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Is stump harvesting for bioenergy production socidy acceptable in Finland?

Abstract

Stump wood is used to produce electricity and hespecially in Finland, where biomass-based
energy plays a major role. This study, which aimsniestigate the social acceptance of stump
harvesting for bioenergy production in Finland, wasducted in two stages: a questionnaire-based
study and a subsequent literature-based study. |ather provides information concerning the
beneficial or harmful consequences of stump hainvggsand this information could be used to gain
support for stump harvesting’s use or abandonmgnstbkeholders of forest utilization. The
guestionnaire survey was conducted in 2013 at th¥/Asfair organised by the Association of
Finnish Forestry centre in Joensuu, Finland, aeditbrature-based study was conducted in 2018.
Six social groups were defined: higher administegtiower administrative, skilled or specialized
workers, farm and forestry workers, students, ahers. The results of the questionnaire revealed
that, although different social groups are highhyerested in using stump wood for energy
purposes, respondents think that stump harvestiilg not be able to raise their incomes.
Respondents are also unmotivated, with even forastrkers expressing critical views on the
promotion of stump harvesting for energy purposes th the environmental consequences. The
literature-based study revealed that scientifiailtesson stump harvesting are contradictory. It is
crucial to involve different social groups and &flect on their opinions regarding the use of stump
wood as a forest management tool and for bioenergguction. As Finland moves toward a
bioeconomy, the study of social acceptance of stimamwesting will direct the development of

stump harvesting for bioenergy production.
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1. Introduction

Electricity is vital to improve people’s standarflliging around the world. There are now diverse
technologies and new sources of energy to be edilia electricity production. In order to avert the
devastating effects of climate change, it is nesrgs$o use cleaner technology in generating
electricity. Bioenergy plays a role in securing rgye stimulating rural progress, and mitigating
climate change (Acosta-Michlik et al.,, 2011). Woobimass from forests has become an
important source of bioenergy in many European tras) especially in Finland and Sweden.
Using tree stumps for energy purposes is one ofrieeesting sources of bioenergy. Finland has
remarkable forest resources, and logging resicagesther with wood wastes from wood-processing
industries constitute the main source of bioeneldgually, slash and stump are used for burning in
combined heat and power (CHP) plants to produadralgy. Because of the high calorific value of
stump wood (Eriksson and Gustavsson, 2008), théugtmn of bioenergy from stump would be
attractive. UPM-Kymmene, a Finnish corporation, degising stump wood commercially for
energy purposes in Finland in 2001 (Hakkila, 20@tump harvesting can increase wood fuel
production, improve site preparation, and reduce rot (Heterobasidion) (Walmsley and Godbold,
2009). On the other hand, several studies havershiosvadverse effects of stump harvesting on the
environment. Major adverse effects include futuite productivity reduction, reduced physical
structure of soil, and the immediate release of @@ the atmosphere (Walmsley and Godbold,

2009; Moffat et al., 2011).

In Finland, about 60% of forestland is privatelyr®a forests (FFA, 2017), and many stakeholders
are involved in the stump harvesting process faeergy production. The forestry industry
actually consumes a large number of stumps ancepses them for CHP plants. Generally, private

forest owners demand to attain extra income frommpt harvesting. Forest owners also seek to



51

52

53

54

55

56

57

58

59

60

61

62

63

64

65

66

67

68

69

70

71

72

73

74

attain a cost-effective process and technology sarmp harvesting. On the other hand,
Environmental Non-Governmental Organizations (EN{@sblicly express concern about the
effects of stump harvesting on forest biodiversitgong other ecological matters (World Wildlife
Fund [WWF], 2013). However, there is much discussend research ongoing in Finland

concerning stump harvesting due to its positive rr@ghtive impacts.

