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IEVADS

MezZa apsaimnickoSanas plano$ana sakas ar strat€gisko vai cirSanas
apjomu planoSanu, kura certamas audzes izvélas atbilsto$i stratégiskajiem
mérkiem un nosacijumiem. Parasti Latvija un Ziemelvalstis stratégiskais
meérkis ir maksimizét audZu tiro tagadnes vertibu (Dubrovskis, 2007, Nilson
et al., 2012, Hobbelstad, 2001). Nakamais ir taktiskais vai cirsmu planosanas
limenis, kura atbilstosi stratégija noteiktajiem cirSanas apjomiem, atlasa
certamas audzes un veido cirsmas. Parejot no viena plano$anas limena uz
otru, janodrosina lidziga cértamo audzu izvéle (Bettinger et al., 2009), un
audzu tiras tagadnes vertibas maksimizacijas principa parcelSana no
stratégiskas uz taktiskas planosanas limeni.

Vienkarss princips, ka to parcelt, literatiira aprakstits sekojosi. Audzeém
aprekina tiro tagadnes vertibu un tas izmainas, certot talit vai to atliekot, tas
ir cirSanas kavé$anas izmaksas. Ar regresijas analizes palidzibu izveido
vienadojumu, kas lauj aprékinat audzes vertibas izmainas, kura ka faktori ir
audZzu taksacijas raditaji. Péc aprékinatajam vértibas izmainam audzes var
saranZz€t un cir$anai prioritari atlasit audzes ar lielako vertibas samazinajumu
(Jacobsson, 1986, Price, 1989). Latvija $ada vienkarSa pieeja cértamo audzu
atlasei taktiskaja plano$ana nav pétita, turklat $adai pieejai butu japalielina ari
pelna un audzu tira tagadnes vertiba.

Audzes tiras tagadnes vertibas aprékinasana nozimiga loma ir prognozém
par apalo kokmaterialu iznakumu. Latvija lietotas dazadas apalo
kokmaterialu iznakuma tabulas (Sprivulis, 1963, Mary3anuc, 1988),
prognozeéSanas vienadojumi (Iesalnieks, 2002, Ozolins, 2002), kuros
iznakumu ietekmé audzu kvalitate, kas parasti nav pieejama meza
inventarizacija. Latvija ir veikti vairaki p&tjjumi, kuros noskaidrots, ka apalo
kokmaterialu iznakumu ietekmé audzes regionala atraSanas vieta Latvija un
audzes taksacijas raditaji (Zalitis un Spalte, 1998, Baumanis et al., 2001,
Zalitis un Spalte, 2000). Tadgjadi, iesp&jams, $os faktorus var izmantot, lai
raksturotu to ietekmi uz apalo kokmaterialu iznakumu.

Taktiskaja planosana nozimigs faktors ir meza inventarizacijas (acumeéra
taksacija) datu precizitate. Citas valstis ir konstatéts, ka tajos ir neprecizitates
(Stahl, 1992, Kinnunen et al., 2003, KulieSis un Kasperavicius, 2004).
Lidzigi secinajumi iegiiti arT Latvija veiktajos petijumos (Dubrovskis, 2004,
Veinbergs, 2007), bet ar nepietiekamu datu apjomu. Tadg| ar pietiekamu datu
apjomu japarliecinas, vai meZa inventarizacija Latvija ir nov€rojamas
lidzigas datu precizitates problémas, jo tas var ietekmé&t prioritari c€rtamo
audzu izveli.

Meza inventarizacijas datu precizitates uzlaboSanai ir izstradati korekcijas
risinajumi, balstiti uz precizu parmérijjumu datiem (Li, 1988). Tomér Latvija
sads korekcijas risinajums nav pétits, ka arT nav vertets, ka tas varétu
ietekm@t prioritari cértamo audzu atlasi.



Kopuma darba ir izvirzitas piecas aizstavamas tézes. Pirma: galvenas
cirtes taktiskaja planosana, izmantojot audzu tiras tagadnes veértibu izmainas,
certamas audzes izvélesies lidzigas ka stratégiskaja planosana. Otra: audzes
kvalitates ietekmi uz apalo kokmaterialu iznakumu raksturo audzes taksacijas
raditaji un audzes regionala atraanas vieta Latvija. Tre$a: Latvija meZa
inventarizacijas (acuméra taksacija) datos ir neprecizitates, lidzigas ka citas
valstis. Ceturta: meZa inventarizacijas datus var precizét, veicot datu
korekciju, un tas uzlabos prioritari cértamo audZu atlasi. Piekta: ievieSot
planosanas Iimenu sasaistes risinajumu, palielinasies mezsaimniecibas
efektivitate — pelna un audzu tira tagadnes vertiba.

Promocijas darba pétnieciskais mérkis ir pilnveidot stratégiskas un
taktiskas planoSanas [imenu sasaisti galvenaja cirtg, lai nodrosinatu, ka abos
planosanas ITmenos cir$anai atlasitu lidzigas audzes.

Pétnieciska mérka sasniegSanai izvirziti $adi uzdevumi:

1. noveértét meza inventarizacijas datu precizitati (krajas variaciju un
sistematisko novirzi) Latvija;

2. izstradat risindjumu meZa inventarizacijas datu precizé$anai;

3. izstradat risingjumu galvenaja cirté prioritari cértamo audzu
noteikSanai, balstitu uz audzu tiras tagadnes vertibas izmainam;

4. izstradat apalo kokmaterialu iznakuma prognoz€S$anas risinajumu
precizakai audzu tiras tagadnes vertibas aprékinasanai, kura audzes
kvalitates ietekmi raksturotu audzes taksacijas raditaji un audzes
regionala atra$anas vieta Latvija;

5. novertét pilnveidoto planoSanas ITmenu sasaistes risingjumu: abos
planosanas Iimenos galvenajai cirtei atlasito audzu Iidzibu un
ekonomisko ieguvumu no pilnveidota risindgjuma ievieSanas.

Zinatniska darba novitate: ar pietiekamu datu apjomu novértéta meza
inventarizacijas datu precizitate picaugusas audzés Latvija un izstradats
risingjums to precizé$anai-korekcijai. Izstradats jauns apalo kokmaterialu
iznakuma prognozeSanas risinajums, kurd audzes kvalitates ietekme dalgji
raksturota ar audzes taksacijas raditajiem. Latvija pirmoreiz izstradats audzes
tiras tagadnes vertibas izmaigu aprékinasanas vienadojums (nemot vera
Latvijas meZzaudzu augSanas gaitas modelus, apalo kokmaterialu iznakumu,
iep€mumus un izmaksas), ar kura palidzibu var nodro$inat stratégiskas un
taktiskas planosanas Iimenu sasaisti.

Zinatniska darba praktiska nozime: izstradatais planoSanas Iimenu
sasaistes risindgjums nodroSina taktiskaja planoSana cértamo audzu izveli
lidzigi ka stratégiskaja planoSana. legiitie pétijuma rezultdati nodroSinatu
meZsaimniecibas pelpas palielinaSanos par 8.7% un audZzu tiras tagadnes
vertibas palielinaSanos par 9.9%, salidzinot ar tradicionalajiem taktiskas
planosanas principiem.



1. MATERIALS UN METODIKA

Pétijums ir realizéts no 2012. lidz 2015. gadam. Saja pétfjuma ietvertas
Latvija visvairak parstavétas koku sugas: priede (Pinus sylvestris L.), egle
(Picea abies (L.) Karst.), berzs (Betula spp.), apse (Populus tremula L.) un
melnalksnis (Alnus glutinosa L.). P&tijums ir realizéts visa Latvijas teritorija,
izmantojot datus par AS “Latvijas valsts mezi” apsaimniekotajiem valsts
meZziem (1.4 miljonu ha platiba), kuri atrodas praktiski visa valsts teritorija
un ir aptuveni puse no visiem Latvijas meziem.

1.1. Pétijjuma materials

Pétfjuma izmantoti AS “Latvijas valsts mezi” 2010. — 2012. gada meZa
inventarizacijas (acuméra uzmériSanas metode), vienlaidus dastojumu un
harvesteru mérjjumu dati, ka ari LVMI ”SILAVA” otra meZa resursu
monitoringa cikla (2009. —2013. gada) meZa statistiskas inventarizacijas dati
par AS ”Latvijas valsts mezi” apsaimniekotajiem meziem. Acuméra meza
inventarizacijas dati atlasiti no meza resursu uzskaites datu bazes. Vienlaidus
dastojumu dati iegiiti no audzém, kuras veikta vienlaidus dasto$ana cirsmas
krajas noteik8anai, un harvesteru mérijjumi iegiti no audzém, kuras koku
cirSana veikta ar harvesteru.

MezZa inventarizacija uzmériSanas precizitate novértéta, salidzinot
uzmérito kraju acuméra meza inventarizacija un vienlaidus dastojumos.
Paraugkopa raksturo pieauguSas un paraugusas audzes, kop&jais apjoms ir
1300 audzes, tai skaita 537 priezu, 178 eglu, 379 bérzu, 173 apSu un 33
melnalk§nu audzes. No acuméra meza inventarizacijas un Vienlaidus
dastojumiem atlasiti dati par katras sugas pirma, otra stava kraju, ka ari par
audzes kopgjo kraju.

Meza inventarizacijas datu precizé$anas-korekcijas vienadojumi
izstradati, izmantojot acuméra meza inventarizacijas datus un vienlaidus
dastojumus. Paraugkopa izveidota no 720 pieaugu$am un paraugu$am
audzém, tai skaita 160 priezu, 160 eglu, 160 bérzu, 160 apsu un 80
melnalk$nu audzém. No acuméra meza inventarizacijas datiem un vienlaidus
dastojumiem katrai sugai audzé atlasiti sekojo$i dati: pirma un otra stava
vidgjais augstums, Skérslaukums, augosu koku kraja un kop€ja augosu koku
kraja, papildus no acuméra meZa inventarizacijas datiem atlasita audzes
bonitate, valdosa koku suga. Korigéto meZa inventarizacijas datu precizitates
uzlabo8anas noveértéta, izmantojot iepriek§mingtos 1300 audzu datus. Katrai
sugai audzg atlasiti sekojoSi dati no acum@ra meza inventarizacijas un
vienlaidus dastojumiem: pirma un otra stava augstums, skérslaukums, augosu
koku kraja un kopga augosu koku kraja, papildus no acum@ra meza
inventarizacijas datiem atlasita audzes bonitate, valdosa koku suga.

Audzes kvalitates ietekme wuz apalo kokmaterialu iznakumu
noskaidrota, pirmkart, nosakot zagbalku iznakuma regionalas atSkiribas,
otrkart, nosakot audzes kvalitates ietekmi. Zagbalku iznakuma regionalas
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atSkiribas noteiktas priedei, eglei un b&rzam, izmantojot harvesteru
mérjumus vai vienlaidus dastojumu datus. Kopa priedei izmantotas 1645
audzes, eglei 1202 audzes, bérzam 1531 audzes. Priezu, eglu un bérzu
zagbalku iznakums noteikts ka zagbalku tilpuma Tipatsvars no kopgja
konkrétas sugas apalo kokmaterialu tilpuma. Audzes kvalitates ietekme uz
apalo kokmaterialu iznakumu noskaidrota, izmantojot 510 pieaugusas un
paraugusas audzes, tai skaita 120 priezu, 120 eglu, 120 beérzu, 120 ap$u un 30
melnalk$nu audzes. Katrai sugai audz&é no meza inventarizacijas datiem
atlasiti: bonitate un vecums. No vienlaidus dastojumiem: sugas krajas
Tpatsvars pirmaja stava, vidgjais caurmérs un augstums (pirmaja un otraja
stava), vidgja augstuma un caurméra attieciba. No harvesteru mérjjumiem:
katras sugas katra sagatavota apala kokmateriala tilpums (bez mizas,
virsméra, galotnes u.tml.). Priedei kopuma ir astoni apalo kokmaterialu veidi,
eglei septini, bérzam sesi, apsei pieci un melnalksnim Cetri. Tie ir apvienoti
§adas grupas: zagbalki, finierkluéi, papirmalka un malka.

