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1. IE ADS

1.1. Trauc jumi hemibore lajos me os
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a i ie rau umi
a i ie u u de u
i ie a i e a ri a u ai i dz ie i
r ie rau umi meža ir a a au e u i a a  

ie r um
i m meža e i m m ir ra ur i rau umi u ieži e i mu

a a ir a ar a e i a rau uma rež ma rau umu rež ma
ra ur a ai e izma di arame ri u a

rau a a izm r
z m um ma e
i e i e e s y
ie e me ma um se er y

re e e rau umu umu ai r ai a eri d
i a eri d eri d a e ie ie am ai rau um ar u i u
m eri ri u

rau umu rež m i ie e m meža e i ma ru ur  
e er e i ar i i daudz eid u i e i e  
uu u ai e ežaudze u ra a r da da i rau umu rezu  

ir m i a u a ie i re r du ama izma mež aim ie a  
a mie u ra i e a e i a iz ra e ar da i rau umu 

e i a m e m ai ar ie r a a ar rad mežaudze ru ra a  
ar e ur a ima a rmai u e uu u ai e

1.2. Dabisk  trauc juma a ents – uguns

u r i ir z m da i ai rau um au zeme e i m a  
izmai a di ami u u a ie i a e a emi i u daudzumu B ma e a

arež da i i m ar ima u e e i u u de a u a  
mi iedar a u a rieze i ai e a d ad im i 
ie e m u i i a dar a eid e a B ma e a i a 
aim ie i dar a rezu izmai zeme ie uma eid  
mež au aim ie a zeme a e e i ai iz ie um ai a mežaudze  
ru ra u u u a e um a a u r i ie e m meža 
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ir ad im a ra u eid e a

eža u u r u a i e ad im amazi ie m r a ei e
e e ai u u a ardz a i mai i e a m r r a au uma
a iem ram ada a ar ie a u u r a dz a a ar aiz em
air a ed a u u u ie e m eri ri a ar e e im e ru
r d a ad e r z ar ie iež i e r ma u u am a

ai a i e e e a a reiz meža u u r u a ardz a
i ma rea a i am e ie e ama d u u dar

umu amazi a ai ri i ar a ir a ai a u u am a
ei a a i mu uz a a a mumu ie em a a r e e ie ie ama

ar i rm i a ar u u ermi a u i ermi a ie e mi ar e e a iem
mež aim ie i a iem a umiem ai ie a ei m a au u
mežaudze de um

eža u u r i i ie e m e i u e i a u a a
di ami u izmai au e a a imi u u u u a u ei i
ir u u iz a a B d e a er i u r a ie e me

a Mijiedarb bas un atgrie enisk s saites starp klimatu, uguni un 
ve et ciju. L nijas bie ums nor da u  rela  vo mijiedarb bas vai atgrie enisk s 

saites no m bu. Punkt t  l nija par da cilv ka un atmosf ras C 2  koncentr cijas 
saites ar s sist mas komponenti em p c Bowmann et al. (2014)
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e i a r e e a e i i me e r i ie r d i a e e a

ie a r mi e a m u a a m ar d m ir u e a 
de ad u i die idu i i a r a a ie aid ima  
a u i a au Be re e d e a ir e i i ziema ez  
ima a u i ie e m ieme a a a i i a ri e a
ai e e a dz im ieme eir ai ie um a a iz a a m ra  
e a ir u i a rež ma ie e me uz meža u u r u a i r e e  
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e a i a e a iem ar a izdz u u rad em 

umiem aau ieau e umam a e i i a ie i re e  
miza iezum u u ai a u au um ee e u u r u 

ie uma e ad r ar ei e ai de a a adu e ar ez u 
Bai a e am u r a eid a ad u u ie ma uz ar  
am i a a ir izrai e u u e r ai u 
u u r a rau ar a u e e am i a eid m i ad m 
ad r m u mizu a dz r dim ad u i i a rau a a a  
um ra da ir i zem ar uma iz ur a e a ar miza a r a 

meža u u r a ad um ar eid e au a u u r a u e  
i a e ai ami u u r u ure iera i e am e a  

i a e a eža u u r u ure a e a a uz u u  
r m i am e ie e ami a u zema i e i e meža u u r u  

ara u u r a d u u r e eid a a u r au a i e i e  
meža u u r u ad um uru rezu ie da a audze aizie  
ar i rm i a ar u u r m e iz i a ai i eid u meža u u r u 

ure re ru i a re izi um ieži e a ie a i rm i a 
air iem a em iem ram u u r u a a zi a i di ar da em

ar e audze ru ru u e eme u e umu ar ezeru ur u 
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1.4. Me a ugunsgr ku re ms ieme eirop  un Latvij

ieme eir uri meža u u r u rež ma iz ei i iež izma
ara riedi ara riede Pinus sylvestris ir ie a i iz a a m u
u m ir a re a u emi re a mež e am uu u ai e

i a e a a ir ie u ie au a ai daž d a r
ide a ee e ad er ee e umu rezu ie i a a
ara riede a a dz u air zema dz id a i e i e

meža u u r u d e a uu u ai e e a a izrai
da u audze e u ei i a r a di ami a a u ar daž da e uma

iem e am uu u ai e uu u ai e a a a ai ar
airum meža u u r u ir a re a u emi re a riežu mež ir ar
zemu dz id u i e i ir a ami ar au a i e i e meža u u r i

rezu ie da a audze ie ei i ie e uma audžu a u
ee i e a

d ad im meža u u r u di ami u ir i ie e m u i
i a aim ie i u i dar a ra r m i a izmai

a guns r tas veido an s process p c Swetnam  Baisan (1996)



a e r meža u u r u ai u e i iz a u u ez a i až d
re i u ai a eri d i a ie e me uz meža u u r iem i u i ardi i
a ir a iem ram e a di d adu ai ar izda air u i
a ir u eri du meža u u r u ur a e r ir ie e m u i i a
aim ie i dar a ra r m i a eri d ad
e a di d mi a zieme riežu ai ie u audz a a u uz ur a a meža
u u r i i a reize iež e eri d a u r a
eri d idu ad i ieau a ma eri u r a

meža u u r i ra i air a re i r i a ra r m
umi r da a Be eža r eri d id ai audze u u

a rie a i er i a ~ adi a eri d Be ež a i iz a a i a
i a u dar a dedzi a a i a e a a eri d ie da a

meža u u r u i u i zema i e i e ar ie i a a a u u r
a izdz i ar id i ~ m diame ru ar a dzi i e ie a radi

ieau uma amazi a u u r a i e a eri d ar zemu
meža u u r u a i ie ei ad um ieau a ma eri u
r a i a e a

rau meža u u r u ieau um r ei ie a a
e a di a au rum a i am aidr am ar a u d u i u
ai i u m u r e e uz ie rie ea dz m eri ri m a a dz e
ie a ier a a e i ai ar dumu au aim ie u a ai a eri d ar
e e i ie i a ar am r ai meža u u r u i ~ adi a u r

idu meža u u r u ai a re i rau i amazi ie u u i
~ adi a i am aidr am ar ma eri u r a ieau umu u
e e u u u r u dz a u a e iu e a

a i a eri ri i e ie ier d umi ar i a dar a ie e mi uz
meža de a u iedza dz mez a u a r a iem e a eri diem ad
eri ri u a dz a Ba a med ie u u i ie ze e a

ad im a dz a ad im a ei m a i a u r Ba a a u
eri ri a i iz a a i a u u izma a a dumu au aim ie um e

r d
zeru u umu umi a i a eri ri r da a a ra

a m re re ai ima ai eri d ad d mi a Pinus  
sylvestris u Betula ar e ie u a a u ie au umu Ulmus, Tilia, Corylus  
avellana u u a rie a i er i a ~ adi idu a
ima a mum ad d mi a a a u u a Ulmus, Corylus avellana, Tilia,  

Quercus u Carpinus a m i a ie r ami i ~ adi
a u r a u re ai u a a ai ima ai eri d

a m ad d mi a re u u a Picea abies, Betula
Pinus sylvestris i a i ai ~ adi zera u u umi r da a eri d
ur d mi a riede rz meža u u r i i a ieži a e r zema
i e i e ar a e i iem au a i e i e u u r iem a u r eri d
ur d mi a m re a ai ai ra ur ie a u i meža u u r i i a



ie r ami re i eri d ur d mi a ara e e meža u u r i
a e r i a au a i e i e eurdea e a

dz i ie umi a i a eri ri ar meža u u r u a i ir ei
izma ezeru ur u u umu a iedz i rm i u ar i ermi a di ami u
a de mi ad m im ad m ie ze e a a u r umi a a e

uz u u r m u ie re z u i rm i u ar u u r u ri e adu
ez u u a u dz im a ei riežu meži ar u u r m a r dami ere
a i a ar a i a zieme rie umu da a a a u ie ra i
e ar a adz au e ur ai a u u aiz ardz a a u a d
Brume i e a da a aiz ardz a uri meža
de a a iz e riežu mež ie ie a u ar rau uma i ermi a
di ami u ar ar a e a iem ie e m iem a riem da i rm i a
e ie ie ama a da a aiz ardz a a u u a ardz a i ma
i eid a ai

1.5. Me aud es atjauno an s p c deguma 

e um meža da i a au a ai a u u u a ir a ar
a uma dz u a am u a am er e a u u r a ie e me
ma uma z e a ie rie mežaudze e eme em distur-

bance legacies i e e a u aim ie i dar a arr e a
ežaudze a au a de uma a ir a ar a ar u u a au a

u ur m a a ra i a e a er a
au a ra i a
z e e a a au a u a a ra i a
u a a au e a a m a u u a r e um
u a izdz u u umiem ieau u e um u ur i

a e u u a i a au u
z u iz a u a a ra i a
u a a iz a e a a id
u a a i i a a e au
u a a a a a u ai a

u u a a ra i a
u a rau i a au e u u rau uma u i ermi a e

a a a r u u rau um
u a a au e de uma eri ri ai am ad ir iz eid u ie

iem r a i a ai m
u a rau i a au e de uma eri ri i ier u a e

a dzi i ri a a ie ez a r a rau uma



u ie e me ma um i ie e m i u ra i u au u
a au a e i u ra r m imme u r i ar au u
ie e me ma umu e a i ie e m u a ar u ra i u au ir

e i ai um au a e e a m da m r m ir a au e a

B re a u emi re a mež i iz a u u a a
a au a de um ir ara riede rz u ara a e i e de ude

z e a arr e a umi ie i a a rza u riede
da i a au a ei m ri eri ri ur u u r a ie e me
ma um i i au e ie ur a i i zem a aidr am ar ie u
zem e a rau umu rezu e a e a mi er au e ur au a iem

iem ir ie a e au a ei i a r ir e i a i du
ar a ie u a i e de ude z e a

e um ei a i r ir e mežiz r de e i a rada a i du
rau umu a eri ri a ar a i u e a u ie e mi uz i i
daudz eid u au e a i u audze u zem edze e e i a
a au a di ami u r e a e er u e a au i um
e i a au a adz mi au a i r ie aidu ir e de uma
e a i ie e m a da i i a au u u ai u a u r zi i ie e m a

id au umu arr e a m r um r i rm i a ar
a i r ie aidu ir e ie e mi uz da i a au a dra au u
mi r mi er au a ir am r a i iz a a a i a eri ri

1.6. Promocijas darba m r is 

r m i a dar a m r i ir ra ur ima u a r a ru
ie e mi uz meža de a a uri u ara riede Pinus sylvestris
a au a u u r a ar a a

1.7. Promocijas darba u devumi

r m i a dar iz irz e ri uzde umi
r ima a ru ie e mi uz u u r u ai a u a a

i ermi a di ami u
ra ur meža de a a uri ie ra zemie a i a zieme rie umu
da
a dzi riede au audžu arame ru d um a i r ie aidu
ir e de um u ie aidu a au a a ir e

r a i r ie aidu ir e ie e mi uz da i a au a
de um



1.8. Promocijas darb  i vir t s t es

r m i a dar iz irz a di a ze
ie a m r a ima a m i m m ir a ie e me uz meža u u r u
iežumu u a u Ba a ra re i
a i ra ai ie aidu ir ei meža u u r a ir a ie e me uz
riede da i a au a

1.9. P juma novit te

r m i a dar irm reizi a zi a ie a m r a ima i mu
ie e me uz meža u u r u ai u u a u Ba a ra re i irm reizi
Ba a a r a a r u ima a ru ie e me uz uri
meža u u r u rež mu adu i ai a m r a de uma i ai a
ie e me uz d u riede au audžu arame riem daž d meža r a
a i r ie aidu ir e de uma ie e me uz riede da i a au a
ur irm reizi i u ai a mu u u r a meža dra au

1.10. Promocijas darba u b ve

r m i a dar a ie m u i i m r m i a dar a irma
u i i a a iz a meža u u r u a i e di ami a u ai a ar ie a

m r a ima a m i m m a i u au i ra u i i a a iz a
meža u u r u ai a ar ima a iem a iem a re i ie au
a di i u u da u rie i a re mežu re i iem re a u i i

a a iz a i rm i a ar uri meža u u r u rež mu ie ra zemie u
ai u ar ima a iem u a r a iem a riem e ur a u i i

a a a u u ie e me uz riede au uma ieau uma eid a d
au audz ie a u i i a a a meža a aim ie a a eida ie e me uz
da i mežaudze a au a u u ar a

1.11. Promocijas darba aprob cija

i umi ar uma rezu em reze ar au ere
re e i a e er ei r d ami

i e Pinus sylvestris i ur ed a d ear u area i emi rea re
a ia ra ar au a mežzi e re ademia a ia a di
ie ze re a i



a a i a e da re er ear ree ri id
r i e Pinus sylvestris r m i ere a a ar
ar au a ere da a a d mi a ra e ie r

ma a eme re e em
a a i a e da e era re re e era

i e Pinus sylvestris i a ia ar au a ere rdi
Ba re ere e i e e m r ed re e r du e
a eria

a a i a e da re er ue e re re
i e Pinus sylvetris a e ru ure a d re e era a er

ar au a zi i a ere ed e a ed re e r
ar u au i a e er e dr r i a

re ru e re re re ime i a Pinus sylvestris d mi a ed re
i e i ere a a ar a ia ar au a ere ur de dr

2. MATERI LS N MET DES

irma u ra u i i meža u u r u a i e ra ur a ai
izma e a a da ar u u r u ai u u a u a i ai m

dz adam ie air iem i era ra a em u da u z m
i e a a u r au i ai m dz adam

au i a ide a e ra a ar m e a id ra ir ma em era ru
u a a mu de žu i i a i de u ie ie ri i a

e e r i a ad e a e ra da u ze a er e a re er ea
u r u ai a u a a da ari m ai rma iz u da u iz iedi

a ar a ar a i a u au i a meža u u r u ai u u a u r a
izma r a re i a u i r iz i a e ie u ai r u
ai a ar meža u u r iem u ima a iem r d iem izma a r a
re i a a a ze Climate E x plorer r ramm r ue de r
re i u um ei ar di u de a e u em r ai ri da

au re i u a ra re i a um izua iz ar i
ra u i i a a iz a meža u u r u a i e a re i

ie au e ai Ba a a e ar a di i u u da u rie i a
re a iem re i iem a ima a u ra ur a ai izma

m e a au uma i de uru a r i a izma m e a
ri u daudzumu mi im u ma im m e a ai a em era ra

da u ze arri e a ierar i era a ze izma a ai
aidr u ur re i i a dz a u u a i e zma ie am a

o ti e y a a zi ei re i i ie ie meža u u r u adi ur
u u ru i i ie a a r Superposed epoch a a ze a dz u ei a



ai a ar a iedie a au iem izma ad e a e ra ra me a
iedie a da u a e

re a u i i re ru a meža de a a ure Bažu ur a
a aru u i u m e a i a zieme rie umu da a e
a u e i a ie u a u ie e ri u r riezumi ri a m
a a ar r e u Bride iz eid m arau u
ie a a ad i m a a ra ri arau i izž u da
izma Cybis A B CooRecorder u CD endro r ramma ar

um ie e arau i uriem i a ie am da
i i u u r a ie umam ei iz eid a ad u a

ie am ar ez a r a ad r a a r a ai a ai re ru u
de umu a a uma eri ri a ada a re u r adr
izma e ru daž du e i u rež u ar u izm ru

u m ai aidr u ur iem e riem rež iem i re z
ra ur de u a u ie re ru a a a dzi a ar a i
uzm r ada meža u u r a a u di idu a rež a a a
uz a a ar a u i iedz i rm i u armeža de a a uri r
ad a a a rad i maz ie arau ar a e ad eid u ad r u
di idu a a a uz a a ar de u u a ad ad i maz ie am

e arau am a e a i a u u r a r a ad e u

a Me o tisku un higrome o tisku skujkoku un lapkoku-skujkoku me u 
re ions p c Bohn et al. (2000) un EEA (2006)
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(contingency) anal zi, noteikti re ion li lielie meža ugunsgr ku gadi (LFY), kuros
uguns sk rusi visliel k s plat bas. Ar Superposed epoch anal zes pal dz bu noteikta
LFY saist ba ar 500 hPa spiediena laukiem, izmantojot Hadleja centra j ras l me a
spiediena datus (Allan & Ansell, 2006).