In the bioenergy sector, social acceptance is eeguésite for the conversion of the energy sector
from non-renewable to renewable energy (Dwivedi Atalvalapati, 2009). However, the public
knows little about bioenergy compared to solar andd energy (Segon et al., 2012). Social
acceptance indicates the fact that a new issuecdspéed, or tolerated, by a community. It is a
significant issue in the attainment of a renewadhergy policy target. Devine-Wright (2007)
suggested that public support is essential forizitd renewable energy technologies. Public
opinions are a vital social factor in implementenyy new idea (Assefa et al., 2007). Moreover, the
social acceptance of bioenergy can increase thetlgrof the bioenergy market (Magar et al.,
2011). In addition, Chin et al. (2014) recommendeakt neglecting social acceptance can limit
biofuel development. There is little academic rede@n the social acceptance of bioenergy, but it
iS necessary in order to realize the stakeholde@svs about this issue (Raven et al., 2010).
Understanding the social acceptance of stump hmgesan contribute to knowledgeable scientific

and policy discussions on the demand for stump woddbenergy production.

Finnish forest bioenergy mainly comes from forestidtues such as slash, branches, and stumps;
therefore, bioenergy production from forest resesrequires increased forest logging. Numerous
studies have investigated the productivity and mmvnental consequences of stump harvesting.

However, no specific studies have yet focused enstitial acceptance of stump harvesting; few
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have studied the social acceptance of bioenergyomd-based biomass, but none have studied
stump wood-based biomass. Social acceptance isfeitéthe introduction into the existing forest
management system of any changes, whether partiatad, or a new management system. It is
essential that researchers identify social reastitn stump harvesting and that policy makers
become aware of what people desire in policy dgreknt and adaptation. Whether or not the
broader society other than scholars, professioaald,policy makers accept the adoption of using
stump wood for bioenergy production can become lzstagle to developing appropriate policies.
Neglecting the issue of social acceptance coulédrb@bstacle to adopting stump wood use for
bioenergy purposes. The main aim of this reseasdo investigate how Finnish society accepts
stump harvesting by both discussing the social @aoee of stump harvesting for bioenergy
production and identifying the crucial factors tidtuence its acceptance. This study will provide
updated information about what kind of scientifiadses have been undertaken in the recent past to

consider the significance of stump harvesting bB®anergy source.

2. Material and methods

This paper is a combination of a report on a sagialip questionnaire survey conducted in North
Karelia, Finland, and a review of existing scidntifesults on stump harvesting from 2000-2018.
The guestionnaire survey was conducted among diffesocial groups in 2013, during the SILVA
fair in Joensuu, Finland, an open public fair orgad by different forestry organizations for people
of all social groups in Finland. Thereafter, takadyantage of the survey findings, a separate study
with a relevant literature review was carried ootpublic knowledge, perceptions, and attitudes

regarding stump harvesting (see Rahman et al.,)2017

2.1 Questionnaire design



99  The questionnaire comprised 28 questions, includirrggarding demographic information about
100 each individual respondent. The remaining 23 qoestassessed people’s views on and acceptance
101 of stump harvesting; 8 of these addressed the Isactptance of stump harvesting. Participants
102  were categorized into six social groups followingylRa (1977): 1) higher administrative or clerical
103 employees and persons with academic degrees; 2x ladministrative or clerical employees; 3)
104  skilled or specialized workers; 4) farm and forgstiorkers; 5) students and pupils; and 6) others
105 (Table 1). Each respondent represented a partisataal group and was asked about his or her own
106  opinion, as well as questions related to sociotigali acceptance (SPA), community acceptance
107  (CA), and market acceptance (MA) of stump harvestin total, 166 questionnaires were selected
108  for analysis out of 178 returned questionnaires.

109

110 << Table 1 about here>>

111

112 The mixed format questionnaire (open-ended andedlemnded format) was first formulated in

113 English; a Finnish translation was done by bioepaxperts for the final survey. Answers to the
114  closed-ended questions were evaluated on a five-padkert scale (1=Strongly agree, 2=Agree,

115  3=No opinion, 4=Disagree, and 5=Strongly disagr€e)estions were then categorized into SPA,
116 CA, and MA dimensions. To discern the significarafethe results, they were grouped thus:
117  Strongly agree + Agree = Accept, No opinion = Nonam, and Disagree + Strongly disagree =
118 Reject. Before carrying out the final survey, apsurvey had been conducted with 15 randomly
119 selected respondents; thereafter, the final questioe was composed after considering their
120  responses.