AudZu ikgadgjo tiras tagadnes vértibas izmainu aprékinam izmantoti
meZa statistiskas inventarizacijas dati, kopa 1211 audzes (parauglaukumi), tai
skaita 594 priezu, 196 eglu, 288 bérzu, 86 apsu un 47 melnalks$nu audzes. Par
katru audzi sagatavoti sekojosi dati: valdo$as sugas vecums, audzes bonitate,
katras koku sugas vidgjais augstums, vid€jais caurmérs, koku skaits,
Skerslaukums, kraja pirma un otra stava.

Pilnveidota planoSanas limenu sasaistes risinajuma novérteéSanai
izmantoti vairaki datu avoti. Galvenas cirtes cirSanas apjomu vai stratégiska
plana aprékinam izmantoti meza statistiskas inventarizacijas dati.
Modelésanas vajadzibam par katru audzi apkopots: valdosas sugas vecums,
audzes bonitate, katras koku sugas vid&jais augstums, vid&jais caurmérs,
koku skaits, §kérslaukums, kraja pirmaja un otraja stava.

Cirsmu planoSanas Iimeni cir§anai pieejamo audZu raksturoSanai atlasita
paraugkopa no acuméra meza inventarizacijas 1300 audzu apjoma, tai skaita
537 priezu, 178 eglu, 379 bérzu, 173 apsu un 33 melnalk$nu audzes. Faktiski
nocirsto vai peéc tradicionalajiem cirsmu planoSanas principiem -cirSanai
ieplanoto audzu raksturo$anai atlasita paraugkopa 1300 audzu apjoma, tai
skaita 536 priezu, 172 eglu, 451 bérzu, 99 apsu un 42 melnalk$nu audzes.
Katrai audzei atlasiti acumera meza inventarizacijas un vienlaidu dastojumu
dati: valdosa suga, bonitate, valdo$as sugas vecums, audzes kraja, priedes,
egles, bérza, apsu un melnalksnu kraja.

Pilnveidota planoSanas Itmenu sasaistes risindjuma ekonomiskais
ieguvums novertéts, izmantojot augstak min€tos meza statistiskas
inventarizacijas datus.

1.2. Pétijjuma metodika
MeZa inventarizacija uzmeériSanas precizitate noveértéta, salidzinot
kragju meZa inventarizacija (acuméra uzmériSana metode) un vienlaidus



dastojumos (precizie mérfjumi), dazadu koku sugu audzEs, ka art
tiraudzes/mistraudzes, valdo$ajai sugai/ piemistrojuma sugai (-am), katrai
sugai un krajas grupas (mazak par 200 m®ha?, 200.1 — 300 m3ha?, 300.1 —
400 meha’l, vairak par 400.1 m3ha?). Precizitate verteta ar sistematisko klidu
— relativo sistematisko novirzi (formula 1.1.) un datu izkliedi — variacijas
koeficientu (formula 1.2.).

Z?=1(5’i—Yi)

A% = 100 X —2— (1.1)
LGy
s% = 100 x + (1.2)
kur: 4% — relativa sistematiska novirze, s% - variacijas koeficients, §; — precizo

parmérjjumu kraja audzei i, y; — acuméra meZa inventarizacijas kraja audzei i, y — precizo
parmérijumu vidgja kraja, n — audzu skaits.

Ar T-testu parbaudits, vai krajas atSkiribas mingtajas grupas ir bitiskas
starp acuméra meZa inventarizacijas un precizo merijumu datiem.

Meza inventarizacijas datu precizéSanas-korekcijas risinagjums
izstradats, atrodot sakaribas starp meZa inventarizacijas un Vienlaidus
dastojumu (precizo parmérijumu) datiem. Korekcijas vienadojumi izstradati
parametriem, p&c kuriem aprékina kraju — katras sugas vidéjam augstumam,
valdo§as sugas Skérslaukumam un Kkatras piemistrojuma sugas
Skérslaukumam. Sakariba starp acuméra meza inventarizacijas datiem un
vienlaidus dastojumiem noteikta, izmantojot regresijas vai kovariacijas
analizi. Ka faktori izmantoti meza inventarizacijas taksacijas raditaji. Pec tam
vertéta precizitates uzlaboSanas ar relativo sistematisko novirzi un variacijas
koeficientu.

Audzes kvalitates ietekme wuz apalo kokmaterialu iznakumu
noskaidrota divos solos, pirmkart, nosakot zagbalku iznakuma regionalas
atSkiribas, otrkart, nosakot audzes kvalitates ietekmi. Regionalas ietekmes
noskaidro$anai 97 Latviju sadalosas teritorijas aprékinats priedes, egles un
bérza vid&jais zagbalku iznakums un ta izlases reprezentacijas raditajs. Péc
tam katrai koku sugai vairakas iteracijas apvienotas blakus esosas teritorijas
ar [idzigu zagbalku iznakumu. Teritoriju apvieno$ana turpinata lidz zagbalku
iznakums starp blakus regioniem sak atSkirties batiski, un tas noteikts
izmantojot T-testu.

Apalo kokmaterialu iznakuma prognozesanas vienadojumi, ietverot audzu
kvalitates un Latvijas regionalo ietekmi, veidoti, izmantojot regresijas analizi.
Ka ietekméjosie faktori testéti audzes taksacijas raditaji, ka arT priedei, eglei
un bérzam - regioni ar dazadu zagbalku iznakumu. PrognozéSanas
vienadojumu precizitates novert€Sanai salidzinata prognoze€to apalo
kokmaterialu vértitba ar reali sarazoto (harvesteru uzskaitito) apalo



kokmaterialu vertibu, izmantojot relativo Sistematisko novirzi un variacijas
koeficientu.

Audzu ikgadéjo tiras tagadnes vértibas izmainu aprékinaSanai
atbilsto§i vispargjam risinajumam, paraugkopas audzém modelgti divi
kailcirtes varianti — cértot audzi talit un p&c desmit gadiem, p&c tam
aprekinot audzes ikgad@jas tiras tagadnes vertibas izmainas. Model&Sanai
izmantota AS ”Latvijas valsts meZi” informacijas sisttma SILVMO (versija
7.3). Sistéma ir paredz&ta meza apsaimniekoS$anas stratégiskajai vai cirSanas
apjomu planoSanai. Ar tas palidzibu audzém var modelét dazadus audz&sanas
variantus, aprékinat augSanas gaitu, apalo kokmaterialu iznakumu (pielagots
atbilstosi 1 pétijjuma rezultatiem), ka ari iepémumus un izdevumus, un audzu
tiro tagadnes vertibu. Aprékinos izmantota 4.24% diskonta likme un 2010. —
2011. gada cenas. Nobeiguma vértibu izmainu aprékinam ar regresijas analizi
izveidots vienadojums, kura ka faktori izmantoti meZa taksacijas raditaji.

Pilnveidota planosanas limenu sasaistes risinadjuma noveértésana
uzsakta ar CirSanas apjomu pa sugam aprékinu atbilsto$i AS ,,Latvijas valsts
mezi” mezsaimniecibas strat€giskiem mérkiem, izmantojot mingéto sistému
”SILVMO?”, un atlasitas nakamajos desmit gados c€rtamas audzes.

Péc tam novertéts, ka Kkorig€to acuméra meza inventarizacijas datu
izmantoSana uzlabo prioritari c€rtamo audzu atlasi cirsmu planoSana.
Audzeém veikta datu korekcija, p&c tam aprékinatas ikgad€jo vertibu izmainas
un veikta prioritari cértamo audZu atlase, gan péc nekorigétiem un korigétiem
acuméra meza inventarizacijas datiem, un vienlaidus dastojumiem. P&c tam
visu triju veidu audzém ar T-testu noteikts vid€jo izmainu vertibu atskiribu
biitiskums.

P&c tam noteikts, cik stratégiskajai planoSanai Iidzigas audzes atlasa, ja
taktiskaja planosana izmanto ikgadgjas tiras tagadnes vértibu izmainas un
tradicionalos cirsmu planosanas principus. Ikgadgjas tiras tagadnes vértibas
izmainas aprékinatas audzeém: kuras ir cir§anai pieejamas, ieplanotas cirSanai
cirSanas apjomu planosana, ieplanotas cirsmu planoSana: péc vértibu
izmaindm un tradicionaliem cirsmu planos$anas principiem un ar T-testu
noteikts vidgjo vertibu atskiribu butiskums.

leguvums no pilnveidota risingjuma noteikts, salidzinot tiro pelpu un
audzu tiro tagadnes vertibu, c€rtamas audzes cirsmu planosana izveloties
divos scenarijos: péc ikgadéjam tiras tagadnes vértibas izmainam (atlasa 65%
no augstakam cirSanas prioritaSu audzé€m) un tradicionalajiem cirsmu
planosanas principiem (atlasa péc nejausibas principa no cirSanas vecumu
sasniegusam audz&€m). Audzu atlase modeléta ik pa desmit gadiem, tad
atkartots cirSanas apjomu aprékins, un modelétas desmit piecgades. Abu
scenariju pelnas atskiribu bitiskums noteikts, izmantojot T-testu. Nobeiguma
salidzinata arT nakamo piecdesmit gadu pelnas tira tagadnes vertiba abos
scenarijos.



2.  REZULTATI UN DISKUSIJA
Saja nodala ir atspoguloti pétfjuma rezultati par meZa inventarizacijas
(acuméra uzmérisanas metode) datu precizitates novertgjumu un to
preciz€Sanas risingjumu, apalo kokmaterialu iznakuma prognozesanas
risindjumu un galvenaja cirté prioritari cértamo auzu izv€les risinajumu, lai
nodros$inatu audzu tiras tagadnes vertibas maksimizacijas principa parcelSanu
no viena planosanas limena uz otru.

2.1. MezZa inventarizacijas datu precizitates novértéjums

Promocijas darba meZa inventarizacijas datu precizitate novertéta ar
divam paraugkopam, pirma — noveértéta audzes kopgja kraja, otra — novertéta
audzes kraja pirmaja un otraja stava. Promocijas darba kopsavilkuma ir
ietverta sadala, kura audzes kraja ir noverteta pa staviem, jo ta ietver arl
audzes kopgjas krajas uzmeriSanas precizitates vertgjumu.

Audzes pirma un otra stava krajas uzmeriSanas tendences novertetas,
salidzinot kraju meza inventarizacija un precizos mérijumos, kuri noteikti pec
vienlaidus dastojumiem. Abu uzmériSanas metozu vidgjas krajas vértibas un
precizitati raksturojosie raditaji (relativa sistematiska novirze un variacijas
koeficients) doti 2.4. tabula (15. lapaspusé, kopa ar acuméra meZa
inventarizacijas korekcijas rezultatiem).