2.1. att.Mezof tisku un higromezof tisku skujkoku un lapkoku skujkokumežu
re ions p c Bohn et al. (2000) un EEA (2006)

Trešaj publik cij rekonstru ta meža degšanas v sture SNP Bažu purva
kangaru un vigu kompleks Latvijas zieme rietumu da (2.2. att.). Apsekojot
aptuveni 2360 ha lielu plat bu, iev kti koksnes ripu š rsgriezumi no krital m
saska ar Arno & Sneck (1977) un McBride (1983) izveidot m paraugu iev kšanas
vadl nij m (2.3. att.). Laboratorij paraugi izž v ti, nosl p ti un dat ti, izmantojot
Cybis AB CooRecorder un CDendro 7.7 programmas (Larsson, 2013). Kopum iev kti
350 koksnes paraugi, no kuriem bija iesp jams dat t 287 (82%). Atbilstoši uguns
r tas novietojumam noteikts t s izveidošan s gads un, ja iesp jams, ar sezona (r ta
gadsk rtas agr naj vai v l naj koksn ). Lai rekonstru tu degumu plat bas,
p t juma teritorija sadal ta regul ros kvadr tos (š n s), izmantojot etrus daž dus
telpiskus rež us ar š nu izm ru 100×100, 300×300, 500×500 un 700×700 m. Lai
noskaidrotu, kurš no šiem etriem rež iem visprec z k raksturo nodegušo plat bu,
ieg t s rekonstru t s plat bas sal dzin tas ar faktiski uzm r to 1992. gada meža
ugunsgr ka plat bu. Individu la rež a š na tika uzskat ta par “akt vu” (t.i., t sniedz
inform ciju parmeža degšanas v sturi konkr t gad ), ja taj atrad s vismaz viens
paraugs ar attiec g gad veidojušos gadsk rtu. Individu la š na tika uzskat ta par
“degušu” tajos gados, kad vismaz vienam koksnes paraugam no attiec g s š nas



a u re ru i ai izma di i r d i i a a a a u
ie meža a a a iz uri meža de a u a r i u u
i a ir eri d ad ur u u u ru i a u a ie da ar

uma eri ri a a u a a er a i du a r i
id ai u eida u u a rie a i er a ir id ai adu ai ar
di m u u r m ie am am zmai a u u i r a izma
e u e u se e tial es di ai r u ai u ar
meža de a u u ieme a a a e izma a er ose  e o  
a a ze a ei a l ma e e lorer r ramm r ue de r

a P juma objektu i vietojums



a Koksnes paraugu iev k ana me a ugunsgr ku v stures rekonstru anai 
Sl teres Nacion laj  park  

e ur a u i i r a meža u u r a ie e me uz riede
au uma ieau uma eid a um ei aim ie i a mež e r
de umu a ur a i r ie aidu ir e ei a a au a a d
riedi er m r ada de um m ru re i ada

de um au e a m r ada de um u a aur a u
re i ada de um um arau au umi a r e
arau au umi iz eid u um e a i a e uma u meža a
riežu au audz a a au a d ie aidu a au a a ir e
a r a eida arau au um m ei riežu ai u d r adu

au uma ieau umi a u a a zei izma de a e ai r u
a ir u umu ar au audz m de um ur ei a a i r ie aidu
ir e u r i i au audz m a au a a ir u a

ie a u i i aim ie i dar a a i r ie aidu ir e
ie e me uz ur m u mežaudze da i a au a r a ada
de uma eri ri adu meža u u r a a e uma eri ri
ur a u i e da aim ie i dar a iz eid a eida
arau au umi e eri ri ur de uma ei a a i r ie aidu
ir e arau au umi m um ei ie daž d meža



i m r a a m r ur u iedr au audžu m r e a
a aim ie a a e ie a m a ei a a r arau au um ei

u h m ai u uzm r au um eri ri ez aim ie i
dar a a a ru arau au umu iz eid a m u er a ur ide
dz ie ie rie aaudze i r a ri a ie e m audze da i
a au a ra ur arame ru audze iezumu izma e a
ua a i ri i e r m de i u u au umu izma i e r
au a e e a m de i e arame ri di er i a a a ze izma a
ai a dzi u audze a a a ir a ar a iem a aim ie a a eidiem

i i a r i i ei r ramm re eam izma a
a e e M A SU e a e i e lme4 Ba e e a multcomp  

r e a vegan a e e a N L M E i eir e a

3. RE LT TI N DISK SI A

3.1. Me a ugunsgr ku sais ba ar klimatiskajiem faktoriem
u u i i a

eža u u r u a a da u a a ze ie i a a ar
u u r u a u a i u a u au i a ie a re i a r
a dzi um ar a ar u ar u u r u ai u a a r a u r
ar a iem u u r u ra ur a iem r d iem a u u ai u a i

a a ie a re i a e au i a e i r u i a
a ar a i a a i a a i a u au i a meža u u r u a a
u ai a a a da em id ai i r iz i a e ie i a a dzi i
au e i r iz i a u re i a e ie r da uz am r dz u meža
u u r u a i a i u au i ad im a i am ai a ar
dz iem ima a iem a iem ir a ar a u a u meža u u r u
a a da em a u r ar u aidr ama ar daž du e r
ie umu u r u r e e a ema re e e izmai a i

a i u u r u a ai a a a u e i a i da e de ei
a a i a au i u u r u ai am u a ai a a air a

a re i a ar ra ir ma em era ru a au i
u u r u ai am a a e a a re i a ar a a ar u a ar a i
mai u au u a a e a zieme u da e zi a ar a ar
ieme r u Ba a r u r u a ai a a a a zi a
re i a ar a a ara a a e a id a uma r d ieme r u

Ba a r ar ar a ara a a e a ir a ie ra
ieme r u Ba a r a i u u r u ai am u a ai r a
zi a re i a ar a a ara u a ara Ba a r u ieme r



a B ti sk s sakar bas starp j ras virsmas temperat ru un 
ugunsgr ku skaitu un pla  bu Latvij  un Igaunij



a a ar a ar meža u u r iem u a a e
ieme r Ba a r ie i a ar ie a m r a a m ra ir u i a r e u
ie e mi uz meža u u r u a i a i u au i um ei u i
r e e a a a ai a ar meža u u r iem iedri a

zieme da u e a m a a ara a m i m a a e u
um r au i a meža u u r u ai a ar e a m a a ara

a m i m a a e um ir maz iz ei a a i am
aidr am ar au i a e r ie umu uz die idiem zieme u
a uma ara e ara e iedri r e e a um ide a
r eža ura uz zieme iem ai a ar meža u u r iem u a a
e a r a i iz ei u um au i u a i a

ie zi u u r u ra ur r d u re i a ar Ba a ra
a a ara u a ara m e r da uz m a ar m a i am
ai a ar re i u a m ra ra mi iedar u ram a Bia r dz a

u a a m ra iedie a i ma u meridi ir u i a ar zieme u
ai a mu ei i a au u ai a u eid a Ba a ra re i aa u e
a a i di rezu i e izž ira mež u
a ie i meža u u am a i e a

a iz i ermi a meža u u r u a u di ami u ar ierar i
era a zi a a ieme eir a re i ieda m ie ru

a ie e r i u re i u ar dz u meža u u r u a u
di ami u a e i a ru a izda a Ba a ra au rumda a re i ur
ie Ba a a u e a a a a a rie i era ie ar
i a ir r iem re i iem i a ie u a

Ba a ra re i a di i a mi a Ba a a Ba rie i a u
rie i ar i a re u i a urma a a a a ad im u ad im a
um i a ie i u m e a au uma i de a r a a r
a dz i ar mai a i i au a r a r a

Ba a a mi a die idda r i a zieme da r a e a a a a
a uma eri ri a ie u u Ba rie i a a r a
ieau u a ar a ara ei au u u e em r e de e rezu
a ari eri d ar au u u u am u u ie am ieau u

u u r u ri i am ie i a ar ima a rmai m dz i ar i
um i e a a a ad im a ra u ieau a

meža u u r u ai a a ar mar u a r



a M ne a sausuma indeksa tendences 20. un 21. gadsimta laik . 
B ti sk s novir es no vid j s v r  bas at m tas ar melniem punkti em



3.2. Me a deg anas v sture Piej ras emien  Latvijas ieme rietumu da  
u i i a

ere a i a ar Bažu ur a a r e u u r a e
arau da a ar adu e au ar adu a u ar
a a re ru a eri d ad i maz i m rež a m
i a a a i r umu eri d id ai u eida u u

a rie a i er i a adi id ai a dar irze
r aud e ru daž da izm ra u rež u i u ai rezu a i

uzm r a ai ada meža u u r a a ai ie re ru i izma
u m rež a a u i a izmai a a a ad im a

id a r a ai a eri d u u i a ar iz
a izm ra u a a a ai meža a a ari a dz
adiem a u r a eri d dz adiem

r a ai a eri d ur u u i i a a i a i
iz a a ra e i a u u izma a a au aim ie u dumu a um e

eža u u r u ier ež a a m i umi au ad im m r
ie ie a a e e i e i a zema i i i u u e mi u a ru d
u izma a a dumu a mazi ad im a ei um e
r d

ar a r a ra ie e mi uz meža de a a uri ie i a ar
au ai u u r u a ar ad r a a r e da u r a
a a r da a e da r da a u u r i am iz ie a r

e eid a eri d i a a ar ai a ara irma u ie ra e
re i zi e a i e a ar u da i i izrai meža u u r u a a ar u
a ara irma u ir zema Ba a ra ir ma ir au a u au u e ai a

ma a r a e ai a eid a ie am a ir zema e
a d di a a ar u a ara um u meža u u r u
ie ai a ar i am aidr am ar i u aim ie i dar u dz

ad im a umam da a i u Bažu ur a a r a izma a
au aim ie a a u a a a a u iz a a i a
au aim ie a au e ie a a a dedzi u zaru u ie uru a
u a ere u u au aim ie a zem m m dza iz a e

u mež ar a di ad umi e i a re um ie i a a i izd
ei umi ad im r d



a guns r tu hronolo ija Sl teres Nacion laj  park  



ad im a id a re a uz eri du ar ar u u u
i u ur a ie meža de a a ad um ad zmai a u u
i i am radu i i i u rmai u rezu a ri i
a i ai ad m u a ie a a r a au e ara ad m u
u i a ai i izmai zeme izma a a dar i a u

au aim ie a i ma a i ide a m a eri d
ieme urzeme ie ra e eri ri a a ie au a armi a mi i ra z u
ai a e i ie ra iem i a a au a z e a au aim ie ri

zem ie u aim ie u ie a iz eid a e ad m u aim ie a
rezu maz r du au aim ie a zeme a ame a zem

re a i i e d a eri d um amazi e re i a aim ie i a ai
a i ei i am a e i amazi ar a r i izrai meža
u u r u ai

ai r u ai u ar meža de a u u ieme a a a
e Superposed epoch a a z izma e ri u

ad ur re ru de u a a i a i maz uma
eri ri a e m ie ie u u adi i a ai ar zi m a m i m
Ba a r mai a dz i am a dz a a i i a mai u i

r a ar ar ieme r zi a ai a ar ie iem u u adiem u
Ba a ra u ieme ra id m e a i am a u a u r e u
a ar u au a iedie a a a a iem a ara eri d dz i rezu ie
ar a a iz a i a u au i a ad im a meža u u r u a a da u
ai a ar a a e a zieme u da Ba a r u ieme r
i e er a e a



a Sais  bas starp j ras virsmas temperat ru un lielajiem me a ugunsgr ku 
gadiem Sl teres Nacion laj  park  no 1870. l d  2000. gadam 

( Su pe r i m po s e d  e po c h  a n a l y s i s )



3.3. guns ietekme u  priedes augstuma pieaugumu
u i i a

d a au audz aur a u re a u m r au e a
riede id ai au um adu e um ie aidu a au a a ir e a
i a i p ie e de um ur au uma ar a d
r adu ai a ie i u ie i ie id au uma ar a ar ie aidu
a au a a ir e u de uma a m m r a adu e um
m r au e a a a u r riede id ai au um adu e um
m ru re u adu e um m r er i ea r ar
ie aidu a au a a ir e u de uma a m a r da a a ad um
meža u u r am a i u i i ermi a ie e me um ie au de umu
a ar u a dzi a u a r a a a a ram meža u u r am ra ur a
a ei a i e i e e er i a a izda de a a r e a ie e me
ma um uz e i mu re se er y ee e ar da ie rie ie

umi a ar u u r a ie e me ma uma uz au i i mai
a au u audze u zem edze e e i a a ar a au a
di ami a z e a i am u er u u r a ie e me
ma um uz au i i i zem u adu e um riežu au audz
e e r a a au uma a ir a ar de uma u ie aidu ir e
a m a u r a u au e a i am u u ie e me ma um

uz au i i i ie ar ie i a ieau id au uma a ir a dz
adu e umam

riede au umam i de uma a a ie ari i a
e ie e ie aidu a au a a ir e a e um u u r a

ie e me ma um a e r re e a u de ma eri a a ir u d ir
e er u ie e me uz au i e e i a a au a ar e m ai
e i re i aiz a er i z e a arr e a
i am e er u u r a ie e me ma um uz au i a a ie u
riede au uma ari i u de um e ie aidu a au a a ir e
a



a Parast s priedes augstums vienlaidus atjauno anas cirtes un 
deguma pla  b s da dos me a ti pos un vecumos



3.4. Sanit r s vienlaidus cirtes ietekme u  me aud es dabisko atjauno anos 
degumos
u i i a

a i r ie aidu ir e ie e me uz au audžu arame riem r a
ada de uma eri ri i iz a u u a adu meža

u u r a i a riede u rz Betula pendula u Betula pubescens r
eid dz a au u u ai a i a a iz a meža

i au ai au audze iezum a a i r ie aidu ir e
a ur i a a a m r i a u iedr

i a zma m de i aidr a riedei a au u
u ai u i ie e m a meža e i au re i a ar meža

a aim ie a a eida ir a ei a a i r ie aidu ir e u meža a
a ru mi iedar a a ur u u r a e a ei a a i r
ie aidu ir e riede i a d mi u u a ai a i a a iz a
meža iz em iedr u a u r ie aidu ir e eri ri riede d mi a
i m r u a a m r ar meža a aim ie a a eidiem riede
iezum e ie meža iem i ea r ie ai iz mum i a
iedr a i r ie aidu ir e eri ri a dzi i ie iezum

a au ie rz a r da a a i du ai ma a r da ei ie aidu
ir ar au e ari i a mežiz r de ai i ei i u i u
u a a au a u ar ie u mi ruma a uru dra u mi r
mi er au rzi a au u ie ie ai e au u a adz
mi ai au u e mi ruma zi ie e me uz rzu d a u u
au a u r a ar i um ar ar e a

ei a a zi a a a au u u u u a ar
a iem a aim ie a a eidiem i a r di meža a a
m r a R p u iedr a R p au a
a adz a meža i m r u a adz dra au ur
i am audze da i a au a imi ar a ie u r um
au a i r ie aidu ir e i eie e m a a au u u
u u a u

zma m de i aidr a riede id au umu i
p ie e m a meža meža a aim ie a a eid ie rie
aaudze u ai ie rie aaudze riežu e am a e i

au re i a ar mi iedar a ar a riem meža ie rie
aaudze u ai u meža ie rie aaudze riežu e am a i

meža a i r ie aidu ir e eri ri riede id ai au um i a
ie r ami ie ar dz e eri ri ez aim ie i dar a
a r da a ie rie aaudze u aiz a a i uz a u i au a a
a u au a iem iem a dz i ar rza id ai au um i a



ie a ur ei a a i r ie aidu ir e m r rzam au uma
a ir a e i a ie r ama riedei ad a a ai ma iee am a
a i r ie aidu ir e a a i ei i u i riede au uma ieau uma
eid a dz i ar au i ei e um e i a meža u u r a
a i r ie aidu ir e eri ri riede rau u a ar d mi u u
u u e a ur ir e e a ei a arr e a

a Parast s priedes un b r a vid jais augstums divos apsaimnieko anas 
re mos 1992. gada deguma teritorij  Sl teres Nacion laj  park

Sla ais m trā s



SECIN MI
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1. INTR D CTI N

1.1. emiboreal forest disturbances
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1.2. Fire as natural disturbance agent in forests
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i Interacti ons and feedback links between climate, fi re and vegetati on. 
The thickness of the line indicates the relati ve importance of interacti on or feed-

back. The dott ed line shows human and atmospheric C 2 concentrati on links 
with components of this system. Source: Bowmann et al. (2014)
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1.3. Pro y of forest fire activity
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i Fire scar formati on. Source: Swetnam  Baisan (1996)

1.4. Forest fi re regime in Northern Europe and Latvia
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1.5. Tree regeneration following fire in hemiboreal forests
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1.6. The aim of the thesis
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1.8. Thesis statements
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1.9. Scientific novelty
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i  Mesophytic and hygromesophytic coniferous and broadleaved- 
coniferous forest region. Source: Bohn et al. (2000) and EEA (2006)
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(contingency) anal zi, noteikti re ion li lielie meža ugunsgr ku gadi (LFY), kuros
uguns sk rusi visliel k s plat bas. Ar Superposed epoch anal zes pal dz bu noteikta
LFY saist ba ar 500 hPa spiediena laukiem, izmantojot Hadleja centra j ras l me a
spiediena datus (Allan & Ansell, 2006).

2.1. att.Mezof tisku un higromezof tisku skujkoku un lapkoku skujkokumežu
re ions p c Bohn et al. (2000) un EEA (2006)

Trešaj publik cij rekonstru ta meža degšanas v sture SNP Bažu purva
kangaru un vigu kompleks Latvijas zieme rietumu da (2.2. att.). Apsekojot
aptuveni 2360 ha lielu plat bu, iev kti koksnes ripu š rsgriezumi no krital m
saska ar Arno & Sneck (1977) un McBride (1983) izveidot m paraugu iev kšanas
vadl nij m (2.3. att.). Laboratorij paraugi izž v ti, nosl p ti un dat ti, izmantojot
Cybis AB CooRecorder un CDendro 7.7 programmas (Larsson, 2013). Kopum iev kti
350 koksnes paraugi, no kuriem bija iesp jams dat t 287 (82%). Atbilstoši uguns
r tas novietojumam noteikts t s izveidošan s gads un, ja iesp jams, ar sezona (r ta
gadsk rtas agr naj vai v l naj koksn ). Lai rekonstru tu degumu plat bas,
p t juma teritorija sadal ta regul ros kvadr tos (š n s), izmantojot etrus daž dus
telpiskus rež us ar š nu izm ru 100×100, 300×300, 500×500 un 700×700 m. Lai
noskaidrotu, kurš no šiem etriem rež iem visprec z k raksturo nodegušo plat bu,
ieg t s rekonstru t s plat bas sal dzin tas ar faktiski uzm r to 1992. gada meža
ugunsgr ka plat bu. Individu la rež a š na tika uzskat ta par “akt vu” (t.i., t sniedz
inform ciju parmeža degšanas v sturi konkr t gad ), ja taj atrad s vismaz viens
paraugs ar attiec g gad veidojušos gadsk rtu. Individu la š na tika uzskat ta par
“degušu” tajos gados, kad vismaz vienam koksnes paraugam no attiec g s š nas
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i Sampling of fi re-scarred material to reconstruct forest fi res history in 
Slitere Nati onal Park 
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3 .  R E S U L T S  A N D  D IS C U S S IO N

3.1. The national fire chronologies  
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i  Correlati on between the sea surface temperature and chronologies 
of number and area of forest fi res in Latvia and Estonia during the periods of 

1922–2014 and 1921–2013, respecti vely
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i  Trends in MDC over the 20th and the early 21st century. 
Signifi cant departures are indicated with black dot

3.2. Forest fi re history in the north-western Latvia 
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i  Fire scar chronology in Slitere Nati onal Park
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i  Superimposed epoch analysis of gridded sea surface temperature in the 
North Atlanti c from May to August during the large fi re years in Slitere Nati onal 

Park (burned area > 1 km2 ) over the 1870–2000 period. Colour delineati ons 
indicate SST anomalies signifi cant at p < 0 . 10



3.3. Fire influence on Scots pine growth  
a er

a e Myrtillosa mel. re e a d au e a a Vacciniosa re  
e a e a e ear e mea ei e i e a i i a

p i er i e ear u area a i e re area e er e e
duri e a ear e mea ei di ere e e ee rea me  
eadi i rea ed e ar e mea ei di ere e m ere er ed 
e ee e rea me i au e a a i e Vacciniosa re e i  

e a e ear i a e Vacciniosa mel. re e a d a e a e 
ear i i ere Vacciniosa re e i i a di ere e e ee  

e rea me ere de e ed
e e e re e re e em are a ed re 

i e i a d e eri ee e re i u udie a e a re 
e eri i i a a e i di a d e m i a ura  
re e era z e a e a ume a e re e eri i a e 
a d i ere a er a a i a e a d au e a a e au e a e a e 

a d ear e mea ei di ere e ere i i i a e er  
i a e a d au e a a a e a e ear i rea i mea ei  
di ere e ere er ed

e mea ei e i e a m re aria e i a e re 
area m ared e ear u area e e di e re e eri e 
e e a ura re e era a d i a e ei er i e r e a e 
er i m a e due di ere e i errai a d ue ru ure  
re e eri arie a r e ur ed area a ia e a z  

e a e a ume a e a a e er e ei e re e eri  
u d e e mai rea r e ar er ei di ere e i re area  
m ared a i ear u area



i  The mean height of Scots pine in post-clearcut and post-fi re areas 
in diff erent years



3.4. Forest management influence on post-fire regeneration patterns 
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i  The mean height of Scots pine and birch under two silvicultural 
treatments in post-fi re area of 1992 fi re in Slitere Nati onal Park
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•  egative correlation bet een number of fires in Estonia and SS  in the orth Atlantic as 

de te c te d.
•  Area of forest fires in Estonia and activity of fires in Latvia ere positively correlated ith 

SS  in the Baltic, orth and Mediterranean Seas in summer.