121

122 2.2 Theoretical and analytical framework of the qustionnaire
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Usually, there are three dimensions of social deceg, as mentioned above: SPA, CA, and MA.
SPA refers to the policies and technologies thataacepted by policy makers, stakeholders, and
the public. CA refers to trust, and both procedawrad distributional justice. Finally, MA refers to
the facts that are accepted by the consumers,torgesand intra-firms. In the social acceptance
discussion, we focused more on the positive outsoohgtump harvesting, as the social acceptance
of a specific product mostly depends on its posiprerformance and not on negative outcomes. In
Fig. 1, the social acceptance of stump harvessngpresented from the viewpoint of the general
public. The utilisation of stump wood for bioenergyestion was categorized in all social
acceptance dimensions. The promotion of stump Bangequestions were categorized in SPA and

CA dimensions. Economic and ecological questiongwategorized in the MA dimension.

<< Figure 1 about here>>

2.3 Literature-based study

A comprehensive literature review was carried al2018. The data was collected by a web search
of databases that indexed internationally peereke®d journals platform Science Direct, Taylor
and Francis Group, et&ump removal and stump harvesting were the keywords used. The
literature survey section of this study categorizeskarch articles published since 2000 into two
sections: scientifically accepted findings thakedily or indirectly agree and those that directly o
indirectly do not agree about stump harvesting. Titezature review carried out in this study
focused on the different challenges and obstaclesgump harvesting in the scientific and social
environment. It also focused on the critical thimkiskills of the past, ensuring that all socially

acceptable issues were incorporated within theesugueries and represented there as possible
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consequences. Finally, the findings of the litaratbased study were linked with the SPA, CA, and

MA studies introduced by Wistenhagen et al. (2007).

In addition, the study investigated the curreniagiopn of stump harvesting in Finland by collecting
data form Finnish Natural Resources Institute (Qukmtistics. This type of composite study,
comprising a comprehensive literature review combimvith survey data, will help us attain an
updated and timely understanding of the social @ecee of stump harvesting in contemporary
Finland. In addition, the comparative meta-analpsised study will help identify the gaps in

previous studies and measure the efficiency ofas@aciceptance.

3. Results and discussion

3.1 Social group opinions and socio-political accégmce

In the questionnaire, more than 30% of each sagialip’s respondents indicated some sort of
social acceptance and willingness to use stumpa asl (Fig. 2). Moreover, almost 50% of

students and forestry workers showed the highéstest in stump bioenergy, compared with other
social group respondents. On the other hand, stiagly, the majority of respondents did not

accept that they wanted to promote stump harvestincept for forestry workers whose opinions
were equally divided between acceptance and noepéaece. It seems that people from different
social groups are still confused about stump haéinges This indicates that there are various

uncertainties in long-term policy support of stuhgsvesting.

<<Figure 2 about here>>
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Bioenergy from forest resources is a low carbortgoot energy source that has attracted the
attention of scientists and policy makers. Bioegeargntributes a major share of renewable energy
in EU countries (Scarlat et al., 2015). Renewablergy has reached a 16% share of total energy
consumption, and solid biomass contributes 82%ettewable heat production in the EU (EC
Progress Report, 2018). The utilisation of renewaiergy in the greenhouse heating system has
become successful (Esen and Yuksel, 2013). Itaggted that by 2020, bioenergy can contribute
45% of heat and electricity production in the fieldrenewable energy sources (Banja et al., 2013).
Finnish bioenergy policy has emphasized indushyaproducts, and Finland has a long history of
getting bioenergy from its forests. In an independmciety, public demand and opinion are vital
factors influencing policy-making. McCormick (2003)iggested that SPA refers to how people
react to government policies, propound solutioms@mflicting matters, and make decisions. UPM-
Kymmene Company is one of those corporations teahighly interested in adopting and
developing stump harvesting technolggf?M, 2018. In Finland, before commercial harvesting of
stumps was established, it was anticipated thabutid bring in extra fuel wood for bioenergy, and
it was also claimed that it would theoretically wed pine weevil Klylobius abietis) and root rot
(Heterobasidion) damage, as these form colonies in stumps and.rdotour study, most higher
administrative, skilled workers, and forest workehewed support for the use of stump harvesting
to regulate pine weevil and root rot damage. Intamd the government has provided subsidies for
stump harvesting (Walmsley and Godbold, 2009) amdehergy generation (Hanna et al., 2017).
On the other hand, World Wildlife Fund (WWF) Fintanlaimed that stump harvesting is a threat
to biodiversity and the forest ecosystem. WWF alaamed that the practice of stump harvesting is

a ‘Finnish Phenomenon’ that is not a sustainaldetpre for forestry (WWF, 2013).