Precizitate novértéta sados audzes dalfjumos: pa valdosajam koku sugam,
péc audzes veida: mistraudze un ftiraudze, mistrojuma: valdo$a un
piemistrojuma suga (-as), krajas grupam: mazak par 200 m°ha?, 200.1 —
300 mihal, 300.1 — 400 m3ha?, vairak par 400.1 m°ha’, ka arT pa koku
sugam.

Noskaidrots, ka visas audzu dalijumu grupas (iznemot individualas koku
sugas) vidgjas krajas atSkiribas starp meZza inventarizacijas datiem un
preciziem meérjjumiem ir butiskas (p<0.05). Tadgjadi secinams, ka meza
inventarizacija dazadu sugu audz@s, tiraudz€s un mistraudzes, krajas grupas,
valdo$o un piemistrojuma sugas kraju uzmera atskirigi.

Kopuma Latvija meZa inventarizacija piecaugusu audzu krajas relativa
sistematiska novirze (kraju noverté sistematiski zemak) ir 19.4%, un krajas
noveért§juma variacijas koeficients ir 28.6%. legiitic rezultati saskan ar
lidzigiem peétijuma rezultatiem citas valstis, kuros konstatets, ka Lietuva
kraju uzmera par 16% zemak (Kuliesis un Kasperavicius, 2004), Krievija par
13.4% (Kinnunen et al., 2003), Somija par 15.9% (Anttila, 2002).

Priezu, eglu, bérzu un apsu audzes kraju noverte ar lidzigu precizitati, bet
melnalkSnu audzgs ar lielaku neprecizitati neka minétajam sugam.

Pirmaja stava kraja ir novertéta par 15.0% zemak, otraja stava par 49.5%
zemak. Kopuma meza inventarizacija krajas uzmeériSanas sistematiska kluda
un izkliede pirmaja stava ir mazaka neka otraja stava. Tadgjadi secinams, ka
otra stava kraju uzmera daudz neprecizak neka pirma stava kraju.
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Tiraudz@s un mistraudzes pirma stava un otra stava krajas uzmerisanas
tendences ir lidzigas, tas nozimé, ka ne tiraudze, ne mistraudze neietekmée
uzmerisSanas precizitati.

Valdo$as un piemistrojuma sugas krajas uzmériSana pirmaja stava ir
veérojamas atskirigas tendences uzmeérisanas precizitate. Valdosas sugas krajai
datu izkliede un sistematiska klida ir zemaka neka piemistrojuma sugu
krajai. Secinams, ka meza inventarizacija daudz neprecizak veic
piemistrojuma sugu krajas uzmérisanu neka valdo$as sugas krajas
uzmerisanu.

Ari starp krajas grupam ir atSkiribas krajas uzmérisanas tendences, pie
zemakam krajam ir lielaka krajas izkliede, un kraja acuméra meza
inventarizacija tiek parvérteéta. Pie lielakam krajam — pieaug sistematiska
klida “uz otru pusi” — krd3ja acuméra meza inventarizacija samazinas.
Visprecizak audzes kraju novérté audzés ar kraju no 200 lidz 300 m3ha®,
audzgs ar kraju Iidz 200 m3ha! kraju parverte par 13.4%, krajas grupa no 300
lidz 400 m®ha? kraju noverté zemak par 17.1%, un krajas grupa, ar kraju
lielaku par 400 mPha?, kraju noverté zemak par 26.6%.

Individualas koku sugas: priedes un bérza kraja neatSkiras bitiski
(p>0.05), tas nozimé&, ka Sos sugu kraju uzméra precizi, bet egles, apses un
melnalk$pa kraja atSkiras bitiski (p<0.05), tatad So sugu kraju uzméra
neprecizak.

Valdosas sugas noteikSanas precizitate ir $ada: videji 82.0% gadijumu
valdosa suga tiek noteikta precizi, pa sugam attiecigi: priedei 91%, eglei
75%, berzam 87%, apsei 76% un melnalksnim 82%.

2.2. Meza inventarizacijas datu
precizesana-korekcija

MeZa inventarizacijas datu neprecizitates dal€ji var mazinat, veicot datu
korekciju. Korekcijas vienadojumi izstradati, izmantojot pieaugu$u audzu
meza inventarizacijas un vienlaidus dastojuma (precizu parmérijumu) datus,
ar regresijas analizi atrodot sakaribas starp mingtajiem datiem. Vienadojumi
izstradati audzes taksacijas parametriem, péc kuriem aprékina kraju: pirma
stava priedes, egles, bérza, apses un melnalk$npu vidéjam augstumam,
valdosas sugas Skerslaukumam, piemistrojuma sugas skérslaukumam un otra
stava egles augstumam un $kérslaukumam. Skérslaukuma korekcijas
vienadojumi izstradati atseviski valdoSajai sugai un piemistrojuma sugai
(-am), jo ir atskirigas tendences to noteikSana.

Izstradajot korekcijas risindgjumu, augstuma un valdos$as sugas
skérslaukuma korekcijai piemérota lineara sakariba un konstante ka nulle.
Tas ir saistits ar to, ka izmantoti dati tikai par pieaugu$sam un paraugusam
audz&m un datiem ir salidzinosi liela izkliede, kas var novest pie nekorektiem
secindgjumiem un Vel vairak pastiprinat sistematisko kludu, ja nelieto korektu
risingjumu. Uz $adu secindgjumu ir noradijis ari Li (1988) — pielietojot
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regresijas analizi ar mazako kvadratu metodi, korekcijas rezultata relativa
sistematiska novirze tiktu pastiprinata vel vairak.

Videja augstuma Kkorekcijas vienadojums (formula 2.1.) izveidots,
nosakot sakaribu starp vid€jo augstumu precizos mérijjumos un diviem
parametriem meza inventarizacija: vidgjo augstumu un sugas piederibu
valdosajai sugai. Vienadojuma (formula 2.1.) koeficientu vértibas dotas
2.1. tabula. Visam koku sugam korekcijas vienadojums bitiski (p<0.01) un
koeficienti batiski (p<0.05) izskaidro sakaribu starp meza inventarizacijas un
vienlaidus dastojuma parametriem.

Hygor = Ky X H+ K; X H X VS (2.1)

kur: Hyop — korigetais vidgjais augstums (m), Ki, K, — koeficienti, VS; ,, — koeficients, ja
korig€jama suga ir valdo$a suga mezaudze (1 — ja, 0 — n€), H — koku sugas vid&jais augstums
meZa inventarizacija (m).

2.1. tabula/ Table 2.1
Videja augstuma korekcijas vienadojuma koeficienti pirma stava
priedei, apsei, berzam un melnalksnim un pirma un otra stava eglei
The coefficients of calibration function for mean height for first storey of
pine, aspen, birch and black alder and first and second storey of spruce

Koeficients/ Priedei/ Eglei/ Bérzam/ | Apsei/ Melnalksnim/
Coefficient Pine Spruce Birch Aspen Black alder
K, 1.036 1.009 0.929 1.037 0.899
K, -0.053 - - - 0.049

Kopuma var teikt, ka acum@ra meza inventarizacija augstumu b&rzam un
melnalksnim parverte (7 — 10 % robezas). Priedei un apsei augstumu nedaudz
nenoVverte, bet eglei augstumu nosaka praktiski precizi.

Valdo$as sugas Skérslaukuma korekcijas vienadojums (formula 2.2.)
izveidots, nosakot sakaribu starp $kérslaukumu vienlaidus dastojumos
(precizos parmerjjumos) un diviem parametriem acuméra meza
inventarizacija: valdo$as sugas Skérslaukumu un kopgjo pirma stava
Skeérslaukumu. Valdo$o sugu $kérslaukuma korekcijas vienadojuma
koeficientu vértibas dotas 2.2.tabula. Visam koku sugam korekcijas
vienadojums butiski (p<0.01) izskaidro sakaribu starp acuméra meza
inventarizacijas parametriem un precizo mérijumu §kérslaukumu.
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GVSkor = Ky X Gys + Ky X Gy 2.2)

kur: GVSgor — valdosas sugas koriggtais Skérslaukums (m?hal), Ky, K, — koeficienti, Gy —
valdo$as sugas Skérslaukums meZa inventarizacija (m’hal), Gg,,— pirma stava kopgjais
$kerslaukums meZa inventarizacija (m?ha?).

Regresijas analize uzrada, ka dazadu valdoSo sugu S$keérslaukuma
noverté8ana acuméra meZa inventarizacija ir atSkirigas tendences.
Melnalksnu audz@s valdosas sugas sSkerslaukumu parvérté, pargjo sugu
audz&s — nenoverte. Turklat eglu un beérzu skerslaukumu ietekmé ar1 visas
audzes kopgjais skerslaukums.

2.2. tabula/ Table 2.2
Pirma stava valdoSo koku sugas Skérslaukuma
korekcijas vienadojuma koeficienti
The coefficients of calibration function for dominant species’ basal area

Koeficients/ Priedei/ Eglei/ Bérzam/ | Apsei/ Melnalksnim/
Coefficient Pine Spruce Birch Aspen Black alder
K1 1.169 0.565 0.901 0.447 1.071
Kz -0.152* 0.173 -0.044 0.325 -0.023*

*p>0.05, pargjos gadijumos p<0.05
*p>0.05, other cases p<0.05

Piemistrojuma sugu un egles otra stava $kérslaukuma Kkorekcijas
vienadojums (formula 2.3.) izveidots, nosakot sakaribu starp $kérslaukumu
vienlaidus dastojumos (precizos mérijjumos) un diviem parametriem meza
inventarizacija: konkrétas piemistrojuma sugas Skérslaukumu un pirma stava
piemistrojuma sugu kop&jo Skérslaukumu. Egles otrais stavs ieklauts pie
piemistrojuma sugam, jo ta noveértéSana ir Iidzigas tendences ka egles
piemistrojuma sugas Skérslaukuma novertésana. Izveidotais regresijas
vienadojums bitiski (p<0.05) izskaidro sakaribu starp acuméra meza
inventarizacijas un precizo mérfjjumu datiem. Piemistrojuma sugu un egles
otra stava Skérslaukuma korekcijas vienadojuma koeficientu vértibas dotas
2.3. tabula zemak.

GPSKOR = K0+K1 X GPS + KZ X GPSsum + K3 X ST (23)

kur: GPSxor — piemistrojuma sugas korigatais skarslaukums (m?ha?), Ko, Kz, Kz, Kz —
koeficienti, Gps — piemistrojuma sugas $k&rslaukums acuméra inventarizacija (m?ha), Gpgsym —
pirma stdva piemistrojumu sugu kop&jais Skérslaukums acuméra meZa inventarizacija (m?ha?),
ST — pirmais vai otrais stavs (pirmais — 1, otrais — 2).
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2.3. tabula/ Table 2.3
Pirma stava piemistrojuma sugu un otra stava egles
Skérslaukuma korekcijas vienadojuma koeficienti
The coefficients of calibration function for non-dominant species’
basal area for species of first storey and spruce of second storey

Koeficients/ Priedei/ Eglei/ Bérzam/ Apsei/ Melnalksnim/
Coefficient Pine Spruce Birch Aspen Black alder
Ko 3.525 5.209 4.526 2.267 3.055
K1 1.016 0.694 0.900 1411 1.201
K2 -0.233 -0.043* -0.219 -0.171 -0.173
Ks - -0.585 - - -

*p>0.05, pargjos gadijumos p<0.05
*p>0.05, other cases p<0.05

Lai parliecinatos par izstradato korekcijas vienadojumu piemérotibu, tas
ir, acuméra meZa inventarizacijas datu precizitates uzlaboSanos, ar
izstradatajiem vienadojumiem korigéti pieaugu$u un paraugusu audzu meza
inventarizacijas dati. Korigéti audzes taksacijas raditaji — augstums un
Skerslaukums, un pec tam aprékinata audzes kraja, un ta salidzinata ar kraju
vienlaidus dastojumos (precizos parmerijumos).