Abstract
Forest fire is one of the natural disturbances, hich have important ecological and socioeconomi-
cal e ect. Although fire activity is driven by eather conditions, during past t o centuries forest 
fires have been strongly anthropogenically controlled. In this study, teleconnection bet een sea 
surface temperature (SS ) in the Atlantic, hich in uences climate in Europe, and forest fire 
activity in Latvia and Estonia as assessed using Climate e plorer  eb-tool. Factors a ecting 
number and area of forest fires in Latvia and Estonia di ered, suggesting regional specifics. In 
Estonia, the number of fires correlated ith the SS  in the orth Atlantic in spring and summer, 

hich a ects the in o  of cool and dry air masses from the Arctic, hence the aridity and burn-
ability. he area of fires in Estonia and in Latvia as associated ith increased SS  in Baltic Sea 
and near the European coast in summer, hich likely ere conse uences of occurrence of arm 
high-pressure systems in summer, causing hot and dry conditions. evertheless, the observed 
teleconnections could be used to predict activity of forest fires in Latvia and Estonia.
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1  I ntroduction

Forest fires, hich are a part of natural disturbance in boreal and hemiboreal ecosystems, have 
c on side ra b l e  e c ol ogic a l  a n d soc ioe c on om ic a l  im porta n c e  ( J ogiste  e t a l . 2 0 1 7 ) . D u rin g the  pa st tw o 
centuries, forest fires have been considerably reduced by the advances in fire suppression systems 
( iklasson and Granstr m 2000), still variation in activity of fires, i.e. ignition, behaviour, and 
spread, is driven by eather conditions (Wotton and Beverly 2007  Drobyshev et al. 2012). ence, 
information on climatic drivers is necessary for pro ections of future forest fire activity under shift-
ing climate (Bo man et al. 2009  Lehtonen et al. 2016).

Weather in the orthern Europe is largely determined by large scale eather systems form-
ing above the Atlantic cean, hich control in o  of arm and moist air mases, thus determine 
temperature and moisture regime (Sutton and udson 2005). he in uence of such large-scale 
systems e presses annual, as ell as multi-decadal variations e.g., orth Atlantic scillation, 
Atlantic Multidecadal scillation (AM ), etc., hich result from ocean-atmosphere interactions 
(Schubert et al. 2016). Accordingly, linkage bet een forest fires and conditions in the orthern 
Atlantic (e.g., surface ater temperature that in uence latitudinal distribution of summer precipita-
tion) have been documented in Scandinavia (Drobyshev et al. 2016). evertheless, these telecon-
nections appeared regional, as the linkage of forest fires ith sea surface temperature (SS ) of 
the orthern Atlantic as the most pronounced in the northern part of S eden (Drobyshev et al. 
2016), hence regional analysis is needed (Bo man et al. 2009). Still, such teleconnections have 
been poorly studied (Drobyshev et al. 2016). he aim of this study as to assess linkage bet een 
number ( F) and area (AF) of forest fires in Latvia and Estonia and SS  in the orthern Atlantic 
during the past century. We hypothesised that such teleconnections can be detected, yet the drivers 
of forest fires in Latvia and Estonia di er due to geographic location.

2  M a teria l a nd meth ods

ime series of AF and F ith annual resolution for Estonia (59.651–57.475 , 21.829–28.191 E) 
and Latvia (56.640–58.066 , 20.950–28.245 E) for the periods 1921–2013 and 1922–2014 ere 
obtained from Environment Agency of Republic of Estonia and Latvia Environment, Geology and 
Meteorology Centre, respectively. Some data during the World War II period as missing. Monthly 
SS  and Annual AM  data ere obtained from the  Met ce adley Centre observations 
datasets (Rayner et al. 2003  renberth and Shea 2006).

Considering changes in forest cover, fire data as e pressed per unit of forest area. he time 
series ere log transformed to ensure normality of the distributions, and detrended. A simple linear 
function as used to remove lo  fre uency (century) trends, likely associated ith the advance 
of fire management systems, yet preserving medium- and high-fre uency variation. Pearson cor-
relation analysis as applied to assess the relationships bet een the SS  for the available data 
points ithin the area limited by 20–80  and 80 W–30 E, and the national chronologies of F 
and AF. he analysis as conducted for the ma imum period covered by the chronologies. he 
SS  for the January– ctober period average for months and three-month intervals ere tested. 

he significance of the correlations as determined by a t o-sided Student t-test, accounting for 
the autocorrelation in time series, hen ad usting the critical t-values ( rouet and ldenborgh 
2013). For each correlation map, field significance, hich describes the strength of correlation at 
the scale of the studied region, as calculated (Wilks 2006). he Climate E plorer  eb-tool 

as used for the analysis ( rouet and ldenborgh 2013).
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3  Results

he produced national chronologies of F and AF (Fig. 1) contained high- and medium-fre uency 
variation. he range and variant of indices as higher for AF rather than F  nevertheless, the 
chronologies ere rather synchronous, as the mean synchrony coe cient as 0.75 ( able 1).

In Latvia, F and AF sho ed stronger correlation than in Estonia ( able 1). he correlation 
coe cients bet een the chronologies ere lo er (average) (mean r  0.52), suggesting di ering 
sources of variation. he highest correlation as observed bet een AF in Latvia and Estonia, 
suggesting regional signal, yet the lo est correlation occurred bet een AF in Latvia and F in 
Estonia, likely due to di erences in medium-fre uency variation. he lo -fre uency variation 
particularly in AF roughly follo ed the trend in AM  (Fig. 1).

Chronologies of AF and F in Latvia and Estonia correlated ith the SS  of the Atlantic 
(Fig. 2), yet the e ect (strength of correlation) and periods (months) of in uence di ered. he F 
in Estonia as negatively correlated ith the SS  in orth Atlantic during spring and summer, 
particularly in May and August, yet positive correlation as observed ith summer SS  in the 

orth Sea and in the Baltic Sea. he AF in Estonia sho ed positive correlation ith spring SS  in 
mid-latitude Atlantic and summer SS  along Atlantic coast of Europe. Spring SS  in mid-latitude 
Atlantic negatively correlated ith F in Latvia, hile positive relationships ere observed ith 
summer SS  in the Baltic Sea and the orth Sea. he calculated field significance as intermedi-
ate ( 0.10), implying probable teleconnections.

F ig.  1 .  Chronologies of number (A) and area (B) of forest fires in Latvia and 
Estonia, and smoothed annual Atlantic Multidecadal scillation inde  (C).
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T a b le 1 .  Pearson correlation (upper diagonal part sho s coe cients, lo er  
diagonal part sho s their p-values) and synchrony coe cients calculated  
bet een chronologies of number and area of forest fires (per unit of area) in Latvia  
and Estonia for the period 1922–2014 and 1921–2013, respectively. 

Pearson correlation coe cient

Latvia Estonia
N u m b e r A re a N u m b e r A re a

Latvia
N u m b e r * * * * * 0 .7 0 0.43 0.60
A re a < 0 .0 0 1 * * * * * 0.29 0 .7 4

Estonia
N u m b e r < 0 .0 0 1 0 .0 2 * * * * * 0.38
A re a < 0 .0 0 1 < 0 .0 0 1 0 .0 1 * * * * *

Synchrony coe cient

Latvia Estonia
N u m b e r A re a N u m b e r A re a

Latvia
N u m b e r * * * * * 0 .82 0 .80 0 .7 7
A re a * * * * * 0.64 0.67

Estonia
N u m b e r * * * * * 0 .7 8
A re a * * * * *

4  D iscussion

he synchrony of the chronologies of AF and F ( able 1) implied that common large-scale fac-
tors have forced variation in forest fire activity in Latvia and Estonia, yet the lo er correlation 
bet een the chronologies suggested that in uence of these factors on AF and F di ered. his 
apparently resulted in region-specific variation patterns of fire activity, as displayed by the correla-
tions among chronologies ( able 1), that has been related to topography and climatic conditions as 

ell as atmospheric circulation (Drobyshev et al. 2012). Still, some systematic bias particularly in 
fire area data might have been introduced due to political reasons. In the Soviet nion, the area of 
fires as the measure of e ciency of forest management system, hence the data might have been 
underestimated yet this might have di ered among the Soviet Republics (Sali  1999).

As hypothesi ed, teleconnection bet een SS  and the chronologies of AF and F in Latvia 
and Estonia (Fig. 2) ere observed, supporting linkage bet een fire activity and conditions in 
the Atlantic via alterations in atmospheric circulations (Colman and Davey 1999  Drobyshev et 
al. 2016). his as also supported by variation of AM  (Fig. 1). eleconnections bet een orth 
Atlantic SS  and fire activity in northern S eden (above 60 ) has been related to in o  of cool 
and dry arctic air masses in summer, hich increase fire activity (Drobyshev et al. 2016). In our 
study, similar, yet less pronounced pattern of correlations bet een orth Atlantic SS  and F 
in Estonia as observed (Fig. 2). his might be related to of –S gradient of large-scale atmos-
phe ric  c irc u l a tion s (Drobyshev et al. 2016) and regional landscape specifics ( ellberg et al. 2004). 

o ever, this teleconnection as not observed in Latvia (Fig. 2), probably due to more southern 
location (around 57 ) (Drobyshev et al. 2016), e plaining divergence of particularly F varia-
tion patterns (Fig. 1).

Positive correlations bet een Baltic Sea SS  and AF in both countries and F in Latvia 
(Fig. 2), might be related to regional atmospheric-sea interactions (Stramska and Bialogrod ka 
2015). In summer in Baltic Sea region, meridional eather pattern prevails ( eevallik et al. 1999) 
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F ig.  2 .  Correlation bet een the sea surface temperature and chronologies of number and area of forest fires in Latvia 
and Estonia during the periods of 1922–2014 and 1921–2013, respectively. nly the months sho ing the highest cor-
relations ith the chronologies are plotted. Field significance are plotted. Correlations significant at p-value  0.10 are 
marked ith colour.
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and, in combination ith high pressure systems, promotes establishment of dry and fire-prone 
eather conditions (Jaagus et al. 2010  Sutton and odson 2005). E ect of this atmospheric 

circulation is supported by teleconnections ith SS  in Mediterranean and orth Seas (Fig. 2) 
re l a te d to l a rge -sc a l e  oc e a n ic -a tm osphe ric  in te ra c tion s (Ionita et al. 2017  Schubert et al. 2016). 
Increased SS  along the coastline of Europe reduce meridional gradient of temperatures, resulting 
north ard shifts of storm track, thus enhancing creation of large-scale drought periods in Europe 
(Feudale and Shukla 2010). Co-occurrence of synchronous precipitation-evaporation and SS  
patterns bet een Mediterranean, orth and Baltic Seas have been also observed by Zveryaev and 
A l l a n  ( 2 0 1 0 )  a n d Ionita et al. (2017).

5 Conclusions

Diverse mechanisms appeared to in uence forest fire activity in Latvia and Estonia. he linkage 
ith the orth Atlantic SS , hich a ects in o  of cool and dry air from Arctic (Drobyshev 

et al. 2016), might be used to predict number of ignitions in Estonia, hile magnitude (area) of 
forest fires as more connected to the meridional atmospheric circulation and occurrence of arm 
high pressure systems. hese systems, apparently, ere the main determinants of fire activity in 
Latvia  and, although not clearly causal, such teleconnection might be applied to predict F and 
particularly AF. Although, many uncertainties about the mechanisms of orth Atlantic SS  and 
European climate persists (Ionita et al. 2017), further research at finer-scale is needed to reveal 
nonstationary relationships bet een SS  and other regional climatic variables (Ionita et al. 2017  
Schubert et al. 2016).
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ABSTRACT 

 
Fire remains the main natural disturbance factor in the European boreal zone (EBZ), which 

exhibits strong gradients in climate conditions, modern and historical patterns of forest use, and the 
modern human infrastructure density. Understanding climatic forcing on fire activity is important for 
projecting effects of climate change on multiple ecosystem services over this region. Here we analysed 
available records of annually burned areas (ABA) in 16 administrative regions of EBZ (countries or sub-
country units) and fire weather variability to test for their spatio-temporal patterns over 1901-2017. To 
define sub-regions of EBZ with similar fire activity we compiled 30-60 year long ABA chronologies and 
clustered them in Euclidian space. We then reconstructed 100-year long ABA chronologies for each 
cluster, using its member with the highest correlation between observational fire record and 
climatological fire weather proxy (MDC, monthly drought code). The 100-year chronologies helped 
obtain chronologies of large fire years (LFY), i.e. years with the ABA being above 10% of the long-term 
distribution. The climatic forcing of these events was tested in superposed epoch analysis with 500 hPa 
pressure fields. Finally, we tested trends in (a) synchrony of LFY's across clusters, (b) MDC values over 
the EBZ, and (c) spatial variability in July MDC over the EBZ geographic domain over 1901-2017. 

EBZ exhibits large variability in forest fire activity with the fire cycles varying from ~104 
(Scandinavia) to 3*102 years (Russian republic of Komi). Clustering of administrative units in respect to 
their ABA suggested the presence of homogenous groups of units along W-E and S-N gradients. LFYs in 
each of the cluster was associated with the development of the high pressure cell over the regions in 
question in July, indicating climatic forcing of LFYs. However, contingency analysis indicated no long-
term trend in the synchrony of LFYs observed simultaneously in several administrative units.  

We observed a trend towards higher values of MDC for the months of April and May in the 
western section of EBZ (April) and southern-eastern sections of the Baltic sea region and North sections 
of EBZ in Russia (May). Trends in MDC during the summer months were largely absent. Geographical 
pattern of July MDC values, analyzed through principal component analysis over the entire EBZ, 
indicated the presence of a dipole, i.e. alternative behaviour, of the July MDC values over the 
Scandinavian peninsular and the eastern section of the EBZ. Comparison between results obtained on the 
complete (1901-2017) and more recent data (1950-2017) indicate that the strength of this dipole increased. 
The observed pattern would be indicative of a tendency towards the loss of synchrony in EBZ-wide fire 
activity in the future, which would make the region-wide LFYs less likely. 
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INTRODUCTION 

 
Forest fires have been the main natural disturbance force in the European boreal zone 

(EBZ) over the Holocene (Pitkanen & Huttunen 1999; Carcaillet et al. 2007; Greisman & 
Gaillard 2009; Ohlson et al. 2011; Clear et al. 2014). Since the 19th century, the EBZ has been 
experiencing increasingly a pronounced west-east gradient in fire activity. In its western sections 
the fires have been largely suppressed since late 19th century with the modern fire cycle reaching 
10-20k years (Drobyshev et al. 2012). In contrast, eastern fringes of EBZ show the fire cycle of 
about 300 years (Drobyshev et al. 2004), i.e. the levels reconstructed prior to the onset of 
intensive forest use across Fennoscandia (Niklasson & Granström 2000). Variability in climate 
conditions, modern and historical patterns of forest use, and the overall forest accessibility for 
forest industry are likely the main drivers of this gradient. Although there is a general consensus 
on the importance and the mechanisms of human impact on geographical variability across EBZ 
(Granström & Niklasson 2008), the role of climate in shaping this and future geographical 
gradients in fire activity remains poorly understood. Indeed, a vast majority of the studies 
looking at climate-fire interactions in the boreal zone has been done in Fennoscandia 
((Drobyshev et al. 2016; Aakala et al. 2018) and references inside), a region experiencing a much 
stronger influence of North Atlantic climate as compared to more easterly located sections of 
EBZ. The increase in climate continentality towards easterly section of EBZ is be of particular 
interest in understanding the response of forest fire regimes to climate variability as previous 
studies have pointed to higher sensitivity of more continental boreal forests to historic climate 
changes (Drobyshev et al. 2014; Drobyshev et al. 2017).   

Climatic forcing on fire activity affects multiple ecosystem services provided by boreal 
forests (Gauthier et al. 2015). Recent years with large amount of burned area in the parts of the 
EBZ where fire suppression has been effective in suppressing the forest fires (like in Sweden in 
2018) and the heavy reliance of all regional economies in this part of the world on forest 
resources both call for a systematic analysis of the modern patterns in fire activity and trends in 
its climate predictors over the EBZ. Here we provide a synthesis of the observational records of 
the annual burned areas resolved at the scale of EBZ large administrative regions to discuss 
spatio-temporal patterns in fire activity, its association with climatic fire proxies, and the 
synchrony of occurrence of years with large forest area burned (later referred to as large fire 
years, LFYs). We put forward two hypotheses: (H1) over the 20th century there was a general or 
region-specific trend towards increasing fire activity in EBZ; and (H2) over the 20th century 
there is a trend towards higher synchrony of LFYs across the EBZ. To test these hypotheses, we 
used cluster analyses to group the EBZ regions into clusters with temporally synchronous annual 
fire activity. To widen the time horizon of the analyses we reconstructed 100-year long 
chronologies of annually burned forest areas (ABAs) for members of the clusters with the 
highest correlation between observational fire record and climatological proxy of fire weather. 
Finally, we analysed association of LFYs with indices of atmospheric circulation to deduce the 
large scale climatological controls of fire activity for each EBZ fire activity cluster.  
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METHODS 

 

The region 

EBZ is the area of relatively low tree canopy diversity with limited variability in the 
canopy structures across its W-E extend. Scots pine (Pinus sylvestis L.), Norway spruce (Picea 
abies (L.) H. Karst) dominate the mid- and late successional stages with a marginal increase in 
Siberian larch (Larix sibirica Lebed.), while downy birch (Betula pubescens Ehrh.) and aspen 
(Populus tremula L.) prevail in the early successional forests. Despite low canopy diversity, 
variability in the types and abundances of forest fuels is high due to mosaic of forest patches 
with contrasting growing conditions and times in the last disturbance. Mesic and compositionally 
diverse forests with varying proportion of coniferous and deciduous species prevail in this biome. 
Xeric forests, typically with abundant Scots pine and Cladonia spp. lichen on the forest floor are 
common across EBZ with increased occurrence in its northern and eastern sections. Mires and 
hydric sites with abundant yet typically wet fuels are common in the EBZ although they rarely 
dominate at the regional scale.  

 

Data sources 

In this study we operated with the fire and climate data resolved at the scale of large 
administrative units, ranging in size from 45ꞏ103 km2 (Estonia) to 417 ꞏ103 km2 (Russian Komi 
republic) (Fig. 1). In the case of Sweden (450 ꞏ103 km2) the country was divided into Southern 
and Northern sections, based on the earlier analyses of its modern fire activity (Drobyshev et al. 
2012).  

Komi

Archangelsk
region

Vologda
region

St. Petersburg 
region

Karelia

Murmansk
region

Finland

Sweden

Norway

Latvia

Belorussia

Pskov r.
Novgorod r.

Lithuania

Estonia

 
Figure 1. The geographical scope of the study with the regions providing fire data. 
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Compilation of the modern fire records presented two main challenges: different temporal 
resolution of available datasets (e.g. daily in Sweden and annual for the majority of the 
administrative units analysed), and varying lengths of the records. We elected to conduct the 
analyses on the annual scale to maximize their temporal coverage and to focus on the climate-
fire linkages extending over the whole fire season. We used two sources of data on annually 
burned forest areas (ABA): official forest fire statistics maintained by respective state authorities 
and the dataset on monthly burned areas from the Global Fire Emission Database (GFED) 
resolved at 0.25 degrees (Giglio et al. 2013). Official fire statistics for Russia administrative 
regions was not available since 2012 and GFED was used to extend these records to 2016. In 
bridging the official and GFED data we tested for the correlation between official and satellite-
based records over the overlapping period (1997-2012). For several Russian administrative units, 
we observed non-significant correlation between official data and GFED-based record. Two 
possible contributors to low correlation values were the quality of the forest statistics which has 
been previously reported to underestimate the levels of fire activity (Soja et al. 2004) and the 
inclusion in the GFED estimates all land area (i.e. both forest and non-forest lands).  