3.2 Social group attitude and stakeholders’ acceptee



193

194

195

196

197

198

199

200

201

202

203

204

205

206

207

208

209

210

211

212

213

214

215

216

More than half of skilled workers rejected the idefapushing politicians to promote stump
harvesting; forestry workers were the exception emde again equally divided on this issue. It
seems that people whose livelihoods depend on tfgrese much more highly motivated to
promote stump harvesting than are people of otheakgroups. Although different social groups
have no interest in promoting stump harvesting,tmesertheless accepted that stump harvesting
could increase fuel wood production. Most sociadugs, especially almost 70% of the higher
administration group, rejected the proposition statnp harvesting could provide more revenue. In
the case of forest management, especially preparaif regeneration sites, all social groups
strongly agreed that stump harvesting has a wikd; more than 80% of higher administrative
persons, skilled workers, and forestry workers pr this view. Concerning forest pest
management, all social groups, and in particularentban 70% forestry workers, strongly agreed
that stump harvesting controls pine weekylobius abietis) damage and root rotéterobasidion).

It seems that, in our study, most respondents &eddpe opinion about stump harvesting, which
reflects the MA dimension (Fig. 3). SPA and MA jiyngot the highest priority among our

respondents with regard to the stump harvestingiss

<<Figure 3 about here>>

Finland might have good opportunities to develop m®urces of forest bioenergy, for example,
from short rotation trees and stump removal. Howethee social acceptance of these sources is
rather low. Our questionnaire showed that higheniagstrators, skilled workers, and students
showed the least interest in pushing politiciansptomote stump harvesting, although stump
harvesting is allowed in Finland for bioenergy protion with some guidelines (Koistinen, 2016).

In general, government policies and support progra®em to be essential for bioenergy use
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(Scarlat and Dallemand, 2011). The acceptanceuofistharvesting by the media, ENGOs, forest
companies, and the government is essential in dinéext of the socio-political development of

acceptance. Our study revealed that different sgr@ups highly appreciated stump harvesting
because of its use in promoting forest health thinosite preparation and both pine weevil and root

rot damage control.

3.3 Scientific acceptance of stump harvesting

It is to be understood that the different dimensiofh social acceptance are not always confined
within a single boundary. They might spread inteeotdimensions or might overlap with the other
dimensions. This may be assessed variously, acuptdithe researcher’s judgments. Nevertheless,
this study made an attempt to provide a coherectilad of the corresponding dimensions of the

stump harvesting social acceptance study (Table 2).

Regarding the MA dimension, it has been reporteat Hiump wood chips have less moisture
(Hakkila and Aarniala, 2004) and a quite uniformusture (Ala-fossi et al., 2007), which is

important for market value. The survival rate oédiengs is quite prominent by stump and slash
harvesting (Karlsson and Tamminen, 2013). For praparket management, harvested stump
should be kept in a single pile rather than mudtiplles (Rahman et al., 2015). On the other hand,
several studies have provided negative supportaigreents for stump harvesting in terms of the
MA dimension. One important finding is that stumarresting can delay the decomposition of
coarse roots (Repo et al., 2015) and affect thevttrof fungi, lichen, and moss species (Kubart et

al., 2016).

Concerning the SPA dimension, it has been ass#r&tdhere is no significant difference in carbon

balance after stump harvesting in the long run @tyn et al.,, 2016). In addition, using stump

10
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wood instead of fossil fuel has environmental bigndOrtiz et al., 2016). On the other hand, a
previous study found that, in a short period, sturapvesting can affect soil carbon balance (Hope,

2007).

