som uppstod utan flexibilitet. | studie tva uppnaddes
detta genom att maskingrupper arbetade sjilvstindigt, vilket gav ganska
stora flexibilitetsnivder och ddrmed en kostnadsokning pd 3.2 — 3.4 %
jamfort nar maskinerna arbetade utan flexibilitet. I studie 3 s& undersoktes
om detta kunde forbdttras genom att maskinlag samarbetade och delade pa
flexibiliteten. Nér tvd maskinlag samarbetade s& fick den flexibilitet som
behovdes for att balansera skillnaderna mellan maskinerna och ddrmed ocksé
halla skogslagret 1agt till en kostnadsdkning pa 1,6- 1,8 %. Att ha flexibla
forare och samarbete mellan maskinlag kraver ett 6kat fokus pé helheten av
gemensamma mal, snarare dn att maximera prestationen fran individuella
maskinlag eller maskiner.

Intervjuerna i den sista studien visade att utférandet av drivningsarbetet
ar valdigt komplext, eftersom uppdragsgivare (som skogsforetag) forvantar
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sig att forare och entreprendrer utfor manga olika saker enligt deras
onskemél. Denna komplexitet visade sig tydligt nir det gillde hur
virkesflode och maskinanvindning balanseras, eftersom éatgirder och
arbetssitt som kan leda till smé skogslager och korta ledtider ofta stod i
motsatsforhéllande till mojligheterna att hélla 14ga kostnader.  En
konceptkarta med tillhérande flodesschema skapades darfor baserat pa
faktorer som sades paverka drivningsarbetet. Den &ar tdnkt att hjdlpa
uppdragsgivare att forsta komplexiteten och hur drivningsarbetets utférande
kan paverkas for att uppna Onskade resultat. En trolig vég till forbattring
skulle vara att uppdragsgivaren tillimpar ett mer helhetsinriktat perspektiv
pa hur olika incitament och atgirder paverkar entreprendrers och forares
forméga och engagemang i att uppna de dnskade resultaten.
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ABSTRACT

In many parts of the world, contractors account for the main share of harvesting work. Harvesting is
characterized by innate complexity and volatility, and this can affect contractors’ workflow and ultimately
their profitability. Thus, there is certainly a need for flexibility in harvesting service provision and
procedures, but our current knowledge about contractors’ workflow variations are limited. This study
investigates workflow variations in harvesting services by comparing monthly variations between con-
tractors’ workload in terms of harvested volumes and the time spent on operations. The data originates
from 77 machines belonging to contractors and their harvesting of 6.6 million m* of roundwood in
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Sweden during a two-year period. The results indicate differences between contractors’ workflow varia-
tions which can be attributed to the number of machines, machine sizes, and the workload in harvested
volume and hours. These findings are relevant for guiding both the customer and contractor in this
business relationship, and they could also serve as a basis for further research on the need for flexibility to
effectively increase and decrease volume production in harvesting services.

Introduction

Like many other countries (see, e.g., the work of Drolet and
LeBel 2010; Mac Donagh et al. 2017; Jylhi et al. 2020), the main
share of harvesting work in Sweden is done by independent
contractors hired by forest companies or forest owner associa-
tions to cut and transport the trees from forest to roadside
(Ager 2014; Eriksson 2016; Erlandsson 2016). In Sweden, the
main part of harvesting work was outsourced by forest com-
panies during the 1980s and 1990s, aiming for increased capa-
city flexibility and decreased fixed capital in machinery for the
service-buying companies (Lidén 1995; Ager 2014). Moreover,
competitive forces among the service-providing contractors
were considered to boost the development in harvesting opera-
tions. Nowadays, the competitive market forces in harvesting
services are weak (Eriksson 2016). There are only a few, albeit
large, customers of harvesting services on the market
(Kronholm et al. 2019). Typically, contractors rely heavily on
a business relationship with a single customer (Kronholm et al.
2021), which has immense influence on the contractor’s busi-
ness model (Benjaminsson et al. 2019).

Contractors providing harvesting operation services play an
important role in handling the volatility and complexity of
wood supply. Their work affects not only the cost and avail-
ability of raw material but also the environmental and social
value of forests (Ollikainen 2014). Not surprisingly, customers
of harvesting service providers place high demands on their
performance (Eriksson et al. 2015; Erlandsson et al. 2017).
Contractors’ flexibility is highly appreciated in the harvesting
service but is experienced by contractors to have negative
effects on their own economic viability (Johansson et al.
2021). Flexibility in harvesting operation can mean different

things (see, e.g., the work of Gautam et al. 2013; Erlandsson
et al. 2017). In this study, contractors’ flexibility is viewed
according to the Johansson et al. (2021) description as a value
attribute in harvesting service, meaning that the contractor
adapts to variations and changes according to customer
needs. That can, for instance, be customer needs to change
the contractor’s cutting plan, immediate adjustment of wood
assortments and shortening or lengthening of time for harvest-
ing. These needs can result in contractors’ machines being
utilized in uneven and unexpected levels during the year. Due
to high investment costs, a consistent utilization of the
machines is important for the contractors’ profitability and
their ability to provide competitive harvesting services to
their customers (Mikinen 1997; Erlandsson 2016; Erlandsson
and Fjeld 2017).

How wood supply is managed by the customer affects the
contractors. It is possible to collect detailed information from
the machines about the trees, the machine work, and produc-
tivity during harvesting. Such information can be used to
anticipate the wood flow and ensure that the demanded
volumes are delivered on time to the industry despite the
complexity of the wood supply chain (Eriksson and Lindroos
2014; Lindroos et al. 2015; Noordermeer et al. 2021).
Delivering data to the customer that is produced by the
machines during operations is normally a part of the contrac-
tors’ harvesting services. However, some of this data is
undoubtedly sensitive in that it relates to core business activ-
ities, and thus there are legitimate concerns about business
partners’ right to access it; for instance, work time data from
machines could be counted as personal data. Legislation and
agreements between the parties are some examples of measures
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that regulate the access, right and usage of data. Issues about
data protection and ownership of data processed and produced
by harvesting machines currently lack clarity (Regulation EU
2016/679; Metsdteho Oy 2017; Kemmerer and Labelle 2020).

Aiming to keep the machines busy, but still with the ability
to adjust the wood flow requires that the machines are used in
working conditions that meet the desired output of wood
quantity. Workflow can be managed in the customer’s selec-
tion of stands for harvesting in the cutting plan by purposely
using the differences in productivity when working in different
conditions. For contractors to accept this type of management,
the pricing of the work needs to be adjusted for the variations
in work conditions. Payment per work time meets this require-
ment but might in many cases not be preferred by the custo-
mer. Payment per produced unit, on the other hand, is
considered to promote work efficiency. For this pricing
model to adequately compensate for work condition differ-
ences, there is a need to adequately predict the productivity
of harvesting operations under various work conditions.
Moreover, such business models also enable the matching of
work conditions to desired wood quantities by selecting har-
vesting stands based on the predicted time it will take for the
contractor to harvest the standing volume. With specialized
machines, different conditions within thinning or final felling,
respectively, can be chosen to manage the wood flow.
Multipurpose machines can be used in both thinning and
final felling. This gives opportunities to decrease relocation
distances, as well as, rapidly increase or decrease delivered
volume by changing between thinning and final felling
(Andersson and Eliasson 2004; Erlandsson 2013).

Using productivity predictions to anticipate the wood sup-
ply requires accurate data about the forest to be harvested, the
machines that will be used, and accurate productivity models.
Data acquisition and methods to produce models are con-
stantly being refined (Eriksson and Lindroos 2014; Liski et al.
2020). Even though the increased data quantities and improved
qualities provide more reliable predictions, the outcome of
a given operation may still deviate due to, for instance, large
differences between machine operators (Purfiirst and Erler
2011; Haggstrom and Lindroos 2016; Manner et al. 2016).
The information about the forest that will be harvested can
be insufficient (Gustafsson 2017) and the ability to handle
variations in wood demand by adjusting the work conditions
is also limited to the available harvestable stands during a given
period (Guatam et al. 2013). Therefore, variations to the
planned needs for harvesting services can be expected due to
many different sources of uncertainties.

Customers can manage their varying need for harvesting
services by hiring some of the contractors on short-term con-
tracts or through spot purchases, but this increases the risk of
lacking harvesting capacity when it is needed the most.
Therefore, when there is a perceived lack of contractors on
the market, it can be beneficial to secure the main, or even the
full, share of the estimated annual capacity need on long-term
contracts and then restructure the fleet of contractors to be
tolerant to wood demand variations (Erlandsson 2016).

In general, profitability in the harvesting service sector is low,
although it varies between different contractor groups (Kronholm
etal. 2019, 2021). A study in Finland found that larger companies

were more profitable in providing harvesting services. Profitability
was attributed to their capacity to deliver large amounts of
volume, versatile services, negotiation power and cost-effective
operations (Jylhd et al. 2020). In comparison, contractors in
Sweden are smaller (Higgstrém et al. 2013) and have, in general,
weak negotiation power against their customers (Eriksson 2016;
Kronholm et al. 2019). The service-buying companies also have
leverage to affect the contractors’ business models by influencing
resource investments and their service delivery (Benjaminsson
et al. 2019). Therefore, if there is a need for contractors’ flexibility,
then the customers should have an interest to enable it and at the
same time promote contractors’ profitability. Business manage-
ment skills have also been cited as a reason behind contractors’
profitability (Ollonqvist 2006; Jylha et al. 2020), as well as good
performance in harvesting services (Drolet and LeBel 2010). Thus,
the need for flexibility in harvesting services is also a concern for
the contractors themselves to handle. Success in this endeavor will
lead to profitability and to the provision of competitive harvesting
services to their customers.

How much flexibility different contractors actually need to
manage has so far been barely investigated. Therefore, this
study investigated contractors’ workflow variation and identi-
fied differences between contractors. Specifically, this study
measures the level of variation in contractors’ workload
between months in terms of wood volumes handled and time
spent on the operation, and compared contractors’ level of
variation depending on their total workload, number of
machines, and the type and size of the machines.

Materials and methods

This study was based on data from a forest company operating
in central Sweden, with a large part of its harvesting work
outsourced to contractors.

Data collection

Data on contractors’ harvesting work during the calendar years
of 2018 and 2019 were collected from the forest company’s
records stored in its IT system. To derive machines’ monthly
variation in harvesting volume, data about reported volumes
were extracted per machine, stand, and date. The data was
reported per day but aggregated per month in the data extrac-
tion. Moreover, information about type of operation, estimated
productivity, reported time and compensation for other har-
vesting work, and hourly compensation rates were extracted to
enable the derivation of machines’ monthly variation in terms
of work time. The information in the dataset also included
machine size and type, and to what contractor the machine
belonged (see Table 1). All data on log volumes were reported
in solid cubic meters under bark (m?).

The volumes were either automatically recorded from the
machines or manually entered by the machine operator. In
some cases, the reported volume was negative for a given
stand in a month, which indicated a correction of previously
reported volumes. All negative volumes were therefore trans-
ferred to the same machine and stand in the previous month,
meaning that the reported volume for the machine and stand
was reduced by the corresponding volume.



Estimated productivity was recorded for normal machine
work in final felling and thinning and was used by the
forest company to reimburse the contractors for the har-
vesting work. The productivity rate was defined as volume
of logs produced per productive machine hour including
downtime of a maximum 15 minutes per occasion (m’
/PMh;5). The estimated productivity rates used in the ana-
lysis were determined by the forest company as a mean
value per stand and based on information about productiv-
ity-affecting factors, for instance mean stem size, based on
data available after harvesting. Multiple productivity rate
registrations for the same machine and stand occurred in
578 out of 40,546 cases. All duplicates were reduced by
keeping only the latest updated value. Hours of normal
work was calculated for each machine, stand and month
by dividing the reported volume by the estimated produc-
tivity rate for the corresponding machine and stand.

The dataset also contained information defined as “other
harvesting work,” mainly about payments related to the
machine-specific work of such a character that was not
recorded or paid for as normal harvesting work in final
felling or thinning. Such other harvesting work could be
e.g. different actions for nature, cultural and social consid-
erations, as well as salvage loggings after windstorms. This
data was manually registered by the contractor either as
a monetary sum or in number of work hours, and accepted
by the production supervisor. Negative values in the mone-
tary sum and number of hours were controlled with respect
to associated notes. Most of the notes indicated repayments
or resets for previous time reports. In such cases, the values
for the stand and machine in question were reduced with
the corresponding value. Normally, the time reporting for
other harvesting work was done in connection with the
summary for the month’s invoicing, which was normally
done on one of the first five workdays of the following
month. Therefore, all time for other harvesting work and
extra compensation reported on one of the first five work-
days of a month were transferred to the previous month to
represent the month in which the work had actually been
carried out.