 

Climate data 

To represent local fire climate we calculated monthly drought codes (MDC) for the 
territory of each administrative unit by aggregating MDCs for the grid cells with their 
geographical centres located within the respective units. MDC is the monthly version of the 
Drought Code, which is a component of the Canadian Forest Fire Weather Index (Girardin & 
Wotton 2009). DC was originally developed to capture moisture content of deep layers of the 
forest floor (Turner 1972). The numerical value of MDC reflects a water holding capacity of 100 
mm. Previous studies revealed a strong connection between MDC and regional fire activity 
across the boreal zone of Northern Hemisphere (Girardin et al. 2009; Drobyshev et al. 2012). 
MDC calculation used monthly precipitation total, minimum and maximum monthly 
temperatures from the CRU TS v. 4.02, (Harris et al. 2014).  

 

Statistical methods 

We ran principal component analysis (PCA) on the centred and normalized MDC 
chronologies of the best predictors of regional ABA and constructed data the distance matrix 
based on the Euclidean distances, using functions prcomp and dist of the R package stats, 
respectively (R Development Core Team 2018). We applied hierarchical clustering to identify 
groups of administrative regions with similar fire weather behaviour over the period 1901-2017, 
using the R function hclust. 
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Selection of the "best" cluster members 

Acknowledging variability in efficiency of fire suppression, maximum length of ABA 
chronologies and data quality within the same cluster we elected to select a single administrative 
unit as "the best" representative of each cluster for subsequent analyses. The primary criterion for 
selection was the strongest correlation of ABA with the MDC predictors within the cluster in 
question, and the secondary criterion was the longest length of the ABA chronology. Adopting 
this approach allowed us to partially remove spatial correlation across regions and obtain a 
subset dataset of the initial data with supposedly highest data quality. The ABA record of 
selected administrative units was extended over the whole 20th century using its linear 
relationship with one or a group of MDC variables (see next section).   

 

Reconstruction of fire activity 

To identify the most skilful predictor of the regional ABA we ran response function 
analyses with the full range of combinations of the monthly, mean bi-monthly and seasonal 
MDCs and assessed unique contributions of MDC variables into ABA dynamics for each regions. 
Response function analysis is a combination of (a) principal component analysis, used to 
generate a reduced number of orthogonal predictors (principal components, PCs) from highly 
autocorrelated set of climate variables, and (b) regression analysis, which parameterizes the 
relationship between PC and the predictand, in this case - ABA chronology. For this step we 
used function dcc with the stationary bootstrapping option of the R package treeclim (Zang & 
Biondi 2015). Identified set of variables was used to reconstruction the ABA outside the period 
covered by the observational record. To this end we divided the observational ABA record into 
equal calibration and verification subsets and assessed the quality of reconstruction by a 
combination of three statistics: reduction of error (RE), coefficient of efficiency (CE), and the 
Durban-Watson statistic (DW) (Cook et al. 1994) (Table 1). We considered reconstruction skilful 
with CE above zero. We calculated the reconstruction statistics calculated with the function skills 
in the R package treeclim (Zang & Biondi 2015). 
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Table 1. Reconstruction skill of monthly drought code (MDC) variables in respect to the annual 
amount of burned areas for the administrative regions included in the study. A.CE and B.CE represent 
values of coefficient of efficiency, indicating the reconstruction skill with split calibration-verification 
scheme (A - early verification & late reconstruction, B - the opposite). R2 indicates amount of variability 
explained by MDC in linear regression with the amount of annually burned areas. Cluster identify refers 
to cluster IDs on Fig. 2. 

Country Cluster identity A.CE B.CE R2 

Sweden North 4 0.336 0.331 0.369 

Swede South 4 0.145 0.163 0.224 

Norway 4 0.048 0.06 0.035 

Finland 3 0.114 0.029 0.104 

Lithuania 1 0.349 -0.559 0.391 

Latvia 1 -0.35 0.013 0.13 

Estonia 1 0.031 0.162 0.169 

Belorussia 1 0.309 0.41 0.584 

St Petersburg 3 -0.449 0.263 0.55 

Karelia 3 0.169 0.592 0.571 

Archangelsk 2 0.177 0.065 0.281 

Komi 2 0.229 0.135 0.216 

Murmansk 2 0.579 0.333 0.572 

Pskov 1 0.32 -0.109 0.487 

Tver 5 0.468 0.297 0.746 

Novgorod 5 0.403 -0.082 0.695 

Vologda 5 0.1 0.002 0.27 
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Figure 2. Clustering of the composite (i.e. composed of both observational and reconstructed data), 

chronologies of the region-specific amounts of burned forest area. Calculations were done on the PCA-
transformed data and used the first five PCs. 

 

 

Contingency analyses 

To test for the changes in synchrony in the occurrence of LFY over the 20th century (H3) 
we used contingency analysis. This analysis was done on the composite (observational + 
reconstructed) LFY chronology for the "best" representative of each cluster, i.e. administrative 
region whose record had the highest correlation with MDC predictors among members of 
respective cluster.  

We assessed the theoretically expected frequencies of LFYs observed simultaneously in 
different clusters we calculated joint probabilities of fire occurrence for LFY with up to the 
maximum number of clusters exhibiting a LFY in the same year. We assumed the binominal 
distribution of the LFYs: 

-!
( )  =     

!(  - )
x N XN

p X p q
X N X

, 

where N was the total number of clusters in analysis; X – the number of clusters with LFY in a 
single year; p – the probability of LFY in a cluster, and q – inverse of this probability. The 
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differences between expected and observed frequencies were estimated with the Chi-square test 
(Sokal & Rolf 1995). Since Chi-test does not provide the means to assess the statistical 
significance of the occurrence of a single combination of joint LFYs we bootstrapped the dataset 
1000 times to obtain the distribution of LFY occurrences in a particular year and estimated the 
frequency of the observed number of clusters with LFY under the assumption of a random 
process. We considered that year as significantly departing from that assumption if its sum of 
cluster-specific LFY occurrences exceeded 0.9 probability in the bootstrapped distribution.  
 
Trends in fire weather 

We used MDC chronologies to test for century long trends in fire weather. First, to test 
for the temporal trends in fire weather conditions we regressed, cell-wise, monthly MDC 
chronologies for the period April through September against time for the entire EBZ over 1901-
2017. We used principal component analysis to study the geographical variability in the 
behaviour of July MDC, a common predictor of the ABA in sub-regions of EBZ, over the 
complete (1901-2017) and the recent (1950-2017) periods, mapping the loadings of the principal 
components over the study region.   

 

Superimposed epoch analysis 

We evaluated association of LFYs in the selected administrative units with 500 hPa 
pressure fields, using the Hadley Centre Sea Level Pressure dataset (HadSLP2) (Allan & Ansell 
2006). Superimposed epoch analysis (composite analysis) was used to study the geographic 
pattern of pressure anomalies associated with LFYs with statistical significance estimated 
through bootstrapping of the long-term (1901 through 2016) distribution of pressure mean values 
respective months.  

 
RESULTS AND DISCCUSION 
 

Over 20th and 21st centuries EBZ exhibited large variability in forest fire activity with 
the fire cycles varying from ~104 (Scandinavia) to 3*102 years (Russian republic of Komi). 
Clustering of administrative units in respect to their ABA suggested the presence of homogenous 
groups of units along S-N and W-E gradients (Fig. 2). We identified five clusters with the most 
western cluster containing Baltic states, Belorussia and the Russian region of Pskov, and the 
most eastern cluster - Russian regions of Arkhangelsk and Murmansk as well as the Republic of 
Komi. Although our clustering exercise was aimed primarily at reducing the number of 
chronologies for subsequent analyses, it is worth mentioning that in case of all clusters it 
suggested grouping of neighbouring regions, pointing to the existence of sub-regional patterns of 
fire activity. 
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LFYs in each of the cluster was associated with the development of the high pressure 
cells over the regions in question in July, indicating climatic forcing of LFYs (Fig. 3). The 
pattern indicates importance of North Atlantic Oscillation (NAO, (Hurrell & VanLoon 1997), 
which is of critical importance for summer climate in Northern Europe. NAO affects the position 
of the storm tracks in the region, which in turn influence precipitation, cloudiness, and radiation 
and their variation in time and space (Bengtsson et al. 2006). Although NAO is generally 
considered to be a winter season phenomenon, the similar mechanism operates also during the 
summer months in the Northern Hemisphere, influencing regional forest fire hazard. The region 
with positive and sustained 500 hPa pressure anomalies is generally precipitation-free, which 
makes the forest fuels dry, increasing the fire hazard. 

 

 
Figure 3. Superimposed epoch analysis (composite analysis) of July SLP during the five large fire years 

(LFY) in the cluster member with the longest observational chronology. Significant departures are 
indicated with black dot. 

 
Contingency analysis indicated no long-term trend in the synchrony of LFYs observed 

simultaneously in several administrative units (Fig. 4), although we observed decadal variability 
in the synchrony levels. The general lack of trend indicated that the evolution of climate over the 
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EBZ did not lead to an increase in the geographical extend of positive pressure anomalies during 
the warmer season. 
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Figure 4. Contingency analysis of large fire years (LFY) occurrences. Results are obtained on the two 58-
year long frames and at 0.95 confidence level. Red colour indicates years where in four years (1901, 1936, 

1937, 1959) the number of regions with reconstructed LFY were above three. 

 
The overall pattern in drought conditions, as approximated by MDC, suggested the most 

of the changes in fire weather happening during the start and the end of the fire season. We 
documented a trend towards higher values of MDC for the months of April and May in the 
western section of EBZ (April) and southern-eastern sections of the Baltic sea region and North 
sections of EBZ in Russia (May) (Fig. 5). Increase in the forest fire hazard during early part of 
the fire season is well in agreement with the observation of the increase in the early season fires 
in many countries of the region. Mid-season fire weather showed however no upward long-term 
trend over the majority of EBZ. In fact, sections of Scandinavian peninsular appeared to show a 
decreasing MDC trends, specifically - on the northern tip of Scandinavian peninsular during the 
month of August. Upward trend in MDC values was also observed at the end of the fire season 
(month of September) in the south-western section of the study area. Trends in MDC during the 
summer months were largely absent, which would likely indicate the lack of climatically-driven 
trend in fire severity. The actual dynamics of relative proportions of stand-replacing vs. surface 
fires would be then largely controlled by non-climatic factors, such as amount, distribution and 
type of forest fuels. All of them are influenced by the modern forest management, particularly - 
in the western section of the study area. 
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Figure 5. Trends in MDC over the 20th and the early 21st century. Significant departures are indicated 

with black dot. 
 

Geographical pattern of July MDC values, analyzed through principal component 
analysis over the entire EBZ, indicated the presence of a dipole, i.e. the opposite behaviour, of 
the July MDC values over the Scandinavian peninsular and the eastern section of the EBZ. This 
patterns probably explains generally moderate levels of synchrony in forest fire activity over 
EBZ (Fig. 4): while fire-prone conditions occur over the Scandinavian peninsular, wet conditions 
dominate over the areas in vicinity of western slopes of Ural Mountains. The mechanistic 
explanation of this pattern is unclear although we speculate that the jigsaw pattern of jet stream, 
controlling the intrusions of cold and dry Arctic air into the EBZ from the Arctic region, may be 
at play here.  

Comparison between results obtained on the complete (1901–2017) and more recent data 
(1950–2017) indicate that the strength of this dipole increased (Fig. 6). The observed pattern 
would be indicative of a tendency towards the loss of synchrony in fire activity across EBZ in 
the future, which would make the region-wide LFYs less likely. Similar to our speculation above, 
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we propose that amplification of jet stream's jigsaw pattern acts towards increasing differences in 
fire weather among sub-regions of EBZ during the fire season.  

 
A. B. 

 
Figure 6. Loadings of the first three PCs of July MDC over the study region over 1901-2017 (A) and over 

1950-2017 (B).
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A B S T R A C T

Fire has been shown to shape successional pathways and dynamics of forest vegetation. However, its role in
European hemiboreal forests remains poorly understood. Here we provide the first annually resolved re-
construction of fire history from the Eastern Baltic Sea region, developed in the pine-dominated landscape of
Slitere National Park (SNP), northwestern Latvia, over the last 250 years. Our results suggest that forest fires
have been a common disturbance factor in the studied landscape. In total, we dated 62 single fire years, with the
mean-point scale fire return interval of 46 years and the length of the fire cycle ranging from 45 to 80 years. We
identified periods of high (1750–1950) and low (1960–2000) fire activity, with the corresponding lengths of fire
cycles being 45–68 and 58–80 years, respectively. Although both long-term (century and decade-long) and
annual dynamics of fire activity in SNP was closely linked to socio-political changes in Latvia, fire activity in SNP
was also affected by climate, as indicated by the close positive association of years with increased area burned
and positive SST anomalies in the Baltic and North Seas. Future management of SNP should make fire an im-
portant element of natural forest dynamics and consider using prescribed fires of various spatial extent and
severity.

1. Introduction

Forest fires have been an integral part of the natural disturbance
regime in the European boreal (Granström, 2001; Drobyshev et al.,
2014), hemi-boreal (Olsson et al., 2010), temperate (Zin et al., 2015)
and meditteranen forests (Fulé et al., 2008; Christopoulou et al., 2013).
Fires drive forest ecosystem dynamics (Granström, 2001; Bowman
et al., 2009) and define the contribution of boreal forests to biogeo-
chemical cycles through their control of C storage and the release of
aerosols. This is particularly true for Scots pine (Pinus sylvestris L.),
which has adapted to survive low- to moderate severity fires and suc-
cessfully regenerate after them (Keeley, 2012; Zin et al., 2015). Scots
pine dominated forests are widespread across European boreal and
hemiboreal forest zones (Angelstam and Kuuluvainen, 2004; Niklasson
et al., 2010b). Fires there have been shown to heavily influence tree
cohort dynamics (Angelstam and Kuuluvainen, 2004; Kuuluvainen and
Aakala, 2011), vegetation succession and biodiversity patterns
(Niklasson and Drakenberg, 2001; Granström, 2001).

Fire regime is a result of abiotic and biotic factors operating at
multiple spatial and temporal scales. Synoptic climatic patterns exercise
the main control over regional fire regimes in boreal forests (Fauria and
Johnson, 2008; Drobyshev et al., 2016). On the scale of single land-
scapes or watersheds, the fire regime is influenced by complex inter-
actions among climate, topography (Hellberg et al., 2004; Drobyshev
et al., 2008), fuels (Zin et al., 2015) and anthropogenic factors (Groven
and Niklasson, 2005), all of which vary considerably across geo-
graphical gradients (Groven and Niklasson, 2005; Niklasson et al.,
2010b; Drobyshev et al., 2016).

The majority of dendrochronological fire reconstructions in Europe
have been carried out in Scots pine-dominated stands in the northern
part of the subcontinent (Niklasson and Granström, 2000; Niklasson
and Drakenberg, 2001; Drobyshev et al., 2014). In contrast, the
knowledge of historical forest fire regimes of the European hemiboreal
forest is limited. In the eastern Baltic Sea region, the long and intensive
land-use history and the lack of intact natural forests in this region are
the primary reasons for this pattern (Brumelis et al., 2005; Terauds
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et al., 2011). The only study of annually-resolved fire histories from this
region has been focused on the Bialowieza Forest in Poland and Belarus
(Niklasson et al., 2010b; Zin et al., 2015).

Slitere National Park (SNP), located in coastal lowland in the
northern part of Kurzeme peninsula (Fig. 1B), is a rare example of the
pine-dominated forests in the southern Baltic Sea region, which has
preserved evidence of fire driven cohort dynamics and, therefore,
provides an opportunity to get insight into past disturbance histories of
that region (Brumelis et al., 2005). Pine-dominated forests grow on
sandy dune ridges, which are parts of the SNP landscape, encompassing
a mosaic of mostly treeless transitional wetlands and mires. The land-
scape has been formed in the coastal zone of the Baltic Sea during the
regression of the Littorina Sea about 7500–4000 BP (Kalnina et al.,
2015). The sandy dune ridges stretch parallel to the Baltic Sea coastline.
The largest of the dunes extend 15 km in length and up to 50m in
width. The poor soil nutrient conditions and a large proportion of
wetlands have hindered expansion of slash-and-burn agriculture in this
area in the past (Dumpe, 1999). Challenging topography has also re-
stricted access to the area by the timber industry during the 18th and
19th centuries (Slitere protection plan, 2010). Fire-scarred trees
growing on sandy dune ridges in SNP and the presence of well-defined
pine cohorts, point to fire activity as an important driver of vegetation
dynamics (Brumelis et al., 2005). SNP is one of the few areas in the
Baltic states with availability of old fire-scarred wood, which provides
an opportunity to explore the historical range of spatio-temporal
variability of the fire regime in this part of the European hemiboreal
zone.

We provide a 250-year long reconstruction of the forest fire regime,
based on the dating of fire-scarred trees of Scots pine, and evaluate the
climatic and human forcing on the fire regime over this period.
Considering the low levels of past management activities and the strong
influence of westerlies on the regional climate (Dravniece, 2003), we
hypothesized that the historical fire regime was strongly influenced by
large-scale patterns of atmospheric circulations. To test this hypothesis,
we evaluated the relationships between the SNP forest fire regime and
North Atlantic sea surface temperatures (SST), which have been shown
to be closely linked to weather states at a sub-continental scale (Sutton
and Hodson, 2005) and forest fire activity in Northern Scandinavia
(Drobyshev et al., 2016). Since the fire legacies shape fuel load and
distribution, both of which are related to fire severity (Schimmel and
Granström, 1997), we also hypothesized that parts of SNP with more

frequent fires, would have a lower fire severity, i.e. a stand-replacing
fire being less common. To this end, we assessed the relationship be-
tween fire frequency and the severity of the last large fire in 1992 in
SNP. Our study provides baseline information on the role of fires in the
SNP landscape and contributes towards the development of nature-
based management guidelines for European hemi-boreal forests. To the
best of our knowledge, the current study presents the first spatially
explicit fire history reconstruction in the Baltic States.

2. Methods

2.1. Study area

The inter-dune peatland complex of Slitere National Park (SNP) is
situated in the hemiboreal forest zone (Ahti et al., 1968) in the north-
western part of Latvia (57°68′–57°70′ N, 22°46′–22°52′ E) (Fig. 1).
Climate conditions are mild and strongly influenced by westerlies
which bring moist maritime air masses from the Baltic Sea and Atlantic
Ocean (Dravniece, 2003; Avotniece et al., 2017). The long-term
(1961–2010) mean annual temperature is +6.4 °C, with February being
the coldest month (mean temperature −2.8 °C) and July – the warmest
(+16.5 °C). The mean annual precipitation is 606mm. The length of
the vegetation period when the mean diurnal temperature exceeds>
5 °C, is up to 190 days (Avotniece et al., 2017).

The studied pine stands grow on nutrient-poor, sandy dunes in the
Cladinoso-callunosa and Vacciniosa forests (Bušs, 1976). The ground
vegetation is dominated by ericaceous dwarf shrubs (Calluna vulgaris L.,
Vaccinium myrtillus L., Vaccinium vitis-idaea L., Empetrum nigrum L.).
Dicranum spp. and Cladonia spp. prevail on drier sites (Seile and Rēriha,
1983). Dry and forested sites occupy 33%, while peatlands and wet-
lands occur on 66% of the study area. The peat formation process
started in ridge depressions 5000 years ago (Pakalne and Kalniņa,
2005). The peatlands were formed following the overgrowing of ridge
depressions by peat. Bazi mire is the largest raised bog of coastal type in
the SNP, dominated by Sphagnum-Eriophorum vaginatum communities.
Smaller inter-dune mires are mainly of fen or transitional types
(Pakalne and Kalniņa, 2005). In the beginning of the 19th century, the
Bazi mire was drained. Although the ditches were never renovated, a
few of them are still partially functioning, modulating the natural hy-
drological regime of Bazi mire (Slitere protection plan, 2010).