Further, regarding the CA dimension, stump haragstias been reported to have economic and
environmental benefits (Goncalves da Costa e2@l7). However, to increase competitiveness,

stump needs a higher price than the current pywarisley and Godbold, 2009).

Overall, 31 scientific studies supported stump bating, while 27 studies did not support it. In the
MA dimension, five scientific articles supportedirsip harvesting, while eight did not. In the SPA
dimension, five scientific articles indicated a p@e attitude toward stump harvesting and four
articles represented a negative attitude. In amditin the CA dimension, two articles showed a
positive attitude, while no article representedegative attitude. However, many of these articles
examined more than one dimension together: mankdt @mmunity acceptance (MA + CA),
market and socio-political acceptance (MA + SPAmunity and socio-political acceptance (CA
+ SPA), or community, socio-political, and marketeptance (CA + SPA + MA). Most scientific
articles explored MA and SPA dimensions togethdrwhich, thirteen articles represented a
positive attitude toward stump harvesting, whileesgeen articles showed a negative attitude. Our
study thus showed that scientific research resulisdiverse and even contradictory. As shown in
Table 2, it seems that acceptance and rejectistuaip harvesting is almost equally divided among

the scientific community.

<<Table 2 about here>>

3.4 Status of stump harvesting

11
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Several policy instruments support Finland’'s foteméed bioenergy (Makkonen et al., 2015).
Because of such support, Finnish bioenergy producincreased quickly in the past decades.
Stump wood for bioenergy production has also becpomlar in recent years. However, stump
harvesting is decreasing since 2013. In fact, stoenpoval has received much media attention in
Finland. A national daily newspaper published diclarwhich stated that it is a sin to burn stump
(Helsingin Sanomat, 3 December 2010). In additsdakeholders with sufficient knowledge have a
critical view of stump harvesting (Rahman et al1?2). Stakeholders’ opinions can be different as
per their interest, although they have accessds#ime scientific publications (Peters et al., 2015

In addition, the Programme for the Endorsement ofest Certification (PEFC) and Forest

Stewardship Council (FSC) have allowed stump etitraén Finland (PEFC, 2014; FSC, 2011). To

ensure sustainable practice, Finland has estadlighilelines for stump harvesting (Koistinen et

al., 2016).

Further, the use of commercial stump chips for Gitdnts gradually rose until 2013 (Fig. 4). The
highest recorded consumption of forest chips bynisim CHP plants was in 2016, around 7.4
million solid cubic meters that included 0.8 millicubic meters stump wood chips (Luke Statistics,

2017).

Henrik (2014) mentioned that Stora-Enso closedrtipeogram to use stump wood for their
bioenergy plant, and UPM-Kymmene Company decidedtdp increasing the supply of stump
wood, although they will continue burning stump \wdor bioenergy production. This might be an
indication of the poor market development of stungmd-based bioenergy observed during the last

few years, especially after 2013. Innovators infiblel need to identify new technologies for stump

12
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harvesting. Due to the poor market developmentrethe a lack of research interest in the

technology development of stump harvesting.

<< Figure 4 about here>>

3.5 Community acceptance of stump harvesting for bienergy production

CA refers to the acceptance of stump harvestingoioenergy production by the local residents,
local authorities, and other local stakeholdershdugh numerous opinion-based studies have
reported that public support exists for renewabiergy production, many projects face local
resistance during the implementation phase (DeWnight, 2009). The outcome of any project can
be accepted by the community if there is fairngseogs, 2007). It is also important that local
people trust outside investors (Huijts et al., 200Fercer-Mapstone et al. (2018) studied the qualit
of company-community relationship with trust, adegge, and fairness. In the case of stump
harvesting stakeholder satisfaction is a vital factor in gaining a continuous suppfystump wood.

