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1 Barriersand bridgesfor intensified wood production in Russia:

2 Insightsfrom the environmental history of aregional logging

3 frontier
4
5 Abstract

6 Russases the ned to increase wood poduction. Theam of this papeis to contibute to the
7 undestanding of bariers and biidgesin socid andemlogica systemsfor intensifiction of
8 wood podudion in NW Russa. This requires thatpast devdopment trgjectories ae
9 undestood.Using a local logging frontier in Russia’s Komi Republic as a case study, we
10 employed an environmertal higory gpproac to: (1) reaeate the wood havesting history for
11 the peiod 17192014, @) identify the main atorsthat poducd this history, and (3) analyse
12 wha ideologies influen@d decision makirg. Hrst, ater along history of selective harvesting
13 before the Russan Revoluton in 1917, érestswere rapidly clea-felled duing the Sovet
14 period 19211991. Bllowing genera economc decderation, and thusseverely reduced
15 harvesting activities durng 19921997, tle rate d loggng has increased sightly again. To
16 condude, bariersin ecsystemsto intensifiationinclude Soviet lega&ies d large-scde
17 havesting, which resulted in a vey uneven age distribuion, limited and pooty conducted
18 silviculture as wdl as insufficient transport infastructure Additiondly, socal system
19 Dbariersare aconsrvative mind-se at the polig levd, unpralictable mnditions forforest use
20 rights and owership and limited vdue-added produdion & local level. Developing

21 predictable rules ard noms, foest 2oningat local to regional scdes, and the ememgene of
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place-based muti-levd collaboraive learning concepts ike Modd Forest provide oppotunity

for bridging the obseved bariers.
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Highlights:

1) Intensifcation of forestry requires urderstanding of sodal-emlogicd systems

2) Frontiers of wood minng have led to egionally un-even siand age distribution.

3) Ideologicd dynamics hes caisedtemposally unstble forest governance.

4) Barriers for intensificaion includeinstitutiond uncertainty, wood minng
history, and poar infrastructure.

5) Bridges includeestablshingpradictablerules andnorms and zoning a

multiple s@les

Keywords: Wood podudion, inensificaion, Russa, boed forest, enviromenta histoty,

forest managementpolicy
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1. Introduction

Bored forestshave the lagest araamong al forest biomes in heword (McLaren &
Turkington, 2013)and provide essential enewable wood resouces usd for vaue-added
produdion of consderable economr benefits for busnesses, the staand employment in
rural aress. Growing markets at rgjional, naiond and internaiond levels demand moe forest
produds, induding bothwood and bioenegy. Bored forestsaso provide ¢therecosystem
savices neessay for biodiversity conservationand human wdl-being (Monuanos, 1961;
Baranos €t al., 2005 Stryamets et al., 2015. In addition, the sustinability of bareal forests
for mitigation and adgptation to climate changehas also ben highlighted(Carlsonet al.,
2009) Satisfying this canplexity of benefits is achalenge for implementdion of suséinable

forest managementin boresl forests of which Russia hoss the majaty (Anonymous 20120).

The development of forest managenent ystems ranges from exensiveto intensive Dunder
et al., 2012) This gadient is uniquely well representedfrom West to Eastin the Europen
continent’s boreal biome. After initial wood mining in boreal Fennos@ndia duringthe 19th
century, intensive brestmanagiement ha restoral forest lands@pes as vood pradudion
systems (Mrdbeg et al., 2013) Being more remotely located, thewood mning frontier

swept acoss W Russamuch lder (Bjorklund et al., 200Q Yarosheako et al. 2001).

Beginning with Peter the Great in 1719 (Peasko & Penpko, 2002), Russia’s forestry consigs
of three distinct periods d socidal change, which affeded forest managenent.First, Russa
devdoped into a m@r ealy provider of wood, anouning to about onéhird of word forest

exports in the beginning of 20th century (I'erBeprt, 1926), and encouraged sustinedyield
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forestry (Tropmep, 1891). Second, dter the Russan revolution in 1917, the saalistic
ideology discaded econamic fadors (Knize & Romaryuk, 200§, which led to intensewood
mining. Third, &ter the collapseof the Sovet Union 191 maket eamnony re-emerged which
seks o increasetheyield of woodthrough intendfication offorest managenent Thae are
thustwo visons about foestry in Russa. The first is “wood mining”, i.e. harvesting where
the timbe volume is highestrad leaving clear-cuts for naurd re-growth. Theseond ses

forestry as “agriculture of timber”, i.e. silviculture for maximum economical profit (Knize &

Romaryuk, 2006)

Thereis agrowing interest in Rusia to nareasethe podudivity of wood per unit aeaand
time in dready harvestedareas (e.g., Nordbeag et al., 2013). Russia’s forest industry aims for
intensified wood podudion as a integrated part of sustinableforest management
(Anonymous 2013; Nadbeg et al., 2013) However, even if theambitionin Russais
encourgyeintensive brest management Elbakidze et al., 2013)current Russan forestry
pradices can sill be dhaaderized as wood mining (Nordberg et al., 2013)The Scandinavian
model ofintensive brest manaement isperceived by indudrial forestry stekeholdessin
Russa as the bst modd for economicdly profitable forestry (Knize & Romaryuk, 2008.
Conseqgently, thee are atempts to ntrodue this forest managenent modéin Rusia. At the
sane time, Russia stll hostsremotely located large intad forest landscges (Yaroshako et al.
2001; Ptapovet al., 2008) and thee is ogportunity to conseve biodiversity at nea-naurd
levds in sud aeas. Intensified wood podudionis thought to solve seveal problems: (1)
sustined suppy of sufficient raw material for forest industy (Holopainenet al., 2009, (2)

proted pristine boed forestsfrom huma intervention (Fredericksen& Putz, 2003) and (3
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mitigate socetd issues ke unemployment in loggng villages andthus ncreased

urbanization (Bedker et al., 2012.