The close proximity to the Baltic Sea and local geomorphological

Fig. 1. Location of the fire history reconstruction area in Slitere National Park. A: locations of sampled trees and burned area in 1992 fire; B – the study site location
within Latvia; C – location of Latvia in Europe.
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characteristics has shaped the patterns of human activities in the area of
SNP. The fishery has been the main occupation for local communities,
whereas large-scale agriculture has not been developed, due to un-
suitable soil conditions and challenging topography. Some of the inter-
dune depressions was used as meadows or pastures for small-scale
cattle farming until the 1920s. Areas south of Bazi mire were still used
as pastures at the beginning of the 20th century (Abaja, 2011). In July
1992, a large fire occurred within SNP, burning 3000 ha, of which 1022
were forested (Fig. 1). Archives have preserved dates of two earlier
large fires in this region, which took place in 1834 (Sloka, 1930) and
1905 (Wätjen, 1994).

2.2. Field data collection

We inventoried the area of 2000 ha within the SNP (Fig. 1A), in-
cluding both forested and peatland parts of the landscape. We sys-
tematically surveyed all forested inland dunes for fire-scarred material.
The relatively small study area allowed us to make a comprehensive
inventory of the scared wood. We sampled only deadwood (stumps,
snags, logs), since SNP regulations prohibited us from collecting partial
cross sections from living fire-scarred pines. We collected full or partial
cross-sections of deadwood, following the procedure described by Arno
and Sneck (1977) and McBride (1983). Out of 350 deadwood samples
collected, we dated 287 trees (82%), including 44 deadwood samples
with no fire scars. Wood decay was the primary reason for our failure to
date remaining samples.

2.3. Sample preparation and fire-scar dating

Wood samples were glued, mounted on boards and sanded with up
to 400 grit sandpaper to obtain clear view of the annual tree-rings and
fire scars. We scanned samples at 1200–2400 dpi resolution and mea-
sured ring widths, using Cybis AB CooRecorder/CDendro 7.7 program
package (Larsson, 2013). We used a combination of local pointer years
and a newly developed pine chronology to cross-date deadwood sam-
ples. The cross-dating accuracy was verified by the t-test value, which
was calculated using the CDendro program. We assigned the calendar
year and, when possible, the fire season to each past fire, as indicated
by the scar position within the annual rings. Fire scars located within
the earlywood were classified into three groups, based on the early-
wood development phase at the time of scar formation including: early
earlywood, middle earlywood, late earlywood fires. Similarly, we
classified latewood fire scars as early latewood, middle latewood, and
late latewood scars. Scars which occurried between the latewood and
earlywood formation periods were regarded as indicators of dormant-
season fires (Baisan and Swetnam, 1990).

2.4. Reconstruction of burned area and fire cycle

To reconstruct the spatial extent of area burned, we used a regular
spatial grid, which encompassed the whole study area. The grid cell was
considered as recording for a year, i.e. providing information about fire
activity, when that cell contributed with at least one sample which had
a ring representing the year in question (with or without a fire scar). A
grid cell was considered as non-recording in a year, when no samples
from that cell covered the year in question. The grid cell was considered
as burned in a year, when at least one sample within that cell had fire
scar recorded the year in question. For spatial reconstruction, we used
only fire scars. This might lead to the underestimation of past fire ac-
tivity in SNP, since not all fires scar trees (Swetnam et al., 1999; Piha
et al., 2013). The total area burned in a fire year was equivalent to the
area of burned cells in the year in question. We used four different grid-
cell sizes (100× 100m2, 300×300m2, 500× 500m2 and
700×700m2). The use of different cell sizes in spatial reconstruction
analysis, allowed us to assess the sensitivity of the algorithm to varia-
tion in grid cell sizes. To assess the accuracy of the spatial

reconstruction and to identify the optimal size of the grid cells to be
used in historical analyses, we compared the total area burned, as es-
timated by our protocol with the actual area of 1992 fire, available
through direct observations (Peterhofs, 2005).

Extending our reconstruction back in time resulted in a decline of
replication, i.e. decline in the number of recording grid cells which, in
turn, led to a decrease in the fire detection probability. To adjust for the
time-related decrease in detection probability, we assumed that the
proportion of non-recording grid cells which burned, was equal to the
proportion of burned recording grid cells in that year. We adjusted
burned areas for fire years, for which at least 30% of all grid cells were
recording the year in question. Using this procedure, we extended the
reconstruction of the burned area and the fire cycle (FC) from 1750 to
2014. FC is a period (in years) needed to burn the area equal to the total
study area (Van Wagner, 1978). FC confidence limits were estimated
through a bootstrap method.

We calculated FC separately for forested areas (sandy dunes) and for
the whole study area, including both forested dunes and wetlands.
Peatlands and mires do burn, particularly following a prolonged period
of drought (Hellberg et al., 2004), although they commonly did not
yield samples to evaluate the frequency of such events, which in-
troduces uncertainty in FC estimates. To account for that uncertainy,
we provided two versions of FC estimates, based on forested area only
within grid cells and, altrenatively, on the total area of the grid cells
(Fig. S1).

To calculate point-scale fire return interval (FRI), we estimated the
number of years between two successive fire scars recorded by a single
tree. The FRI mean and standard deviation were calculated for the
entire study period.

2.5. Identification of fire regime shifts

We assessed regime shifts in FC by using a sequential t-test algo-
rithm (Rodionov, 2004). This method has been used earlier to assess
regime shifts in marine ecosystems (Rodionov, 2015), climate (Jaagus
et al., 2016) and forest fire activity (Taylor et al., 2016; Drobyshev
et al., 2016). We identified shifts as statistically significant changes in
the cumulative sum of normalized deviations of the mean value be-
tween the “current” and “new” regime, moving along a time axis in an
incremental fashion. The thresholds indicative of changes in the re-
gimes are set by (a) cut-off length, which is the minimal interval of
constant regime magnitude, (b) significance level and (c) the Hubert’s
weight function, which handles outliers as deviations from the expected
mean value of a “new” normalized regime. We used the cut-off length of
10 years, significance level of p=0.1 and 1 as the Hubert weight
parameter. For each defined FC epoch, we calculated the fire frequency
and survivorship function, representing the probability for a cell to
burn at a certain age, i.e. the time since the last fire in that cell (Fig. S3).

2.6. Analysis of fire history effect on fire severity

Availability of data on fire impact in 1992 allowed us to assess the
role of historical fire activity on fire severity during a large fire event.
We used a post-fire age class of stand as a measure of 1992 fire severity.
High-severity stand-replacing fires kill most of the canopy trees and are
usually followed by major tree regeneration waves (Agee, 1993; Zin
et al., 2015). Low to moderate-severity fires cause partial (if any)
mortality of the main canopy and initiate development of multiple-aged
pine stands (Östlund et al., 1997; Kuuluvainen et al., 2002). We con-
sidered stand age, as recorded by the 1996 forest inventory (Dundagas
virsmežniecība, 1996), as a binary proxy of 1992 fire severity. Forest
inventory data provided information about the mean age of the domi-
nant tree species in each stand. Stands with a mean age of “0″ (ac-
cording to inventory records) were considered as patches where stand-
replacing fires took place. A stand with all other age classes was re-
garded as a stand with a non-stand replacing fire. We expected a
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negative correlation between the 1992 fire severity, as expressed by
1996 stand age data, and dendrochronologically reconstructed fire
frequency expressed as the mean number of years between fires within
the respective grid cell. To test this hypothesis, we used a generalized
least squares model with a spatial correlation structure (Zuur et al.,
2009) from R package nlme (Pinheiro et al., 2018). We tested four
spatial correlation structures – exponential, Gaussian, linear, rational
quadratics and spherical. The best fitting model was chosen based on
the lowest AIC value.

2.7. Climate influence on fire activity

We used superimposed epoch analysis (SEA) to assess the relation-
ships between fire activity in SNP and SST dynamics in the subpolar
North Atlantic. SEA is a method used in analyses of event-based and
non-normally distributed time series data, where the significance of
departures of continuous chronology during event years, is tested
through bootstrapping. In the analysis, we correlated fire data with SST
in the subpolar North Atlantic (40–70°N; 60°W–40°E) averaged over the
May-September period. The climate of that region is dominated by
large-scale weather systems controlling climate in northwest Europe
(Sutton and Hodson, 2005; Moffa-Sánchez and Hall, 2017). For the
analysis, we selected fire years with reconstructed burned area ex-
ceeding 1 km2, which corresponded to ∼30% of the studied area (Fig.
S2). Previous studies have shown that the climatic forcing upon fire
activity increases, with the size of the fire episodes (Drobyshev et al.,
2015). The significance of anomalies in SST was verified by a two-sided
Student t-test. Field significance, which illustrates the strength of
anomalies, was calculated for each composite map (Wilks, 2006). In the
analysis, we used SST data set starting in 1870 that was provided by
Met Office Hadley Centre (Rayner et al., 2003). The analysis was car-
ried out using KNMI Climate Explorer (Trouet and van Oldenborgh,
2013).

3. Results

3.1. Reconstruction of the burned areas

We dated 329 fire scars and identified 62 single fire years, of which
27 were recorded by more than one tree (Fig. S2). The mean number of
tree rings per sample was 122 (minimum 30, maximum 327) and only
one sample had more than 300 tree rings. The earliest fire scar was
dated to 1558 and the latest fire occurred in 1992. The number of re-
coding trees per fire year varied between 1 (1558) and 180 (1890).
During 1558–1750, we dated 11 single fire years (1558, 1585, 1646,
1664, 1678, 1689, 1710, 1713, 1721, 1734, 1746) using a sample of 16
trees. For this period, we did not reconstruct the burned area, due to the
low sampling coverage.

For the whole study period (1558–1992), the mean point-scale FRI
was 46 and the standard deviation was± 33.5 years. The shortest
point-tree FRI was six years, recorded by a single tree, which was scared
during 1791 and 1797 fires. The seasonal distribution of fires revealed
the dominance of early season fires. In the 1750–1992 period, 51 fire
events were recorded, of which 33 (65%) formed scars in earlywood
and 18 (28%) in the latewood.

For the 1750 to 2000 period, the burned area was reconstructed for
the whole study area and for its forested areas. Over this period, 51
single fire years were recorded. The amount of burned area slowly in-
creased between the 1750s and the early 1800s. It then increased
sharply during 1800–1850 period (Fig. 2). The total burned area varied
considerably, depending on the defined grid cell size and ranged for the
whole study area from 5.1 km2 (100× 100m2) to 114.4 km2

(700×700m2) and for the forested portion of the area – from 1.6 km2

(100×100m2) to 33.3 km2 (700× 700m2).
The reconstructed total forested area burned during the 1992 fire,

ranged from 0.2 km2 to 3.5 km2, depending on the grid cell size (Fig. 3).

These estimates were below the value obtained through direct ob-
servations by 16% (the grids with cell size of 500× 500m2) to 94%
(the grid of 100×100m2), while the grid of 700×700m2 over-
estimated the actual burned area by 16%. For the analyses of fire cycle
and survival analysis, we used two cell grid sizes, 500×500m2 and
700× 700m2.

3.2. Dynamics of the fire cycle and the effect of past fires on fire severity

Over the 1750–2000 period, we assessed the regime shifts sepa-
rately for the forested and the whole study area, using two different
grid-cell sizes (500× 500m2 and 700× 700m2). The shifts in fire re-
gime were identified in the 1950s, by both grids based on forested areas
(p-value=0.1) and the whole grid area (p-value= 0.2) (Fig. 4). The
earlier epoch (1750–2000) had shorter FC than the last epoch
(1960–2000) (Table 1). By analysing the whole area, we obtained
generally shorter FC than by using forested areas, irrespectively of the
grid size. However, the differences in FC length between the whole grid
areas and forested areas for the same epoch did not differ substantially.
The largest difference was 14 years for the later epoch (1960–2000)
using a 500× 500m2 grid, while the smallest difference was five years
for the earlier epoch (1750–1950) using a 700×700m2 grid.

Fire frequency showed a large variation across the studied land-
scape, ranging between 22 and 197 years for the 500×500m2 cells
and between 20 and 180 years for the 700×700m2 cells (Fig. 5). The
spatial pattern of fire frequency was similar in both analyses, only ex-
ception being the southern part of the study area where larger grid size
was associated with shorter intervals.

During the 1992 fire, the highest fire severity was observed in the
northeastern and eastern side of the study area, while the lower fire
severity was found in the western and southern parts (Fig. 6). The
model with exponential spatial correlation structures provided the best
fit of the empirical data, according to its AIC value. We used that model
to evaluate association between 1992 burn severity and fire frequency
at the grid cell scale. Past fire intervals did not have a significant effect
on the spatial severity pattern of the 1992 fire either using the
500× 500m2 grid (estimate=−0.04; t-value=−1.08; p-
value= 0.28) or the 700×700m2 grid (estimate=−0.007; t-
value=−0.16; p-value= 0.86). Similar results were obtained using
spatial survival analysis, which is presented in the Supplementary
Material (Fig. S3).

3.3. Climate influence on fire activity

Superimposed epoch analysis operated with four large fire years:
1905, 1914, 1921, and 1992 (Fig. S2). Fire activity in SNP was linked to
SST in the North Atlantic, Baltic and North Seas (Fig. 7). The fires in
SNP were associated with positive SST anomalies in the Baltic Sea from
May to July. Similar associations were also observed in the North Sea in
May and July. The large fires were also associated with negative SST
anomalies in the Central North Atlantic region (50–60°N, 20–30°W) in
May and northern North Atlantic region (40–60°N, 30–50°W) in June
and July. The fires were positively associated with SST anomalies in the
Grand Banks region (40–50°N, 50–40°W) in June.

4. Discussion

For the past 250 years, the forest fire has been a common dis-
turbance agent in the Scots pine dominated forests of Slitere National
Park (SNP). Long-term changes in the fire cycle revealed strong syn-
chrony with changes in socio-political settings in Latvia and suggested
strong human forcing upon fire regime. In particular, a dramatic decline
in fire activity in the middle of 20th century followed a shift in the land
use patterns of the region which was not synchronized with dynamics of
climatic proxies of fire hazard. However, a positive correlation between
annual fire record with summer SSTs in the Baltic and North Seas
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implied a degree of climate forcing upon fire activity in SNP at the
annual scale. Despite a human-related decline in fire during the 20th
century, the major fire event of 1992 has helped to maintain the fire-
driven stand dynamics in SNP to the present day.

To the best of our knowledge, this is the first spatially explicit
dendrochronological fire history reconstruction in hemiboreal forests in
the eastern Baltic Sea region, which generally lacks large, semi-natural
forests with a potential for fire scar-based analyses. In this context, fire
history reconstruction of Slitere National Park is of immediate value for
understanding the dynamics and developing conservation policies for
Scots pine dominated forests in the Baltic region and, in a broader
perspective, the European hemiboreal forests.

4.1. Dynamics of fire return interval and fire cycle in SNP

Over the period from 1558 to 2014, the mean point-scale interval in
SNP was 46 years, slightly longer than that observed in the Bialowieza
forest (35 years) over generally the same time period (Zin et al., 2015).
The shortest point-scale fire interval, in SNP (6 years) was longer than
that recorded in southern Sweden in Norra Kvills Park (5 years)
(Niklasson and Drakenberg, 2001) and Białowieza forest (2 years) (Zin
et al., 2015). The lower limit of fire return interval at the point scale, is
controlled by the rate of fuel build-up, which varies along gradients in
climate and fuel properties (Schimmel and Granström, 1997). In the
pine forests of SNP, the dominating component of the shrub layer is

Calluna vulgaris (Seile and Rēriha, 1983), which recovers after five to six
years following a fire (Marozas et al., 2007). This estimate coincides
well with the minimum fire return interval of six years observed in this
study. In contrast, the ground vegetation in Białowieza is dominated by
grasses (Zin et al., 2015), likely speeding up fuel recovery and reducing
the minimum fire return interval. Relatively slow fuel recovery might
explain why the year 1834, with an exceptionally large fire in the
northwestern part of the Kurzeme peninsula (Fig. 1) (Sloka, 1930;
Cimermanis, 1998), was missing in our fire record (only one tree in our
dataset had a scar dated to that year), despite the fact that aprox-
imatetly 70% of all grid cells were recording during the1830s. The
previous large fire in SNP was recorded just eight years earlier, in 1826

Fig. 2. Cumulative sum of forested area burned (km2) at the grid-cell size 100×100m2, 300× 300m2, 500× 500m2, 700× 700m2 in Slitere National Park. The
broken lines represent 10th and 90th percentiles of the respective mean distribution. Fire events are marked as empty circles. Note the difference in the y-axis scales.

0

1

2

3

4

B
ur

ne
d 

ar
ea

,  
km

2

100x100 300x300 500x500 700x700

Grid cell size, m2

Reconstructed burned area
Actual burned area

Fig. 3. Observed and reconstructed burned forest area the 1992 fire, using the
grid cells of several sizes in Slitere National Park. The horizontal dashed line
represents the actual burned area during the 1992 fire, as estimated through the
forest inventory.

1750 1800 1850 1900 1950 2000

0.0

0.5

1.0

1.5

2.0

2.5

B
ur

ne
d 

ar
ea

, k
m

2  1
0−1

y

500×500 m2

10

15

20

25

30

35

40

45

R
ep

lic
at

io
n,

nu
m

be
r 

of
 g

rea
rs

   
   

   
   

   
   

   
   

   
 

id
 c

el
ls

   
   

   
   

   
   

   
   

  

1750 1800 1850 1900 1950 2000

0

1

2

3

4 700×700 m2

10

15

20

25

30

35

Years, AD

Fig. 4. Shifts in FC of Slitere National Park, calculated using fire prone areas
only and for two grid cell sizes over 1750–2000. The dashed lines represent
burned area in km2 per decade. The red line represents periods with a specific
fire cycle (i.e. fire epochs in respect to the dynamics of fire cycle), as identified
by the Rodionov shift detection method. The solid black line represents sample
depth, i.e. the number of recording grid cells. (For interpretation of the refer-
ences to colour in this figure legend, the reader is referred to the web version of
this article.)

M. Kitenberga, et al. Forest Ecology and Management 441 (2019) 192–201

196



and might have removed fuels to support the 1834 event.
Past fires likely removed considerable amounts of deadwood, as

suggested by the rare presence of old deadwood (only one sample had
more than 300 rings). As a result, the reconstructed period of burned
areas was rather short (250 years), as compared to northern Sweden
and south-central Norway, where well-replicated fire records often go
back to 14th and 15th centuries (Niklasson and Granström, 2000;
Drobyshev et al., 2014; Rolstad et al., 2017).

In the earlier epoch (1750–1950), a wide adoption of slash-and-burn
agriculture in Latvia likely promoted forest fire activity (Dumpe, 1999).
Slash-and-burn agriculture has been one of the main reasons for forest

destruction over recent centuries. Forest burnings have illegal since the
early 17th century. However, due to the unstable political situation and
poor state governance, fire remained a common forest disturbance
factor, until the middle of 19th century (Strods, 1999). Similar trends
have been observed in Fennoscandia and Bialowieza, where an increase
in fire activity during the 17th century and its subsequent decline in
the18th and 19th centuries have been linked to the human use of fire to
improve grazing conditions and/or tar production. Both of these ac-
tivities have declined due to the increasing economic value of timber
and the introduction of fire suppression policies (Niklasson and
Granström, 2000; Niklasson et al., 2010a; Rolstad et al., 2017).