In our study, it was found that respondents ofedéht social groups are still confused about the
issue, and large-scale stump harvesting projecismast likely face obstacles. It seems that
although communities are positive about stump Isvg, they are also concerned about
environmental issues. Panoutsou (200&)ported the findings of our study, indicatingt thaople
usually are not against bioenergy but are infludnicetheir decision-making by environmental
uncertainties. Many people do not want to demotestieeir views against bioenergy, in general, as
it contributes to the mitigation of climate chan®er instance, respondents in this study from an
administration background showed less interest nompte stump harvesting. Recently, the
European Academies suggested that the carbon stock of forests carabmaged by excessive forest
energy production, and that in the area of sudbdgnbioenergy production, it is indispensable to

consider forest carbon stocking (European AcadérSigence Advisory Council [EASAC], 2017).

13



315

316

317

318

319

320

321

322

323

324

325

326

327

328

329

330

331

332

333

334

335

336

337

338

Moreover, Khanam et al. (2017) showed that expemtenergy sector response believe that EU

energy policy is not enough to reduce greenhousesga

According to Wright and Reid (2011), public opinioconcerning bioenergy is influenced by the
media. Thus, it is essential that the media progid@lanced account of both positive and negative
features of stump harvesting and society’'s belrefgarding it. Sometimes, less scientifically
relevant issues become important in the media aciéty, and this can play a significant role in the
bioenergy sector (ECN, 2008). It is critical thasearchers provide Finnish society with
scientifically demonstrated results about both thavironmental consequences and the
environmental benefits of stump harvesting. Fromommunity’s point of view, people are not
completely against stump harvesting. They seenxpe@ more research on environmental issues
and creative solutions of high-quality technologyiricrease stump harvesting. A poor readiness to
promote stump harvesting indicates that differewied groups are aware of the negative effects of

stump harvesting.

3.6 Market acceptance of stump harvesting for bioegrgy production

MA refers to the adoption of a new process or tetdgy in a market. The MA of bioenergy from
stumps is highly dependent on the performance diVitual innovators and scientists, companies,
and investors on one hand and on individual custam@&reness and their adoption processes on
the other. The MA of stump harvesting depends onsemer and producer acceptance. The
technical advantage of stump harvesting is thahgtwood has high-energy content (Eriksson and
Gustavsson, 2008). Stump wood, however, containsynmapurities that may affect combustion
cylinders in CHP plants. Improved technologies fieducing the impurities of stump wood can

increase the demand for stump harvesting.

14
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People should be aware of and provided with relevaamd understandable information and
knowledge for enhancing acceptance to use a negnéigy source. Contradictory and confusing
research outcomes do not support any precondifimnshanges of attitude. The willingness of
corporations to invest in stump harvesting is gigant for MA. Big forest companies can invest in
stump harvesting if they find it profitable. Thevgonment’s long-term subsidies have an important
role to play in improving the stump-harvesting @mee and its social acceptance. A product can
easily enter the market if consumers accept it lyif¢an de Velde, 2009). A previous study in
China showed that nuclear power plants gained lsacieeptance due to economic growth and
market demand (Yuan et al., 2017). The media an@$i@ave a pivotal role to play in spreading

information throughout society to broaden the saafggublic environmental concern.

The present study revealed that respondents @rdiif social groups thought that stump harvesting
can increase the production of wood fuel. In additour analysis of stump wood chip consumption
data showed that consumption peaked in 2013, whengoestionnaire survey was conducted.
Thereafter, stump wood chip consumption declined different factors, such as technological
obstacles, contradictory scientific results, andifgsion about stakeholders’ social acceptance.
When commercial stump harvesting began in the &000s, soil scarification was associated with
stump harvesting (Karha, 2012). The combinatiostomp harvesting and soil scarification was not
continued because of poorer planting spots (Rargalal., 2010). The technology used by
corporations in modern stump harvesting has draadgtiimproved, so it is possible to handle
stumps of any diameter, and mobile crushers andafolers with chippers have made it more
profitable than before (NWH, 2007). Forest comparége investing more money into further

improving stump harvesting techniques, which isum influencing forest owners to allow stump

15
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removal in clear-cut areas. Forest companies grefisant stakeholders with respect to acceptance
of stump harvesting. There is also an ongoing dsiom that bioenergy should have ‘satisfactory
climate benefits’ and that solid biomass shouldir@uded in sustainability criteria (EASAC,

2017). This discussion can influence the futureigtdal use of stump wood for energy.