Intensificaion ofwood podudion ha mary ddinitions. Theintensity of forestry may be
desaibed using bothecnomic and emlogical dimensiors, which ae generdly inversdy
related (e.g., Bergseng et al., 2012 Monkkdnen et al., 2014. Economicdly, intensificaion is
seen as aconsoldation of dl production factors such as sols, macinelty, energy and
manpover with the am to get the highest finandal net return from forest ecosystems
(Sundbeg & Silversides, 1988) Intensive érest manaement includs siviculturd opeitions
amed & increasing sustinedyield wood podudion pe areaunit, eg., s@rification, planting
or sealing, pre-commercial cleaning, fertili zationand cwmmercial thinning. Thelevd of
manayement intensiy defines forest managementapproach (Dundker et al., 2012) and @an be
sustined @ multiple levds. Ecologically, intensification desaibes a higher degree of
anthropaenic transfomation of near-naural systems causedby forest managenent

operations (Peteken, 196; McRobeats et al., 2012)

Countries with transition economies (Myant & Drahokoupil 2011) suchas Russg, shae
several chdlenges regarding the eformation of their naturd resour@ use,governance and
manaement Holopainen etal., 2006; N/stérrHaarala, 2013. This reguires that past
trgjectories in landscgpes and regions ae undestood.Human impact credes path dpendence
effeds on bothbiophysical landscges and sodetd legades (Wilson 2012. A wide range of
scholars ha therefore stressed thaneed to consideboth so@l and ecologicd systems when
studying implementation of polcies dout sustaindle development and susinability (Berkes

and Folke, 1998,Liu et al., 2007, Rdmanet al. 2004) As atool for extracting historical
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lessons to help addressing today’s challenges in forest landscape management and
governance, Marsh (1864) very early stressed theneed to gudy the tansfamaion ofthe
interaction of humans ad the n&urd environment (Lowenthal, 2000) As an intedisciplinary
field of reseach, environmentd histoly is an @propriate framework for studying the
dynamics of landscaes a socidemlogical systans. The intesst in undestandingthe hisory
of lands@pes as soeal-emlogcal systemshas appeared in mary contexs induding studesin
North Ameiica (Worster, 1994) South Africa (Beinhatt, 1984)and in former European
tropical coloniegGrove 1989. Similarly, implementing sustinableforest manayement
policy requires undestanding the hisory of forest lands@pes, includng both their
biophysicd, antlropogenic and peceaved dimensons (Angdstam et al., 20139. While there
are numeous works on brest landscge history in different countries (Burgi, 1999;Ercsson
et al., 2005; Hesbug & Agee, 2003;Stean-Adams et al., 2015; Odundet al., 1997)
pradicdly no infomation exists on he historical dynamic of interconnedions béween

ewmlogica and sa@ial systems ragarding Russan forestry.

Theam of this pape is to better undestand barriers and kridges (see terminology in
Gundesonet al., 1999 for intensification ofwood pradudion in NW Russa by andysing
past rajectories ina conaete representative egion. Usingregional and locl loggng frontier
gradients fom a brge river to its heawaers in the Komi Republic as a @se study we employ
an environmeral higory gpoproah for the period 17192014. Frst, wereviewedthe forestuse
history, and re-createdthis in ddail usingspatial déa for the geriod 19652014 when the
timberfrontier passed this region. Second, with a bcus on he actorswe reviewedthe general
forest u® history during theentire period. Third, we andysed ideology behind the forest

lands@pe history on internaiond, state, regiona and lacd levels for thesane peiod. Finally,



132 baseal on the ingihtsderived from the environmental higory analysis, we discusgedbariers
133 and potential bridge forintensificaion of wood podudionin both so¢al and ecological

134 systemsin NW Russka

135 2. Methodology

136 2.1 Framework

137 To undestand bariers and biidges for forestry intensifiction landscapes’ emlogica and
138 socid systemsneed to beandysed. We usedWorster’s (2005 environmernal history

139 framework to stugy a geographicd area as sp@e and pla@: (1) naturd environments of the
140 peast, (2) human mode of production, and (3) perception, ideology and value. This appoach
141 reflects the landscape concept’s biophysicd, anthropogenic and perceived dimensiors

142 (Angelstam et al., 20133 c).

143

144  Theenvironmenal history is grongly influenced by the contempoary pdliti ca regime.

145 Therefore theandysiswas divided into hreeepochs of deelopment in wha is NW Russa
146 today (MynuaeB & Ycrunos, 1998). These are the Russan Empre from the gppearance of the
147  firstadministrative body for forest managemenin Russa (1719-1917) theSoviet Union
148 (19211991)and postSoviet Russia (1991-2014) Each gpoch demongratesdifferent world-
149 views havng spedic traits (se Table 1)

150

151 In the disussbn we defined bariers to inensification & weaknesses andthreds leading to
152 ineffective forest management, ad bidgesin terms ofcurrent strengths and future

153 oppotunitiesto sucessilly intensify wood poduction. Thesebariers and bridges were

154 ddined based on the avironmental higory connecting ideolagy, actorsand changes on he
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groundin biophysicd landscaes. One can thussee bariers and bidges (Gundesonet al.,
1995 as a SWDOT-andysis (Hill et al., 1997) butwithout division nto present and titure
factors Barriers and bidges were then soted intothose elevant for socid and ecological

systems, repedively.