Meza inventarizacijas precizitates uzlabosanas noverteta pec krajas $ados
dalijumos: valdo$o koku sugu audzgs, valdosai sugai un piemistrojuma sugai,
mistraudz&s un tiraudzes, Katrai sugai, krajas grupas: mazakas par 200 m®ha,
200.1 — 300 m®ha?, 300.1 — 400 m°ha?, lielakas par 400.1 m3ha?, ka ari
parbaudits, vai iesp&jams precizak noteikt mezaudzes valdoSo koku sugu.
Visas audzu grupas noteiktas péc precizo mérfjjumu datiem. Individualu koku
sugu kraja salidzinata tikai tad, ja merijumi ir abos gadijumos. SalidzinaSanai
aprékinati abu paraugkopu statistiskie raditaji: vidgjo vertibu un
standartklidu, ka ar precizitates novérté$anai: relativa sistematiska novirze
un variacijas koeficients. Rezultati doti 2.4. tabula.

Izmantojot izstradatos korekcijas vienadojumus, var precizét meza
inventarizacijas datus. Korekcijas rezultata audzu krajas relativa sistematiska
novirze samazinas par 56.2 procentpunktiem (no 19.4% uz 8.5%), un
variacijas koeficients samazinas par 19.9 procentpunktiem (no 28.6% uz
22.9%). Li (1988), veicot lidzigu pétijumu par meza inventarizacijas datu
korekciju, panaca relativo sistematisko novirzi tuvu nullei. Tadgjadi $aja
petijuma panaktais rezultats nav uzskatams par labako iesp&jamo rezultatu.
Korekcijas rezultata uzlabojas krajas noteikSanas precizitate visu sugu
audzgs, piemistrojuma sugam, audzés ar kraju, lielaku par 300 m%ha?, eglu
otrajam stavam, priedei, eglei, apsei un melnalksnim, ka ar1 tiraudz€s un
mistraudzes. Korekcijas rezultata pasliktinas krajas noteikSanas precizitate
(relativa sistematiska novirze) valdo$ajai sugai, audzes ar kraju, mazaku par
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300 m*hal, un nedaudz ari bérzam. Ta ka kopuma meZa inventarizacijas dati
(ievakti ar acuméra metodi) ir padariti precizaki, tam vajadz&tu uzlabot
prioritari cértamo audzu atlasi.

2.4. tabula/ Table 2.4
Krajas vidéjie un precizitates raditaji
acuméra meZa inventarizacija pirms un péc korekcijas
Characteristics of mean growing stock volume and accuracy in standwise
forest inventory before and after calibration

INV2, | KOR?, | DST# | S%°% | A% %
m3hat | mha' | m*ha' ||Nv|KOR|INV|KOR

Grupa®/ Group?

priezu/pine |281.242.7|314.0+2.9 |332.143.9 (26.3|23.3|15.3| 5.5
eglu/spruce |286.0+4.3|309.3+£3.7 | 330.0+5.5(27.3|23.1|14.1| 7.1
Audzes’ bérzu/ birch |239.8+3.8260.9+4.0 |275.1+4.8 | 27.6|24.7|12.8| 5.2

/Stand” | apSu/aspen |318.9+4.8|351.0+4.4 |378.0+6.5(29.2|25.4|15.6| 7.1

melnalksnu/
black alder

Vidgji/mean |276.5+1.9|304.8+2.0 | 325.4+2.6 | 27.7|24.2|15.0| 6.3

244.748.1|277.6+8.9 [327.3+11.9|33.3|26.7 | 25.2| 15.2

Eglu otrais stavs/ second

storey of spruce 23.1+0.6 | 35.6+0.7 | 48.4+0.8 |75.6|66.9(49.5|17.6

Kopa pirma un otra stava /
sum of first and second |300.5+2.1|341.1+2.2 {372.9+2.8|28.6(22.9|19.4| 8.5
storey

Audzes tiraudzes/
veids’ pure stands

Stand’s | mistraudzes/
type’ mixed stands

276.9+4.2 |297.944.6 | 327.5+5.7|26.0 | 24.4|15.5| 9.0

276.4+2.1|306.8+2.2 | 324.8+2.9 |28.2|24.2|14.9| 5.5

Mistro- | valdoSa/ | o5 5 5 411747422 1952423 [36.7[332| 5.1 |105

juma dominant
suga'/ iemistrojuma/
Mixture’ |P ) 91.4+2.0 | 130.2+2.0|130.3£1.9(53.9(42.7|29.9| 0.1

species” non-dominant

lgdi_\l/i- priede/ pine | 156.143.7 | 156.9+3.4 | 156.7+3.8 [34.1|335| 0.3 |-0.1
uala
koku egle/spruce | 76.7£2.4 | 97.4+1.5 | 97.5+2.3 |63.4|51.9|21.4| 0.2

SIU%E}7'_8/ berzs/ birch | 82.0+2.1 | 84.841.3 | 80.4+1.7 |51.8|45.2|-2.0 | -5.5
naivi-
dual apse/aspen | 87.3+4.0 [104.0+3.5|103.7+4.2|58.5|54.3|15.8 | -0.4
species” | melnalksnis/

8 black alder

42.3+2.7 | 58.5£2.5 | 59.2+3.2 69.0|62.5|28.3| 0.9
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2.4. tabulas turpinajums/ extension of table 2.4

INVZ, | KOR? | DSTY, | S%°% | A% %
mhat | m*ha® | mPha' ||Nv|KOR |[INV|KOR

Grupal/ Group*

Krajas <200 180.7+6.3 | 206.3+£7.2 | 153.7£3.6 [ 39.7| 53.1 |-17.2|-33.6
grupas 200.1 -
(m3ha?) 300
7 300.1 -
Volume 400

groups’ >400.1 |322.5+£3.5|353.243.5|452.7+2.8 |31.9| 26.0 |28.8|22.0

251.6+£2.8279.842.9 |257.6+1.4|21.5| 236 | 2.3 |-8.6

292.442.5(320.242.5 | 348.5+1.2|23.0| 18.4 |16.1| 8.1

1 grupas noteiktas p&c preciziem parmérijumiem, 2 INV — pirms korekcijas, * KOR — péc
korekcijas, 4 DST — precizie parmérijumi, ° s% — variacijas koeficients, ® A% — relativa
sistematiska novirze, 7 pirmaja stava, ® vértibas aprekinatas tikai tajos gadijumos, ja krija ir
novertéta abas paraugkopas

groups defined from accurate re-measurements, 2 INV — before calibration, * KOR — after
calibrations, * DST — accurate re-measurements, ° s% — relative root means square error, 8 4% —
relative bias, 7 first storey, 8 values are calculated if volume of stands are measured in both
sample populations

2.3. Apalo kokmaterialu iznakuma prognozésanas risinajums

Saja nodala aprakstita apalo kokmateridlu prognozéSanas risinajuma
izstrade, lai precizak aprekinatu audzes tiro tagadnes vertibu p&c meza
inventarizacijas datiem, kuros nav dots audzes kvalitates vertgjums.

Zagbalku iznakuma regionalas atSkiritbas Latvija noskaidrotas,
izmantojot datus par zagbalku iznakumu pieaugusas audzes. Priedei izveidoti
tris, eglei sesi un bérzam septini at$kirigi zagbalku iznakuma regioni (skatit
att€lus 2.1.,2.2. un 2.3.).

Priedei katra regiona ir atskirigs zagbalku iznakums. B&rzam un eglei ir
vairaki regioni ar 1idzigu zagbalku iznakumu, bet lidzigie regioni savstarpgji
nerobezojas. Priedei zagbalku iznakuma procentualas vértibas svarstas
robezas no 79.4 £ 0.2 Iidz 83.5 + 0.3, eglei no 56.2 = 0.6 lidz 65.6 + 0.4,
berzamno 45.0 + 1.4 lidz 61.2 + 1.3.

Visam koku sugam blakus eso$o regionu zagbalku iznakums atSkiras
vismaz par 4 — 5% un blakus esoSo regionu vid&jais zagbalku iznakums visos
gadijumos atSkiras batiski (p<0.01). Tadgjadi So regionalo daljjumu
iespgjams izmantot apalo kokmaterialu iznakumu modelu pilnveidosana.
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2.1. att. / Fig. 2.1. Pieaugusu priezu audzu zagbalku iznakuma regioni
Latvija/ The regions with different outcome of sawlogs in mature pine stands
in Latvia
Zagbalku iznakums/ outcome of sawlogs: || 70 - 75%, Ei] 75 — gove, I g0 - 85%

3

2.2. att. / Fig. 2.2. Pieaugusu eglu audzu zagbalku iznakuma regioni
Latvija/ The regions with different outcome of sawlogs in mature pine stands
in Latvia
Zagbalku iznakums/ outcome of sawlogs: l:l 55 — 60%, - 60 — 65%, - 65 — 70%
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2.3. att. / Fig. 2.3. Piecaugu$u bérza audzu zagbalku iznakuma regioni
Latvijal The regions with different outcome of sawlogs in mature’ birch
stands in Latvia
Zagbalku iznakums/ outcome of sawlogs: || 45 —50%, E 50 — 5506, I 60 — 65%)

Apalo kokmaterialu iznakuma prognozésanas vienadojums izveidots,
lai precizak aprekinatu audzes tiras tagadnes veértibu, kura nepiecie$ams zinat
audzes krajas sadalfjumu apalo kokmaterialu veidos. Ta ka inventarizacijas
datos parasti nav pieejams audzes kvalitates vertgjums, tad méginats to
raksturot ar audzes taksacijas raditdjiem un audzes regionalo atraanas vietu
Latvija.

Izmantojot korelacijas analizi, parbaudita dazadu meza taksacijas raditaju
ietekme uz apalo kokmaterialu iznakumu visvairak parstavétajiem apalo
kokmaterialu veidiem. Noskaidrots, ka visam sugam kopuma visvairak apalo
kokmaterialu iznakumu ietekmé vid€jais caurmérs, ka arT caurméra-augstuma
attieciba un vecums.

Bet, parbaudot zagbalku iznakumu regionu ietekmi, konstatéts, ka ne
priedei, ne eglei, ne bérzam zagbalku iznakuma regioni batiski (p>0.05)
neietekmé individualu apalo kokmaterialu veidu iznakumu. Regionu
vertibam pastav multikolinearitate ar jau tris izveletajiem faktoriem
(caurmérs, caurméra-augstuma attieciba un vecums), tadel tie nav ieklauti
regresijas analize.