For cases in which contractors reported other harvesting
work as a monetary sum, the corresponding work times were
derived by dividing the sum by the hourly compensation rate

Table 1. Data quantities before and after data reduction.
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unique for the specific machine, month and type of operation.
Hours of other harvesting work was then derived for each
machine on each stand and month. For the analysis, the
reported volume and derived hours were aggregated and
handled on a monthly basis.

The dataset also included information about machine sizes,
classified by the service-buying forest company based on
machine weight for harvesters and load capacity for forwarders.
The machine weight for small, medium and large harvesters was
<12 tonnes, 12-18.9 tonnes and >18.9 tonnes, respectively. The
load capacity for small, medium and large forwarders was <12
tonnes, 12-16 tonnes and >16 tonnes, respectively.

Data reduction

The extracted data were, of course, initially entered into the
company’s systems for operational purposes and not for the
purpose of this study. It was also a mix of data being manually
entered into the system by different persons or automatically
recorded from the machines. Thus, the occurrence of data errors
was considerable, and this flaw had to be handled in order to get
as reliable a reconstruction of the volume and time workflow as
possible. To be able to investigate the workflow at machine level,
it was important that the included machines had produced
reliable data during the studied period. Therefore, the original
data was refined by removing machines that did not meet the
criteria of the three steps below. The aim being to minimize the
effect of poor data quality on the results (Table 1).

Step 1: study time coverage

This step was to ensure that the included machines had oper-
ated for the main part of the studied period. Only machines for
which volume had been reported for at least 22 of the studied
24 months were included in the analysis. Two months absence
from operations was accepted due to the possibility that many
machines that continuously operated for the customer could
still be having long periods of inactivity. For instance, the risk
of forest fires was exceptionally high during summer 2018, and
machine operation in the forest was therefore not allowed at
many locations. It was also taken into account that some
contractors and their operators may have four continuous
weeks of vacation per year, without hiring any substitute
operators. Step 1 resulted in more than half of the machines,
just about one-fifth of the total volume and one-fourth of the
total time being removed from the dataset.

Before After

Variable reduction  reduction Description

Types of 3 3 Final felling, Thinning, Other harvesting work.
operations (n)

Machine type (n) 2 2 Harvester, Forwarder

Machine size (n) 3 2 Small, Medium, Large

Months (n) 24 24 January 2018-December 2019

Forest stands (n) 9,700 4,300 Number of different stand identification numbers (rounded to hundreds).

Machines (n) 408 77 Number of different machine identification numbers.

Contractors (n) 130 39 Number of different contractors.

Volume 17.5 6.6 Cubic meters of solid wood under bark in total for all machines the whole study period.
(million m?)

Work time (million 1.1 0.4 Estimated productive machine hours including downtime of maximum 15 minutes per occasion in total for all
PMh;s) machines throughout the whole study period.
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Step 2: completeness of work time estimations

The second step was to ensure that it was possible to determine
the total number of worked hours. In some cases, the produc-
tivity rate and/or hours of other work was missing although
volumes were reported. The reasons for the missing data could
be, for instance, pure errors but also because of deliberate
unconventional data recording for solving operational matters.
The missing data meant that worked time by a machine would
be either impossible to determine or seriously underestimated.
Therefore, it was decided that the data completeness regarding
estimated productivity rate and/or hours of other harvesting
work on the reported volume for the machines should be high
in order to keep them in the dataset.

Due to different productivities in the different types of
operations (Table 1) it was considered to be insufficient to
solely reduce machines based on the proportion of volume
without an estimated productivity rate and/or hours of
other harvesting work. Therefore, the time for the volumes
with missing data was estimated in each month by dividing
the volume, distributed on types of operations by the
machine’s mean volume weighted productivity during the
total period for the corresponding types of operations
(Table 1). If the total estimated missing time for a month
corresponded to more than 10% of the reported estimated
time for the month, the machine was excluded from the
study. The estimated missing time was handled on
a monthly basis because of the risk that a substantial
amount of the unreliable time occurred during one or
a few months, with a high impact on specific months.
The level of 10% was set due to the observation that the
main part of machines had been treated with a “special
solution” resulting in the absence of some estimated pro-
ductivity data and/or reported hours during the studied
period. That can be explained by the long period, and the
fact that all machines harvested many stands during this
period. In normal operations, it is likely that situations
which need “special solutions” will be encountered. Thus,
tolerating up to 10% of unreliable time per month resulted

in a set of machines with a relatively low and similar
proportion of unreliable time. Step 2 resulted in almost
half of the machines, volume and time remaining from
step 1 removed from the dataset.

Step 3: quality of reported data

The third step of data reduction focused on ensuring good
quality in terms of the reporting of data used to derive monthly
volume and time for the machines. This reduction step consists
of four parts.

Step 3, part 1, was set to ensure that the reported volume from
the machines corresponded with the volume from the indepen-
dent measurement organizations. That was done by comparing
the reported volume for each machine with the volume recorded
by industry or at a terminal by an independent wood measure-
ment organization and registered for legal and payment pur-
poses. Reported volumes were almost always lower than the
volumes registered at the terminal or industry (see Figure 1).
One possible reason for this may be that the contractors prefer to
get an additional payment at a later stage, rather than incur
a debt with the customer. Due to this frequent and systematic
difference, up to 15% higher volume registered by industry than
finally reported was accepted. All machines with 16% and higher
differences were excluded. Step 3, part 1, resulted in 7% of the
machines (Figure 1), and 4% of the volume and time remaining
from step 2 removed from the dataset.

Step 3, part 2, was to ensure that the estimated time to
harvest or extract the reported volume was realistic. Each
machine’s volume weighted mean productivity for the study
period was calculated and compared to each other. This indi-
cated the existence of some outliers. Hence, based on the
observed clustering of mean productivities and comparison
with documented long-term productivity levels (e.g. Eriksson
and Lindroos 2014), machines with mean productivities of
more than 40 m*>/PMh, 5 were excluded. Step 3, part 2, resulted
in 6% of the machines (Figure 1), 6% of the volume and 5% of
the time remaining from step 3, part 1, removed from the
dataset.
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Figure 1. Data reduction of machines based on difference between volume registered by industry in relation to reported volume (N = 91 machines before outlier
reduction) and mean productivity (N = 85 machines before outlier reduction, which also represent the number of machines after reduction based on mean correction).
The gray bars illustrate the outliers of machines that were removed from the dataset.



Step 3, part 3, was conducted to ensure the reliability in the
time report for the hours of other harvesting work. Two of the
remaining machines from step 3, part 2, had unknown negative
values in this time report and were therefore excluded from the
dataset.

Step 3, part 4, was performed so that the time variation was
realistic for the remaining machines from step 3, part 3. One
machine deviated with an unusually high work time for one
month (661 PMh,s) compared to the machine’s mean monthly
work time (170 PMh,s). That machine was not close to that
amount of time during any other month. Moreover, the high
work time would basically require the machine to work con-
tinuously for the whole month, since 24 hours of work during
30 days gives 720 hours. Hence, the recording was considered
unrealistic and the machine was excluded.

The remaining dataset

The 77 remaining machines accounted for 19% of the
machines, 38% of the total harvested volume and 36% of the
total time in the original dataset (Table 1). In the original
dataset, 3.4% of the machines were of small size, 67.4% of
medium size and 29.2% of large size. All small size machines
had been reduced in the first data reduction step because none
of them operated continuously for the customer, and, thus, the
remaining machines were of medium and large sizes. Medium
machines operated mainly in thinning, but some were also put
to final felling, while large size machines worked mainly in final
felling. The volume in different types of operations (Table 1)
also differed between machines. The analysis had to account
for the machines’ different workflows in volume and time in
order to make their variations comparable.

Data analysis

The analysis was done with two main variation focuses
(Performance variation and Workflow variation) and on two
main aggregation levels (individual machines and contractor).
For analysis at the contractor level, the volume and time on the
machines owned by the same contractor were aggregated per
month for the corresponding contractor. The statistical analy-
sis was carried out in Minitab 18, with the significance level set
to 5%.

Performance variation

Relative monthly performance variation for a machine was
calculated by comparing monthly values with the mean value
for the studied period, for both volume and time as well as for
individual machines and for contractors. This created monthly
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performance variation values that were normalized to the per-
formance of individual machines or contractors and were
therefore comparable between machines or contractors.

Seasonal differences in relative performance variation in
volume and in time were analyzed by one-way Analysis of
Variance (ANOVA) with Tukey pairwise comparisons, with
months as fixed main effect (with 24 levels). Relationships
between relative volume and time variation were analyzed by
use of Pearson correlations.

Workflow variation

The coefficient of variation (CV) was used to establish a single
value per machine or contractor for the workflow variation
during the studied period. CV is a relative measure of variation,
in which the standard deviation is put in relation to the mean
value. This created workflow variation values that were nor-
malized to the workflow of the individual machine or contrac-
tor and were therefore comparable between machines or
contractors. The workflow variation in volume will from
hereon be expressed as CVyoume and workflow variation in
time as CVime-

A Pearson correlation was used to analyze relationships
between CVyglume and CVije, for all machines, as well as
within groups based on machine size and type. Similarly,
relationships between CV,o1ume and CVy;n were also analyzed
for all contractors, as well as within groups based on how many
and what type of machines the contractor owned. Moreover,
a Pearson correlation was used to analyze relationships
between CV,gume and total work time and total volume,
respectively, for the whole studied period. One-way ANOVA
with Tukey pairwise comparisons were used to analyze differ-
ences in CVyoume and CVyime, respectively, between contrac-
tors having one, two or more than two machines (i.e.
contractor size as fixed effect, with three levels).

Results
Performance variation

When analyzing the performance variation between months
within the 77 machines, there was a large dispersion in
both worked time and volume produced. It ranged from
the lowest possible relative variation value of —100%, indi-
cating that the machine had not been used or produced any
volume at all, to more than 100% - which indicated a value
more than double the machine’s mean performance during
the observed 24 months (Table 2). For all of the studied
24 months, there were many machines that substantially
deviated from their mean values. Nevertheless, there were
seasonal patterns during which most of the machines

Table 2. Distribution of relative monthly variation within individual machines or for all machines a contractor owned. Since the variation is reported relative to the mean
value, the relative mean value is zero for all aggregation levels and variables. The lowest possible relative variation value —100% indicates that the machine had not
been used or produced any volume at all that month. N = number of observations, where one observation represents one machine or contractor and one month.

Aggregation level Variable N SD Min. Quartile 1 Median Quartile 3 Max.
Machine Volume 1,848 379 —-100 =239 0.7 224 1824
Time 1,848 343 -100 -18.9 20 211 149.2
Contractor Volume 936 354 -100 =212 1.9 21.8 152.0
Time 936 325 -100 -16.7 34 19.7 130.7
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performed above or below their mean volume and time
values, with the most notable being the lower relative per-
formances during the spring and summer months (May-
July) (Figure 2). The observed significant differences
between months (Tukey test, p < 0.001) were mainly
observed for months in different seasons. However, the
largest difference between all 24 months was observed
between July and August 2018. For only two months, the
machine performances were significantly different between
years; performance in both time and volume were signifi-
cantly higher in May 2018 compared to May 2019, whereas
time performance was significantly higher in August 2018
compared to August 2019.

The relative variation of time and volume within months for
all of the 77 machines pooled was positively correlated (r
(1848) = 0.78, p < 0.001). The correlation was significant
(p < 0.001) for all four combinations of machine types and
sizes, but with the lowest correlation coeflicient value for med-
ium size harvesters and the highest value for large forwarders.
Large harvesters and medium size forwarders had both corre-
lation coefficient values similar to the large forwarders. It
should be noted that the range of dispersion was considerably
smaller for negative values compared to positive values of
relative variation (Figure 3).

The dispersion of relative variation decreased when
aggregating the machines on the 39 contractors that
owned them. The dispersion was highest for the relative
volume values, for both machine and contractor levels. The
widest dispersion was observed for volume variation on
machine level, in terms of standard deviation values,
range between minimum and maximum values as well as
in terms of range between the first and third quartile
values. The lowest dispersion was found for the relative
time variation on the contractor level (Table 2).
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Figure 2. Relative variation in the machines’ volume produced (dark gray) and
worked time (light gray) over months for 2018 (upper panel) and 2019 (lower
panel). Boxes indicate median and quartile values. A relative variation value of 0%
indicates that the value for that month was the same as the mean value for the
machine’s performance during the observed 24 months. The lowest possible
relative variation value —100% indicates that the machine had not been used or
produced any volume at all that month. N = 77 machines per month.