2.2 Study area

The NW pat of the Rusgn Federation ha the logest history of timber frontier development
in Russia’s boreal biome. Already in the late 17th century most of NW Russia’s large trees
near large rivers were sdedively logged br shp-building. Timber was exported to Gea
Britain throwgh the seport of Arkhangdsk, and snce 1704 dso throuch . Petersbug
(Penpko & Penpko, 2002). Since shipyards were located in the estuaries of Northern Dvina
river in NW Russg, the expansionof logging took place gradudly as a mosng frontier in the
upstream direction. A good example of this is Northern Dvina’s largest tributary, the
Vychegdariver in theKomi Republic. Here indugrial loggng for locd usecommened in the
18th century (I'amacwes, 1961), and logging of large old trees and old-growth forestswere

intensified during Soviet period (Peasko & Pearko, 2002).

As atypicd example of this noving loggng frontier, we chose the Kortkeros rayon (an
administraive unit of theseond levé in Rusia)as a @sestudy located in the etchment of
the Wchegdariver in the Komi Republic (Figure 1). TheVychegdariver divides Koitkeros
rayon into anorthen and asouhern pat. Thetwo tributaries of Wchegdain Kortkeros,
Nivsheain the north and Lokchim in the sout, both represent gradients i forest u® created
by amoving frontier of loggng. Bored forestsin the Kortkeros rayon & inthe Komi
Republic are charaderized by the teespeiesPicea abies(L.), Pinussylvestris (L.), Populus

tremula (L.), and Betula spp Altitude anges from 69 to 325 mas.|.
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The Kortkerosrayon wes establshedin 1939. Theotal areacomprises bhout 1,970,000 ha
(Typnera, 1989) which constitutes 4.7 percent of the Komi Republic. In 2012 population
density was appoximately 1 pason/knf (Kymurosa, 2012). Forest cover in the Kortkeros
rayon isroughly 90 %and mires compise dout 7% ofthe aea(Anonymous, 2009). hie
wholerayon isoneof six main loggng teritories in the Komi Republic (IllepcTiokoBa,
2012) Kortkerosrayon antains 35 protgted aeas, which over 15% of therayon and 6.3 %
of the Prest area excluding wetlands (Anonymous, 2011). [Btailed analysis of danges in
forest gge distribution anongsite types wa madk within oneof theforest mangement unis

in Kortkeros (Figure 1) comprising about 10 % othe total ayon aea

2.3 Methods and materials

2.3.1 What happened in nature

First, weanaysel the forest u hisiory at state (Russa), regional (Komi Republic) and rayon
(Kortkeros) levels. A literature review was corducted with foaus on bggng, silviculture and
otherforest adivities in hestudy area. Thehistoricd forest daa wes colleded from the stte
forest surveys snce 1965 includingforest managemert maps, fom thelocd archive & the
Kortkeros nmunicipd administraion. Thesurveys mntain infomation on ge strudure,
spedes ®mpostion andstandingwood volume, ad reports dout slviculturd measures for
the pat 10yeas. The mgos providespatel daa éout ree speces composipn and men
stand ge Additiondly, to undestand the ecent changes in thelands@pe alocd history
expet was interviewed, and three focus groupswith forest landscape’s stakeholders were

arranged.
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To desaibe biophysical lands@pe changes wedid a ddailed dange detedion andysis of age
class digribution for the sdected forest management uni fromits estalishmentin 1965to
2014.0stlund et al. (1997) stressed thiforest surveys and mapsrom different ime periods
may have been doneby diff erent people with different methodobgy, knowledgeand skils.
However, forest inventories 0f1965, 1979, 1981mal 1992 en bereadily compaed with eah
other First, forest management mapsdr 1965 ad 1992 wee scanned and geo-rectified usng
2" order polynomial transformation natrix with RMSE less tharl0 m. The, the mas wee
digitized ushg QGIS software (Quantum GIS development tean, 2013) We used
combinaion of domnant tree species and send age as mappirgy category. The map offorest
stands in 196%vas usedsthe baefor theddailed andysis The forest was divided into4
caegories cepending onage (1) initial stage (0-10 yrs after clea-felling), (2) young (11-30
yrs), (3) middle-aged (31-70yrs), @) final felling and old-growth forest (>71yrs) (see
Angdstam & Kuuluvanen, 2004) Second, in orar to combinethe daa from forest
inventoiesthatwere dore according to different regulations we usedsatdlit e images as a
complement.Clear-cuts were visually digitized using forest management map (19%65) as
backgroundand Landsatimages (1975 1986, 198, 2006, 2014)Fnally, age of initi al land
cover base map (1965 was reprojected to rew map of 1975. At the sae ime the inal send
agedistiibution of 1975was adjusted to ditjzed clear-cuts, ie. dear-cuts havestand geO.
This appoach was apyhied seqientialy for 1986,1993, 2006 ad 2014 .In total we created 6

agedistribution maps.

Theforest inventory data for 1992 wa used to mathe sptal distribution of forest ste types
along a soil fertility gradient (CykaueB & Jlputic, 1964; Higglund & Lundmaik, 1999) The

forest ste types were re-classified into 3 @arse site types: poad, mesic and rich. Roor site
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types represent forest cover with lichens, Calluna sppand shrubs on @ sites with lower
rates oftreegrowth, mesic sites with Vaaciniummyrtillusand Deschampsiaflexuosaand rich
site types with low and tdl heb vegetation and fgh piodudivity. Fnaly, in order to se
devdopment of different forest gages and stuctures at smallesa@e, theinformation flom
agedistribution maps wa aggegated by site type and presented as propation to the inital

land ove of the basemap 1965.

2.3.2 Who did it

To identify the main adors tha shape the landscgpe, we reviewed regional and locd
literature about farest history in Komi as well as stte staisticd reports, brest management
plans ad achive dowments.In order to colled information about lodastakeholdes we
employed focusgroupinterviews & qudlitative mehod b undestand opinons and extract
knowledgeabout ©deta barriers to inensification of forest management McLafferty, 2004)
The method offocusgroup interviews implies that he organizer desaibes the topicin focus,
then the ple ofthe aganizer is to failit ate thediscussbn anongthe mrticipants, hough not
interfering in ary way (Barbour, 2008) Three focus goups vere organisedwith forest
researchers and forest manages thd represented he mostactive stakdolders ofthe Kortkeros
rayon. Eah groupincluded 4-5 peasons.Finally, we mappel dedsion-making actors, suchas
organizations whoshape the landscae history. There were two mgjor actors who infuenced
the forest lands@pe history — the stte and the pivate forest compaies. Additionally, an

interview with alocd historian wes corducted in2013.