Visam koku sugam izveidots vienots apalo kokmaterialu veidu iznakuma
prognozeésanas nelinearas regresijas vienadojums (formula 2.4.). Vidgja
caurméra ietekme izteikta ar triskarSu polinomu, vecuma un caurméra-
augstuma attieciba ka lineara ietekme. Vienadojums ticami (p<0.05) raksturo
apalo kokmaterialu veidu vai atlikumu iznakumu, iznpemot dazus gadijumus,
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kad ticami (p>0.05) neraksturo: priezu malka un atlikumi, eglu malka, bérzu
malka, apses papirmalka, melnalk$nu taras kluéi 18 — 23.9 cm, malka un
atlikumi.

Regresijas vienadojuma koeficientu vértibas dotas 2.5. tabula zemak.
Apalo kokmaterialu iznakumu Tpatsvaru aprékina atseviski katrai koku sugai
audzg, atseviski pirma un otra stava kokiem, izmantojot atbilstosas sugas
koeficientu vertibas.

Ki; = Ko+Ky XD + K, X D* + K ><D3+1<4><§ + KsxA (24)

kur: Ki;— apalo kokmaterialu iznakuma Tpatsvars ar vértibu no 0 lidz 1 (koeficients), Ko — Ks
— koeficienti, D — koku sugas vidgjais caurmérs (cm), %— koku sugas vidgja caurméra (cm) -
augstuma (m) attieciba (koeficients), A — koku sugas vecums (gadi).

legttais rezultats raksturo katra apala kokmaterialu veida iznakuma
Ipatsvaru ar koeficienta vertibu no 0 lidz 1. Koeficienta vertibu reizina ar
konkrétas koku sugas augoSu koku kraju, tadgjadi iegiistot konkréta apala
kokmateriala veida tilpumu. Ta ka pétijuma ir izmantoti p&d&jos gados
sarazotie apalo kokmaterialu razoSanas dati, tad uzskatams, ka izveidotais
prognozesanas risingjums nodroSina arT misdienu situacijai atbilstosu
risinajumu.

Ne visiem apalo kokmaterialu veidiem regresijas vienadojuma ietvertie
faktori ir ar batisku ietekmi (skatit 2.5. tabulu). Tomer, lai saglabatu vienotu
pieeju, visam koku sugam saglabats vienots vienadojums. Papildus ietvertie
faktori (caurméra-augstuma attieciba un vecums) vidgji (vidgjais svertais pec
kokmaterialu tilpuma) uzlabo regresijas vienadojuma izskaidroto dalu par
2.5% priedei, 1.5% eglei, 4.2% bérzam, 5.1% apsei un 2.1% melnalksnim,
salidzinot ar situaciju, ja Sie faktori nebiitu ietverti vienadojuma.

Papildu faktoru nepiecieSamibu apalo kokmaterialu iznakuma
prognozgsana apstiprina ari pétijums, kurd noradits, ka koku caurmérs
neraksturo koku kvalitates ietekmi uz apalo kokmaterialu iznakumu
(Dubrovskis et al., 2014).
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2.5. tabula/ Table 2.5
Koku sugu apalo kokmaterialu iznakuma
ipatsvara prognozésanas vienadojumu koeficienti
Coefficients of function for calculation of proportion of timber assortments

« | Apalie kok- Koeficientu vértibas/ Values of coefficients

g-g materiali**/

3 :,8)_ Timber K K K K K K
assortments 0 1 z 3 4 5
Ik 7zb. > 28| 0.0914* | -0.0184* | 0.0007* |-0.000006* | 0.0323* | 0.00025*
18k zb. >28 | 0.5093* | -0.0697% | 0.0027* |-0.000026* | -0.0475* | -0.00025*
I”L‘z‘;bélg’ 38036 | 03919 | -0.0112 | 0.000100 | -0.1173 | -0.00037*

e él"l'ibé”‘ 0.8080 | -0.0379* | 0.0005* |-0.000002*| 0.0143* | -0.00041

@ .

& |MSEA107] 0898y | 00692 | 00018 | -0.000016 |-0.0049 | -0.00012*

& Mo

x 5P 06162+ | -0.0732% | 0.0024* |-0.000025%| 01199 | 0.00014*
P;Sfp“nwgg‘d"/ 0.0923* | 0.0234* | -0.0015* | 0.000022* | 0.0175* | 0.00042
fl:\:f\'l'v‘gf) 4 | 02052 | -0.0126* | 0.0003* |-0.000002* | -0.0186* | 0.00009*
Ar;'s'!fj“u”e‘s"/ 1.4923* | -0.1344% | 0.0043* |-0.000045* | 0.0043* | 0.00027*
13kzb.>28| 01436 | -0.0186 | 0.00064 |-0.000002*|-0.0135*| 0.00032
Hé";;bélg’ -0.1081% | 0.0141* | 0.00042* | -0.000014 | -0.0303* | 0.00013*
Ilél"l';bé”’ 02300 | 00449 | -0.00151 | 0.000014 | -0.0367 | 0.00007

= g -

g “Sl»‘l';bélo 01225 | 0.0049% | -0.00030* | 0.000004* | -0.0533 | 0.00001*

2 .

%) =

) “ljli‘gb' 02158 | 00183 | -0.00066 | 0.000008 | 0.0696 | 0.00008*

L -

P;S;;‘\j’vgg‘da’ 0.3427 | 0.0175* | -0.00191 | 0.000032 | 0.1579 | -0.00073
fu'\e/lla\:\ll(c?c/) 4 |-00226+| 00081 | -0.00031* | 0.000004* | 0.0012* | -0.00001*
"?;'s':;“u”;;’ 09677 | -0.0892 | 0.00363 | -0.000047 | -0.0949 | 0.00013*
FIN>32 | 04477 | -0.0595 | 0.002510 | -0.000030 | -0.0107* | -0.00010*

< |FIN>26-31 01360* | -0.0182* | 0001374 | 0000021 | -0.0517 | -0.00045

S |FIN>1925]-00670* | 00159* |-0.000001* |-0.000006* | -0.0634 | -0.0005

g

2 | FIN>14-18 | -0.0918* | 0.0372 | -0.001280 | 0.000013* | -0.0706 | -0.00065
Pgﬁng‘da’ 04696 | 00149 | -0.002243 | 0.000039 | 0.2633* | 0.00051
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2.5. tabulas turpinajums/ Extension of table 2.5

" Ap?!i?_l;_‘:}:/ Koeficientu vertibas/ Values of coefficients
B @ materiall
2 é Timber
9 & | assortments K, K, K, K; K, Ky
*%k
Malka/ | 4 5450+ | _0.0059% | 0.000218* | -0.000003* | 0.0147* | 0.00008*
Z 5| fuel wood : e : e : :
B S
2@ ‘Ifz's'ikd”urzs" 0.0596* | 0.0155% | -0.000579* | 0.000008* | -0.0815* | 0.00116
Zb.>24 | 0.4257* | -0.0561* | 0.0026* | -0.00003* | 0.1051* | -0.00131*
TKZ'é 38’ -0.9105 | 01069 | -0.0036 | 0.00004 | 00706* | -0.00060*
c
2 | TSLi% | 00197+ | 00112% | -0.0005% | 0.00001* | 0.0172* | -0.00022
g .
3 | Papirmalka/ x| . * | x| x|
Z | ‘pipwoos 24152% | -0.1510% | 0.0046* | -0.00004* | -0.2072* | -0.00260
fu'\eﬂlamj;, 4 | 0.9865 | 0.0731% | -00026* | 0.00003* | 02315* | 0.00320
'?‘g's'ikd”urzs" 0.0758* | 0.0158* | -0.0005* | 0.00001* | -0.2171 | 0.00153
Zb.>24 | 0.6078* | -0.0959% | 0.0043* | -0.00006* | 0.0236* | 0.00077*
= TKZ'éés’ -0.4159% | 0.0251* | 0.0007* | -0.00003* | 0.0442* | -0.00026*
— D .
c o —
25| 8L | 0.9904* | -0.0790%| 0.0031* | -0.00004* | -0.1110* | -0.00090*
< .
& [ Maika N N N N N N
S@| M | 01se%| 03330% | -00153% | 000022% | 01795% | -0.00120
'?é!!fj”ul‘s" 1.8335% | -0.1832% | 0.0072* | -0.00009* | -0.1363* | 0.00159*

*p>0.05, pargjos gadijumos p<0.05, **apalo kokmaterialu apzim&jumi: I, II, IIl — pirma, otra,
tresa, 8k. — Skira; zb. — zagbalki, FIN — finierkludi, TKL — taras klu¢i; > — lielaks par; skaitli
apzIm@ apala kokmateriala veida tievgala caurmeéra intervalu centimetros

*p>0.05, other cases p<0.05, **symbols of timber assortments: I, Il, Il — first, second, third, k.
— class; zb. — sawlogs, FIN — veneer logs, TKL — bulk sawlogs; > — greater than; figures shows
the interval of top diameter of timber assortments

Talak (2.6. tabula) dots ar apalo kokmaterialu iznakuma prognozé$anas
vienadojumu aprékinatas audzes kokmateriadlu monetaras vértibas
salidzinajums ar reali sarazoto kokmaterialu veértibu. Prognoz&to apalo
kokmaterialu pardoSanas vertibas relativa sistematiska novirze no reali
sarazoto kokmaterialu vertibas ir 0.3%, bet variacijas koeficients ir 10.4%.
Salidzinot ar lidziga pétjjuma rezultatiem (Malinen et al., 2014),
konstat&jams, ka visu apalo kokmaterialu pardosanas vertibas prognozesana
relativa sistematiska novirze ir 1idziga, bet variacijas koeficients ir aptuveni
divas-tris reizes lielaks.
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2.6. tabula/ Table 2.6
Apalo kokmaterialu iznakuma prognozeésanas vienadojuma precizitate
Accuracy of regression function for calculation
the outcome of timber assortments

ValdoSo sugu audzes/ o/l 0 0/20
Grupa Stands’ dominant species $%°,% A%*%
Apalo Priede/Pine 8.7 0.4
kokmaterialu Egle/Spruce 11.9 0.8
pardosanas -
veértiba/ The Bérzs/Birch 11.0 -0.4
assortments -
(EUR ha?) Melnalksnis/Black alder 13.3 -0.2
Vidgji/Mean 10.4 0.3

s% — variacijas koeficients, 2 A% — relativa sistematiska novirze
1 s% — relative root means square error, > 4% — relative bias

2.4. AudzZu tiras tagadnes vértibu izmainas
prioritari cértamo audZu atlasei

Ikgadejas tiras tagadnes vértibas izmainu aprékinasanas
vienadojums izveidots, izmantojot audzu taksacijas raditagjus un audzes
ikgadgjas tiras tagadnes vertibas izmainas, kuras iegiitas ka starpiba starp
audzes vértibu, to nocértot talit vai péc desmit gadiem. lkgadgjas tiras
tagadnes izmainas lauj ranz€t un atlasit galvenaja cirté prioritari c€rtamas
audzes, ka arT nodroS$ina cirSanas apjomu planoSana pielietota tiras tagadnes
vertibas maksimizacijas principa parcel$anu uz cirsmu planoSanu.

Izmantojot regresijas analizi, noteikts, ka dazadi meza taksacijas raditaji
ietekmé ikgadgjas tiras tagadnes vértibas izmainas. Vienots vienadojums
(formula 2.5.) izveidots visu sugu audzu ikgad€jo izmainu aprékinaSanai.
Vienadojums ticami (p<0.001) raksturo audzes tiras tagadnes vértibas
izmainas.