Workflow variation

Machines’ and contractors’ workflow variation was indicated by
their CV of volume produced and worked time over the studied
24 months. When analyzing and comparing workflow variation
in volume (CV,oume) and time (CVyy,) within and between
aggregation levels, a range of differences were observed (see
Table 3). There was a wide dispersion between the 77 machines’
CVyolume and CVyp., which indicated differences between
machines in their workflow variation in both volume and time.

The mean CVyqume Was higher than CVy;,,. at both aggre-
gation levels. The standard deviation on CVyoume and CVime
was higher, and mean CVjyme and CVyiy,e lower, for contrac-
tors than for machines, indicating bigger differences between
contractors than between machines (Table 3). The distribution
of CVyglume differed from the distribution of CVijme. CViime
had a more concentrated distribution for both machines and
contractors compared to CVyoume. When aggregating to con-
tractors, the CVy,. was shifted to lower values, with a similar
but less distinct effect on the CVoume. (Figure 4).

In general, there was a strong positive correlation between
CVyolume and CV e at both machine (Figure 5) and contractor
(Figure 6) levels. However, there were also examples of sub-
stantial deviations between CV gjume and CVy,,. at both levels.
The examples were especially common for medium size har-
vesters and forwarders (Figure 5) and contractors with med-
ium size machines (Figure 6). Consequently, the correlation
was low and not significant for medium harvesters (r
(20) = 0.39, p = 0.093). For medium forwarders, there was
a significant correlation, but less strong (r(16) = 0.66,
p < 0.001) compared to big harvesters (r(17) 0.94,
p < 0.001) and big forwarders (r(24) = 0.97, p < 0.001).

It should be noted that most of the large correlation devia-
tions were below the line that represents a perfect correlation
(Figure 5 and 6). This indicates that in general there was
a higher CV,1yme than CVype. Contractors with two medium
size machines had the weakest correlation between CV,gume
and CVme. However, CVojume and CVyipe did not seem to
only depend on machine size, since all machine sizes showed
both low and high CV values (Figure 5 and 6). In contrast,
number of machines seemed to matter, since contractors with
more than two machines all had relatively low values in both
CVolume and CVyp,e (Figure 6).

Both CVygjume and CVii,e Were negatively correlated to the
machine’s total work time and total volume produced for the
24 month study period (Table 4). Thus, CVypume and CVyjme
decreased with increased amount of work time and increased
amount of volume produced. These observed correlations were
not strong, and there were also differences between the
machine types and sizes. For instance, CVy,ume and total
work time was correlated for all machines except for medium
size harvesters. CVgjume and total volume was correlated for
the large but not for the medium machines. CV ;. and total
work time was correlated for all machine sizes and types, so
also with CVye and total volume, with the strongest correla-
tion for the forwarders.

Total time and total volume at contractor level depended
both on the number of machines and total time, respectively,
on the machines. The mean value for CVygume and CVime
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Figure 3. Relative monthly volume variation plotted against relative monthly time variation for the four combinations of machine sizes and types (a. = medium
harvester, b. = medium forwarder, c. = large harvester, and d. = large forwarder). A relative variation value of 0% indicates that the value for that month was the same as
the mean value for the machine’s performance during the observed 24 months. The lowest possible relative variation value —100% indicates that the machine had not
been used or produced any volume at all that month. The gray line indicates a perfect correlation between time and volume variation. r = Pearson correlation
coefficient. The numbers in parentheses represent the number of observations, with an observation representing one machine and one month.

Table 3. Distribution of CV (%) for machines and contractors on their performance in terms of monthly volume and work time. N = number of observations, where one

observation represents one machine on machine level or one contractor on contractor level. For each observation, the mean and SD values were based on the 24 values
of volume produced or worked time within each machine or contractor.

Aggregation level Variable N Mean SD Min. Quartile 1 Median Quartile 3 Max.
Machine Votume 77 374 103 19.7 296 35.1 440 739
Viime 77 3338 94 145 277 311 36.4 69.8
Contractor Votume 39 344 1.2 17.1 26.4 317 403 739
Viime 39 315 104 185 254 294 363 69.8

decreased the more machines a contractor owned (Table 5).
Contractors with three or more machines had significantly
lower CVyolume and CVy;,e compared to contractors with one
machine (Tukey test, p-value = 0.032 (volume) and 0.018
(time). The dispersion in both CVygjyme and CVy;p,. between
contractors owning a certain number of machines decreased
with the number of machines owned (Figure 7). From one, two
to three or more machines, the standard deviation decreased
(Table 5).

The near-lack of observations above the perfect correlation
line in Figure 8 indicates both CVyoyme and CVy;m. were in
general lower at the contractor level than at the machine level.
For the few exceptions, the difference was small (i.e. observa-
tions close to the perfect correlation line). The exceptions were

eight forwarders of both medium and large sizes for which the
CVyolume Was lower at the machine level than when aggregated
at the contractor level. For CV ;. three harvesters that had a
lower CV jme than the contractor owning them.

Discussion
The need for flexibility

The results showed a seasonal variation in harvesting activity
(Figure 2), which is in line with other studies (Carlsson and
Roénngqvist 2005; Uusitalo 2005; Audy et al. 2012; Erlandsson
2013, 2016). Typically, in Sweden demand and harvested
volumes decrease during the spring and summer months,
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Figure 4. Relative distribution of volume and time coefficient of variation for the machines (upper panels, N = 77) and contractors (lower panels, N = 39).

80

still be differences between months in different years. For
instance, differences were found between May 2018 and 2019
and between August 2018 and 2019. These are the months
when the amount of harvesting operations typically starts to
decrease and increase, respectively, and this is often related to
the current levels of market demand, weather conditions and
stock levels in the industry as a whole (Carlsson and Rénnqvist
2005; Uusitalo 2005). There were notably weather differences
between the two years, with considerably more rainfall in
May 2019 compared to 2018 and a drought during the summer

All machines, 1(77)=0.70, p<0.001
70 o Medium harvester, n=20
» Medium forwarder, n=24
, o Large harvester, n=17
60 u Large forwarder, n=16

30 of 2018. This drought resulted in decreased and halted opera-
tions due to the risk for starting fires during June and July. To

20 compensate for the production loss, it is possible that many
machines operated on extra time during August 2018. More

10 extreme and unexpected weather contiditons are likely to
ok influence the need for flexibility in workflow. Such changes

should motivate further research into the relationships

10 20 30 40 50 60 70 80 : 4 L ) P
o between harvesting operations efficiencies and the impact of

CVyolume ( 0) . . . .
the changing environmental conditions and climate.

Figure 5. Relationship between the machines’ CVyoiume and CVyme, distributed This study investigated actual volumes delivered by con-
over machine type and size. The closer to the line, the more equal CVyqyme and tractors, and not the actual or predicted wood demand from
CVyime. Machines under (to the right of) the line have a lower CVime than CVyoiyme- h > As sh by Erland 201 h
r = Pearson correlation coefficient. The number in parenthesis represents the total ~ t€ customer. As shown by Erlandsson (2016), the outcome
number of machines. n = number of machines in each combination of machine  can differ significantly from the prediction of delivered volume.
size and type. Thus, there is an uncertainty and a need for flexibility due to
changes in and from predicted production plans, as well as due
only to increase again in autumn. Even if the pattern of seaso-  to the fact that delivered volume may differ from the volume
nal variations is well known, the study showed that there can ~ demanded. Wood demand also varies and thus managers at the
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Figure 6. The contractors’ machines’ CVyjume and CVyme With information about machine size and number of their machines. The closer to the line, the more equal

CVyolume and CVyime. Contractors under (to the right of) the line have a lower CVyme than CVyoume. I = Pearson correlation coefficient. The number in parenthesis
represents the total number of contractors. n = number of contractors in each combination of number and sizes of machines.

Table 4. The relationship between CVyqiume and CVyime, respectively, with total work time and total volume distributed over machine sizes and types. r = Pearson
correlation coefficient. n = number of machines.

Medium sized Large sized
Harvester (n = 20) Forwarder (n = 24) Harvester (n = 17) Forwarder (n = 16) All machines (n = 77)

Variable r p-value r p-value r p-value r p-value r p-value
Correlation between CVygjume and;

Total work time —-0.22 0.355 -0.50 0.012 —-0.67 0.004 -0.73 0.001 -0.55 <0.001

Total volume 0.02 0.930 —-0.38 0.065 —-0.64 0.005 -0.73 0.001 -0.44 <0.001
Correlation between CVyme and;

Total work time —-0.48 0.032 —0.68 <0.001 —-0.61 0.009 -0.77 <0.001 —-0.66 <0.001

Total volume -0.50 0.024 —-0.63 0.001 —-0.63 0.007 —-0.78 <0.001 -0.28 0.012

Table 5. Mean coefficient of variation (CV) on volume and time for contractors  customer companies steer production to correspond to actual
deEendlng on number of machlnes the contractors have in the dataset. demanded wood volume, which can affect utilization of con-
N = number of contractors with the number of machines.

tractor resources (Erlandsson 2013).

CV, CVy
velume e In the case of the present study, the customer used produc-
Number of machines N Mean D Mean D tivity prediction models to direct the wood flow toward satisfy-
1 18 376 131 358 122 ing demand, while at same time trying to enable the
2 12 358 86 307 7.7 ilize thei high and .
>3 9 26.1 42 241 43  contractors to utilize their resources at a high and consistent
—All pooled 39 344 11.1 315 104 level through the year. Indeed, if the customer is able to achieve
80 - 80 -
- « Medium « Medium
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Figure 7. CVyoume and respective CVyme in relation to the contractors’ number of machines in the dataset.
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Figure 8. CVyo1yme and CVyime on the machines in relation to when machines are aggregated on the contractor that owns them. The closer to the line, the more equal the
CV on the machine and contractor level. Machines under (to the right of) the line have a higher CV than they have aggregated on the contractor.

that goal, it has positive effects on contractor profitability and
satisfaction (Erlandsson and Fjeld 2017). It will also reduce the
cost of unused machines and manpower for which the custo-
mer may have to compensate contractors according to the
common standard for agreements between customers and for-
est contractors (Skogforsk 2020). The assumption was there-
fore that the time would vary less than the volume. However,
this study shows a significant correlation between volume and
time-relative performance variation (see Figure 3). Therefore,
the need for contractors’ flexibility probably means variations
for contractors in both delivered volume and their work time.
Since the range of dispersion was considerably smaller for
negative values compared to positive values of relative varia-
tion (Figure 3), the result indicates that flexibility to increase
volume produced would be desirable, without the same need of
flexibility in work time. If the need is for contractors’ flexibility
to decrease volume produced it would probably mean a need of
contractors’ flexibility in decreasing work time to manage as
well.

Customer’s opportunities to manage the need for
flexibility

The findings of the CVyoume and CVype for machines and
contractors in the present study indicate that it is challenging
to maintain an even workflow throughout the year, and the
results also indicate that all contractors have demonstrated
flexibility over the study time frame. In other words, their
machines are utilized to a different extent each month, which
can be caused by varying wood demands and weather condi-
tions (Uusitalo 2005). Another factor that may influence the
contractors’ need to be flexible is the customer’s management
of their contractor crew: for example, the type of contract
agreements they apply, the harvesting stands that are assigned,
the quality of the information about stands to be harvested,
how far in advance the information about stands is provided to
the contractor, distances between harvesting sites and so on

(Erlandsson et al. 2017; Gustavsson 2017). This study found
differences between contractors in both CVgjume and CV e,
as well as the correlation between CVg1yme and CV e, which
could be attributable to the size of their machines, the amount
of total work time and total volume produced on the machines
and how many machines the contractor had.

Many of the medium machines had a relatively high
CVyolume While still having relatively low CVyy, (Figure 5). It
is possible to use those machines in both thinning and final
felling, which gives the opportunity to rapidly increase or
decrease volume production (Erlandsson 2013) without the
need to increase or decrease the time on the machines
(Eriksson and Lindroos 2014). Since it is the customer that
provides stands for harvesting to the contractors, the contrac-
tors with medium size machines may need to be flexible in
changing between types of operations (Table 1). As can be
noted from Figure 3, the difference between relative variation
in volume and time is smaller in negative values compared to
positive values of relative variation. An explanation for this
may be that the medium size machines are normally used in
thinning, but when wood demand increases some of the med-
ium machines are instead used in final felling to increase
delivered volume. Increasing the woodflow in this way can be
an effective way to rapidly handle a temporary increase in
wood demand without requiring more work time.