2.3.3 Ideology

Ideologies ae linked to valus andperceptions, vhich influene politicd and economt life of

socidy. In ouranalysiswe employed the Idt-right political differentiation to disinguish
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between different ideologies. Ideology is oftenlinked to aparticular econamic system, &3.,
planna& economic system was supportd by communistic (far left) ideology. This poitica
gradient isbdieved (Jahn, 2010) to haveroots n politicd theory and philosoply.
Furthemore, left and right ideologes ae divided by different attitudes towads audity
(Bobbio, 1996)For example, left ideology seeks greder equdity in saciety through adion,
and on the othehand right ideology presunmes responsbility of individuds in saciety. Under
left ideology the séte tries to avercome ingualiti es in dety by direct involvement wheeas
right ideology undestands inequditi es as anaural social ph@omenon. ldwever, noideology
can bedistinguished as pure right or let. In ou study it ranged from comnunisic (left) to
liberd (right), as well as mixed. Analogously, liberalism promogs the pimacy of the
individual when freedom, ndividudism and ationdism constute the mog important values
and bédi efs. In contrast, ommunisic ideology emphasisesammunity, equality and comnon
owneship & keystones bsodetd development (Heywood, 2012) Analysis of the ideloges
behind forest lands@pe changes was mack using data from literature review, interviews and
focusgroupdiscussbns Thefocus was on undestanding (1) wha interestsdifferent adors
and stkeholdess pusuel, (2) what values the brest managenent deisionspromoteal, and (3)
wha market structure dominaedin the study peiod (Table 2). Based on ths wedrew

condusions &out kft, centric or right wingideology during the theedifferent epods.

3. Results

3.1 What happened

Before and duing theRussan Empre period (thefirst epob;Table 1) large Scots pne trees
along therivers were harvested ly single-tree selection for ship-building. Wood havesting

leves dep@adeal toagreat extent on the aail ability of horses to tansport bgs to heriver.



272 Theaverage transportdion disence was approximately 10 km from theriver (Opios, 1927).
273 Season dso influened logging. Dueto flat and bggy terain in the stug area, winter was the
274  best ime for loggng, in sumner the condiions wee worse and inautunn and springterrain
275  transportdéion was impossible (Epmuiios, 1888). Timber logs were rafted on the man river
276 Vychegda then by the North Dvina iver to theport in Arkhangelsk. Export of Russan timber
277 bega in late 17th entury, when Ergland bgan buying timber. Sncethat ime companies
278 from Gred Britain, Sveden, Holland and Germany invested monginto wood havesting in
279 Komi (I"amacees, 1961). In the second half of the 19th century direct foreign investments in
280 forest hawesting stated to takeplaa in NW Russg, and thusthe pessue on naurdly

281 dynamic forestsby woodloggng increased.

282

283  During the Soviet Union peiod (the second gpod) the land and forest were naiondi zed.
284  Forest was hawested manly for fuel-wood duing civil war 1918-1921. Agrea increasein
285 wood havesting hgppened in the period from 193 to 1940 wha units in a pisonercamp
286 system (GQJLag) were established in the Kortkeros rayon (A. Smylingis, pes. @mm). The
287 wood wes transpored bah ouside ofKortkeros and the Komi Republic. Sarting from the
288 1930s hegovernment introdued dea-fellings cancentraed rea transportinfrastrudures,
289  which resulted in a moving logging frontier into wilderness areas (I'amacees, 1961). As a

290 conse@ene, old Nomway spriwce forestswere nauraly replaced with birch and aspenon
291 mesicand rich stes. Hbwever, Smts pnerecruited wdl after large clear-cuts onsang

292 soils.Russawas invdved into World War Il in 1941.Loggng slowed dovn and was

293 concentrated ner vill ages andrivers. After thewar Russa amed to restorethe eonony. By
294 the end ofthe 1980s, judbefore the collapse & the USSR, the total hevest of wood in Komi

295 pesked at 26 nilli on ntlyea (Figure 2).
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During the postSoviet Russa period (thethird gpoch) from 1991 after the collapse @ the
Soviet Union, the havest levd in Komi deceased rapidly, and dropped dovn by 81%to 5
million n/yea in 1998.This coindded with theRussan finandal crisis in 1998, &0 cdled
the Rusin HAu. Aftewards, wood havesting recovered to about 9 niion m*/yea. Wood
harvesting in the Kortkeros rgyon fdlowed the sme pdtern as inthe entire Komi Republic

(Figure 2 and 3)

Regarding the onsegences of forest resouces u for forest age distribution, ourandyses
show that the anountof middle-aged forest aval able for commercial thinningincreased
continuousy sincel965(Figure 4). Poor sites domnated (62 %of total aeg), followed by
mesic(36 %) andrich (2%). Theagedistributions on poorad rich stes were similar, but the
area of forestson mesicsites changed less dueo ther remoteness flom transport

infrastrudure.