Vislabak ikgadgjas tiras tagadnes vertibas izmainas ietekmé $adi
taksacijas raditaji: valdosas sugas vecums, bonitate, audzes kraja (kopa
pirmaja un otraja stava), priedes, egles, bérza, apses un melnalk$pa kraja.
Citos Iidzigos pétijumos ka vértibu ietekméjosie faktori minéti dal&ji lidzigi
taksacijas raditaji: audzes vecums, koku skaits, audzes kraja, priedes un egles
patsvara kraja (Jonsson et al., 1993), vecums, caurmérs, kraja, caurméra un
vecuma attieciba (Thuresson, 1995).

Vienadojuma audzes kop&jas un priezu krajas ietekme atspogulota
nelineari, jo $ada apr€kinu pieeja precizak raksturo vertibu izmainas pie
mazam un lielam audzes krajam. Regresijas vienadojuma koeficientu vértibas
dotas 2.7. tabula, un visiem koeficientiem ir biitiska ietekme (p<0.05).
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NPV, =Ky + K, X Bon+ K, X A+ Ky XV + Ky X V2 + Ks x V3 + K,
x V32
+K; X Vg + Kg X Vi + Ko X V4 + Ky X Vg (2.5)

kur: NPV, — audzes ikgad@jas tiras tagadnes vértibas izmainas (EUR ha?), Ko — Ky —
koeficienti, Bon — bonitate (kodi: I* -0, I - 1, .... V- 6), A — valdosas sugas vecums (gadi), V —
audzes kraja (kopa I un II stava) (m®ha®), Ve — priedes kraja (kopa I un II stava) (m*ha®), Ve —
egles kraja (kopa I un II stava) (m°ha?), Vg — bérza kraja (kopa I un II stava) (m°ha?), Va — apses
kraja (kopa I un II stava) (m®ha?), Vi — melnalksna kraja (kopa I un I stava) (m°ha™).

2.7. tabula/ Table 2.7
Ikgadgjo tiras tagadnes vertibu izmainu
aprékinasanas vienadojuma koeficientu vértibas
Coefficient of function for calculation
of annual changes in the net present value

Koeficients/ Coefficient | Veértiba/ Value Koefiqie_nts/ Vértiba/
Coefficient Value

Co 79.229146 Cs -0.000559
C1 9.735206 (o -0.065615
C2 -1.593884 Cs -0.188133
Cs 0.604344 Co 0.239861
Ca -0.002853 Cio 0.105021
Cs 0.000002 - -

Zemak esoSaja 2.8. tabula ir dots ilustrativs piemers par ikgad€jam tiras
tagadnes vértibas izmainam I bonitates priedes tiraudzgé. Veértibu izmainas ir
sadalitas piecds cirSanas prioritau grupas, kuras ir mark&tas ar krasam.
Augstakaja cirSanas prioritaSu grupa ietilpst audzes ar vislielako ikgadgjas
tiras tagadnes vertibu samazinajumu, lielaku par -300 EUR ha? (tumsi zala
krasa). Otraja grupa — ar samazinadjumu -200 — -299.9 EUR ha! (gaisi zala
krasa), tre$aja — ar samazindjumu -100 — -199.9 EUR ha? (dzeltena krasa),
ceturtaja — ar samazinajumu 0 — -100 EUR ha (briina krasa) un viszemakaja
cirSanas prioritasu grupa ietilpst audzes ar ikgadgjas tiras tagadnes vertibas
picaugumu (sarkana krasa).
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2.8. tabula/ Table 2.8
I bonitates priedes audZu ikgadgjas tiras tagadnes vértibas izmainas
dazados vecumos un pie dazadam krajam
Annual changes in the net present value in various ages and growing stock
volumes of pine stands of 12 site index

Audzes kopéja (I un II stava) kraja/
Vecums/ Volume of stand (sum of first and seconds storey) , m°ha™
Age, 100 | 150 [ 200 | 250 | 300 | 350 [ 400 | 450
gadi/ years Ikgadéjas tiras tagadnes veértibas izmainas/
Annual changes in the net present value, EUR ha*
80 -10 -18 -38 69 -110 -158 213 274
90 26 -34 54 -85 -126 -174 -229 -289
100 -42 50 -70 -101 -142 -190 -245
110 58 66 -86 -117 -158 206 261
120 74 -82 -102 -133 -174 222 277
130 -90 -98 -118 -149 -189 -238 -293
140 -106 -113 -134 -165 -205 254
150 -122 -129 -150 -181 221 270
160 -138 -145 -166 -197 -237 -286

Lielaks vértibas samazinajums un augstaka cir§anas prioritate ir vecakam
audz€m un audzem ar lielaku kraju, bet zemaka prioritate ir jaunakam
audz€m un audz&m ar mazaku kraju. Lidzvertigi rezultati — augstaka cirSanas
prioritate ir audzém ar lielaku kraju un vecumu, iegiiti lidziga pétijuma
(Jonsson et al., 1993).

Galvenas cirtes cirsmu planoSana ar izveidoto vienadojumu (formula
2.5.), izmantojot audzes taksacijas raditajus (pieejami meZa inventarizacijas
datu baz€ vai vienkar$i nosakami daba), visam audzém, kuras iesp&jams
nocirst, var aprékinat ikgadgjas tiras tagadnes veértibas izmainas. Balstoties uz
vertibu izmainam, audzes iespgjams saranz€t un izveéleties nocirSanai audzes
ar lielako vertibas samazinajumu. Tomér jaatceras, ka vertibas izmainas ir
tikai viens no daudziem faktoriem, kas nosaka 1émumu par audzes nocir$anu.
Cirsmu plano$anu ietekmé arT daudzi citi faktori: pieslieSanas, cirtes virziens,
cirsmas lielums, cirSanas apstakli, audzes novietojums, meza celu pieejamiba
u.tml. Tadel ne vienm@r visas augstako prioritaSu audz&s bis iesp&ams
ieplanot cirsmu.

2.5. Pilnveidota planoSanas limenu sasaistes risinajuma novertejums

Galvenaja cirté cértamo audZu lidziba stratégiskaja un taktiskaja
planoSana noskaidrota, salidzinot audzu ikgad&jas tiras tagadnes vertibu
izmainas. lesakuma aprékinati galvenas cirtes apjomi — galvenas cirtes
platiba. Aprékinata galvenas cirtes platiba pirmajos desmit gados ir 150830
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ha, kas ir 49% no nakamajos desmit gados galvenajai cirtei pieejamam
audzém. Tas nozimé, ka pastav cértamo audzu izveles iespgjas.

P&c tam noskaidrots, vai ar preciz&tajiem meZza inventarizacijas (acumeéra
uzmérisanas metode) datiem uzlabojas prioritari cértamo audzu atlase.
Atbilstosi pirmas desmitgades galvenas cirtes platibai atlasttas c&rtamas
audzes (p&c vertibu izmainam) no dazadiem meZza inventarizacijas datiem, un
salidzinatas So audzu vidgjas ikgadgjas tiras tagadnes vertibu izmainas (2.9.
tabula).

2.9. tabula/ Table 2.9
Péc dazadiem meZa inventarizacijas datiem cirSanai izvéléto audzu
ikgadejas tiras tagadnes vertibas izmainas (EUR ha™)

Annual changes in the net present value for stands selected for harvesting
in final felling by different forest inventory data (EUR ha?)
Taktiskaja planoSana cértamas audzes atlasot

péc ikgadéjam tiras tagadnes vértibas izmaipam*, izmantojot:

Stands for harvesting in tactical planning were selected by using

annual changes in the net present value and by using:

Valdo$a suga/ P-—
Dominant neplrjc;e 0s recizitos me¥a kontrolei — precizos
species of . eea precizetos me (dastojuma) datus/
stand inventarizacijas inventarizacijas for control — accurate
datgs/ . datus/ . re-measurements
non-calibrated calibrated standwise (measured b
standwise forest | forest inventory data callipers) y
inventory data P
Priede/Pine -239.8+4.6 -235.7+4.8 -248.7+4.1
Egle/Spruce -161.846.1 -163.1+6.0 -203.3+4.7
Bérzs/Birch -127.7£3.7 -117.6+4.0 -118.1£3.7
Apse/Aspen -144.5£8.0 -148.8+7.6 -182.6+4.5
Melnalksnis/ -117.349.3 -126.248.8 -137.7+4.8
Black alder
Vidgji/ Mean -179.4+3.3 -175.0+3.4 -188.8+3.2

*visos gadijumos ikgadgjas tiras tagadnes vertibas izmainas aprékinatas péc faktiskajiem datiem
(dastojumiem)

*in all cases the annual changes in the net present value were calculated by actual forest
inventory data (callipered)

Audzu atlase veikta p&c vertibu izmainam, kuras aprékinatas atbilstosi
izmantotajiem inventarizacijas datiem, bet salidzinaSanai izmantotas vertibu
izmainas, kuras aprékinatas atbildoSi audzes faktiskajam stavokli, ko raksturo
vienlaidus dastojumi.

Audzeém, atlasitam p&c nepreciz€tiem un preciz€tiem meza
inventarizacijas datiem, vidg€jas audzu ikgad&jas tiras tagadnes vertibu
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izmainas neatSkiras butiski (p>0.05) gan visu sugu audzés kopa, gan
atsevis$ku sugu audzes. Bet vid&jas vertibu izmainas audzém, kuras atlasitas
péc kontroles — dastojuma datiem, abos gadijumos atskiras biitiski (p<0.05),
un tas ir par 5.2% un 7.8% augstakas salidzinot ar neprecizétiem un
preciz&tiem inventarizacijas datiem. Tas nozimé, ja meza inventarizacijas dati
bitu precizi vai korekcijas rezultata biitu precizeti, tad cirSanai tiktu atlasttas
audzes ar augstaku cirSanas prioritati.

Tadgjadi secinams, ka preciz€to meza inventarizacijas datu izmantosana
neuzlabo prioritati cértamo audzu atlasi un lidz ar to neuzlabo arT galvenas
cirtes planoSanas ltmenu sasaisti. Taktiskaja vai cirsmu planosanas ITmeni var
turpinat izmantot neprecizetos acuméra meza inventarizacijas datus.

Modelgjot situaciju, ka cirsmu planosana izmanto neprecizétos meza
inventarizacijas datus, konstatéts, ka kopuma iesp&jams atlasit 67% no
augstako cirSanas prioritasu audzém. Modelgjot tika piepemts, ka 20% no
audzém nav pieejamas cirSanai dazadu nosacTjumu (pieslieSanas, celu
pieejamiba u.tml.) d&l, tadgjadi vel 13% no augstako cirSanas prioritasu
audzém netiek atlasitas neprecizu meza inventarizacijas datu dgl.

Nakamaja soli salidzinata taktiskaja planoSana cirSanai atlasito audzu
(izmantojot neprecizétos meza inventarizacijas datus) lidziba ar: pirmkart,
galvenajai cirtei pieecjamam audzém, otrkart, strat€giskaja planoSana
atlasttam audzem, treskart, arT faktiski nocirstam audze€m — ieplanotas pec
tradicionaliem cirsmu (taktiskas) planoSanas principiem. Dazados planoSanas
limenos un péc dazadiem atlases principiem cir$anai atlasito audzu vidgjas
ikgadgjas tiras tagadnes veértibas izmainas dotas 2.10. tabula.