It can also be effective to increase work time on the
machines to meet increased wood demand and use the
machines in the most suitable type of operation (Table 1).
That may mean more variation in work time on the
machines. Thus, it should be taken into account that large
machines have higher productivity in final felling, even if
the difference in productivity between the machine sizes
decreases with smaller stem sizes and shorter extraction
distances (Eriksson and Lindroos 2014). Final felling stands
with small stem sizes can thus be used to either increase or
decrease productivity in a short time depending on what
machine size is used.



The hours that a machine can be used per day are limited,
and with a high utilization rate there is consequently less time
left to use for meeting temporary increases of volume produc-
tion. This can be a part of the explanation as to why CV ;e was
correlated with both total work time and total volume pro-
duced (Table 4). A possibility to increase the production is,
then, to provide stands in which the machines are expected to
have high productivity. The results indicate just such success
for some of the medium machines is due to high CV/g1yme with
low CV ime, especially for the harvesters (Figure 5).

As discussed, medium size machines can be used in both
thinning and final felling, which enables rapid adaption to
variations in volume demand. Due to the machines’ different
suitability for thinning and final felling, and differences in
productivity depending on stand characteristics (Eriksson
and Lindroos 2014), it may be possible to reach a more cost-
effective flexibility by improving stand selection in final felling
for large machines and in thinning for medium machines. That
possibility may be limited to available stands to be thinned or
harvested (Gautam et al. 2013), and the study does not inves-
tigate how much of the potential to manage variations in
volume demand with stand selection was achieved in this
case. Therefore, more research is needed on the potential to
manage the needs for flexibility from the customer’s side by
improving stand information and selection based on the
attempt to maintain even workflow in time for the machines,
even when external factors such as wood demand and weather
conditions vary.

Contractors’ opportunities to manage the need for
flexibility

As indicated by the results, contractors’ flexibility can have
negative effects on their profitability and their ability to provide
competitive harvesting services (Makinen 1997; Erlandsson
2016; Erlandsson and Fjeld 2017). As highlighted in
Johansson et al. (2021), adaptability, including flexibility, is
highly appreciated in harvesting services. Given the observed
CVyolume and CVyjp, this is not surprising since there is
obviously a need for contractors’ flexibility. Contractors seem
to take different opportunities to manage the need for their
flexibility (Figure 6).

It seems as though contractors can level their workflow
between their machines (Figure 8), and that this possibility
increases with more machines (Figure 7). The need to prior-
itize the use of the harvester or forwarder may differ over time
due to, for instance, the difference between harvester and
forwarder productivity varying between stand conditions and
machine operators (Eriksson and Lindroos 2014; Liski et al.
2020). With more machines, the contractor also has increased
opportunities to use them to compensate for each other when
needed, for instance when a machine is unavailable due to
repairs or being serviced.

That contractors may try to utilize their operators more
evenly than their machines could explain why aggregation on
contractor level had lower CVgjyme and CV e than the indi-
vidual machines (Figure 8). Lack of machine operators is the
main obstacle for high harvesting performance and business
expansion (Kronholm et al. 2019), and it is also due to this that
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it can be expected that contractors will steer their operators to
use the machine which is most needed at a given moment.
Having many machines and employed operators also provides
more possibilities for the operators to compensate for each
other if needed. That requires good management skills by the
contractor as well as skilled operators who are able to manage
different types of machines and types of operations (Table 1).

Contractors with less work may take opportunities to
increase the time on the machine when needed, and thus tem-
porarily contribute with additional volumes in short-term agree-
ments, as discussed by Erlandsson (2016). Also, contractors with
only one or two machines may increase their chances of effec-
tively managing the need for flexibility by cooperating with
other contractors, and by that means maintaining a more cost-
effective utilization of the machines and machine operators.

It is proposed that more research is needed on how machine
operators and machines can be utilized to effectively manage
flexibility. In this analysis, it seems the more medium-sized
machines a contractor has, the more opportunities to effec-
tively adapt the resources to varying wood demand. Most
contractors in Sweden own just one, or a few, machines.
Therefore, more research is needed about how cooperation
models between contractors can be used to increase their
opportunities to effectively respond to varying demands on
their services. Contractors are competing for contracts and it
should also be considered how such contractor-to-contractor
relationships may affect the competitive forces to respond to
varying demands.

Strengths and weaknesses

This study focused on contractor-owned machines that oper-
ated continuously for the same customer during the whole
study period. The study did not represent the whole spectrum
of the customer’s need for contractors’ flexibility. Instead, the
study provided details in how contractors’ workflow can vary,
as indications of how much flexibility contractors operating
continuously for the same customer need to manage. The first
data reduction step was to remove machines without contin-
uous work for the customer. Thus, all small machines, and also
alarge component of the medium and large size machines were
removed from the original dataset. In this case, there were only
a few small size machines in the original dataset and their
potential to capture flexibility in volume production was there-
fore considered to be low. It is possible, but not investigated in
this study, that the few small machines were used in special
services requested by the customer.

The high share of machines being removed from the
dataset due to not operating continuously during the whole
study period is worth notice, since they probably account for
some part of the flexibility in harvesting service. It is likely,
but not shown in the study, that some of the customer’s
management of varying need of harvesting capacity lies in
the temporary contracting of some of the machines that were
removed in that step. Even if the contractors often receive
the majority of their income from one customer
(Benjaminsson et al. 2019; Kronholm et al. 2021), it is still
possible that some contractors in this dataset also provided
harvesting services to other customers. The study does not
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show if contractors level out the work between different
customers, which can be a possible way to manage varying
demands for their services.

What the result show is the variation for a part of the
harvesting service, both in terms of the work of single machines
and for machines owned by the same contractor that continu-
ously operate for the same customer. When comparing the
delivered volume and worked time on the contractor level the
result only represents the work from the machines in the
dataset. Some of the contractors had additional machines
operating for the customer during the two-year period which
were excluded during the data reduction process. Even though
the results do not represent the complete extent of harvesting
services at the contractor level, it still indicates what can hap-
pen with the workflow when the work is compiled over more
than one task. The results in this study are built on the same 77
machines with relatively reliable information about their
operations each month over the two-year study period. That
made it possible to investigate and compare how the workload
of individual machines differed over time on a monthly scale.

The estimated time in this study was calculated based on
a productivity model used by the customer, taking different
productivity-affecting factors into account at each stand. That
is not the same as actual productivity, and it is likely that it is
down to individual differences between machine operators to
account for the difference between actual productivity and the
estimated productivity (Purfirst and Erler 2011; Haggstrom
and Lindroos 2016; Manner et al. 2016) — which affects the
reliability of the estimated time result in relation to the real
time. Therefore, it would also be beneficial to investigate
CVime for machines and contractors derived from operational
monitoring data (e.g. drf files) as, for instance Purfiirst and
Erler (2011) and Eriksson and Lindroos et al. (2014) did for
productivity modeling. In this study, the results represent the
time that the contractor got paid for and the customer’s expec-
tation of how much time the contractors need to deliver the
volumes. Therefore, the estimations could be expected to be
reliable in the sense that they are approved by both parties as
part of their business relationship.

In this kind of business relationship, the reliability of the
productivity model and the accuracy of the included data is
important for both the contractors’ profitability and the custo-
mer’s estimation of the required harvesting resources. Data
collection and quality can be improved by use of modern
data collection methods from forest operations. The utilization
and availability of such real big data is limited due to regula-
tions of data protection and data ownership (Regulation EU
2016/679). It should be considered how big data can be utilized
in aiming to improve management of the customer’s need for
contractors’ flexibility in a way that favors both parties in the
business relationship.

Conclusions

Contractors’ workflow vary in both volume and time. The level of
unevenness in workflow differs between contractors, which can be
attributed to the number of machines, machine sizes and total

workload of harvesting services. It seems as if contractors with
more machines can level out the workflow between their
machines, resulting in a more even workflow at the company
level than on the individual machines. In general, workflow varia-
tion in volume and time are correlated. An exception was found
for medium size machines and especially harvesters, which in this
study had a relatively high variation in volume while still having
a relatively low variation in time. Contractors with a larger work-
load had, in general, lower workflow variation than contractors
with a smaller workload. One explanation can be limited oppor-
tunities to lengthening time on the machines when demand
increases. These findings are relevant for both parties in the
business relationship when considering the need for flexibility to
increase and decrease volume production and still promote con-
tractor profitability.
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ABSTRACT

The extensive outsourcing of forest harvesting operations means that the operational performance of
contractors has an immense impact on the forest industry supply chain. This study describes
perceived drivers and obstacles for strong performance in harvesting service based on semi-
structured interviews with four production supervisors and eight contractors. The analysis of
interview data revealed a wide array of factors considered to drive or hinder the performance. The
factors were categorized into five types: Capability, Incentives, Commitment, Involvement and
External factors. Factors concerning Capability, especially resources and competence, were most
frequently considered by production supervisors as both drivers and hinders. The contractors
considered most commonly Incentives to affect performance, especially motivation and strategy,
as drivers and the economy as hinder. Both parties considered lack of resources as hinder to
performance. For competence, relationship and collaboration interface, on the other hand, the two
parties had different views on whether they acted as drivers or hinders. The knowledge presented
in this paper is of interest to researchers or practitioners who wishes to understand the
complexities underlying successful harvesting service performance. The insights can contribute to
the reshaping of business practices to better target and leverage the mechanisms that most
strongly affect performance.
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Introduction . .
Harvesting operation performance can be assessed from

In Swedish forestry, harvesting operations are mainly per-
formed by contractors who are hired by forest companies
or forest owner associations (Swedish Forest Agency 2018).
That is the result of an extensive outsourcing process in the
1980-1990s during which forest companies offered to sell
their machinery to machine operators who would continue
as contractors instead of employees (Lidén 1995). Thereby,
the previous employer became a customer.

Today, most contractors are small and medium-sized
enterprises (SMEs), and forest companies often rely on con-
tracts with several contractors to secure the required
amount of harvesting operations (Haggstrom et al. 2013;
Kronholm et al. 2019). Many of these forest service contrac-
tors engage in long-term business relationships in that they
have one large forest company as their sole customer
(Furness-Lindén 2008). It is not uncommon that considerable
performance variations exist between different contractors.
For instance, productivity and machine utilization rates can
differ by more than 40% between two contractors (Eriksson
and Lindroos 2014). This significantly affects both contractor
profitability and customer satisfaction (Eriksson et al. 2015;
Erlandsson et al. 2017).

many perspectives. The definition of performance success is
multidimensional since different stakeholders can have
different opinions of how it should be measured (Erlandsson
et al. 2017). From a contractor’s point of view, success can be
measured in terms of profitability (Mdkinen 1997; Penttinen
et al. 2011; Erlandsson and Fjeld 2017), lifestyle objectives
(Drolet and LeBel 2010), or satisfaction (Erlandsson and
Fjeld 2017). Meeting these objectives is important for a con-
tractor to stay in business, but another requirement for long-
term business success is customer satisfaction. However, a
contractor’s profitability and/or satisfaction do not necess-
arily correlate with the degree of customer satisfaction
(Erlandsson et al. 2017). Customer satisfaction can also be
complicated to assess because customers often perceive
several value attributes for each service, with each of these
attributes affecting customer satisfaction in different ways
(Kano 1984). These perceived value attributes have been
identified and investigated in previous studies of customer
satisfaction with harvesting performance (Eriksson et al.
2015; Erlandsson et al. 2017). The results revealed that custo-
mers (i.e. forest companies, forest owner associations, and
non-industrial private forest owners) appreciate different
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value attributes of the harvesting operations delivered by
subcontractors. The value attributes a specific customer per-
ceives as important are case-specific (Erlandsson et al. 2017),
and thus, do not always influence the success of harvesting
operation performance in the same way.

The current research base has only to a limited extent con-
sidered the complexity of contractors’ harvesting perform-
ance and how the forest company - contractor business
relationship can be improved. Eriksson et al. (2015) assessed
four general strategies (active sourcing, adapted incentives,
active use of power advantage, and tailored contractor devel-
opment programs) for managing contractors according to
contractor capabilities and performance alignment. More-
over, success factors for the customer-harvesting services
provider relationship in terms of customer satisfaction
(Erlandsson et al. 2017) and contractor profitability (Erlands-
son and Fjeld 2017) have been identified. Other studies
have specifically focused on the personal motivation factors
of contractors (Drolet and LeBel 2010; St-Jean and LeBel
2014). However, the knowledge about interactions between
factors that affect performance is limited. Moreover, there is
limited knowledge about what reasons contractors and
their business contacts at the service buying company per-
ceive as being influential to performance. Such explorative
studies could shed new light on the complex topic and
would most likely benefit from a qualitative approach and
in-depth analysis.