4. Conclusion

The literature review-related findings of our stugshowed that scientific results are diverse and at
times contradictory. Further, a sort of generadifig from the questionnaire survey was that people
are very much divided into pro- and against-sturapvésting groups. The current situation of
stump harvesting is now in an unclear phase ovordjfferent and contradictory scientific research
results. This may influence the level of socialegatance of stump harvesting in Finland. As stump
wood is a new source of bioenergy and there aréipteiincertainties regarding its continued use
in the future, the social acceptance of stump Istirvg has received only little attention from
scholars. According to our survey and the litemtueviewed above, overall, Finland is rather
critical about stump harvesting. Acceptance varlearly between and even within different social
groups. This variation is one indicator showingttlt#tizens need more relevant scientific
information and knowledge to understand the conmplexf biomass, and especially of the stump
wood-based energy system. This study’s focus, kac@eptance, is not an obstacle to the practice
of stump harvesting, but it certainly will help saderstand people’s views and future directions of

stump harvesting in Finland.
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Tablel

Respondents of different social group (%)

Social group Gender Forest owners Total
Respondents

Mae | Female Total | Own | Not own | Tota | (%)
(%) | (%) (%) | (%) | (%) (%)

Higher 49 51 100 |66 |34 100 | 32

administrative

Lower 54 46 100 |75 |25 100 |7

administrative

Skilled or 35 65 100 |74 |26 100 |19

speciaized

workers

Farm and 24 76 100 |88 |12 100 |15

forestry workers

Students and 69 31 100 |25 |75 100 | 10

pupils

Others 57 43 100 |69 |31 100 | 17

Tota 100




Table?2

Summary table of the literature review on soci@egptance of stump harvesting.

13;

Dimensions Supporting statements and references Non-supporting statements and r eferences

MA Dried stump has low moisture content, that letmigh storage life The positive environmental immediate consequence sifmp
(Hakkila and Aarniala, 2004) harvesting may deferred as the coarse roots amngexsed slowly

(Agren et al. 2007; Repo et al. 2015)
Stump chips are more uniform than other type ofsochipgAla-
fossi et al. 2007)
The seedling survival of Scots pine and Norwayueprwas highel The seedling survival of Scots pine and Norway eprhas no big
compared in slash and stump harvest compared tosteh harvest difference compared in slash and stump harvest aogdpto only
(Karlsson and Tamminen, 2013) slash harvestSaksa, 2013; Egnell, 2016)
If harvested stumps are stored in a large pileerathan scattered, it | Stump harvesting create difficulties for the growatid survival of the
may decrease the pine weeWly{obius abietis) seedling damage fungi, lichens and moss species as their growtlenigen the
(Rahman et al. 2015) increasing of stump ad€aruso and Rudolphi 2009; Svensson, 2(Q
) ) ) ) Persson et al. 2013; Kubart et al. 2016)

Stump harvesting reduce pine weevil larvae anddingeresources
(Rahman et al. 2018)

SPA Study after 8-13 and 32-39 years revealed rustantial carbon Study after 10 years of harvesting found the dewjirof soil carbon

differences between the stumps removed or retastatts(Hyvonen
et al. 2016; Jurevics et al. 2016)

Stump removal of Norway spruce did not cause sairient and
carbon loss significantl§Uri et al. 2015)

stocks(Hope, 2007)

It favours the flora species that can survive i@ Wide disrupted soi
structure(Astrom et al. 2005)

Environmental benefit is achieved instantly wheongt using to
replace fossil fue{Ortiz et al. 2016)

| Stump harvesting reduces the significant lichercigse unique of
uncommon habitats and detriment effect on the deadwhabitat
(Caruso et al. 2008)

Stump harvesting negatively affect the deadwoocdeddpnt specie
of the landscapéranlund and Victorsson, 2018)