3.2 Who did it and how

Noble pesons ad tsa sevants empbyed peasants from neaby villages to cut hewood by
hand. After creation ofthe Russan stte forest srvicein 1719, heforest was manged for
sustinedyield in sme e@ntrd Russan estates, including logging unde supervision of state
officials (Table 1). Forest land was also sal to privae cmmpanis who managed it
themséves, usulty including logging as the ony forest managenent opeation. In Komi,
metallurgical factories in Kazhim (about 300 kmfrom Korteros)and Njuvdim (about 90 km
away) employed peasants from Koitkeros b havest forest for the processof conveating ore

into metal (I'anacees, 1961).
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In the keginning of the second godh forestsin NW Russawas a vey vaduable resouice of
wood for Bolsheviks beause the foes— the po-tsaist forces — controlled Donbas, which
was the main od resene area in former Imperial Russia and located in today’s Ukraine.
Therefore, pressureonforestsin NW Russg, and thusin Komi and Kortkeros, ncreased to
sdisfy indudry needs. Rliticd represson in Sviet Union in he 1930s failit ated further
deployment offorest industry in NW Russa. Kortkeros n Komi was oneof the centres in the
GULag systemthat povided freelabour and was usedas a ple mod (A. Smilingis pes.
comm). TheGULag system &isted unti the death of Salin in 1953 whea the politcal
leadership was changed. Starting from theend of the 1930s he forest industy in Komi and
Kortkeros bgan to ugrade loggng technology and improve organization. For example, the
first ractors in Komiwere introduced in the 1930s However, forestry in Kortkeros was fully
medianized only by 1966 (Anonymous 1966. Medanization gedly incressed wood harvest
and facilit atedforest work. Theestablshment of dggng camps contributd to a strondorest
indudry. Some oflogging camps fomed thebasefor tempoary forest vil lages where the
logging was the main ocupaion oflocd popuktion. Additiondly, constuction of pulp-mills
in Kotlas (350km downsteam from the study area) and Syktyvkar (50 km from the study

area) in the 196Gs and1970s ha greitly influenced woodharvesting in the study area

During the third epoch private companis beaneresponsble for forest managenent,
includinglogging onforest aeas that hey have leased for 10-49 yeas (Anonymous 2006)
There are internaiond forest compaies opeatingin Komi suchas Mondiinternaiond
packaging and paper group & wdl as mary smallscale forestbushessesTheloggng
companis inroducd moden technolagies in faestry in terms of cut-to-length with

harvesterforwarder logginggroups.Internaiond and especally Ewropean makets influence
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forestry in Russa. For example, forest certific ation was adoptedby thes private forest

indudries.

3.3 Ideology

During the entire threegpochs heideolog/ behind theenvironmertal history swurg between
right, i.e. liberalism and meket emnony, and left, i.e.communismand plannd econony.
Thevery first indusrial interest in woodharvesting was grounded in upgrading military and
trade functionsrequiring wood pioduds (Table 1). Thus, mairy stateinterestswere
addressed in the edsion-makingprocess The tsa Peterthe Gea was interested in buding
a strongindependent Russia with access b the Riropean maket for Russan praduds and
foreign imports. forestsin Impeial Russa were mosty stae-ownel, only asmall pat
bdonged to noble pple and piivate companiesMarket econorny that sewved the inteestsof
the Tsa and therich lancbwne's (private s&tor) dominated Thus sistainel yield forestry was

advocated (Opinos, 1927).

In contrast, duing the seond god in the 1930sthe sustainaleforest use concept was
consdered as foreign sabotageterm aimed to sip indudrialization inthe Sviet Union
(Knize & Romaryuk, 2006). As a esult of astatecampaign aganst the sustainaility concept,
courses in forest inventory were excluded fom stud plans in 8 univesities. For Soviet
ewmnomstsforest had ndonger value unless t was cut Knize & Romaryuk, 2006) All
forestsbecame public, and maket econony changed to pbnned (see Table 2). Industy
enterprises were consoldated to increaselogging efficiency, and in 19311935 forest
management units (Russian term: lespromkhoz) were created (Penpxo & Penpko, 2002). To
proted the Soviet econamy during World War |l forestry changed its couseto beingmilitary-

oriented. Exported goodswere reduced, wood was produced for thearmy and heiting. In



368 1943 oningwas inroduced, whee forestswere designated for protective, multiple-useor
369 indudrial produdion functions.The Soviet Union’s economy underwent severe changes in
370 1965, #so cdled as theKosygin or Liberman reform (Pejovch, 1969) This reform was

371 chaacterized by introduang maiket ecoonomy mehods of maagement when wholestate
372 entemprises vere given rights b maregetheir own econony. Forest managanentunits wee
373 reorganized into integrated units (Russan tem: leskhoz that tulfill ed harvesting and

374 silviculturd (planting deaning, protedion from diseaes andfire-fighting) functions This
375 was a tear step to deentrdizaion ofthe eonormy, which resulted in further increase of

376 wood havest. The seond gpoch was charaderized by state(public) interest in forest

377 management.

378

379  During the third epoch the Russia’s government changed its course to right-wingmarket

380 emnony and liberal ideology again. Today market forces seea wood harvesting and forest
381 management Focusgroups revealed that vdues & individualian and etiondism daninate in
382 the moden forest managanent in Kotkeros. The maiket ecnony principles were introducd
383 into theForest Coddrom 2006and forestry regulations. Sateforest managenent unis hae
384 justcontrol andmonitoring functions (Anonymous, 2006). Al forest management opegtions
385 weredelegated to thecompanies who leaeforest However, thestatestill definesand controls
386 its polcy through plans to foestry opaations using regional leve forest management

387 doauments ad dso foreath AMU. Thus, since the statestill owns @ the frest land in

388 Russh, it promotegublic interestsalong with private inteestsof forest canpanies.

389 4. Discussion
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4.1. A dynamic environmental history

There are numeous studes delating intensified wood podudion, however, very often with
an economc (Gerasimov & Karjalainen, 2008 Kapesnaitnen, 2009, sogal (Nystén-Haaaa,
2012 or biodiversity focus (eg., Eliksson & Hammer, 2006; IlImatkos, 2013). Hence,
eonomt, socid andemlogica aspeds of inensification ae consdered independently from
eadt othe. By andysing empirically the environmental higory of forestlandscaes as
integrated socid-emlogicd systems, this stidy presentsa holistic prodem-solving gpproach
to better undestand barriers and biidges for intengfication of forest management in NW
Russa (Hadornet al., 2008). From ascientific perspedive environmertal history and
integrated studes of sotal-emlogica systemsare two research goproaches that d ow
simultaneous ndusion d sodal systems (b&ed on for example institutional andysis) and
ewlogical systems (bsed on thorouy understanding of silvicultural improvements). his
casestudy gpproach thusdemongrates onaetely aso the generd scientific benefits of

employing the gproaches.