The shift from high to literally non-existent fire activity (with the
exception of the large fire year of 1992) occurred in the middle of 20th
century (Fig. 4). These dynamics are a likely result of a drastic change
in the land-use, employment and agriculture systems in Latvia, which
took place during the Soviet Union period (Hiden and Salmon, 2013).
After the Second World War, the western coastline zone of the Baltic
Sea was designated exclusively for military purposes. The coastal
fishery was prohibited, except for the inhabitants of a few coastal vil-
lages (e.g. Sikrags, Kolka). In parallel, agricultural production experi-
enced a transition from private to collective farming, which led to the
abandonment of many remote and less productive fields and meadows,
due to decline in their economic value (Ržepicka and Ziemelniece,
2017). Consequently, a considerable proportion of the local population
had lost their main income source and migrated away from this region.
A similar decline in fire activity has been reported in a region of Russian
Karelia, near the Lake Venehjärvi, in the 1950s (Lampainen et al.,
2004).

The 20th century decline in fire activity in SNP mirrored a broader
trend of decreasing fire activity in Latvia (Donis et al., 2017). At the
country scale, the length of FC has increased from 1.1×103 years at
the beginning of the 20th century to 3.2×103 years at the beginning of
the 21st century (Donis et al., 2017). Similarly, in SNP, the length of FC
increased from 45 to 68 years (1750–1950) to 58–80 years (1960–2000)

Table 1
Fire cycles of FC epochs, as identified by the regime shift analysis, with cor-
responding confidence intervals for fire prone areas and the whole area of
Slitere National Park.

Grid size Epoch (from-to) Fire Cycle Lower
bound
(5%
quantile)

Upper
limit (95%
quantile)

(m2)

Fire prone
area

500×500 1750–1950 68 52.5 93.4
1960–2000 80 39.6 inf

700× 700 1750–1950 50 38.8 67.5
1960–2000 69 34.5 inf

Whole
study
area

500×500 1750–1950 60 46.0 84.0
1960–2000 66 22.1 inf

700× 700 1750–1950 45 34.1 62.5
1960–2000 58 19.4 inf

Fig. 5. Fire frequency for each recording grid-cell in Slitere National Park for
the grids with the cell size of 500×500 and 700×700m2. Red colour in-
dicates a shorter fire frequency while blue colour indicates a longer fire fre-
quency. (For interpretation of the references to colour in this figure legend, the
reader is referred to the web version of this article.)

Fig. 6. A map of the 1992 fire severity in Slitere National Park for the grids with
the cell size of 500× 500 and 700×700m2. Colours indicate an area of dead
forested areas within a grid cell. (For interpretation of the references to colour
in this figure legend, the reader is referred to the web version of this article.)
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depending on the grid size and the type of area included in the calcu-
lation (fire prone section only or the entire area). Observed differences
in FC length between the two periods in SNP appear minor, in com-
parison to Russian Karelia, where the FC increased from 75 years during
the 1551–1850 period to ∼400 years between1851 and 1950

(Wallenius et al., 2004). Socio-economic changes in Latvia during the
20th century has likely hindered the development of efficient forest
governance and fire suppression systems (King and Mcnabb, 2015).
This has made the decline in fire activity less dramatic, compared to
other parts of Northern Europe and Bialowieza.

We observed high spatial variability in the frequency of fires in the
SNP (Fig. 6). The highest risk of fire was observed in the northern and
western parts of the study area. Several inter-dune depressions are lo-
cated north and south of the study area, which were meadows until the
1920s (Abaja, 2011). We assume that the higher fire frequency might
be a result of fires escaping from grassland burnings, which were a
common soil fertility improvement practice, until the early 20th cen-
tury (Strods, 1999; Gustiņa, 2016). Similarly, in southern Scandinavia,
humans have been shown to facilitate fire activity through intentional
burnings prior to the 19th century (Groven and Niklasson, 2005).

Correspondence between socio-economic changes and fire activity
observed in the SNP over the centuries and decades extended to the
annual scale, with the timing of a single fire which appeared to coincide
with socio-political events. A 1905 fire occurred in the year of Russian
revolution, when manors, including those of Baltic German landlords,
were commonly destroyed by arson fire (Raun, 2006). In that year,
many forest fires were recorded in Dundaga parish (Fig. 1B), which
included the area of SNP at that time (Wätjen, 1994). Fires during
the1940s (during 1940, 1941, 1945) might be related to warfare during
the Second World War. Finally, the last fire in 1992 was a result of
arson, as reported by J. Jansons, a former inspector in SNP (personal
communication).

A large proportion of early season fires in the study area also points
to human influence on fire activity. Spring and early summer forest fires
are linked to field burning, which has been regularly carried out to
improve soil fertility at the beginning of the vegetation period (Groven
and Niklasson, 2005). In Latvia, grassland burning was a common
practice until the early 20th century (Gustiņa, 2016) and fire safely
regulations adopted in 1765, indicated that fire escaping from grassland
burnings was a common source of forest fires (Strods, 1999). The im-
portance of human-related ignitions during early-season fires is in-
directly supported by the analysis of lightning patterns in the area. In
coastal regions, lightning activity in the spring and first half of summer
is low, because the Baltic Sea surface is cold and upward moving air-
flows are weak, hindering the formation of thunderstorms (Enno et al.,
2013). This suggests that lightning-initiated forest fires in the coastal
area at the beginning of the vegetation season were rare, if not im-
plausible.

A climatic explanation of fire regime shifts in the middle of the 20th
century appears unlikely, since this period lacks significant changes in
precipitation or mean temperature, as well as in the frequency of ex-
treme weather events (Lizuma et al., 2010; Tammets and Jaagus, 2013;
Jaagus et al., 2014; Briede, 2016). However, years with fire activity in
Latvia have been shown to be closely associated with atmospheric
drought and high fire danger indices (Donis et al., 2017), which points
to the climate as an important factor influencing fire activity in the
study region. Exceptional conditions have been also recorded in 1826
and 1914, which are two large fire years in SNP. The summer of 1826
has been reported as being extremely hot and dry, with many large
forest and peatland fires being common in Latvia (Ebenhards, 2016).
July 1914 has been recorded as one of the warmest months in the
country during the 20th and 21st centuries (Briede, 2016). The last
large fire event in SNP in 1992 occurred after a prolonged drought
period (21 days without rain, Latvijas vides, 1992). This was a promi-
nent fire year in all three Baltic countries (Schmuck et al., 2015), ex-
emplifying the effect of climatic forcing on regional fire activity
(Drobyshev et al., 2014; Aakala et al., 2017).

4.2. Relationship between fire severity and historical fire occurrence

A substantial spatial variability of the 1992 burn severity (Fig. 6)

Fig. 7. Superimposed epoch analysis of gridded sea surface temperature in the
North Atlantic from May to August during the large fire years in Slitere National
Park (burned area > 1 km2) over the 1870–2000 period. Colour delineations
indicate SST anomalies significant at P < 0.10.
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was not correlated to the fire frequency at the grid cell level. Low
correlation between posterior mean spatial frailties and 1992 burn se-
verity (Suppl. section A) supported the notion of a more complex re-
lationship between disturbance legacies and burn severity. A study from
northern Sweden has suggested that the lack of suitable surface fuels
can limit fire spread up to 20 years following the previous fire
(Schimmel and Granström, 1997). The 1992 fire occurred in SNP after
an almost 50-year period with no fires. We speculate that the recovery
of ground fuels over this period removed the potential effect of past fire
frequency on fuel amounts. The shortest point-scale estimates of fire
return interval suggested that fuel build-up in SNP is closely linked to
the shrub layer composition, which can sustain fire spread for six years
following the previous fire.

4.3. Relationships of fire regime and SST

We observed a positive relationship between fire activity in SNP and
the average SST in the Baltic Sea and North Sea during June and July
(Fig. 7). The Baltic Sea is a relatively shallow, semi-enclosed brackish
sea, with limited water exchange with the Atlantic Ocean. Conse-
quently, the Baltic Sea SST is strongly influenced by regional air–sea
interactions, especially in the summer (Stramska and Bialogrodzka,
2015; Høyer and Karagali, 2016; Jakobson et al., 2017). There is a
strong correlation between mean air temperature and the Baltic SST
(Stramska and Bialogrodzka, 2015). The positive correlation between
fire activity and mean monthly SST of the Baltic and the North Seas
likely reflects dependence of both processes on the presence of a high-
pressure cell developing during the summer time and leading to the
drying of the forest fuels and warming up of the SST (Høyer and
Karagali, 2016). The weather pattern in the Baltic Sea region is strongly
influenced by westerlies in the autumn and winter. However, in the
summer their strength weakens, and the meridional circulation systems
become increasingly more important (Jaagus et al., 2010; Helama et al.,
2018). High pressure systems and meridional circulation with northerly
airflow have been linked to dry weather conditions in the Baltic Sea
region (Jaagus et al., 2010; Klavins and Rodinov, 2010) that dry fuels
and increase the forest fire hazard (Donis et al., 2017). High pressure
systems are also related to atmospheric blocking episodes, which can
last from few days up to few weeks and have been suggested as one of
the main factors affecting precipitation distribution in Europe during
summer (Ionita et al., 2015). In areas of the direct influence of atmo-
spheric blocking, precipitation amounts can decrease more than two
times (Sousa et al., 2017). Our results indicate that both fire activity in
SNP and the SST of the Baltic and the North Seas are strongly influenced
by the position and persistence of high-pressure systems in Northern
Europe during the summer.

We also observed a significant, yet spatially varying, negative as-
sociation between SNP fire activity and the North Atlantic SST (Fig. 7),
indicating a similar teleconnectivity pattern observed in an earlier
study of Northern Scandinavian fire activity (Drobyshev et al., 2016).
The cooling of the western North Atlantic has been suggested as moving
westerly wind tracks into more southerly positions, ultimately making
Northern Europe drier during the summer season. The less strong spa-
tial pattern observed in this study is likely due to the fact that this
analysis was based on a single site, rather than a region-wide synthesis
(Drobyshev et al., 2016).

4.4. Management implications

A knowledge of the SNP fire history is valuable in a larger geo-
graphical context, since it helps to define the long-term goals of nature-
based management guidelines in the hemiboreal zone in Europe. In
SNP, frequent fires were the dominating disturbance feature over the
past 250 years, shaping stand dynamics, structure and species dis-
tribution. Strong human influence on past fire regime suggests, how-
ever, that the estimates of historical fire cycles and fire return intervals

over that period cannot be viewed as a reference representing natural
(human-free) variability in disturbance extend and frequency.

Future management of SNP may consider using prescribed burnings
with their frequency, spatial extent and severity, depending on the set
goals of the nature protection policy. Prescribed surface burns can be a
valuable management tools to promote pine regeneration (Kuuluvainen
and Rouvinen, 2000; Marozas et al., 2007). Encroachment of spruce
currently occurs in more mesic section of SNP, which escaped the 1992
fire (Brumelis et al., 2005). This pattern implies that a prolonged ab-
sence of fire leads to changes in forest species composition towards
more shade-dominant vegetation, as observed in Fennoscandia and
Belowieza (Niklasson and Drakenberg, 2001; Niklasson et al., 2010a,
2010b; Zin et al., 2015). Without fire intervention, long-term pine
stands can probably dominate only on dry and nutrient-poor soils,
where spruce establishment is obstructed by unsuitable soil conditions
(Sutinen et al., 2005; Wallenius et al., 2010). Prescribed burns can also
be important to create fresh deadwood, which is an important habitat
for fugal (Olsson and Jonsson, 2010) and saproxylic beetles (Hyvärinen
et al., 2006).

Potential trade-offs associated with prescribed burns include the
loss of valuable pre-fire existing deadwood (Eriksson et al., 2013) and a
loss of threatened epiphytic lichens species (Hämäläinen et al., 2014).
Careful consideration of these trade-offs is definitely warranted, –
particularly due to a limited knowledge of the long-term effects of
conservation burns on stand structure and their successional trajec-
tories (Eales et al., 2018).

In addition to their ecological importance, prescribed fires can help
minimize the risk of uncontrolled large-scale fire spread, by reducing
the amount and continuity of fuels (Angelstam and Kuuluvainen, 2004;
Drobyshev et al., 2008). Implementing these conservation and fire risk
reduction tools, will require communication among different stake-
holders, government and nature protection organisations as well as the
engagement of local communities (Eales et al., 2018).
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The aim of this study was to compare medium-term growth dynamics of Scots pine (Pinus sylvestris 
L.) in areas after forest fire and clearcut in different forest types to improve the understanding of 
post-fire growth of trees in hemiboreal forest zone. The data were collected at four Scots pine 
dominated forest stands located in northern and central parts of Latvia (56°45´ - 57°40´N; 22°32´-
24°98´E) burned or clearcut in 1992, 2004 and 2006; forest types Vacciniosa, Vacciniosa mel and 
Myrtillosa mel. In each study site 100m2 and 25 m2 circular plots were placed systematically and 
height increment of Scots pine were measured. The average height of Scots pine at the age of 8 years 
was 167±54.2 cm Vacciniosa and 230±90.3 cm Myrtillosa mel. At the age of 10 years 184+71.1 cm 
Vacciniosa mel, and at the age of 22 years 360±214.1 cm Vacciniosa. Our results demonstrated that 8 
years after the forest fire mean height of Scots pine was significantly lower in burned areas in 
comparison to clearcut, but there were no significant differences in mean height of trees 10 and 19 
years after forest fire. It indicates, that impact of forest fire on tree growth diminishes over time and 
in forest types on more fertile soil its effect is more limited than on poor soil. Tree height was notably 
more variable in all the burned areas in comparison to the control areas.  
 
Keywords: forest fire, forest type, height increment. 
Parole chiave: incendi boschivi, tipo di foresta, altezza incremento.    
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1. Introduction  
 
Latvia is located in hemiboreal forest zone and its 
forests cover, according to National forest inventory is 
52%. During last decade forestland has been expanding 
gradually due to afforestation of less fertile and 
abandoned agriculture land. In 2013 forest sector 
generated around 6% of country’s GDP according to 
Ministry of Agriculture statistics. There are different 
kinds of natural disturbances in hemiboreal forests, like 
forest fires, windthrows, insects and disease outbreaks 
which are essential elements of ecosystem dynamics. 
In order to improve post-disturbance silviculture 
practices it is important to understand how to mitigate 
negative and use positive effects of these disturbances. 
Historically forest fires have been a component of the 
forest ecosystem dynamics, but at least for the last 3 
millenniums main cause of them is human activity. 
Nowadays forest fire occurrence in hemiboreal forest 
zone in Europe has declined due to the effective forest 
fire protection systems.  
The number of forest fires varies every year. In last 24 
years the total forest area burned per year in Latvia 
vary from 90 ha in year 2012 to 8412 ha in 1992, on 
average every year in Latvia fire affects 1083 ha of 
forest land according to Latvian State Forest statistics. 
In year 2013 93% of all forest fires were human 
caused. Moreover notably more fires occur around 
urban areas, for example, 22% of all forest fires in 

2013 occurred close to capital city Riga (Leisavnieks, 
2013). Similar situation has been observed across 
northwest Europe: the majority of forest fires is caused 
by humans and located in vicinity of cities (Hille and 
den Ouden, 2004). According to the climate-change 
scenarios, a rise of the mean temperature 2.5 °C in the 
territory of Latvia until the end of the century is 
expected, meanwhile the increase of rainfall will be 
minimal, causing prolonged periods of drought (Aigars 
et al., 2009). This situation will inevitably lead to 
increase in frequency of years with very high fire risk 
(calculated based on Nesterov index and Canadian 
Forest Fire Weather Index) as well as in days per year 
with very high fire risk. Very high fire risk indicates 
both high flammability of organic material (litter, duff 
etc.) as well as high temperatures during the fire, thus 
increasing fire likelihood of forest fire to initiate as 
well as its severity. In future in Latvia higher forest fire 
risk are mainly expected in forest types on poor and 
dry soils where the dominant tree species mostly is 
Scots pine. Scots pine is categorized to withstand 
moderate severity fire (Granströem, 2001). It is impor-
tant to understand post-disturbance stand development 
dynamics in order to find most suitable stand 
regeneration methods in future.  
Therefore aim of this study was to compare medium-
term growth dynamics of Scots pine (Pinus sylvestris 
L.) in areas after forest fire and clearcut in different 
forest types.  
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2. Materials and methods 
 
2.1 The study area 
The study area is located in northern and central parts of 
Latvia (56°45´- 57°40´N, 22°32´-24°98´E). The average 
annual temperature in territory of Latvia is +5.9 °C, on 
average July is the warmest month with the average 
temperature is +17.0 °C, the coldest months of the year 
are January and February with the average temperature 
from – 4.6 to – 4.7 °C. The mean amount of preci-
pitation annually is 667 mm. The months with the most 
of precipitation on average 78 mm are July and August. 
The months with the lowest amount of precipitation on 
average 33 mm are February and March according to 
Latvian Environment, Geology and Meteorology Centre 
statistics. 
 
2.2 Data sampling and data analysis  
The data were collected in four Scots pine (Pinus 
sylvestris L.) dominated forest stands in summer and 
autumn in 2014. In all sites has been recorded high 
severity- stand replacing forest fire, followed by salvage 
clearcutting. Sites were regenerated by planting in year 
1992 (Slitere, Vacciniosa forest type), 2004 (Ugale, 
Vacciniosa mel. forest type) and 2006 (Jaunjelgava and 
Dalbe, Vacciniosa and Myrtillosa mel. respectively). 
Clearcut area of the same year and forest type, 
regenerated by Scots pine, located close to the respective 
site were chosen as comparison.  
At each study site 100 m2 and 25 m2 circular plots were 
placed systematically and height increment of Scots 
pine, Silver birch (Bentula pendula Roth.), Norway 
spruce (Picea abies L.) and Trembling aspen (Populus 
tremuloides) was measured. Student’s T-test was used 
to assess significant differences between areas after 
forest fire (further in text referred as burned) and 
control areas.  
 
3. Results 
 
The average height of Scots pine at the age of 8 years 
was 167±54.2 cm (mean±SD) in Vacciniosa forest type 
and 230.4±90.3 cm in Myrtillosa mel forest type. At both 
sites mean height of Scots pine was significantly higher 
(p=0.001) in the control areas than in the burned areas 
(Tab. 1). The difference between burned and control 
areas was from 25 to 36 cm, higher height difference 
were found in forest type on poorest soil (Vacciniosa). 
At these sites also the Scots pine height increment of the 
last 3 years demonstrated similar tendency i.e. gradual 
increase of height difference between burned and control 
areas (Fig.1. A, B). At age of 10 years in Vacciniosa mel 
forest type no significant (p>0.1, α=0.05) height diffe-
rences between control and burned areas was observed, 
however, it is a results of changes during last years, 
since at the age 7 years pines were significantly higher in 
the burned areas than in control (Fig. 1 C).  
At the age of 19 years in Vacciniosa forest type no 
significant height differences between burned and 
control areas (p=0.76, α=0.05) was observed (Fig. 2). 
Moreover there was no significant height differences 
between burned and control areas in the last two years.  

Scots pine height was clearly more variable in all the 
burned areas compared to control areas. At burned areas 
variation coefficient ranged from 32-59%, but in control 
areas from 29-50 % respectively (Tab. 2).  
The highest Scots pine height variability observed in 
Vacciniosa forest type at age of 19 years in burned area 
was 59% but in control –50%. The most even distributed 
height of Scots pine is observed in Vacciniosa forest type 
at age of 8 years in burned areas 32 % but in control areas 
29%. Density of Scots pines was notably and significantly 
higher in burned areas in comparison to clearcuded in 
both sites in Vacciniosa forest type and lower in Vacci-
niosa mel. forest type; density of other tree species (birch, 
aspen, spruce) was significantly higher in clearcuted sites 
only in tow oldest areas (Ugale and Slitere). Plot-mean 
level correlation between density of other tree species and 
density Scots pine varied widely, but was not significant 
in any of the sites (Tab. 2).  
 