Stratégiskaja plano$ana ceértamas audzes izvélas ar 43.6% lielaku
ikgadgjas tiras tagadnes vertibas samazinajumu, salidzinot ar visu cirSanai
pieejamo audzu vid§o vertibas samazinagjumu, un vidgjo vertibu
samazindjuma atSkiribas ir butiskas (p<0.05) visu sugu audzés kopa.

Taktiskaja vai cirsmu planosana, c€rtamas audzes atlasot p&c tiras
tagadnes veértibu izmainam, tam ir par 24.2% lielaks vertibas samazinajums,
salidzinot ar vidgjo cirSanai pieejamo audzu vertibas samazinajumu, un
atSkiribas ir biitiskas (p<0.05). Tas nozimé, ka ikgadgjo tiras tagadnes vertibu
izmainu izmantoSana nodroSina augstaku cirSanas prioritaSu audzu atlasi no
cirSanai pieejamam audzém. Tomér arT ikgad@jo vertibu samazinajuma
atSkiribas starp taktiskaja planoSana un strat€giskaja plano$ana atlasitam
audzém ir batiskas (p<0.05) visu sugu audzes kopa. Tas nozimé, ka pirmaja
desmitgadé prioritari cértamo audZu atlas€, izmantojot meZa inventarizacijas
datus un ikgad@jas tiras tagadnes vertibu izmainas, var atlasit c€rtamas
audzes Iidzigakas stratégiskajai planosanai, bet ne pilniba lidzigas.
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2.10. tabula/ Table 2.10
Galvenajai cirtei pieejamo un dazadi cir§anai izvéléto audzu ikgadgjas
tiras tagadnes vértibas izmainas (EUR hal)
Annual changes in the net present value for stands available and selected
for harvesting in final felling by different approaches (EUR ha)

Izvéletas cir§anai pirmajos desmit gados/
_ selected for harvesting in first ten years:
Galvenajai T T R TR
R Taktiskaja planosana*/
<= cirtei . ] e
Valdosa iceiamas in tactical planning:
suga/ P aquZ es Strate- péc ikgadéjam &c
Dominant giskaja tiras tagadnes pee
- Stands S _E tradicionaliem
species of . planosana / vértibas A
available for | % - o principiem/
stand P in strategic izmaipam/ -
harvesting in - ; by traditional
final felling planning by annual planning
changes in the rincinles
net present value P P
Priede/ Pine | -203.74£9.1 | -274.8+12.1 -239.8+4.6 -210.1+3.8
Egle/ Spruce | -132.5+9.8 | -221.7+£21.1 -161.8+6.1 -154.7+4.5
Berzs/ Birch | -107.1+8.5 -126.549.5 -127.743.7 -112.6+3.3
Apse/ Aspen | -102.5+9.4 | -188.5+14.3 -144.5+8.0 -109.5+6.1
Melnalksnis/
Black alder -62.7421.4 | -122.6+26.6 -117.349.3 -96.6+7.3
Vidgji/ Mean | -144.5£5.1 -207.5+8.0 -179.443.3 -156.6+2.5

*visos gadijumos ikgadgjas tiras tagadnes vertibas izmainas aprékinatas pec faktiskajiem datiem
(dastojumiem)

*in all cases the annual changes in the net present value were calculated by actual forest
inventory data (measured by callipers)

Tradicionalaja varianta c€rtamas audzes izvélas ar 8.4% lielaku vertibas
samazinajumu, salidzinot ar vidgo vertibas samazinajumu cirSanai
pieejamam audz&m, un vidgjas vertibu izmainas butiski (p<0.05) atSkiras gan
no cirSanai pieejamam audzém, gan no strat€giskaja planosana atlasitam
audzém, gan no taktiskaja planosana atlasttam audzeém. Tomer, nemot vera
faktu, ka tradicionalaja planoSana c€rtamas audzes izvélas galvenokart no
tam, kuras ir sasniegusas galvenas cirtes vecumu, tad ikgadgjas vertibu
izmainas neatskiras butiski (p>0.05) starp cirSanai pieejamam (sasniegusas
galvenas cirtes vecumu) un nocirstajam audzém. Tas nozim€, ka
tradicionalaja cirsmu planoSana ceértamas audzes izv€las p€c nejausibas
principa no visam cir$anai pieejamam audzém, kuras sasnieguSas galvenas
cirtes vecumu.

Lai gan vertibu izmainas ir aprékinatas, model&jot kailcirtes, tas pec
biitibas ir pielietojamas arT izlases cirt€s. Gan kailcirtés, gan izlases cirtes
strat€giskaja planosana cértamas audzes izvélas ar lidzigu, attiecigi 39.5% un
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33.5% lielaku vertibas samazinajumu, neka abos cirSu veidos cirSanai
pieejamam audzem.

Ekonomiskais ieguvums, ievieSot planoSanas Iimenu sasaistes
risinajumu, noteikts, salidzinot tiro pelpu un audZu tiro tagadnes v&rtibu
divos dazados scenarijos, ja taktiskaja planoSana cértamas audzes izvel&tos,
pirmkart, pec ikgadgjam tiras tagadnes vertibas izmaindm (scenarija
nosaukums “Vertibu izmainas”), otrkart, péc tradicionalajiem cirsmu
planosanas principiem (Scenarija nosaukums ”Tradicionalais™).

Tas nozimé, ka strat€giska plana vai cir§ana apjomu aprékina noteikto
galvenas cirtes platibu pa sugam atlasa péc diviem iepriekSmingtiem
scenarijiem. Un cirSanas apjomu aprekins atkartots ik p&c desmit gadiem,
pienemot, ka cirSanai atlasitas audzes ir nocirstas. Krajas kopSanas cirtes
visos gadijumos modelétas atbilstosi stratégiskajiem mérkiem, un pienemts,
ka ta ari nocirtis.

”Vertibu izmainu” scenarija galvenaja cirté cértamas audzes atlasitas pec
ikgadgjam tiras tagadnes veértibas izmainam no galvenas cirtes vecumu vai
mérka caurméru sasniegusam audzém. Piepemot, ka piecgadé iesp&jams
nocirst tikai 67% no augstako cirSanas prioritasu audzém (pamatojumu skatit
ieprieks). ”Tradicionalaja” scenarija cértamas audzes atlasitas p&c nejausibas
principa no tam audzém, kuras ir sasniegusas galvenas cirtes vecumu.

Salidzinasanai apkopota desmit piecgazu tira pelpa (tabula 2.11.) abos
mingtajos scenarijos, ka ari treSaja scenarija, kur$ raksturo CirSanas apjomu
aprekinu un teorétiski raksturotu situaciju, ja iecercta stratégija tiktu realiz&ta
par 100% (scenarijs — ”’Stratégija”).

Veértibu izmainu pielietoSana audzu atlasé nodroSina to, ka ilgtermina
pelna ir tikai par 3.6% zemaka neka cirSanas apjomu aprékina, bet atSkiribas
nav bitiskas (p>0.05), tatad c€rtamo audzu izvéle notiek Iidzigi. Tadgjadi
apstiprinas citos pétijumos iegiitd atzina, — cirSanas apjomu planos$anas
optimizacijas lémumus ar tiras tagadnes vertibu izmainu palidzibu var parcelt
uz cirsmu planosanas Iimeni (Jonsson et al., 1993).

Galvenaja cirte izveloties certamas audzes péc ikgadgjam tiras tagadnes
vertibas izmainam, prognozgjams, ka pelna palielinasies par 8.7% un audzu
tira tagadnes vértiba palielinasies par 9.9%, salidzinot ar audzu izveli péc
tradicionalajiem cirsmu plano$anas principiem.
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2.11. tabula/ Table 2.11
Tira pelna no galvenaja cirté nocirstam audzém
pie daZadiem cértamo audZu izvéles principiem taktiskaja planoSana
Net profit from harvested stands in final felling by
various principles of stands selection in the tactical planning

Galvenaja cirté cértamo audZu izvéles princips/
The principle of selection of stands for final felling

Strategiska
. planosana / Taktiska planosana/ Tactical planning
_ Piecgade/ Strategic planning
five year period —
Stratégijal/ Vertibu izmainas?/ | Tradicionalais®/
Strategic? Value changes?® Traditional®
Piecgades tira pelna, milj. EUR/
Net profit in five year period, mill. EUR
1. 525.0 500.1 467.0
2. 525.3 500.1 416.3
3. 527.8 514.7 436.7
4. 522.4 516.4 487.1
5. 521.8 455.1 411.2
6. 522.5 502.9 467.6
7. 522.0 521.4 476.9
8. 522.1 539.2 498.3
9. 522.2 529.2 472.0
10. 521.9 515.9 520.4
Vidgji/ Mean 523.3 509.5 465.3

! certamas audzes noteiktas stratégiskaja planosana,  cértamas audzes izveloties pec ikgadgjam
tiras tagadnes vértibas izmaipam, ® cértamas audzes izvéloties p&c tradiciondliem cirsmu
planosanas principiem

*harvestable stands selected for final felling in strategic planning, 2harvestable stands selected
for final planning by annual changes in the net present value in tactical planning, *harvestable
stands selected for final planning by traditional planning principles in tactical planning
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SECINAJUMI UN PRIEKSLIKUMI

Kopuma Latvija meza inventarizacija (acuméra taksacija) pieaugusu
audzu krajas vert€juma ir neprecizitates, kraju sistematiski noverte
zemak — relativa sistematiska novirze ir 19.4%, un krajas novert&juma
variacijas koeficients ir 28.6%. legitie rezultati atbilst lidzigiem
petijumiem arvalsts.

Meza inventarizacijas datu preciz€Sanai izstradati korekcijas
vienadojumi priedes, egles, berza, apses un melnalk$pa taksacijas
raditajiem, p&c kuriem apréekina kraju: videja koka augstumam, valdosas
un piemistrojuma sugu Skérslaukumam. Vienadojumi lauj precizet krajas
vertgjumu: tas relativa sistematiska novirze samazinas par 56.2
procentpunktiem un variacijas koeficients samazinas par 19.9
procentpunktiem.

Apalo kokmaterialu iznakuma prognozu precizé$anai noskaidrots, ka
Latvijas teritorija pastav regionalas atSkiribas zagbalku iznakuma — eglei
9.4%, priedei 10.5% un bérzam 16.2% apjoma. Tomér zagbalku
iznakuma regionalas atSkiribas nav iesp&jams pieradit individualiem
apalo kokmaterialu veidiem.

Precizakam priedes, egles, bérza, apses un melnalkSna apalo
kokmaterialu iznakuma aprékinam izveidoti to prognozeSanas
vienadojumi, kura ka ietekm&josos faktori izmantoti: vidéja koka
caurm@rs, vidéja koka caurm@ra-augstuma attieciba un vecums.
Caurmg@ra-augstuma attieciba un vecums uzskatami par audzes kvalitati
raksturojoS§iem parametriem, jo Sie faktori papildus uzlabo regresijas
vienadojumu izskaidroto dalu (determinacijas koeficientu) vidgji par
2.5% priedei, 1.5% eglei, 4.2% bérzam, 5.1% apsei un 2.1%
melnalksnim.

Audzu ikgad@jas tiras tagadnes vertibas izmainas aprékinam izveidots
regresijas vienadojums, kura ka faktori izmantoti vienkarS$i nosakami
meza taksacijas raditaji — bonitate, vecums, audzes kopgja kraja un katras
sugas kraja. Vertibu izmainu pielietoSana certamo audzu atlasei
taktiskaja planosana nodroS$ina to, ka ilgtermina pelna ir tikai par 3.6%
zemaka neka stratégiskaja plano$ana aprékinata, bet atSkiribas nav
butiskas (p>0.05), tatad c€rtamo audzu izvéle notiek lidzigi.