Using a case of one forest company as customer and
associated contractors, this study aims to identify perceived
drivers and hinders for performance considering that harvest-
ing service consists of many value attributes. As performance
is known to be affected by diverse factors, a theoretical fra-
mework was developed to handle a part of the complexity
underlying performance.

Theoretical framework

Capability

To succeed as a harvesting operation provider, the contractor
needs the abilities and qualities to deliver what has been
requested by the customer. In a resource-based view (RBV)
of a firm, resources are key for competitive performance (Wer-
nerfelt 1984). The theory of RBV divides resources into tangi-
ble and intangible assets, with the underlying assumption
that resources are heterogeneous and immobile between
companies. That causes various case-specific successful strat-
egies to achieve competitive advantage by using different
bundles of resources unique for each company. In this way,
each business case or project presents an opportunity for
companies to bundle their unique assets in a way that will
achieve a competitive advantage (Barney 1986). Tangible
assets are physical resources such as land, buildings, machin-
ery, equipment and financial capital, whereas intangible
assets describe factors that are owned by the company but
not physically present, for example, trademarks, patents,
and knowledge. The main source of sustainable competitive
advantage is intangible resources, since these assets cannot
be freely purchased from the market and they are more
difficult to copy than physical resources (Grant 1991).

SCANDINAVIAN JOURNAL OF FOREST RESEARCH @ 599

Various organizational characteristics are often described
in the forestry contractor performance literature. For instance,
good leadership and processes are commonly mentioned in
conjunction with high customer satisfaction (Norin and
Thorsén 1998) and profitability (Norin and Karlsson 2010;
Jylha et al. 2020). Moreover, Cacot et al. (2010) argue that
the profitability of large contractors is affected by knowledge,
performance measurements and systematic improvement
efforts.

Incentives

A contract is typically used to create a legally binding
business agreement that includes set rewards and penalties.
Various types of contracts can be used to state the agree-
ments and terms between business parties. The drafting of
a contract is a complex procedure that can vary widely for
different situations and objectives (Van Weele 2009). Norin
and Furness-Lindén (2008) highlight that the two most
common approaches for purchasing harvesting services in
Sweden are negotiation and invitations to tender. The
pricing models for the purchasing of harvesting services
can be used to align contractor activities with customer
needs. For instance, with a gross, aggregated fee for oper-
ations or a piecework rate for the delivered volume. Norin
and Furness-Lindén (2008) emphasize that piecework rate
for delivered volume can be on different aggregations
scales, for instance, site-specific and for all operations. On
the other hand, a Canadian study found that many contrac-
tors are not primarily motivated by economic revenue, but
rather driven by other factors such as independence (being
one’s own boss), life-style, or passion for the work (Drolet
and LeBel 2010).

Commitment

Eriksson et al. (2017) have emphasized that contractors
whose services are well aligned with customer needs are
more likely to succeed. Misalignment between the parties
can adversely affect contractor profitability as well as lead
to conflicts and a lack of trust (either one-way or mutual).
Both of these consequences will significantly increase the
probability that the contractor will switch to another custo-
mer or liquidate the firm. Partnerships characterized by
mutual trust rather than power imbalances and dynamics
are more likely to be successful in the long run (Hognas
2000; Eriksson et al. 2017). Moreover, the working environ-
ment provided by the customer is important for contractor
satisfaction (Erlandsson and Fjeld 2017) and their motivation
to stay in business (Ager 2014). An individual’'s commitment
to an organization and working activities has been shown
to correlate with performance, as committed individuals
tend to be more likely to meet the organization’s demands
than less committed ones (Porter et al. 1974). This also
applies to forestry contractors since the most successful con-
tractors are often highly committed to their customers and
tasks (Norin and Thorsén 1998). Commitment based on
emotional attachment in the context of a business relation-
ship has been described as “affective commitment”.
However, commitment also includes a calculative dimension,
as the service provider's and client’s behaviors can be
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affected by the evaluation of different alternatives (Gilliland
and Bello 2002). For example, it is common that a forest
company will assess alternative service providers, long-term
benefits, and switching costs when deciding whether to
engage in a business relationship (Morgan and Hunt 1994).
In the Swedish context, contractors who offer harvesting ser-
vices have high investment costs in machinery and rely on
only a few large companies to make a living (Erlandsson
2016; Kronholm et al. 2019). Thus, these contractors under-
stand that the cost for terminating a relationship will be
rather high and will take this factor into account when decid-
ing to enter a business relationship (Morgan and Hunt 1994;
Gilliland and Bello 2002).

A contractor’s commitment to the customer organization
can be affected by certain promises or labor- and capital-
specific efforts from the organization (Ghijisen et al. 2010).
In contrast, low levels of trust between the contractor and
customer, cases in which the customer is disrespectful
towards the contractor, along with unprofessional and dis-
honest behavior are all attributes of conflictual relationships
(Eriksson et al. 2017). These types of relationships can signifi-
cantly harm commitment and hurt supply chain efficiency
(Porter et al. 1974).

Involvement

A contractor can only deliver a requested service if the custo-
mer cooperates and provides them with the means to do so.
For instance, the accuracy of the provided work order infor-
mation will enable the contractor to plan and conduct the
harvesting operation properly (Gustafsson 2017). In other
words, reliable, up-to-date information from the customer
will allow the contractor to plan the work well and avoid pro-
blematic issues. As such, this dynamic not only affects con-
tractor  profitability and satisfaction but customer
satisfaction as well (Erlandsson et al. 2017).

Companies tend to cooperate with other members of the
supply chain rather than do business on their own. As a result,
companies depend on one another and prioritize developing
long-lasting business relationships with existing partners
rather than looking for new cooperations. This collaboration
between companies has been important to achieving
business goals (Gronroos 1997). In forestry, the customer
has a large impact on how harvesting services are purchased
(and paid for), as well as the business models that companies
apply (Benjaminsson et al. 2019). As entrepreneurs should
maintain a certain independence from their customers, this
business relationship structure can hinder contractors’ entre-
preneurial behaviors, such as taking responsibility for the
business and finding innovative solutions for further business
development (St-Jean and LeBel 2012). Historically, improve-
ment and development efforts in forestry have mainly been
driven by the customers, for example, large forest companies,
who hold significant power in dictating the business and
operational practices of harvesting services (Ager 2014). On
the other hand, entrepreneurial SMEs can be more exposed
to supply chain risk since their actions do not always align
with the rest of the supply chain members’ needs (Falkner
and Hiebl 2015). Because harvesting contractors have to
invest heavily in machinery (Erlandsson 2016) and often

experience small profit margins (Kronholm et al. 2019), they
have relatively limited opportunities to develop their
business on their own. SMEs are inherently constrained by
limited available resources within the company. In this
context, the social structure in which the SME is embedded
contributes opportunities and resources that are external to
the SME (Jack and Anderson 2002). For instance, Jack et al.
(2004) emphasize that enterprise performance can be
improved by effectively utilizing relationships with family
members, business contacts, suppliers, competitors and
customers.

Material and methods
Sample

Given the complexity in harvesting service performance, this
study was carried out as a case study. This was done by focus-
ing on a large Swedish forest company, representing as a cus-
tomer for around 120 harvesting contractors. Most of these
contractors were SMEs and had the forest company as their
only customer. At the time of the data collection, the
company organized its work into three geographical
regions, with each region further divided into 4-5 districts.
In each region, a production manager was responsible for a
group of production supervisors, who, in turn, were respon-
sible for being in contact with a group of contractors con-
nected to each district. As a part of their regular work
relationship, contractors and production supervisor had fre-
quent contact with each other (most often several times
per week), among other things, to discuss expectations and
opinions on performance. In-depth interviews with four pro-
duction supervisors and eight contractors were used to
enable the collection of their reflections on factors perceived
to affect performance

Snowball sampling was used to select the study partici-
pants and followed a specific structure, with the aim to find
as much variation of perceptions about performance as poss-
ible within a limited sample. The sampling started with semi-
structured focus group interviews, including all of the com-
pany’s production managers, in October 2018. The pro-
duction managers were considered as key persons because
of their wide knowledge about the company and their subor-
dinated local production supervisors and the associated con-
tractors. The production managers were asked to reflect upon
the tangible and intangible values that they perceived as
most important in harvesting services. To help with this
task, the managers were provided with a list of the harvesting
service values identified by Eriksson et al. (2015) and Erlands-
son et al. (2017). The values on this list have been divided into
tangible and intangible value attributes. Examples of tangible
values include timber quality, thinning quality, and environ-
mental consideration, while delivery reliability, flexibility,
management, collaboration, operates as a business driver,
and communication are examples of intangible values. The
production managers agreed that the list was suitable to
use during the following individual interviews with pro-
duction supervisors and contractors; however, one change
was made as a result of the focus group interviews: delivery
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Higher

Relative performance, tangible values

Lower

Relative performance, intangible values

Higher

Figure 1. Combinations used to differentiate the performance of the districts and the contractors during the sampling process.

reliability was moved from intangible to tangible values (see
Appendix 1). They were then asked to subjectively rank the
districts in their respective region according to relative per-
formance in the tangible and intangible values, respectively.

After the ranking exercise, each production manager was
asked to explain the reasons for their ranking. They were
also asked to reflect on the reasons for performance vari-
ations between districts. The purpose of using this approach
was both to stimulate and to create a structured basis for dis-
cussions on what factors were actually being considered
when comparing performances of different districts. A sup-
porting matrix was used to differentiate the districts concern-
ing their relative performance in tangible and intangible
values (Figure 1). In order to capture as much variation in per-
formance as possible within a limited sample, the managers
were asked to together agree upon four districts to include
in the interview sample, one from each of the four perform-
ance combinations resulting from sorting districts within
the matrix. In their selection, the production managers were
further guided in that the selected four districts should
cover all of the company’s three regions in order to also
capture variation in geography.

Four production supervisors responsible for the selected
districts with diverse performance were interviewed. In their
turn, they contributed to the selection of contractors to inter-
view by individually recommending two contractors with as
relatively different performances in tangible and intangible
values as possible. The production supervisors in the selected
districts were responsible for 6-11 contractors each, which
could have yielded a total of 32 contractors for performance
assessments. Again, the same matrix used earlier was used as
support during the interviews to differentiate contractors
concerning their performance in tangible and intangible
value attributes in order to select contractors with as
diverse performance as possible (Figure 1). The production

supervisors were quite free to choose which contractors
they recommended for further interviews but were neverthe-
less guided to consider the positions in the matrix in order to
ensure that they suggested contractors within diverse per-
formance results (see Appendix 1). A total of eight contractors
(two recommended by each production supervisor) were
chosen and asked to participate in an interview for this
study. Relative to others, four of them had higher perform-
ance in both intangible and tangible values, three had
lower performance in both intangible and tangible values,
and one had higher performance in intangible and lower in
tangible values. The age of the selected contractors ranged
from young individuals to contractors who were soon retir-
ing, and the size of the companies varied. For some of the
contractors, the investigated forestry company was their
only customer, while other had several forestry companies
as customers and/or offered additional services to harvesting.

Data collection

The individual semi-structured interviews with four pro-
duction supervisors and eight contractors were conducted
during the period October-December 2018. All interviews
were conducted and analyzed by the same person. All the
production supervisors and contractors were asked if they
were willing to be interviewed for the aim of this study.
Based on the participants’ preference, the interviews were
conducted at a restaurant during a lunch break or at the par-
ticipant’s office or home, with each interview lasting approxi-
mately 1.5-2 h. All of the interviews were recorded with the
participants’ permission, and the interviewing researcher
ensured that the data would be handled in confidence
throughout the research process. They were also informed
about their right to withdraw their consent of participation
and storage of their provided data material without any
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need to give reason for it. The participants were free to
answer the questions as they liked and a questionnaire with
open questions, a list of harvesting service values, and
several exercises were used to stimulate the participants’
reflections and thus provide rich data relevant to the research
topic (see Appendix 1).