Our review shows the brest landscge hisiory in the Komi Repulic and its Korteros iayon
has be@ complex, and hes gone through at least three distinct gpochsthatdiffer by the
governing ideology. Thebiophysicd landscgpe was firstshape by thesocial system hrough
relatively softalterationsin terms ofsinge-tree selection havestin the naturdly dynamic
forest (thefirst goodh);then with severe changes o forest cower dueto intensivewood minng
(the seond epodch),and continued wood minng a alower rate (the third epoch). The interest
for wood poduction anongadors Gee Krott, 2006) remainel consent acoss all hree
epodrs, dthough the means wee different. Our study shows that dumg the peiod of planred

ewmnony wood minng based ongovernmental subsilies to coer the costsof harvestingand



414  transportéion, and with no investnents in silvicultural treatments, was unsustaindle and
415 resulted in imber fall (Drushka 2003) Thus,when the @och of wood minngin landscges
416 dominaed ly old andold-growth forest wes ove, the sustaingyield dropped.

417

418 We argue thatideolagical dynamics hascausedtempordly unsgble forest governance.

419 Politicd ideology does ot reflect only interestsof actors involved into shaing forest

420 lands@pein NW Russh, but nspre politicd adion ausingchanges on he ground With the
421 formation of LB and its commurstic ideologythe centrd government readedvery high
422  havest levels which wereimpossble in deentrdized tsarst Russa basal on the sustaimke
423 yield principle(Tropmep, 1891; Opnos, 1927) As themain a&tor and the only owne — the
424  Sovietstate- was interested in maxmizing economc profits. However, the Soviet gopoch
425 enda with thecollapse dé planned econory and, conseaiently, the forest sdor. These
426 ideologcal circumstnces and new maket forces had big effeds onforestry. The harvest
427 levd began to dropeven before the stat of thethird epoch (191-2014) caused by politicd
428 changesled ty Gorbachev (Boettke, 2009. Today, the brest owrer is stte, butforest

429 management ad harvesting is dane sokly by private forest compaiesbased on aleasing
430 system After theRussan finandal crisis in 1998 brest compaiesgradudly incressed

431 havest levels, but at anuch lower level that during the Sovét epah.

432

433 Theandysisof environmental higory clearly shavs theurgent need to undestand not onj
434 tedhnicd aspeds of forestry, but also pat rajecories in socikemlogica systems. Nat, we
435 discuss baiers and bidges to ntensifiation regarding the ecological system in tems of

436 silviculturd treatments aferthe wood mhingloggingfrontier has pased in different
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devdopment siages dter wood hawvest, and tle sacial system nduding transport

infrastrudure, norms ad governance.

4.2. Barriers to intensification

To inaease thesustinedyield of wood thecurrent focusis to intensify wood piodudion on
areas which were previously havested, ad which ae accessble. Regarding theemlogical
systemthis requires forest managementthatincludes sivicultural methodsn terms offor
example scaification, plnting or saling, precommercial thinning and even fertili zation
(Elbakidz et al., 2013) To pg for thes costs commercial thinningusudly ddivers
inadaejuae finandal ne values Brukas & Weber, 2009) Thus éso sufficient amountsof
forestsavail able for final felling are needed to provide asufficient net income tha can pay for
silviculturein younger stands. Ourstudy shows that in Kdkeros, as in mst of NW Russa,
the un@en ageforest distribuion with domnation of large areas of midde-aged forestsis a
major chdlenge (Figure 5). In addition, diff erent devdopmental stges have paticular

bariers.

Regarding young forestsforest compaies inthe Komi Republic do not mplement pre
commercial thinningin away that inceases the sénd volune of commercially vauable trees.
In Rusia thepre-commercial thinningis dane by theso cdl ed corridor mehod (Anonymous
2007) This means hat 3-5 m wide orridors ae cleaned, separated by un-cleaned stips of
16-120 m. Ths sivicultura practice can beimproved using experience of Nordic countries by
introdudng regular spadng of trees in the entire stand. Kwever, & thenationd level there
are legislation obsadeswhich do not allow djustsilviculturd norms b the regional
conditions (Pomantok, 2013). This may resultin ingficient forest managenent and &ilure to

intensify wood podudion on the gsund.
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Regarding commercial thinningin middle-aged forestsas an éement ofintensive brestry,
innovative pojeds and @mongrations of @mmercial thinning do takeplacein Komi
(Anonymous 2012). Neverthdess, morehat 95 % ofthe wood ddi vered to theindugry
comes fom final fellings (Ko3y6os & Tackaeg, 2000). For instance, area of cleaning and
thinning never excealed 1 % d total areaof Kortkeros AMU (Naumoy, 2014). The amountof
middle-aged forest increasad on dl site types in the Kortkeros stidy area. The abundance of
poorand meg site pes provide good oppotunities for intensificaion, bah by provding
additional waod volunes todg, but alsoinproving the poportion of lager trees in the future.
Unless used, tisiresoure will patly disapa due to mortality and log growth from

competiton amongtrees.