"2




CA It leads to a source of fuel and income for the$biownergSaarinen
2006)
Stump harvesting represents economic and envirotaingotential
(Goncalves da Costa et al. 2017)
MA+CA Dried stump has high calorific valygriksson and Gustavsson 2008) Stumps need higher prices to be competitive oribenergy marke
(Walmsley and Godbold 2009)
MA+SPA After stump harvesting, soil disturbance emgify the net N Soil disturbance decreases the decomposition wHtithe organic
mineralization and reduce green-house gases emssgiersson et al matter Stromgren et al. 2016)
2017.)
Compared with non-harvested plots 50% Millipedecrdased in Stump harvesting effects are severe on the furagihbsts by stump
stump-harvested stan@Baylor and Victorsson, 2016) (Allmér, 2005)
In coniferous species, 6% soil carbon declines&dncrease due tpln nutrient-poor soils sites, it leads to reducé carbon amount and
trees (stem+branches+top) and stem only harvestingnson and negatively impacts on the soi{slope 2007; Zabowski et al.2008;
Curtis 2001) Melin et al. 2009; Eliasson et al. 2013; Mj6forsaaet2015; Kaarakka
et al. 2018)
leads to increases the quantity of soil minékalrdell 2008; Kataja{ SH substantially disrupt the soil structure andupedsoil nutrient
Aho et al. 2012) stocks(Eisenbies et al. 2005; Egnell et al. 2007; Kaarakial.
2018
Stump removal leads to efficiency gains in the piteparation since | It cannot be the sole technique to pest contrahasinfested roots
the site does not need any chemicals to reducsoihdiseases may re_main in the soil, even after harvesting amiécit the new
(Asiegbu et al. 2005; Saarinen 2006) plantationgWallertz et al. 2006)
It has potential to lessen root rot damage in nieev plantationg Stumps uprooting might enhance pine weevil inféstatthat
(Vasaitis et al2008; Cleary et al. 2013) accelerates seedling mortalifyletla, 2008)
Harvesting of whole-tree reduces soil acidificati®fwsenberg and Soil compaction have a greater negative influehea tcidification
Jacobson 2004) on the root stability and tree growtiRolomski and Kuhn 2001)
It favours the growth of natural regeneration f8dike pine and birch| It disfavours the growth of secondary type spelii@sspruce
(Karlsson and Tamminen 2013; Saksa 2013; Egnell 2016 (Karlsson and Tamminen 2013; Saksa 2013; Egnell 2016
CA+SPA Many countries (e.g. Finland, Sweden, Fraand Poland are using)
are practicing as pests and diseases control metspetially foH.
annosum infestationgGibbs et al. 2002; Thor 2002; Paananen and
Kalliola 2003; Saarinen 2006)
CA+SPA+MA | Stump harvesting has no negative consetpi®en the development of

2



the new plantation&Egnell et al2007)

It results to increase forest growthurevics et al. 2016)

MA=Market acceptance; SPA= Socio-political acceplgnCA= Community acceptance; MA+SPA= Market + Sqmblitical acceptance; CA+SPA= Community
acceptance+ Socio-political acceptance; CA+MA= Camity acceptance+ Market acceptance and CA+SPA+NIAmmunity acceptance+ Socio-political acceptance+
Market acceptance



CA= Community acceptance; SPA= Socio-political atarce;
MA= Market acceptance

| would like to-

1. Use fuels from stumps

2. Promote stump harvesting to friends and famigmbers or in
a public hearing (like seminar)

3. Push politician to promote stump harvesting

| think-

4. It increase production of wood fuel

5. Forest owners earn revenue from stump energy

6. Stump harvesting improve site preparation
7. Stump removal reduce pine weevil insect damageedlings

8. Stump removal reduce root rot diseases

Fig. 1. Social acceptance of energy production from sthenpesting
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Fig. 2. People’s opinion of stump harvesting by differential groups
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Fig. 3. Respondents’ opinion percentages in the contesbcfl acceptances dimensions.

MA=Market acceptance; SPA= Socio-political acceparCA= Community acceptance; MA+SPA= Market + 8eci

political acceptance; CA+SPA= Community acceptagoeio-political acceptance; CA+MA=Community

acceptance+Market acceptance; and CA+SPA+MA=Commuaicceptance+Socio-political acceptance+Market
acceptance
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Fig. 4. Stumps chips consumption in heating and powentpla Finland (source — LUKE statistics
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