All participants were informed about the snowball sampling
process. This implies that the participants were aware of the
identity of the individuals they had recommended or been rec-
ommended by for the interview. However, no participant was
given information about another participant’s answers. Hence,
those being recommended to participate did not know the
reason for why they were recommended. Furthermore, when
compiling and presenting the results, caution has been taken
to not disclose information in such ways that it could be
linked to specific participants.

During the interviews, all of the participants were asked to
reflect upon tangible and intangible values of the harvesting
service. The list with previously identified examples of har-
vesting service values, which was amended based on the
focus group interview, was given to the participants to help
stimulate them to reflect upon the values associated with har-
vesting services. All of the participants were also asked if they
could think of other values.

Production supervisors performed a ranking exercise
during their interviews to gain information on which value
attributes are more important than others. In the ranking
exercise, the production supervisors were asked to subjec-
tively rank all the contractors they were responsible for
based on the contractors’ relative performance in tangible
and intangible value attributes. The production supervisors
were also asked to explain how contractors’ performances
in different value attributes had affected the ranking result.

Contractors were asked to assess tangible value perform-
ance, intangible value performance, and customer perform-
ance during their interviews. Each aspect of performance
was symbolized as a line, stretching from poor to strong per-
formance. During the tangible and intangible value perform-
ance assessments, the contractors were asked to mark their
own performance result on the line according to how they
perceived it. They were then asked to indicate where their
customer would place them on the line. On the customer per-
formance line, the contractors were asked to mark their per-
ception of how the forestry company performed as a
customer, as well as how they thought that the customer
would assess themselves. To assess differences between the
value attributes, the contractors were asked to explain how
their performance in different value attributes affects their
own perception, as well as that of the customer, of their intan-
gible and tangible performances.

The participants were also asked to reflect on the reasons
for their ratings of their tangible and intangible performance
to gain insight into which factors drive and hinder contractor
performance. For example, the production supervisors were
asked to identify which factors supported and hindered the
performance results of the identified contractors, and which
of these factors explained the contractors’ performance
results. Similarly, the contractors were asked to identify
factors that either supported or hindered their performance

and how these factors explained their performance relative
to other contractors.

Analysis

The recorded interviews were transcribed and analyzed by
the same person who conducted the interviews. Each partici-
pant was given the opportunity to read through the tran-
script and to notify the interviewing researcher if they
wanted to change or add anything. All of the transcripts
were coded and subjected to content analysis.

The identified harvesting service values were categorized
according to value attributes, which - in turn - were sorted
into identified attribute groups. In the production supervisor
transcripts, the harvesting value attributes were counted
based on: (1) How many contractors the production supervi-
sors related to a value attribute. (2) How many contractors the
production supervisors related with a strength respectively
weakness in performance in a value attribute. In the contrac-
tor transcripts, the value attributes were counted based on:
(1) How many of the contractors considered a value attribute
when discussing their tangible or intangible performance
(services). (2) How many of the contractors considered their
performance in a value attribute as a strength or weakness.
The counting was made in order to reach information
about what value attributes that the participants mostly men-
tioned in this study and the perceived performance in them.

According to the theoretical framework, identified factors
were organized based on the themes of Capability, Incen-
tives, Commitment and Involvement, along with External
factors. In the production supervisor transcripts, the occur-
rence of each factor was counted in each attribute based
on: (1) How many contractors that the production supervisors
related the factor as the reason behind performance in the
attribute. (2) How many of the contractors the production
supervisor related the factor as a driver respectively an
obstacle for the contractor’s performance. In the contractor
transcripts, the occurrence of each factor was counted in
each attribute based on: (1) How many of the interviewed
contractors mentioned the factor to affect their performance
in the attribute. (2) How many of the contractors that had
related the factor as a driver respectively an obstacle to
their performance in the attribute. The frequency at which
each identified factor had been considered was also quan-
tified over all value attributes.

Results
Harvesting service performance

A total of 18 value attributes were found to influence har-
vesting service performance based on the production super-
visors’ ranking of contractors and the contractors’
assessments of their own performance (Table 1). Almost all
of the value attributes were mentioned by both production
supervisor and contractors. Exceptions included safety work,
which was only mentioned by contractors, as well as devel-
opment potential and development cooperation, which
were only mentioned by production supervisors. The value
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Table 1. Harvesting service value attributes mentioned by production supervisors and contractors to affect the contractors’ harvesting service performance.

Group

Value attribute

Description

Production
supervisors

Contractors

n

%

n

%

Adaptability

Operational quality

Delivery

Information

Development

Independence

Stability

Safety

Collaboration

Flexibility

Operates as business driver

Forest management

Wood value

Volume production

Deliver reliability

Data-gathering

Communication

Development potential

Continuous improvement

Development contribution

Educates new machine operators

Professional business relationship

Administration

Employee management

Long-term reliable business relationship

Safety work

Facilitates and supports the customer’s work,
provides suggestions and discusses how
problems can be solved in a suitable way.

Adapts to variations and changes according to
customer needs.

Adapts the work according to private forest
owner needs and requests, enables wood
procurement from forest owners and
provides tips to the customer about possible
wood purchasing opportunities from private
forest owners.

Performs harvesting services according to
policy and instructions, the work does not
cause soil damage, and only causes a low
level of damage to the residual stand.

High and consistent bucking quality (length
and diameter distribution), minimal damage
to saw logs.

Describes the volume of harvested wood and
the productivity of the operations.

The agreed volume is accessible at the
roadside at the agreed time.

The contractor can provide logs concerning
machines, daily production, and sample
trees, along with follow-up documentation
about how the work was carried out.

Informs the customer about problems on time.
Provides relevant information regarding the
performance ability of both parties.

Includes aspects related to current conditions,
future ambitions, and company objectives.

Works independently to improve — usually via
gains in efficiency - different activities in the
company.

Educates the customer, helps the customer
educate other contractors and machine
operators. A step ahead in development.
Shares information about potential areas for
development.

Contributes to more competent machine
operators in the forest sector, periodically
employs and mentors trainees, runs or
collaborates closely with educational
institutions for machine operators, good
ambassador for the forestry sector.

Well versed in negotiations, Skilled in
professionally agreeing price and can
demonstrate how the customer will benefit.
Argues with facts and results.

Documentation and control of different
activities in the company, distribution of site
maps and instructions to employees.

Successful employer with healthy and
motivated employees, low employee
turnover, relatively successful in finding and
keeping employees.

Has provided harvesting services to the
customer over a long time period,
predictable and reliable, the customer
knows what to expect.

Makes sure to prioritize safety, evaluates and
avoids possible risks according to health and
safety guidelines before the work is started,
low numbers of sick leave days.

15

87

100

100

54

60

58

80

40

100

46

50

100

100

33

75

67

33

8

100

86

100

100

88

60

71

100

100

100

100

100

60

67

100

100

Notes: The frequencies (n) of contractor examples for the identified value attributes are shown, as well as the proportion (%) of instances in which it was con-
sidered to have a positive effect on performance. The value attributes were divided into eight attribute groups, sorted in descending order according to the
frequency of the total value attributes given by both production supervisors and contractors. The value attributes, in turn, are sorted in descending order accord-
ing to frequency in the contractor examples given by all participants. Each value attribute is presented as the total number of contractor examples given by
production supervisors and the total number of the interviewed contractors that mentioned the value attribute separately, along with the proportion of
examples in which the value attribute was mentioned to positively affect the ranking result (production supervisors) or the performance assessment

(contractors).
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attributes were divided into eight attribute groups (Table 1).
The production supervisors commonly mentioned both
strengths and weaknesses of contractors’ performance in
different value attributes, with in total 66% of the examples
mentioned as strengths of the contractor performance. Con-
tractors also mentioned both strengths and weaknesses in
their perceived performance in the value attributes, and in
total, mentioned a higher share (88%) of examples per-
ceived as strengths.

Overall, collaboration was most often mentioned by the
participants in total. The production supervisors most com-
monly mentioned that they appreciate a contractor’s collab-
oration ability. All of the interviewed contractors mentioned
that they performed well in collaboration and forest manage-
ment. The performance result in the wood value attribute was
also discussed by all of the contractors, with one reporting
this value attribute to be a weaknesses.

The weakness in contractors’ performance, most com-
monly mentioned by the production supervisors, was a lack
of professionalism in the business relationship. In contrast,
there were only a few occasions when contractors mentioned
weaknesses in their own performance results. These weak-
nesses were mainly related to volume production, volume
reliability, administration and employee management.

The production supervisors provided many examples of
contractors with both strong and weak performance in pro-
fessional business relationship, development potential and
data-gathering. In contrast, it was only a few or none of the
contractors that mentioned their performance in these attri-
butes. On the other hand, many of the contractors mentioned
their performance in operating as a business driver (enable
wood procurements from forest owners, etc.), communi-
cation, administration and safety, while the production super-
visors seldom, or not at all, mentioned contractor
performance in in those value attributes.

Key drivers and obstacles

Based on the participants’ statements, 14 factors were ident-
ified to be affecting performance in one or more of the eight
attributes (Table 2). When being categorized into the five
themes, the factors were quite evenly distributed. Most of
the affecting factors were observed to exert both a driving
and hindering effect, which varied between contractors and
value attributes (Tables 3 and 4). As visualized in Figure 2,
the production supervisors most often mentioned factors
connected to a contractor’'s Capability, especially resources
and competence, when discussing drivers and obstacles to
contractor performance. These two factors were among the
most common drivers mentioned by the production supervi-
sors, yet were also commonly described as obstacles for con-
tractor performance. A similar observation was made for
personal characteristics and economy, as both of these
factors were often mentioned as drivers as well as obstacles.

The contractors mostly mentioned factors connected to
Incentives when reflecting on what drove their performance,
and factors connected to Capability when discussing
obstacles to performance (Figure 2). The Capability theme
showed the highest share of obstacles, although competence

and systems & processes were mostly mentioned as drivers.
This was because (lack of) resources was the factor most
often perceived to hinder performance All four of the
factors under the Incentive theme were commonly men-
tioned to drive performance, although the economy factor
was also commonly identified as an obstacle to performance.
The contractors mentioned various drivers at similar frequen-
cies when discussing performance, yet the driving factor that
was mentioned most often was collaboration interface. There
were more differences in the occurrence of hindering factors.
The contractors most often mentioned resources, economy,
collaboration interface and logging conditions when discuss-
ing obstacles to performance.

Table 2. Factors that were identified to affect contractor performance in any of
the studied value attributes, grouped into five themes. The themes are sorted
according to the frequency at which the related factors were mentioned to
affect performance (either drive or hinder) in the studied value attributes
based on contractor and production supervisor interviews. The factors
included in each theme are sorted according to the same logic, i.e. how
often the factor was mentioned in conjunction with the studied value
attributes by the participating contractor and production supervisors.

Theme Affecting factor Description and content

Capability Resources Human resources (quantity and
competence), material equipment
and machinery, financial resources.

Contractor’s knowledge, experience,
skills and talent.

Common work routines and standards.

Economic rewards and the estimated
impact on profitability.

Lifestyle objectives, possibility to be
one’s own boss and set own
schedule, personal
acknowledgement that the work is
important and appreciated.

Company goals, e.g. to be an attractive
contractor to customers, private
landowners and employees.

Abiding by laws and rules, entering
into contract agreements

Contractor’s personal attitude, interest,
engagement and feeling of
responsibility in the work activities.

Contractor’s attitude, interest,
engagement and feeling of
responsibility towards the customer
(forestry organization), e.g. trust,
loyalty and dependency to the
customer, opportunities and
possibilities to do other things or
work for other customers.

Customer’s adherence to their part of
the assignment, contractor accepts
help and advice from the customer
or other external parties, contractor
uses contacts in their network.

Customer’s leadership style, treatment
of the contractor, e.g. discussing the
contractor’s performance results,
giving feedback, expressing
expectations.

Terrain, weather and wind.

Market conditions, availability of

Competence

Systems & processes

Incentives Economy

Motivation

Strategy

Requirements

Personal
characteristics

Commitment

Relationship

Collaboration
interface

Involvement

Supplier
management

External Logging conditions

Competition &

economic machine operators on the market,
situation competition from other areas,
demand for harvesting operations,
other contractors in the area.
Risk Balance between potential benefits

and losses.
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Production supervisors Contractors

Figure 2. The proportions of the themes and factors within examples given (n) by the production supervisors and contractors, organized as total instances of cases
in which the theme/affecting factor was mentioned as an obstacle or driver. The themes and factors are sorted according to frequency, with the theme that was
mentioned most often at the top of each circle (frequency of mentions then progresses clockwise in descending order).