Concerning final felling forests thos are today locaed far away from the cirrent pemanent
road ndwork (Aksenw et al., 2002) Additiondly, sone forest aeas are proteded and
therefore are not awail able for logging. Theseterritories include potected aeas andforests
alongrivers and wetlands. Dueto exendeal consevation dforts in he 1970s he area of final-
felling and old-growth forest has sghtly increased on iich site types which ae located dong

the ivers.

Regarding the so@l system, the oppotunity for introdudng of active forest managenent
basal on deaning and mmmercial thinningrequires longer leases. Thisis pasble only for
finandally strorg and big bushesses. Biall-scale bushesses hae no acess b this maket.
At the lo@l scde, forestry in Kortkeros ha experienced the sme nev trends. Intensified

forest management equires also gpemanent transport inflastrudure, which is ava able not



485  only for harvesting (“lesovoznayadoroga” in Russian), includingwinter roads, ral -roads aml
486 river log floating, but al® for silviculture during the snowfreeseason

487  (“lesokhozyaystvennayadoroga” in Russian). Technically, there are opportunities for road
488 constuction ofthe ldter type In the Kortkeros stidy areathere is much sand which can be
489 usedas bulding mateial for forest roals (Anonymous 2009) In road planning hydrological
490 conditions gay an important le, theefore mgpping of smdl rivers, aeeks and bog is
491 needed. To find the bet locationsfor roads t is neessay to meke spatial adyses d the
492 study areawith both economic and ecological perspetives (Seiler& Eriksson, 1995). inally,
493  zoningof different road categoriesis highly relevant for the stugt area where naura

494  conditions forforest growth are not honogeneous. Addiionally, transportcost © renotely
495 |ocaed, notyet hawvested areas read to beconsdered when investngin roads forhavest
496 only, or also for silvicultural treatments (KpuBomeun, 2013). However, the costs are high, and
497 ther are unaertainties regarding ownershipand longterm mantenance In Kortkeros rayon
498 ndthe thestand gedistibution, norany history of vaue-added wood podudion beyond
499 sawv-milling, is favourable for intensification.

500

501 Theeare severa other barriers thet inhibit the proaess of inensification at the levd of the
502 Russan Federation. Legislation onwood piodudion, debded regulary among praditionas
503 and epets (Pomantok, 2013), is anotherissue Moreover, public participation has notbeen
504 devdoped, thus eaing conflict between forest industy and rural villages (Oksane et al.
505 2003) Pappila (2013)highlights hat public paticipation, suchas in forest cetific ation wil |
506 hdp to build trust h Rusia’s forest sector. Lad of information on upto-date ndaiond and
507 internaiond research and practices d intensifiedwood podudion isaso considezd as a

508 barrier to intensification (IIImaTkos, 2013).



509

510

511

512

513

514

515

516

517

518

519

520

521

522

523

524

525

526

527

528

529

530

531

532

4.3. Bridges towards intensification

So far, Russia’s forest industry development has focused on the boed regionas the bcal
ewmlogical system. Hovever, while the boed biome was good for wood minng in landscgpes
once dominaed by old and old-growth forestswith large growing stocks dueto slorter
vegeation peiods and pore soils this biome is &ss sutablefor intensificaion in thelong
term. Rathe, more soutern regions $1ould be thdocus for intengfication becauseconiferous
speces subt as Sots pne and Noway sprice grow fasterin the souh thanin the north
(Hagdlund andLundmak, 1977) Theaefore, themain focus of intensifietion in Rusia oudnt
to be oncentrated tosouth and heni-boredl forest ecoregionsat lower latitudes whee for
instance the Rusmn regions Bkov, Novgrod and Tve are situated. The shift in focus from
wood podudion in northboreal to hemiboreal regionsthat took pacein Sveden duiing the
20th century provides vauable experiences (eg., Nylund, 2009). Tody, the highest volumes
per hectare in Sveden ae havested in the souhern pat of the boed biome Skogssyrelsen,
2013) Indeed, after thefirst ndiond forest inventory 192329 in Sveden Jonsson and Modin
(1938 estimatad how much, how aad where the sustinedyield of wood @uld increase They
conduded tha by far thestrongest increased could be achieved in outhenmostSwveden, and

not by intensificaion innorthen regions tha had been subgd to the wood mining frontier.

To deal with bariers linked to pody developedsivicultureseveral social ystem bridgs reed
to be aldressal. For example, Nordbeg et al. (2013 proposel to devlop modds to
finandally support inéndgfied forest managementof young and middle-aged forests. For
example, when Sveden madethe tansition fromwood minngto sistainel wood podudion,
eonomc and educationd policy instruments wee usedin different stages of stand

devdopment ater final felling, and financed bothby private and sete adors (Hagner, 20().
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Moreover, to satisy eanomic, ecologica and saial dimensiors of sustinableforest
manaementpolicy, spaial planningof landscapes andregions ae needed (Andessonet al.,
2013) Fortunatly, to sane etent the ombinaion of a history of lands@pe use vith large
variation beéween loggedareas and intad forest landsc@es (Aksenov et al., 2002) and
approahes to forest aoningto satsfy different functions has madeRussa pre-adapted to
applying segregated gpproaches to derive multiple forest benéts on theregional levé.
Indeed, in 1943 dorest zoning concept by dividing forestsinto three groups was introduced
in the Soviet Union(I"anacekes, 1961; Ko3zybos & Tackaes, 2000; Penpko & Penpko, 2002).
Thefirstgroupincluded proteded vduable forests aound dties, dong rivers and rceds; he
secondgroupforestsin high-populatel regions with restricted levd of loggingto annué
increment; and thehird groupunlimited havesting of final felling of old and old-growth
forestswas al owed. Indirectly this providel significant contrbutions © maintaining
biodiversity by minimising harvestson rich stesnear streams and ivers. In redity this was
similar to theTRIAD concept whaeby forestsare sepaated into proteted areas,
multifunctiond areas undr ecosystem nanagement, and intensive maagement Seymour &
Hunte 199). Using thezoning concaept, intensiveforestry could be doneon areas within
eonomcdly acceptabk transport ©sts However, the nev Forest Codefrom 2006 patty
changed the Igic for zoning Thefirst group beame aprotected forest zonewith more
detailed estrictions It is still completely prohibited to do ag loggng in stictly protected
areas. It is however nowallowed to meke clea-felling and séective cutting in protedive
forest 20nes, eg. dong streams, wha it is ne@ssay for infrastrudure development, and
mining of minewls, oil and gas. The second “equal growth — equal harvest” zone of forests