4. Discussion 
 
Number of studies has analyzed post-fire regeneration 
and short-term growth trends. For example, positive 
effect of forest fire on Scots pine regeneration is reported 
by Hille and den Ouden (2004): they found that Scots 
pine recruitment in Oxalio-Myrtillo-Cultopinetum sylve-
stris forest sites was more successful and height signi-
ficantly higher after medium severity fires than after soil 
scarification in clearcut areas in Germany. Similarly, in 
Lithuania regeneration of Scots pine in first 4 years after 
low intensity fire in Vaccinium forest type was more 
successful than in control areas, although height incre-
ment wasn’t measured in this study (Marozas et al., 
2007). However, there is very limited number of studies 
covering medium-term impact of forest fire on tree 
growth that is the object of our study. Our results 
demonstrate that after the fire growth of Scots pine is 
significantly slower at age of 8 years in Vacciniosa and 
Myrtillosa mel forest types, but at age of 10 and 19 years 
no significant mean height differences were observed at 
burned and clearcut areas in Vacciniosa mel and 
Vacciniosa forest types. In Canada study results shows 
that in black spruce stand height differences between 
burned and clearcut area disappear at age 50 years on 
sandy loam soils (Ruel et al., 2004). Negative effect of 
forest fire on tree growth, decreasing over time, is linked 
to its impact on soil. During high severity forest fire 
large part of organic matter is consumed, soil characte-
ristics i.e. porosity and structure are degraded (Certini, 
2005) and root system and mycorrhizas are damaged 
(Hille, 2006). Also significant loses from forest floor of 
K and N have been observed at young stands after forest 
fire, while no significant loss of soil nutrients were 
observed after clearcut harvesting (Simard et al., 2001). 
The higher height difference between burned and control 
areas was found in Vacciniosa forest type at age of 8 
years. On average in non-disturbed Vacciniosa (poor 
sandy soil) forest floor humus layer is 5 cm thick, while 
in Myrtillosa mel (sandy loam soil) humus layer is 
around 20 cm. It could explain the higher absolute and 
relative tree height differences between burned and 
clearcut areas observed in Vacciniosa in comparison to 
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Myrtillosa mel.: effect of forest fire on thinner humus 
layer could be more degrading and soil nutrient leakage 
is more intense from sandy soils than from sandy loam 
soils. In Vacciniosa mel forest type with relative thick 
humus layer (20 cm on average) all organic material 
may not be consumed also during high intensity forest 
fire and could therefore explain, why no significant 
height differences are observed for Scots pine at the age 
of 10 years between burned and clearcut areas in this 
forest type. Negative effect of forest fire on soil (total 
mass of organic carbon, extractable Ca, P and pH), 
lasting longer than the age of trees of in our study (for 21 
years) was found in boreal forest zone (Simard et al., 
2001). Sooner disappearing impact of forest fire in our 
study could be explained by differences of climatic 
conditions (as the nutrient cycling and accumulation of 
organic matter is faster in hemiboreal or nemoral, than in 
boreal zone) or forest type. Scots pine and other tree 
species density in our study varied significantly between 
treatments and sites; moreover we did not find 
significant correlation between Scots pine density and 
other tree species densities. Tree densities at commercial 
stands are mainly influenced by timing and intensity of 
thinning (not known in our study sites) therefore we 
cannot attribute observed differences to influence of 
forest fire. Stand-development following fire disturbance 
primarily depends on the fire severity and the scale of 
damage to the ecosystem (Hille, 2006). Scots pine height 
variation was higher at burned sites compared to control 

areas. Similar results have been observed by Taylor et 
al. (2013) in boreal forests and these differences can be 
explained by different spatial heterogeneity of forest fire 
severity which is affected by stand composition and fuel 
load (Kafka et al., 2001) weather conditions and topo-
graphy (Taylor et al., 2013).  
This heterogeneity affects humidity, soil moisture and 
temperature, crucial for early development stages of 
trees (Hille and den Ouden, 2004) as well as nutrient 
availability, important to boost tree growth. Patches of 
lower fore intensity might even have had a positive 
influence on availability of soil minerals and eliminate 
plant competition (Certini, 2005), therefore boosting 
growth of particular trees.  
Therefore further studies shall include soil- analysis to 
improve the understanding of the causes of observed 
Scots pine height differences and cover higher number 
of sites and sample plots to address the impact of 
heterogenity and better reveal the medium-term impact 
of forest fire.  
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 Table 1. Tree height in stands after forest fire and clearcut. 

 

Site 
Forest type Treatment Mean height of 

Scots pine (cm) SD (cm) 
Mean height of birch, 

aspen, spruce tree 
species (cm) 

SD (cm) 

Burned 167 54.2 147 83.3 Jaunjelgava  
Vacciniosa Control 202 57.9 165 151.6 

Burned 230 90.3 146 64.2 Dalbe  
Myrtillosa mel Control 254 85.9 125 52.1 

Burned 184 71.1 78 44.8 Ugale  
Vacciniosa mel  Control 192 69.4 117 64.9 

Burned 360 214.1 75 53.8 Slitere  
Vacciniosa  Control 356 179.1 119 71.9 
SD - standard deviation  
*differences between burned and clearcuted sites statistically significant  

 
 
Table 2. Variation of Scots pine height at burned and control sites. 

 

Sites Treatment Coefficient of 
variation 

Scots 
pine ha-1 

Birch, aspen, spruce 
trees ha-1 Correlation 

Burned 32% 2829* 2800 0.10 Jaunjelgava  
Vacciniosa Control 29% 3815 5070 0.21 

Burned 39% 3174 3076 -0.06 Dalbe 
Myrtillosa mel Control 34% 2995 2633 -0.16 

Burned 39% 2820* 565* -0.34 Ugale  
Vacciniosa mel Control 36% 2008 3602 -0.29 

Burned 59% 1918* 1362* 0.09 Slitere  
Vacciniosa Control 50% 4457 6811 0.64 
Correlation-plot mean correlation between density of Scots pine and density of other tree species 
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Figure 1. Average height of Scots pine at the 
age of 5 to 8 years in Myrtillosa mel (A) and 
Vacciniosa (B) forest type and at age of 7 to 10 
years in Vacciniosa mel (C) forest type. 

Figure 2. Average height of Scots pine at the age of 
17 to 19 years in Vacciniosa forest type.

RIASSUNTO 

La dinamica della crescita in altezza 
del pino silvestre (Pinus sylvestris L.) nelle aree 

bruciate e in quelle disboscate a taglio raso  
delle foreste emiboreali, Lettonia 

L’obiettivo di questo studio era quello di comparare la 
dinamica di rigenerazione e crescita di lungo periodo 
del pino silvestre (Pinus sylvestris L.) nelle aree 
bruciate e in quelle disboscate a taglio raso per miglio-

rare la comprensione delle conseguenze a lungo 
termine dell’incendio boschivo nella zona delle foreste 
emiboreali.  
I dati sono stati raccolti in quattro soprassuoli forestali 
dominati da pino silvestre situati nelle parti setten-
trionali e centrali della Lettonia (56°45´ - 57°40´N; 
22°32´-24°98´E), bruciati o disboscati a taglio raso nel 
1992, 2004 e 2006; tipi forestali: Vacciniosa, Vacci-
niosa mel e Myrtillosa mel.  
In ogni area di studio sono stati localizzati in modo 
sistematico i plot circolari di 100 m2 e di 25 m2 ed è 
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stata misurata la crescita in altezza del pino silvestre. Il 
test T è stato usato per stimare differenze significative 
tra le aree bruciate e quelle di controllo. L’altezza 
media del pino silvestre all’età di 8 anni era 167±54.2 
cm (media ± DS) – Vacciniosa e 230±90.3 cm – 
Myrtillosa mel. All’età di 10 anni: 184+71.1 cm – 
Vacciniosa mel, e all’età di 22 anni: 360±214.1 cm – 
Vacciniosa. I nostri risultati hanno dimostrato che 8 
anni dopo l’incendio boschivo l’altezza media del pino 
silvestre era significativamente più bassa nelle aree 
bruciate rispetto a quelle disboscate a taglio raso. 
Comunque 10 e 19 anni dopo l’incendio boschivo non 
abbiamo constatato differenze significative dell’altezza 
media del pino silvestre tra le aree bruciate e quelle di 
controllo. Ciò potrebbe indicare che l’importanza delle 
conseguenze dell’incendio col passare del tempo sta 
cambiando. Inoltre l’altezza dell’albero era notevol-
mente più variabile in tutte le aree bruciate che nelle 
aree di controllo. 
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ABSTRACT 

In post-disturbance areas, salvage logging is a common management practice that can negatively affect 
ecosystem services and alter successional pathways of natural regeneration. In this study, we aim to 
investigate the effects of salvage logging in post-fire areas on the regeneration and height of Scots pine 
(Pinus sylvestris L.) on dry-poor, wet-poor, and peat soils. We used the Poisson generalised linear 
mixed-effects model and linear mixed-effect model to assess the effects of salvage logging on the 
abundance and height of Scots pine. In all forest types in post-fire areas, Scots pine and birch (Betula 
pendula Roth and Betula pubescens Ehrh.) were the most common tree species, accounting for 70% to 
100% of the total regeneration abundance. Salvage logging resulted in significantly higher abundance 
of Scots pine only on mesic-peat soil. Mean height of Scots pine was significantly lower in stands with 
larger abundance of remnant living trees. In our study, we did not find conclusive evidence of negative 
effects of salvage logging on the abundance and height of Scots pine. 

 

 

KEYWORDS: Scots pine, natural regeneration, salvage logging, fire disturbance 

  



2 

INTRODUCTION 

In Europe, forest fires have been an integral part of Scots pine (Pinus sylvestris L.) 
dominated forests, altering successional pathways and stand dynamics (Granström 2001; 
Bowman et al. 2009). The majority of forest fires in European temperate, hemiboreal, and 
boreal forests have low- to moderate-severity (Gromtsev 2002; Wallenius et al. 2002; Zin et 
al. 2015;), causing partial mortality of the canopy layer (Östlund et al. 1997; Kuuluvainen et 
al. 2002). In post-fire areas, biological legacies (remnant living/dead trees) are a vital part of 
forest ecosystem resilience, as they facilitate ecological recovery (Seidl et al. 2014; Jõgiste et 
al. 2017). In post-fire areas, living remnant trees provide seeds and create a favourable 
microclimate for seedling establishment (Vanha-Majamaa et al. 1996; Moser et al. 2010), but 
can compete with regenerating trees for light and nutrient resources, causing a negative effect 
on their abundance and height growth (Kuuluvainen et al. 1993; Parro et al. 2015). Dead 
retained trees can reduce evaporation (Moser et al., 2010) and create suitable microsites for 
regeneration (Vanha-Majamaa et al. 1996; Kuuluvainen and Kalmari 2003).   

Salvage logging (SL) is a silvicultural practice when damaged trees are removed from 
disturbed forest areas. The key motivation of SL may vary from case to case depending on the 
disturbance type and forest protection regime, but there are several reasons for its use: 
economic reasons, pest control, safety issues, fuel reduction, and restoration (Nieuwenhuis and 
Fitzpatrick 2002; Fraver et al. 2011; Havašová et al. 2017; Bodaghi et al. 2018; Kärhä et al. 
2018; Müller et al. 2019). Moreover, SL in post-disturbance areas creates interactions between 
effects of two consecutive disturbances in a short period, which can have negative ecological 
effects (Thorn et al. 2017; Leverkus et al. 2018). In addition, SL alters the ground 
microtopography (Waldron et al. 2013), nutrient cycling (Smith et al. 2012), and successional 
pathways of natural regeneration (Beghin et al. 2010). Studies have shown that SL can have a 
negative effect on water quality (Smith et al. 2012), soil (Page-Dumroese et al. 2006; García-
Orenes et al. 2017; Malvar et al. 2017;), natural regeneration (Beghin et al. 2010; Boucher et 
al. 2014; Parro et al. 2015), and biodiversity (Thorn et al. 2017; Leverkus et al. 2018). 
Similarly, SL can negatively affect ecosystem services (Lindenmayer and Noss 2006) and 
increases carbon dioxide (CO2) emissions (Serrano-Ortiz et al. 2011). 

In dry areas, forest fires occur more frequently than on wet or peat soils; however, after 
prolonged periods of drought, many waterlogged areas dry out and become fire-prone 
environments (Granström 2001; Hellberg et al. 2004; Gustafsson et al. 2019). In Northern 
Europe, the effects of fire have been studied in poor and dry growth conditions (Lampainen et 
al. 2004; Castro et al. 2004; Parro et al. 2015), but information on natural regeneration after 
fire on wet and peat soils is limited. Therefore, the aim of the study was to assess the influence 
of post-fire management type (no intervention and SL) on natural generation of Scots pine and 
other tree species in five different forest types (Cladinoso-callunosa, Vacciniosa, Vaccinoso-
sphagnosa, Sphagnosa, and Caricoso-phragmitosa). Considering the negative effects of SL on 
soil compaction and erosion (García-Orenes et al. 2017; Malvar et al. 2017) and the 
regeneration of Scots pine on poor and dry soils (Vaccinium uliginosum, Calluna sites types) 
and entisols in the Alps (Beghin et al. 2010; Parro et al. 2015), we hypothesised that abundance 
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and height of Scots pine would be lower on all types of soil after SL, in comparison with 
regeneration in non-intervention areas. 
 

METHODS 

Study Area 

The study area is located in Slītere National Park (SNP) in the north-western part of 
Latvia in the hemiboreal forest zone (Ahti et al. 1968) (Fig.1). The landscape of SNP is a unique 
inter-dune peatland complex of the coastal area of the Baltic Sea, which began to form from 
7500–4000 BP when the sea level decreased (Kalnina et al. 2015). The sandy dunes stretch 
parallel to the coastline of the Baltic Sea, and the largest of the sandy dunes reaches up to 15 km 
in length and 50 m in width. The sandy dunes are predominantly covered by Scots pine-
dominated forests (Seile and Reriha 1983). Old forest inventory plans from the 1970s show 
that the studied landscape was mainly dominated by pine (more than 90% of the stands). Over 
the last 5000 years, peat has accumulated in depressions between sandy dune ridges, creating 
transitional mires and raised bogs (Pakalne and Kalnina 2005). On sandy dune ridges, the 
ground vegetation layer is dominated by ericaceous dwarf shrubs (Calluna vulgaris L.), but in 
drier sites, lichens (Cladonia spp.) or mosses (Dicranum spp.) dominate (Seile and Reriha 
1983). 

 

 

Figure 1. A -location of sample plots in Slītere National Park. Each sample plot character shows a forest 
compartment where 10 sample plots were placed. 

 
Over the last 250 years, fire has been a common disturbance in pine-dominated forests 

in SNP, with a relatively short fire cycle of 45 to 80 years, which has been strongly influenced 
by the socio-political situation in this region (Kitenberga et al. 2019). Presumably, the high 
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frequency of forest fires in the past has maintained the dominance of pine in this landscape 
(Brumelis et al. 2005; Kitenberga et al. 2019). 

The last large fire in the SNP area occurred at the beginning of July in 1992 after a 
prolonged period of drought, when a total of 3100 ha burned, of which 1032 ha were forested 
(Donis 1995). The fire severity was high in the northern and eastern sides of the burned area, 
where tree mortality in the canopy layer reached 80% to 100%, compared to 0% to 40% on the 
western and southern sides (Kitenberga et al. 2019). The largest part of the burned area (~95%) 
remained without any silvicultural management due to the nature protection status of SNP. 
Economic reasons were the main motivation for SL in a part of the stands, which was conducted 
in autumn of 1992. Several places with a mean size of 3.7 ha, ranging from 0.2 to 10 ha were 
salvage logged in burned areas nearby roads (Fig. 1). In the two largest SL areas (approximately 
10 ha), 5 to 10 retention trees were left per hectare. The shape of the SL areas was largely 
determined by the topography of the sandy dunes; hence, the majority of SL areas were rather 
long (200 to 1500 m) and narrow (width 20 to 160 m) (Fig. 1). The trees were cut using 
chainsaws, and logging slash was retained. The logs were skidded using rubber-tyre tractors, 
which could pull one to two logs at the same time. 

Two studies with the aim to investigate the natural regeneration pattern were previously 
conducted in the 1992 burned areas of SNP, respectively two years (Donis 1995) and seven 
years following the fire (Zadina et al. 2014). The sampling plot coordinates of these two studies 
have not been preserved, prohibiting the opportunity to carry out repeated measurements. 
The climate conditions in the study area are strongly influenced by the Baltic Sea. The long-
term (1960–2010) mean annual air temperature is +6.4°C. The coldest month is February 
(mean temperature is -2.9°C), and the warmest months are July and August (+16.5°C and 
+16.2°C, respectively). The mean precipitation is 606 mm. Length of the vegetation period 
(diurnal temperature exceeds 5°C ) is approximately 194 days (Avotniece et al. 2017). 
Sampling Design 

In the area affected by the 1992 fire, we randomly selected non-intervention areas in the pool 
of stands having basal area of undamaged trees < 6 m2 ha-1. We similarly selected SL areas. 
For both management types, we placed sampling plots along the longest axis of the selected 
areas. The studied plots included five forest site types (Bušs 1976): (1) dry and poor mineral 
soil Cladionoso-callunosa (CCT), (2) dry and less poor mineral soil Vacciniosa (VT), (3) wet 
and poor mineral soil Vaccinoso-sphagnosa (VST), (4) poor peat Sphagnosa (ST), and (5) 
medium-fertility peat Caricoso-phragmitosa (CPT) (Table 1). The size of the sampling plots 
was 25 m2 (r = 2.82 m). The sampling was performed in the summer of 2014. In total, we 
placed 196 plots in SL and 323 plots in non-intervention areas (Fig. 1, Table 2). In sampling 
plots, all trees (height > 30 cm) were identified by tree species, and the height was measured 
using a survey-grade rod. Large living trees within a 10-m radius from the outer margin of the 
sampling plot were identified. 
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Table 1. Description of forest site types according to the Latvian forest classification (Bušs 1976). 
Notes: * I: highest bonity site index (the most productive sites); V: lowest site index (the poorest sites) 
 

Forest site types 

Soil 
compositi
on 

Soil moisture 
regime 

Dominant tree 
species  

Site index* 
(bonity class) 

Dominant ground 
vegetation 

Cladinoso-
callunosa (CCT) 

poor 
podzol 
quartz 
sand dry Scots pine IV-V 

Calluna vulgaris; 
Vaccinium vitis-
idaea; Cladina 
spp;  

Vacciniosa (VT) 

poor 
podzol 
quartz 
sand dry Scots pine III 

Vaccinium vitis-
idaea; Vaccinium 
myrtillus; 
Calluna vulgaris; 
Pleurozium 
schreberi 

Vaccinoso-
sphagnosa (VST) 

poor 
podzol 
quartz 
sand 

seasonally 
saturated 
with water Scots pine IV 

Sphagnum; 
Vaccinium vitis-
idaea; Vaccinium 
uliginosum; 
Vaccinium 
myrtillus 

Sphagnosa (ST) 

 
poor 
Eriophoru
m-
sphagnum 
peat  wet 

Scots pine, rarely 
silver birch  V 

Sphagnum; 
Calluna vulgaris; 
Oxycoccus 
palustris; 
Eriophorum spp 

 
 
Caricoso-
phragmitosa 
(CPT) 

medium 
rich 
Carex-
wood peat  wet 

Scots pine, silver 
birch, and downy 
birch  III 

Sphagnum; Carex 
spp; Phragmites 
spp; 
Calamagrostis 
spp 
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Table 2. Number of sampling plots per management type and forest site type, and number of 
regenerating trees according to forest site type, management type, and species. 