In general, the participants mentioned examples of how
Capability, Incentives, Commitment and Involvement are
drivers of performance more often than they provided
examples of how these themes are obstacles to performance.
The factors in the External theme were not mentioned very
often, but both parties mainly considered these factors as
obstacles to performance (Tables 3 and 4). Notably, logging
conditions, that is, bad terrain and weather, were mentioned
as a limitation to harvesting service performance. Both the
production supervisors and contractors considered that com-
petition & economic situation hindered contractor perform-
ance. The high demand for harvesting at the time of the
study meant that the contractors did not need to compete
heavily for harvesting contracts, yet they found difficulties
finding employees from the small pool of skilled machine
operators.

Resources, although often described as driver of strong per-
formances, was the factor most often mentioned as an
obstacle by both parties (Figure 2 and Tables 3 and 4). Both
parties addressed the relative lack of machine operators as a
concern, while contractors also mentioned the lack of
financial capital as an obstacle. Contractor competence was
another obstacle that was frequently mentioned by both pro-
duction supervisors and contractors. Nevertheless, compe-
tence was mentioned both as a driver and an obstacle in
these parties’ explanations. This factor was the most
common driver mentioned by the production supervisors,
although this factor was also included in a relatively high
share (37%) of examples concerning obstacles to contractor
performance. The contractors, on the other hand, mostly men-
tioned competence in a positive light. A similar pattern was
noted for collaboration interface, which was the most
common factor mentioned by the contractors during discus-
sions of performance results. Although this factor represented
the driver most frequently given by contractors, it was also
mentioned in a relatively high share (28%) of the examples
of obstacles to performance provided by contractors. The pro-
duction supervisors only mentioned collaboration interface
when providing examples of what drives contractor perform-
ance. Both production supervisors and contractors only men-
tioned requirements and supplier management as drivers of
performance. The production supervisors only considered
the relationship factor in examples of what drives contractor
performance, while some of the contractors also considered
this factor as an obstacle to performance.

Drivers and obstacles across the different harvesting
service value attributes

The frequencies at which affecting factors - as both a driver
and obstacle — were mentioned varied across the different
value attributes. As shown in Tables 3 and 4, the production
supervisors’ and contractors’ perceptions of contractor per-
formance showed discrepancies in how the identified
factors affected contractor performance across the various
value attributes. Even if a factor was commonly mentioned
as a driver or obstacle to strong performance, it could have
variable effects on performance across the various harvesting
service value attributes. The most commonly mentioned
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factor affecting contractor performance, resources, was per-
ceived to influence many value attributes. For example, the
production supervisors often mentioned that a contractor’s
resources affect the delivery performance result (Table 3),
while most contractors considered that their resources affect
their performance result in operational quality. However,
many contractors also mentioned that resources had
impacted on their delivery performance result (Table 4).

The factor most often mentioned by the production super-
visors, competence, was related to contractors’ performance
results in most of the value attributes. Most of the production
supervisors’ examples of how contractor competence influ-
ences performance were linked to stability (Table 3), with
the same result holding true for the contractors’ responses
(Table 4). Interestingly, the production supervisors gave
almost the same number of examples for how a contractor’s
competence can drive and hinder stability performance (Table
3). In contrast, the contractors mostly perceived their compe-
tence to drive stability performance (Table 4).

The contractors most often perceived collaboration inter-
face to affect adaptability performance, while the production
supervisors mentioned how this factor was linked to delivery,
information, and development performance. Nevertheless, a
considerable number of the interviewed contractors felt
that collaboration interface affected their delivery, infor-
mation, and development performances.

The production supervisors gave a few examples of factors
that influence contractors’ performance in value attributes
connected to adaptability, although these value attributes
(especially collaboration and flexibility) were more commonly
mentioned in their perceptions of contractors’ performance
(Table 1). As shown in Table 3, all of these examples except
for one described drivers for contractors’ adaptability per-
formance. In these descriptions, relationship was the most
common factor associated with a contractor’s adaptability
performance. The one obstacle that the production supervi-
sors mentioned for adaptability performance was a contrac-
tor's personal characteristics. As shown in Table 4, the
contractors linked various factors to their performance in
the adaptability value attributes. Similar to the production
supervisors (Table 3), the contractors commonly mentioned
the relationship factor as a driver for adaptability performance
(Table 4). However, one contractor felt that the relationship
factor could hinder a contractor’s adaptability performance.
The most common perceived obstacle to adaptability per-
formance was economy, and this was especially relevant in
the short-term time scale.

Certain drivers and obstacles to performance were more
commonly mentioned than others in conjunction with the
value attributes that were generally identified as contractor
weaknesses (Tables 1, 3 and 4). For instance, the production
supervisors commonly mentioned that competence and
system & processes positively influence independence, while
personal characteristics were negatively linked to this value
attribute. Some of the contractors considered that strong per-
formance in the independence value attribute positively
affected the economy factor, whereas resources and personal
characteristics were  mainly  perceived to hinder
independence.
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The economy factor was commonly mentioned as both a
driver and obstacle of many value attributes (Tables 3 and
4). Both parties most often mentioned that a contractor’s
delivery performance was driven by the economy factor,
that is, by direct economic gains. Furthermore, the most
common obstacle to operational quality performance - as
identified by both parties — was the economy factor (i.e. lack
of economic incentives).

Discussion

This study identified various drivers and obstacles to contrac-
tors’ harvesting service performance and organized them in
themes according to a theoretical framework. The results
confirm that harvesting service performance is a complex,
multifactorial metric. Harvesting services comprise many
value attributes and - for this reason - it is difficult to
compare the performances of different contractors since
their performance across different value attributes can vary
widely. Moreover, the results revealed that performance in
these attributes is affected by many different factors. As mul-
tiple factors were commonly found to influence the perform-
ance in each value attribute, it is likely that interactions
between factors exist, which will subsequently impact con-
tractor performance in the different attributes.

Based on the production supervisor and contractor inter-
views, many of the factors could exert either a driving or hin-
dering effect on performance, with the effect differing
between value attributes. The production supervisors and
contractors in this study generally had similar views about
how various factors affect performance. Examples include
the drivers behind operational quality, delivery, adaptability
and stability, and obstacles to operational quality, develop-
ment, and independence. There were, however, some
notable differences in the parties’ perspectives. The pro-
duction supervisors and contractors had different percep-
tions about the drivers for development, independence and
information quality, and obstacles to delivery, adaptability,
stability and information quality. This shows that contractors
and the customer can agree about what drives performance
in a certain value attribute but can disagree about what
hinders this performance and vice versa. Notable differences
were observed for the parties’ perceptions of contractor com-
petence. The contractors mainly talked about the relationship
between competence and certain value attributes in a positive
light, while the production supervisors provided examples
describing both positive and negative effects of contractor
competence on performance. An opposite trend was
observed for the relationship and collaboration interface
factors. For both of these factors, the production supervisors
provided examples about how their relationship and collabor-
ation interface with the contractors positively influences per-
formance. On the other hand, the contractors mentioned that
these two factors are drivers of performance, yet also pro-
vided examples in which the relationship and collaboration
interface with the customer had hindered their performance.
Thus, the results indicate that it is easier for both parties to
identify obstacles to performance in the other party than in
themselves.

The categorizations of the factors revealed that harvesting
service performance could be considered to be driven and
hindered through a mixture of five themes. The theoretical
framework including these themes, along with the factors
that were identified to affect performance through its appli-
cation, are discussed in more detail below.

Capability

The results indicate that a contractor’s capability is crucial to
harvesting service performance. The interviewed participants
mentioned various factors when discussing Capability. The
participants identified three main factors - resources, compe-
tence, and systems & processes - to influence Capability.

In line with RBV thinking (Wernerfelt 1984; Barney 1986;
Grant 1991), the results of this study indicate that both pro-
duction supervisors and contractors consider resources and
competence to be key factors in harvesting service perform-
ance. In this study, the resources factor included both physical
and non-physical resources, in line with the description by
Grant (1991). Competence, on the other hand, is an example
of a non-physical resource. This study separates the contrac-
tor's own competence from the competence of their employ-
ees. Thus, employee competence is included in the resources
factor instead of the competence factor, which exclusively
reflects the contractor's own competence. A lack of skilled
machine operators was the most common obstacle that the
participants mentioned when discussing the resources
factor. Finding skilled machine operators has also been ident-
ified as a challenge for contractors in other European
countries (Kronholm et al. 2019), especially for small contrac-
tors (Jylha et al. 2020).

When considering competence, the contractor’s leader-
ship skills may improve the competence of the machine
operator over time. Leadership skills were often identified
by the production supervisors as a reason for the positive
performance results of larger contractor companies,
whereas an excessive focus on operational parts was pro-
vided as a reason for why some companies performed
poorly. In contrast, the production supervisors’ opinions
changed when they discussed smaller contractors, as
strong operational skills (e.g. handling of machines) were
mentioned to positively influence performance but leader-
ship skills were seldom mentioned. - To some extent, this
may be explained by the nature of the work. Larger contrac-
tors have more employees operating the machines and, as
such, will take on a clear management role (both internally
and externally), with more time spent on managing the
company rather than operating the machines (Jylhd et al.
2020). This does not mean that smaller contractors do not
need leadership skills, but rather that the importance of lea-
dership skills may increase successively with the size of the
organization. Both contractors and customers should there-
fore benefit from assess the contractor's leadership and
operational skills, as both of these factors are relevant to
the sustainability of the business. However, the suggestion
that required contractor skills depend on organization size
should be investigated further. For example, future research
could investigate how contractors develop and leverage



different skills according to available business opportunities
and how these decisions have consequences on their
performance.

Incentives

The results indicated that pricing models affect contractor
performance, especially since the economy factor was
clearly mentioned to drive some value attributes and hinder
others. On the other hand, contractors can be satisfied with
low profitability (Erlandsson and Fjeld 2017) and may not
be primarily motivated by economic incentives (Drolet and
LeBel 2010). Accordingly, the contractors interviewed in this
study more commonly mentioned the motivation, strategy
and requirement factors to drive their performance, while
economic incentives were more commonly mentioned to
hinder performance. This was especially relevant for adapta-
bility performance, as all respondents positively assessed
the performance of most contractors in this theme. The
most common obstacle that contractors mentioned when
discussing their adaptability performance was the lack of
economic incentives.

Commitment

In line with the theory that successful contractors are com-
mitted to their customer organizations (Porter et al. 1974;
Norin and Thorsén 1998; Eriksson et al. 2017), the results of
this study indicated that contractors’ personal characteristics
and relationship with the customer were perceive to affect
harvesting service performance. Based on their discussions
of personal characteristics, it seems as though the productions
supervisors consider that contractor commitment mostly
relies on the actions of the contractors. Notably, operational
quality was mentioned to be driven by contractors’ personal
characteristics, that is, high enthusiasm and pride in perform-
ance. The contractors confirmed that personal characteristics
drive operational quality performance, as they often
described their own pride at performing well in these attri-
butes. The relationship was also mentioned by both parties,
but to a significantly higher degree by the contractors. The
relationship factor seemed to be a common driver of the
strong performance reported for adaptability. Many contrac-
tors were described to be adept at activities related to adap-
tability, which indicates a strong commitment to the
relationship. Individuals tend to make more of an effort if
they are committed to the task (Porter et al. 1974; Morgan
and Hunt 1994; Gilliland and Bello 2002); hence, it can be
expected that contractors will make more of an effort for cus-
tomers they are committed to. In discussions linked to the
relationship factor, many production supervisors and contrac-
tors mentioned a mutual trust between the parties as a driver
of performance, with this characteristic especially mentioned
for the adaptability value attribute. The contractors com-
monly experienced that their efforts in adaptability will
improve the long-term relationship with the customer,
which indicated a high level of trust in the customer. On
the other hand, some contractors mentioned that their
relationship  with the customer could hinder their
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performance in development and independence. Since the
development and independence performances of many con-
tractors were identified as weaknesses by the production
supervisors, it may be fruitful for both parties to reconsider
the contractors’ commitment to the customer’s organization
in order to improve development and independence.. Histori-
cally, the customers of harvesting service have taken the
responsibility for development (Ager 2014). Hence, when cus-
tomers start to require that contractors are responsible for
improving their development and independence efforts, it
may take time before contractors are committed to these
activities in terms of personal characteristics and relationship
with the customer.