was reamoved.Finally, the third zoneremainel thesame Reseve zoneforestsemerged in
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1997 whee noforest managenent isalowed for the next 20 yeas (Anonymous 2006)
Additiondly, in thereserve forestsit is allowed to havest forest for geologicd testsand for

the neds of lo@ inhabitants

Ultimatdy, improving silviculture and transpat infrastrudure, and zoning alone ae
insufficient bridges to adieveintensificaion of woodyields. Additonally, several othe
socid systemlegaciesnedal to be ddressed.The consevative politicd mindsetof Russia’s
decisionr-makes, ending b usemedanisns of Sovet governance, needs to beomme alaptive.
For instance, theee are still multiple topdown egulatiors andplans, vhich have to be
followed & lower levels. In Kortkeros governmental forest managenent unis and brest
companie ae obliged tothe brest managenent licy at regional leve induding
performarceindicaors such astheamountof wood havested and thenurnberof plantal trees.
This drongsubordinéion hindes implementation of inensive brest management on he
ground To bridge this it is neessay first © includeideas of forestry intensification into
naiond policy and then impément themat regional and local levels (IlImaTtkos, 2013)
Additiondly, innovations orignating from botbm-up processes neel to ke encouraged. Y,
road néworks development, investments in pulp and paer mills, boenegy plants ad othe
large projects caanot behandled @ local level, therefore coordination & higher levels of
governance is ne@ssay. This has to be dongy ddiberating policy reforms by including al
interested paiesand maleate stae support, ., for constuction and maintenane of forest
roads, as mde in Swveden to suppot susained yield forestry (Nylund, 2009.The proaess of
transforming Russa’s forestry shoutl, however, not be donavithoutimplementing explicit

andysisto deerminetheemnomcadly optimal decisions.Such andyses should include
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infrastrudure limitations labourmaiket constains, forest machine cgpadty constaints,

regional maket constrans andothernonlocal conditions (Lohmande, 2007).

5. Conclusions

Implementirg policy about forestry intensification requires urderstanding of past trgjectories
in socid-emlogical systans. Sncethe 18th entury Russan forest histoty can be
characterised as wood mining. Today’s age class distribution in the study area in the Komi
Republic confirms his. Hae logging frontiers have led to egionally un-even sand age
distribution domhaed ky middle-aged mixed forest. Nevertheless, oldgrowth forestis
presened dong the ivers as aconsegence of thezoning concept introdued in 1943. A key
obsevation isthat ideologcal dynamicsin the sogal systemhas causedtempordly unstble
forest hawesting volumes, the poofile of key forest adors and forest governance. Barriers to
forest intensifiation includethe wood mning history, poa infrastructure and inditutional
uncertainty. Copingwith thesebarriers require integrated gpproaches ranging from policy
change to economc reforms. Bridges for intensificaion includemaintaining he forest zoning
conaept, establshing predictable mles and nams, and focus on susinedyield woad
produdion in regions with the best biophysical conditions. To condude, theeis a reed for
research of potential effediveness ofthe ningconaept, espeially in terms of nev
regulationsin Russia’s forest policy, and assessment of balance between intensive wood

produdion, so@al forestry and consevation of forest biodiversity in boreal Russk.

Forestry intensification in he contex of implementing sustinableforest manaement polcy

requires solutions n both dal and ecological systems, whit need to be inegated a
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multiple levels ranging between local forest management unisand the plicy level.
Environmentd history and socid-emlogical system are scientific conaepts ha benédit the
applicaion ofaholistic prodem-solving gpproach. Together they allow simultaneous
inclusion of socid systans (baead on or example insttutiond andysis) and ecologica
systems (thorogh understandingof silvicultural improvaments)to betterundastand bariers

and biidges br intensification of forest management in NW Russa.
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878 Table 1. Man trends offorest landscgpe hisory in the Komi Republic with reference to nationalwide historical events, dvided into bread gpodhs aml
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theirinternd phass.
Wha happaed in Who did t? Ideology?
Epot Time peiod Chaacteristics naure? (Harvest (Forestry adors) (Left/Right)
levd)
Russan 17191850 Ship-building, locd ironand Low State Centric/right
Empire sdt indudries
18501917 Internationd export ofwood Low Stateand piivate forest
produds entemprises (foreign
capital)
Soviet Union 19301957 Industializaion and Gubg  Rapid increase State (by prisones) Left (communism)
19411945 Ww2 Slowed down State
19461975 Postwar re@nstuction Steady increase State
19761989 Economc stggnation Decresse State
postSoviet 19931998 Inefficient rforms towads  Low Stateand forest Centric (in transition)
Russa market emnony companis
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19992014 Gradud pickup

Small increase Forest compnies @lso

with foreign capital)

Table 2. peationdizaion diagam (Mouton & Marais, 1B8) of concept “ideology” used in this gudy

Conaoept Variables Opeationd definitions Possble outomes
Ideology Interest Wha interest dd the brest manages | Private, public orcivil
pursué
Value What values did the brest Freedom, ndividudism,
management deisions promote rationdism-— liberalism (right);
Comnunity, equality, common
owneship—communism(left);
and intermediate (centric)
Market stucture Wha market structure dominaed Planredeanony, maket
duringthe stug period? ewnony
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