Forest site type Number of plots per soil type Tree species  Number of trees  

 
No 

intervention 
Salvage 
logging   

No 
intervention 

Salvage 
logging  

Cladionoso-
callunosa 109 40 

Scots pine 1336 548 
birch 158 81 
Norway spruce 16 1 

Vacciniosa 50 100 

Scots pine 979 1691 
birch 344 877 
Norway spruce 10 43 
trembling aspen 3 5 
black alder 36 33 

Vaccinoso-
sphagnosa 64 36 

Scots pine 1345 903 
birch 620 890 
Norway spruce 35 74 
black alder 4 43 

Sphagnosa 70 10 

Scots pine 1565 204 
birch 1260 432 
Norway spruce 6  
black alder 1   

Caricoso-
phragmitosa 30 10 

Scots pine 54 136 
birch 355 298 
Norway spruce 6  
black alder 157   

 

Statistical Analysis 

To assess the effects of the stand parameters and post-fire management type on the 
abundance of naturally regenerating Scots pine, we employed a Poisson generalised linear 
mixed-effects model (GLMM). The initial GLMM model was Number of Scots pine = Forest 
site type + Management type + Number of remnant trees + Remnant pines + Spatial covariate 
+ Forest site type: Management type + Forest site type:Number of remnant trees + Forest site 
type:Remnant pines + (1|Compartment/Sampling plot/Tree ID). We used a linear mixed-effect 
model (LME) to assess the effect of different variables on the mean height of Scots pine. Tree 
height was log-transformed to minimise the heteroscedasticity effects. The initial LME model 
was log (height of Scots pine) = Forest site type + Management type + Number of remnant 
trees + Remnant pines + Spatial covariate + Forest site type: Management type + Forest site 
type:Number of remnant trees + Forest site type:Remnant pines + (1|Compartment/Sampling 
plot). The tested interaction between the factors are identified using colon (:) in both models. 
Sampling plots were nested in compartments, both of which were used as random effects in the 
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both models to account for possible correlation of observations from the same sampling unit. 
The observation-level random effect (Tree ID) was added to the GLMM model to cope with 
overdispersion (Harrison 2014). To account for spatial dependence, we added a distance-
weighted spatial autocovariate as a variable in the models. After removing non-significant 
interaction terms, the final model was chosen using the Akaike information criterion 
(McGullagh and Nelder 1989). We used the Tukey HSD multiple-comparison test to assess the 
differences between the levels of significant factors. We used Analysis of Similarity 
(ANOSIM), which is non-parametric ANOVA-like analysis, to determine significant 
differences in species composition between natural regeneration under different post-fire 
managements. The significance of the differences was obtained by performing 999 
permutations (Clarke 1993). All calculations were performed in R v.3.5.0 (R Core Team 2018), 
using the package lme4 (Bates et al. 2015) for the LME and GLMM, the package multcomp 
(Hothorn et al. 2008) for the Tukey multiple comparisons, the package spdep for the spatial 
autocovariates (Bivand et al. 2013), and the package vegan (Oksanen et al. 2019) for the 
ANOSIM. 

 

RESULTS 

Regeneration Abundance of Scots Pine and Other Tree Species 

Scots pine and birch (Betula pendula Roth and Betula pubescens Ehrh.) were the most 
common tree species in all sampled forest site types and together accounted for 70% to 100% 
of the total abundance of regenerating tree species (Table 3). Common aspen (Populus tremula 
L.), Norway spruce (Picea Abies (L.) H. Karst.) and black alder (Alnus glutinosa (L.) Gaertn.) 
established in low proportion of total abundance, ranging from 0.1% to 6%, except in one non-
intervention Caricoso-phragmitosa site where black alder constituted 27% of the natural 
regeneration. Scots pine was the most abundant tree species under both management types in 
forests on sandy soils (Cladinoso-callunosa, Vacciniosa, Vaccinoso-sphagnosa) (Table 2).  
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Table 3. Regeneration abundance per ha under the two management types in the post-fire area in Slītere 
National Park. SD - standard deviation 

  No-intervention Salvage-logging 
Forest site type / 
Tree species Mean SD Mean SD 

Cladionoso-callunosa 
Scots pine 4902 4483 5480 4595 
birch 579 1373 810 1168 
Norway spruce 58 384 10 63 
Vacciniosa 
Scots pine 7832 5664 6764 4322 
birch 2752 3721 3508 3537 
Norway spruce 80 255 172 444 
black alder 288 1241 132 601 
trembling aspen  24 125 20 104 
Vaccinoso-sphagnosa 
Scots pine 8406 5236 10033 5850 
birch 3875 4775 9888 5725 
Norway spruce 218 821 822 1331 
black alder 25 157 477 875 
Sphagnosa 
Scots pine 8942 5321 8160 8456 
birch 7200 6669 17280 6015 
Norway spruce 34 131 0 0 
black alder 5 47 0 0 
Caricoso-phragmitosa 
Scots pine 720 745 5440 1740 
birch 4733 4095 11920 3616 
Norway spruce 80 244 0 0 
black alder 2093 3049 0 0 

 

GLMM showed that post-fire regeneration abundance of Scots pine was significantly 
affected by site type, spatial covariance, and interactions between site type and management 
type (Table 4). The highest abundance of Scots pine was observed in SL Vaccinoso-sphagnosa 
(10033 ± 5850 standard deviation (SD)), and the lowest in non-intervention Caricoso-
phragmitosa (720 ± 745 SD) (Table 3). When we comparted the levels of interaction factor 
(site type* management type) the only significant (p < 0.05) difference between management 
types was observed in the Caricoso-phragmitosa forest site type (Fig. 2). 
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Table 4. The main effects of explanatory variables and their interaction (*) on the regeneration 
abundance of Scots pine (Poisson generalised linear mixed-effects model)

Explanatory Variable Likelihood Ratio Chi-square Degrees of Freedom p-value

Forest site type 50.5 4 < 0.001
Management type 1.4 1 0.233
Number of remnant trees 1.2 1 0.267
Remnant pines 2.8 1 0.09
Spatial covariate 13.2 1 < 0.001
Site type * Management type 16.3 4 0.002

Figure 2. Total regeneration abundance per ha (and standard deviation) under the two management 
types in a post-fire area in Slītere National Park. Forest site types: (1) CCT: Cladinoso-callunosa, (2) 
VT: Vacciniosa, (3) VST: Vaccinoso-sphagnosa, (4) ST: Sphagnosa, and (5) CPT: Caricoso-
phragmitosa.

ANOSIM showed that species composition of the naturally regenerated trees 
significantly differed between post-fire management types in Vaccinoso-sphagnosa (stat. R = 
0.13, sig =0.001) and Caricoso-phragmitosa (stat. R = 0.29, sig = 0.006) sites. In Vaccinoso-
sphagnosa sites, the proportion of birch and black alder was considerably higher in SL areas 
than in non-intervention areas. In Caricoso-phragmitosa sites, the proportion of Scots pine 
regeneration was considerably higher in SL than in non-intervention areas, while the proportion 
of black alder was considerably higher in non-intervention than in SL areas. For the other forest 
site types (Cladinoso-callunosa, Vacciniosa, and Sphagnosa), the differences between
management types were not significant.  
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Mean Height of Scots Pine and Other Tree Species

LME showed that the mean height of Scots pine was significantly (p < 0.05) affected 
by the management type, site type, number of remnant trees, presence of remnant pines, spatial 
covariance, and interactions between factors (site type* number of retained trees and site type*
presence of remnant pines (Table 5)). The largest mean height of Scots pine was observed in 
the Vacciniosa forest site type without remnant living pines (3.5 m), and the lowest in the 
Sphagnosa forest site type with remnant living pines (2.1 m) (Fig. 3, Table 6). When we 
compared the levels of interaction factor site type* presence of remnant pines, the effect of 
presence of old remnant pines significantly negatively affected the mean height of Scots pine 
only in Cladionoso-callunosa and Vaccinoso-sphagnosa site types. 

Table 5. The main effects of explanatory variables and their interaction (*) on the log height of Scots 
pine (Linear mixed-effects model). numDF: numerator degrees of freedom; denDF: denominator 
degrees of freedom

Figure 3. The mean height of Scots pine (log transformed) and 95% confidence interval with and 
without living remnant pines in a post-fire area in Slītere National Park. * - statistically significant (p < 
0.05) difference between with/without remnant pines. Forest site types: (1) CCT: Cladinoso-callunosa, 
(2) VT: Vacciniosa, (3) VST: Vaccinoso-sphagnosa, (4) ST: Sphagnosa, and (5) CPT: Caricoso-
phragmitosa.

Explanatory Variable Sum of Squares numDF denDF F-value p-value
Management type 2.3 1 42.1 12.5 0.01

Forest site type 1.8 4 127.7 2.5 0.04

Number of remnant trees 4.6 1 475.0 25.4 <0.001

Remnant pine 1.1 1 463.3 6 0.02

Spatial covariate 2.4 1 51.3 13 <0.001

Site type * Number of remnant trees 3.1 4 465.7 4.3 0.01

Site type* Remnant pine 2.5 4 464.3 3.5 0.01
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Table 6. The mean height of Scots pine and other tree species under the two management types in the 
post-fire area in Slītere National Park. SD- standard deviation 

Forest site types / 
Tree species  

No intervention Salvage logging  
Mean SD Mean SD 

Cladinoso-callunosa       
Scots pine 1.7 1.4 3.3 2.2 
birch 1.5 1.1 1.8 1.4 
Norway spruce 0.7 0.4 0.3  
Vacciniosa         
Scots pine 2.7 1.4 3.5 1.9 
birch 2.2 18 2 1.5 
Norway spruce 1.8 1.9 1.1 0.9 
trembling aspen 1 0.2 1.3 0.9 
black alder 2.5 1.9 1.8 1.4 
Vaccinoso-sphagnosa       
Scots pine 1.6 1.1 3.2 1.8 
birch 1.2 0.8 1.9 1.3 
Norway spruce 0.9 0.5 1.9 1.7 
black alder 1.2 0.2 4.3 2.6 
Sphagnosa         
Scots pine 1.3 0.8 2.5 0.9 
birch 1.3 0.7 2 1 
Norway spruce 0.9 0.5   
black alder 1.4    
Caricoso-phragmitosa       
Scots pine 1 0.8 2.6 1.1 
birch 1.3 0.7 1.6 0.9 
Norway spruce 0.8 0.4   
black alder 2.2 1.4     

 

Mean height of Scots pine was significantly lower in plots with large numbers of 
retained trees only for the Cladinoso-callunosa (Linear mixed-effects model, slope -0.46, 
confidence interval (CI) -0.60 to -0.32) and Caricoso-phragmitosa (slope -0.40, CI -0.59 to -
0.21) site types (Fig. 4). In the model, besides interaction effects, the main effect of 
management type was also significant (Table 5), in SL areas the mean height of Scots pine was 
significantly higher than in non-intervention areas.  
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Figure 4. The relationship between the number of remnant trees and the mean height of Scots pine (log 
transformed) in post-fire area in Slītere National Park (±95% confidence interval (grey area)). Forest 
site types: (1) CCT: Cladinoso-callunosa, (2) VT: Vacciniosa, (3) VST: Vaccinoso-sphagnosa, (4) ST: 
Sphagnosa, and (5) CPT: Caricoso-phragmitosa.

In all forest types in SL areas, mean height of Scots pine exceeded height of birch,
whereas in the non-intervention areas the mean height of Scots pine exceeded mean height of
birch only in forest types on sandy soils (Cladinoso-callunosa, Vacciniosa, and Vaccinoso-
sphagnosa). In Sphagnosa sites, these tree species had similar mean height.

DISCUSSION

The light-demanding tree species, Scots pine and birch, were the most common tree 
species in post-fire regeneration areas in our study (Table 3). Both tree species rapidly and 
abundantly regenerate in open areas following natural or human-made disturbances (Beghin et 
al. 2010; Hynynen et al. 2009; Parro et al. 2015). The establishment of light-demanding tree 
species in a post-fire area requires sun-lit conditions and exposed bare mineral soil following 
the partial or complete mortality of the canopy layer and ground vegetation (Karlsson et al. 
1998; Nilsson et al. 2002; Castro et al. 2004; Hille and den Ouden 2004; Claessens et al. 2010; 
Kitenberga et al. 2019). 

The distance from a seed source is a significant factor influencing the regeneration 
abundance (Vanha-Majamaa et al. 1996; Beghin et al. 2010; Vacchiano et al. 2014). 
Presumably, the majority of seeds in the upper soil layers were likely destroyed by fire (Vanha-
Majamaa et al. 1996; Habrouk et al. 1999); hence, the regeneration of trees depended on 
unburned patches within the burned area or the nearest seed sources outside the burned area. 
Studies have shown that Scots pine can survive several low-to medium severity forest fires 
(Zin et al., 2015). The dispersal distance of Scots pine seeds is limited, < 60 m from the tree 
(Debain et al., 2007). Hence, the most probable seed sources for Scots pine were individual 
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living remnant trees that survived the fire and the surrounding unburned pine-dominated 
forests. In contrast, birch seeds are light and can be easily carried long distances by wind 
(Eriksson et al. 2003; Hynynen et al. 2009). We observed only three living birch trees in the 
post-fire area, which suggests that the majority of the birch seeds came from nearby forest 
stands. Although birch can also regenerate naturally from coppice (Perala and Alm 1990), we 
did not observe such cases in our study area. The fire of 1992 occurred shortly before the seed 
release of birch (July-September; Suchockas 2002) and hence the birch seeds likely arrived 
from sources outside of the fire-affected areas.  
In the studied landscape, frequent fires have shaped the dynamics of Scots pine-dominated 
stands over the last 250 years (Kitenberga et al. 2019) by promoting fire-resistant and 
eliminating fire-sensitive tree species (Brumelis et al. 2005). In particular, the abundance of 
Scots pine in the post-fire area might have been driven by a high proportion of Scots pine in 
the pre-fire forest. The direct re-growth of pre-disturbance dominant tree species has also been 
observed for late-successional tree species (Kramer et al. 2014; Baders et al. 2017). 

The post-fire management type did not have a significant influence on the abundance 
of Scots pine. In contrast, Parro et al. (2015) and Beghin et al. (2010) reported delayed natural 
regeneration of Scots pine in SL post-fire areas compared to that in non-intervention areas. The 
effect of fire and SL on tree regeneration depends on various factors like the timing and 
techniques of SL operations (Keyser et al. 2009) and the fire characteristics (Vacchiano et al. 
2014; Dzwonko et al. 2015). We assume that soil scarification created by log skidding may 
have created suitable microsites for tree species germination (Saursaunet et al. 2018). In our 
study, SL areas were narrow in shape (width 20–160 m) and surrounded by post-fire areas with 
living remnant trees or unburned forest, both of which could have served as seed sources (Fig. 
1). In addition, in the two largest SL areas, several remnant living pine trees were left as seed 
trees. Possibly, the positive influence of soil scarification and nearby seed sources can explain 
why we did not observe effects of SL caused by soil compaction (Malvar et al. 2017) and 
removal of remnant trees (Seidl et al. 2014). 

Salvage logging did not affect the tree species composition on poor and dry soils 
(Cladinoso-callunosa and Vacciniosa forest types) and poor peat soil (Sphagnosa). In these 
site types, nutrient deficiency is the main limiting factor for the natural regeneration and 
survival of tree species (Pretzsch and Dieler 2011; Mellert and Ewald 2014), explaining lack 
of effect of SL. The growth of birch, trembling aspen, and Norway spruce trees is not optimal 
on dry and poor sandy soils due to low fertility (Karlsson 1996; Karlsson et al. 1998; Hynynen 
et al. 2009; Myking et al. 2011). Scots pine, which is adapted to growth in fire-prone 
environments with a limited amount of available nutrients (Keeley 2012), is the most 
competitive tree species in these growth conditions, suggested by its large abundance and 
height under both management types (Table 2; 5). Similarly, on poor peat soil (Sphagnosa), 
the post-fire management did not affect the tree species composition. Scots pine is a common 
tree species on peat soil, but with a significantly lower growth rate than on mineral soils 
(Dauškane and Elferts 2011; Edvardsson et al. 2015). On peat and waterlogged mineral soils, 
the regeneration and growth of trees is hindered by the low availability of nutrients and high 
water saturation (Ohlson and Zackrisson 1992; Sundström and Hånell 1999; Repo et al. 2017). 
Downy birch is another tree species that has adapted to the harsh growth conditions on wet 
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peatlands (Hynynen et al. 2009) and is the main competitor for Scots pine in these growth 
conditions (Table 3). 

SL significantly positively affected the abundance of Scots pine only on medium rich 
peat soil (Caricoso-phragmitosa). Among the site types in non-intervention areas, the lowest 
abundance of Scots pine was observed in the Caricoso-phragmitosa site type (Fig. 2). In this 
forest type, the natural regeneration of Scots pine might be constrained by the strong 
competition from ground vegetation, especially Polytrichum spp., which was a common 
species especially on slightly burned peat soils following the 1992 burn in SNP (Donis 1995). 
The study that was conducted two years following the 1992 burn in SNP revealed that the 
spatial variation of the fire severity was highly variable on peat soils (Donis 1995). A similar 
pattern was observed in Poland, where the regeneration of trees was hindered by the surviving 
herbaceous plants on slightly burned muck-peat soil (Dzwonko et al. 2015). We suggest that 
the positive effect of SL on the abundance of Scots pine in this forest type could be related to 
soil disturbance and improved light conditions. Partial removal of ground vegetation and 
mineral soil mixing the with the forest floor could have created favourable conditions for 
germination and establishment of Scots pine (Kramer et al. 2014; Poirier et al. 2014).  

The living remnant trees had a negative effect on the mean height of Scots pine (Fig. 3, 
4). On the one hand, in post-disturbance areas, remnant living trees serve as a seed source and 
help to maintain a favourable microclimate for seedling establishment (Vanha-Majamaa et al. 
1996; Lampainen et al. 2004). However, remnant living trees create competition for 
aboveground and belowground resources (Kuuluvainen et al. 1993; Lundqvist and Fridman 
1996; Craine and Dybzinski 2013). The study conducted 7 years following the fire in SNP 
showed that the mean height of Scots pine was greater in SL than in non-intervention areas 
(Zadina et al. 2014), as observed in our study. It is likely that height growth of Scots pine in 
close proximity to remnant trees was hindered by shade and competition for soil nutrients. 
Other studies have shown that after SL, Scots pine become the dominant tree species earlier 
than in non-intervention areas (Parro et al., 2015), which most likely is linked to the ability of 
Scots pine to efficiently acclimate to changes in light conditions with morphological 
modifications. Under better light conditions, the potential of photosynthesis and the growth 
rate is promoted by increased needle length (de Chantal et al. 2003; Erefur et al. 2011). 
Interactions between the studied factors showed that the effect of remnant trees on the height 
of Scots pine differed between forest site types (Fig. 4), which might be due to differences in 
distances between the sampling plots and closest remnant trees.  
 

CONCLUSIONS 

In this study, we examined the effect of salvage logging on regeneration and height 
growth of Scots pine. Salvage logging had an effect on the abundance of Scots pine only on 
mesic-peat soil (Caricoso-phragmitosa). We found that remnant living trees in post-fire areas 
have a negative effect on height of the regenerating Scots pines. In our study, we did not find 
conclusive evidence of the negative influence of salvage logging on abundance and height of 
Scots pine. Further studies need to assess effect of retention tree density on the abundance of 
regenerating trees.  
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