Involvement

The results indicates that the performance of contractors is
often perceived to be affected by the collaboration interface
with the customer and other collaboration parties. The collab-
oration interface was perceived to drive adaptability because
the collaboration interface was key to interacting with custo-
mers who were not acting and/or communicating as they
should. For instance, work order information of insufficient
quality or that was delivered just before harvesting execution
was perceived to drive contractors’ adaptability performance
but hinder their delivery performance, which instead was
driven by the economy factor. This provides more support
to earlier studies’ identification of timely and reliable work
order information as important for contractor profitability
and satisfaction as well as for customer satisfaction (Erlands-
son et al. 2017; Gustafsson 2017).

On the other hand, many contractors witnessed the
driving effects of collaboration interface because they
received help and guidance from the customer and other
parties when they asked for it. Both production supervisors
and contractors expressed that a contractor’s decision to
use their contacts and business partners for help and
advice supported their performance. This perceptions of the
driving effects of collaboration interface indicates that con-
tractors can improve their performance by effectively utilizing
their network, which reflects what has previously been
reported by Jack et al. (2004).

Both parties only discussed the supplier management
factor as a driver of performance, and in numerous value attri-
butes. This finding indicates that the production supervisor's
leadership affects the contractor’s performance and that both
parties notice the driving effects of good leadership from the
customer side.

External factors

Numerous factors that were mentioned as obstacles to con-
tractor performance were neither connected to the contrac-
tor nor the customer. These factors included logging
conditions, competition & economic situation, and risk. The
external factors were predominantly perceived to hinder per-
formance; however, one production supervisor considered
that logging conditions were a driver for adaptability perform-
ance. This result indicates that the role of External factors is
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easier to notice when they are hindering performance. The
results concerning External factors are also in line with pre-
viously mentioned indications that both production supervi-
sors and contractors more readily identified weaknesses in
others than in themselves. Following this train of thought,
the participants may have preferred to mention external
obstacles rather than obstacles related to one of the business
partners.

Stakeholders should be aware of External factors when
assessing a business relationship. As some of these External
factors occur seasonally (Uusitalo 2005), they can be - to
some degree - considered in advance. Moreover, knowledge
about External factors can be used to predict productivity and
to steer the wood flow (Eriksson and Lindroos 2014).

Interactions between affecting factors

Itis important to consider all of the factors investigated in this
study from a multidimensional perspective in that each factor
can influence how the other factors affect performance. For
example, a contractor’s Capability can affect their possibility
to react to different Incentives. Thus, aligning Incentives
with customer requirements, as discussed by Eriksson et al.
(2015), may not have the expected effect if the contractor
does not have the Capability to react. Nevertheless, Incen-
tives may affect how contractors build their Capability for
service performance. For example, Benjaminsson et al.
(2019) argue that customer demands, as well as how they
pay for the service, affect a contractor's business model,
and thus, Capability. On the other hand, this study indicates
that certain contractors occupy unique niches on the
market based on their decision - conscious or not - to specifi-
cally focus on certain value attributes. However, the identified
perceptions still show that the customer affects the contrac-
tors business model. Supplier management efforts can also
affect a contractor’s Capability; for instance, the production
supervisor may actively engage and give feedback to a con-
tractor in order to improve their performance. Thus, Involve-
ment from customers and other partners affects a
contractor’s Capability, which, in turn, affects service perform-
ance. The reverse can also be true, as existing Capability will
influence the need for Involvement from customers and other
partners to drive performance. In the context of Swedish for-
estry, the customers are often described to have a dominant
position in the forest company-contractor relationship. For
this reason, the customer is also interested in improving the
contractor’s Capability as this will influence the customer’s
ability to secure a long-term supply of wood (Benjaminsson
et al. 2019). The intensity of these efforts may well be
related to contractor Capability, as the company will need
to invest more resources into contractors with poor Capability
than contractors with a high level of Capability. In contrast, a
high degree of customer involvement in the contractor
business models has been argued to decrease innovation in
contractor organizations (Mattila et al. 2013; Benjaminsson
et al. 2019).

The degree of Commitment to service performance can be
argued to be affected by Incentives and Involvement from
other parties. For instance, different Incentives provided by

the customer can affect the Relationship between the
parties and the contractor’s Personal characteristics in terms
of willingness, care and interest in the performance of
different value attributes. This is relevant because Swedish
harvesting service contractors usually only have one or a
few important customers. As such, the customer can leverage
their dominant position in the business relationship to con-
vince the contractor to act in a certain way (Eriksson et al.
2015). Since Commitment can be argued to influence how
Involvement affects service performance, the customer
must nevertheless be careful as to not disrupt the relationship
too much (Maloni and Benton 2000). For instance, a contrac-
tor with a high level of trust and loyalty to the customer may
be more receptive to improvements suggested by the custo-
mer than a contractor with lower levels of trust and loyalty.
Thus, Involvement efforts can both harm and encourage
Commitment to service performance. How the customer
fulfills their part of the assignment, and the consequences
of these actions, may affect Commitment over time.

Value attributes

The presented results indicate that contractors are a blend of
professionals characterized by unique focuses on different
value attributes. Some contractors perform strongly across
many value attributes, while others perform strongly in a
few. Regardless of whether the decision to focus on certain
value attributes is conscious or not, this result indicates the
existence of different niches and business models among
contractors. Furthermore, even if a customer has not con-
sidered a certain value attribute, it may still be important
for both parties’ interests. In general, service companies
that are one step ahead and provide unexpected beneficial
values can reach excellent customer satisfaction and a
better market position (Kano 1984), which should be true
also for harvesting contractors.

The results of this study indicate that production supervi-
sors may be satisfied with contractors due to strong adapta-
bility performance even if they perform poorly in other value
attributes compared to their competition. As was shown in
this study, the production supervisors appreciate contractors
who perform strongly in adaptability because they can make
changes in short time to the work order. This indicates that
customers will be satisfied by contractors that demonstrate
high adaptability, that is, rapid problem-solving ability,
regardless if the problem was caused by the customer or
the contractor. Based on those observations, it seems that
adaptability is one of the most important attributes for a con-
tractor maintaining customer satisfaction and harvesting
service operations in the long-term. On the other hand,
Erlandsson and Fjeld (2017) report that reliable, on-time
work order information increases the contractors’ satisfaction.

Customer demand for harvesting services can vary exten-
sively between months (Erlandsson and Fjeld 2017), and it is
reasonable to assume that this applies to the contractors in
this study. According to the participating customers, most
of the contractors performed strongly in collaboration and
flexibility. These two attributes have previously been ident-
ified as important aspects of harvesting service provision



(Méakinen 1997; Eriksson et al. 2015; Erlandsson et al. 2017).
The main explanations for why these attributes are important
for all contractors to address is that the industry is affected by
seasonal variation in weather conditions and wood demand
(Uusitalo 2005), as well as uncertainties in harvesting
service demand (Erlandsson 2013). Managers at forest com-
panies apply different methods to provide contractors with
an even workflow and stable income throughout the year.
This includes working with contractors who own a fleet of
flexible machines that can operate in both thinning and har-
vesting (Erlandsson 2013) and providing harvesting sites
based on how the stand conditions influence productivity
(Norin and Furness-Lindén 2008; Eriksson and Lindroos
2014). These adaptations to fluctuating harvesting demand
throughout the year prove the importance of collaboration
and flexibility in harvesting service provision.

Study limitations

The sampling process aimed at finding a sample of maximum
variation and diversity of performances in the harvesting
service to reach multiple perspectives within a limited
sample, a common approach in qualitative research (Creswell
and Poth 2016). The study was conducted as a case of the
real-life context with one large forest company as customer
and associated contractors as providers of harvesting
service. Thus, this does not represent all customers’ and
service providers' perceptions, neither all production supervi-
sors’ and contractors’ perspectives. Nevertheless, the study
succeeded to reach a broad spectrum of examples with
different perspectives of factors affecting the value attributes
in harvesting service. In contrast to other studies based on
surveys (Drolet and LeBel 2010; Erlandsson et al. 2017), the
result of this study is built on in-depth interviews within a
case study. The strength is that new perspectives can be
explored when the participants can reflect upon their experi-
ences, and the interviewer can contribute with follow-up
questions for gaining further details and understanding.
Therefore, despite the relatively small sample, the results
widen the insights about the complexity behind successful
harvesting service provision. However, due to the intrinsic
features of qualitative research, it is important to keep in
mind that the results are a range of case-specific examples
of different perspectives built on a sample of 12 persons
and may not represent all contexts or cases. Therefore,
these insights and case-specific examples can be used as indi-
cations, rather than conclusive results when researchers and
practitioners consider performance in harvesting service in
similar contexts.

The results do not consider the weight and importance of
each value attribute or affecting factor. Previous studies have
shown harvesting service provision to be a complex, multifac-
torial process (Eriksson et al. 2015; Erlandsson and Fjeld 2017),
and the framework applied in this case study was designed
based on previously identified customer service values.
These examples of customer values that are relevant to har-
vesting service provision were shown to all of the participants
at an early stage of every interview. This decision was made to
simplify the interview process and leave more time for the
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participants to reflect on the drivers and obstacles that
influenced the various value attributes. Therefore, the har-
vesting service values mentioned by the participants can be
expected to have been highly influenced by the given
examples. However, new value attributes were also identified
in the analysis. These values were not mentioned as often as
the previously identified values. This does not mean that
these new values are any less important than previously
identified values since expressed importance is not necess-
arily equivalent to perceived importance. Furthermore, it is
natural that some values are not mentioned because they
are taken for granted or are considered completely necessary
to customer satisfaction (Kano 1984). In other words, even if a
value is important, it may not come to a participant’s mind
during the interview situation. Moreover, it may be even
more difficult for a participant to identify additional value
attributes when they are provided with a list of specific
values associated with harvesting service provision. With
regards to the ranking exercise, it may be difficult for the cus-
tomer to reliably compare contractor performance across all
of the value attributes. The results from the ranking of a con-
tractor’s performance across tangible and intangible values in
relation to other contractors depend on how each participant
weights the importance of various value attributes. Further-
more, even if the production supervisors work for the same
company, it is possible that they have different perceptions
of the relative importance of various value attributes.
During the interviews, participants were asked to provide
examples of value attributes other than the cost of harvesting
services. Although the cost of harvesting services is an impor-
tant attribute, the presented research tried to describe the
wide array of value attributes relevant to harvesting services
rather than quantify them in monetary terms. The selection
process for participants was designed to maximize - with
the available time and monetary resources - the possibility
of obtaining as many distinct perspectives as possible by
gathering participants from different districts and perform-
ance groups. The frequency at which certain value attributes,
as well as drivers and obstacles to performance, were men-
tioned reflect the participants’ opinions during the interview
situation. As such, it is impossible to know if their responses
would have been different in a less formal environment, or
if they had been given a longer time to reflect on their
answers, yet the applied methodology increased the likeli-
hood of obtaining a wide spectrum of opinions.

In this study, the production supervisors evaluated the
contractors’ performances, which was contrasted to the con-
tractors’ evaluations of their own performances. Frequent dis-
cussions about and evaluations of performance is an essential
part of the production supervisor-contractor business
relationship. Nevertheless, some individuals may have con-
sidered the study’s questions to be sensitive, and that it
potentially could harm the business relationship between
parties if the information could be linked to any participant.
Thus, there is a risk for bias in the participants’ answers if
they had any doubts on the researchers’ ethics. To minimize
such risks, all participants were clearly informed about how
the information they shared would be used and handled.
However, it is impossible to know if all participants fully



612 (&) M.JOHANSSON ET AL.

trusted the researchers. Moreover, the methodology is intrin-
sically related to a certain risk of biased answers due to pur-
posely or unpurposely dishonest participants. However, the
consent process reduced that risk of bias and increased the
probability that the participants shared their honest thoughts
during the interviews.

Future research

Even though numerous approaches for handling variations in
wood demand exist today, various parties of the timber sup-
plier chain are still exposed to several risks and obstacles. For
example, although forestry companies will try to provide con-
tractors with an even work flow, there will be cases - due to
myriad factors — in which contractors will have to change the
scale of their operations temporarily to meet customer
demand. Erlandsson and Fjeld (2017) argue that contractors
have different sensitivities to workflow variations depending
on expectations and company structure. This study identified
that the economy factor can negatively affect Adaptability;
therefore, the expectation that a contractor will show high
Adaptability may adversely affect the contractor’s profitabil-
ity. For this reason, further investigation can be rec-
ommended on how contractors can develop their
companies to be tolerant to a changing market environment.
Moreover, further investigations are recommended on drivers
and obstacles to these types of changes; for instance, what
models customers use to purchase harvesting services and
how adaptability can be promoted without jeopardizing con-
tractor profitability and satisfaction.
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