Precizéto meza inventarizacijas datu izmantoSana taktiskaja planosana
neuzlabo ce&rtamo audzu atlasi. Izmantojot gan preciz€tos, gan
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neprecizétos meza inventarizacijas datus, iesp&jams atlasit Iidzigu
Ipatsvaru augstako cir§anas prioritasu audzes.

Galvenas cirtes taktiskaja planoSana izveloties certamas audzes péc
ikgadgjam tiras tagadnes vertibas izmainam, prognoz€jams, ka pelna
palielinasies par 8.7% un audZzu tira tagadnes vertiba palielinasies par
9.9%, salidzinot ar audzu izvéli p&c tradicionalajiem taktiskas vai cirsmu
planosanas principiem.

Promocijas darba izvirzitds t€zes apstiprinas sekojosSi. Pirma teéze —
taktiskaja planoSana, izmantojot audzu tiras tagadnes vertibas izmainas,
certamas audzes izvElesies lidzigi ka stratégiskaja planosana, ir
apstiprinajusies (5. secinajums). Otra téze — precizakam audzu tiras
tagadnes vértibas aprékinam nepiecie$amo apalo kokmaterialu iznakumu
audzes kvalitates ietekmé raksturo audzes taksacijas raditaji un audzes
regionala atraSanas vieta Latvija, ir apstiprinajusies dal&ji (3. un 4.
secindgjums). Tre$a t€ze — Latvija meZa inventarizacijas datos ir
neprecizitates un tas ir lidzigas ka citas valstis, ir apstipringjusies (1.
secinajums). Ceturta téze — inventarizacijas datus var preciz€t, un tas
uzlabos prioritari certamo audzu atlasi, ir apstiprinajusies dalgji (2. un 6.
secindgjums). Piekta te€ze - ievieSot pilnveidot plano$anas Iimenu
sasaistes risinajumu, palielinasies mezsaimniecibas pelpa un audzu tira
tagadnes vertiba, ir apstiprinajusies (7. secinajums).
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INTRODUCTION

The forest management planning starts with strategic planning or
calculation of harvesting volumes, where harvestable stands are chosen based
on strategic goals and constrains. To maximize the net present value of stands
is usually the most common strategic goal in Latvia and Nordic countries
(Dubrovskis, 2007, Nilson et al., 2012, Hobbelstad, 2001). The next planning
level is tactical planning, where harvestable stands are selected and
harvesting sites are made under constrains of calculated harvesting volumes.
The selection of similar stands should be ensured when turning from one
planning level to the next (Bettinger et.al, 2009), the principle of net present
value maximization should be transferred from strategic to tactical planning.

The simple principle how to transfer the maximization of net present
value is described as follows. The net present value of stands is calculated by
harvesting now and later and after that the change in value or costs of
harvesting delay are calculated. With the help of regression analysis the
function for calculation of value changes could be made and parameters of
forest inventory can be used as regressors. By using the stands’ value
changes all stands can be ranked and stands with the largest value changes
should be selected priorly for harvesting in tactical planning (Jacobsson,
1986, Price, 1989). This simple way for selection of stands in tactical
planning of final felling has not been studied in Latvia; in addition, the usage
of this approach should increase the profitability of forestry and net present
value of stands.

The forecasts of outcome of timber assortments play an important role in
the calculation of net present value. Various tables of timber assortments
outcome (Sprivulis, 1963, Mary3anuc, 1988), forecast functions (lesalnieks,
2002, Ozolins 2002) are used in Latvia. However, the timber outcome is
influenced by the stand’s quality that is not usually estimated in forest
inventory. Several studies have been carried out in Latvia which reveal that
the outcome of assortments is influenced by the stand’s parameters and the
stand’s location in Latvia (Zalitis un Spalte, 1998, Baumanis et al., 2001,
Zalitis un Spalte, 2000, Spalte, 2005, Zalitis et al. 2002). Therefore these
factors could potentially be used to characterize the influence on outcome of
timber assortments.

The accuracy of standwise forest inventory data (visual estimate) play an
important role in tactical planning. In some countries it was found out that
this data is inaccurate (Stahl, 1992, Kinnunen et al., 2003, Kulie$is un
Kasperavicius, 2004). Similar conclusions were made in studies in Latvia
(Dubrovskis, 2004, Veinbergs, 2007), however the studies were based on an
insufficient amount of data. This means that the accuracy of standwise forest
inventory in Latvia should be checked using sufficient amount of data and the
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influence of inaccurate inventory data on selection of priorly harvestable
stands should be assessed.

The standwise forest inventory data could be made more accurate by
calibration, based on accurate re-measurement data (Li, 1988). However this
calibrations solution and influence of calibrated data on selection of stand
prior for harvesting have not been studied in Latvia.

Several defendable theses are proposed. First, in tactical planning, the
usage of changes in the net present value will ensure that stands are chosen in
a similar way to that of strategic planning. Second, for more accurate
calculation of stands value, the influence of the stand’s quality on the
outcome of timber assortments could be described by the stands’ inventory
data and location in Latvia. Third, the forest inventory data is inaccurate in
Latvia; inaccuracies are similar to those in other countries. Forth, forest
inventory data could be calibrated and this will improve the selections of
stands prior to harvesting. Fifth, implementation of this linkage solution will
increase the profit of forestry and the net present value of stands.

The objective of the doctoral thesis is to improve the linkage between
strategic and tactical planning of final felling in order to ensure that selection
of harvestable stands is analogical in the tactical and strategic planning.

In order to achieve the objective the following tasks are set:

1. To evaluate the accuracy of standwise forest inventory in Latvia.

2. To develop a calibration solution for making inventory data more
accurate.

3. To develop a solution for selection of prioly harvestable stands in final
felling — based on changes in the net present value of stands.

4. To develop the solution for prediction of outcome of timber assortments
for more accurate calculation of the net present value of stand, where
influence of stands’ quality with the help of forest inventory data would
be taken into account.

5. To evaluate the improved solution for linkage of planning levels — the
similarity of stands selected for final felling on both planning levels and
the economic benefit from the implementation of solution.

The novelty of the thesis: with sufficient amount of data the accuracy of
standwise forest inventory in mature stands has been measured in Latvia and
a solution for calibration of data has been found. A function for calculation of
the outcome of timber assortments has been made, where the influence of the
stand’s quality is partially described by the forest inventory data. A function
for calculation of the stand’s changes in the net present value has been made
(taking into account Latvia’s tree growth models, outcome of timber
assortments, prices), and the linkage of strategic and tactical planning could
be ensured by using this function.

Practical significance: the developed solution for linkage the planning
levels ensures that the selected harvestable stands in tactical planning are
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similar to the selected harvestable stands in strategic planning. And the
developed solution ensures the increase of forestry efficiency — the profit
could increase by 8.7% and net present value of stands by 9.9%, if compared
to traditional planning principles.

3. MATERIALS AND METHODS

The study was performed within the period from year 2012 to year 2015.
The study covers the most common tree species of Latvia: pine (Pinus
sylvestris L.), spruce (Picea abies (L.) Karst.), birch (Betula spp.), aspen
(Populus tremula L.) and black alder (Alnus glutinosa L.). The study was
carried out in the whole territory of Latvia, the data of JSC “Latvijas valsts
mezi” (Latvia state forests) were used; the company manages state forests
(1.4. million ha) throughout Latvia and half of Latvia’s forests are under their
management.

3.1. Materials

The standwise forest inventory data, stand measurements by callipers and
harvesters’ measurements of years 2010 — 2012 of JSC “Latvijas valsts mezi”
were used, as well as state forest research institute “SILAV A” national forest
inventory data of years 2009 — 2013 for the territory of JSC “Latvijas valsts
mezi”. The standwise forest inventory data were selected from the stand data
base of forest inventory data. The stand measurements by callipers were
acquired from the stands where harvesting sites were measured and harvester
measurements were acquired from the stands where harvesting of trees was
done by harvesters.

The accuracy of standwise forest inventory was measured by
comparison of the volume of growing stock in standwise forest inventory and
in measurements by callipers (accurate re-measurements). The sampled
population represents mature and overmature stands, a total of 1300 stands
were used, including 537 pine, 178 spruce, 379 birch, 173 aspen and 33 black
alder stands. Data on the growing stock volume of stands for first and second
storey and the total volume of the stand were selected from standwise forest
inventory and measurements by callipers.

The calibration functions for making more accurate standwise forest
inventory were made using standwise forest inventory data and
measurements of callipers (accurate re-measurements). The sample
population was made from 720 mature and overmature stands, including 160
pine, 160 spruce, 160 birch, 160 aspen and 80 black alder stands. Using
standwise forest inventory and measurements by callipers the following data
was selected for each tree species in first and second storey: mean height,
basal area, volume, site index and dominant tree species. The improvement of
accuracy of standwise forest inventory was measured by sampled population
of 1300 stands (mentioned above). Using standwise forest inventory data and
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measurements by callipers, the following data was selected for each tree
species in first and second storey: mean height, basal area, volume, site index
and dominant tree species.

The influence of the stand’s quality on the outcome of timber
assortments were estimated, firstly, by identifying the regional differences in
sawlogs outcome, secondly, by the influence of the stand’s quality. Regional
differences in sawlogs outcome were estimated for pine, spruce and birch by
using the data of measurements by harvesters and measurements by callipers.
In total, the data of 1645 stands for pine, 1202 for spruce and 1531 for birch
were used. The outcome of sawlogs was set as proportion of volume of
sawlogs from total volume of timber assortments for each species. The
influence of the stand’s quality on the outcome of timber assortments was set
by using 510 mature and overmature stands, including 120 pine, 120 spruce,
120 birch, 120 aspen and 30 black alder stands. The following parameters
were selected for each tree species from standwise forest inventory: site
index, age; from measurements by callipers: growing stock volume of each
species, mean diameter and height (first and second storey), ratio of diameter
and height; from measurements by harvesters: the volume of each timber
assortment. The following assortment groups exist: sawlogs, veneer logs,
pulpwood, fuel wood, and pine has eight, spruce seven, birch six, aspen five,
black alder four timber assortments.

Annual changes in the net present value were calculated by using the
national forest inventory data, a total of 1211 stands (sample plots) were
used, including 594 pine, 196 spruce, 288 birch, 86 aspen and 47 black alder
stands. The following data was selected for each stand: age of dominant
species, site index and mean height, mean diameter, number of trees, basal
area and growing stock volume of each species of first and second storey.

Evaluation of improved linkage between planning levels was made by
using several data sources. The national forest inventory data was used for
calculation of the strategic plan. For calculation the following data was
selected for each stand: age of dominant species, site index and mean height,
mean diameter, number of trees, basal area and growing stock volume of
each species of first and second storey.

For characterizing the stands available for final felling on tactical
planning level, the sample population of standwise forest inventory of 1300
stands, including 537 pine, 178 spruce, 379 birch, 173 aspen and 33 black
alder stands was used. To characterize the stands that had been planned for
harvesting by traditional planning principles the sample population of 1300
stands from standwise forest inventory were selected including 536 pine, 172
spruce, 451 birch, 99 aspen and 42 black alder stands. For each stand the
standwise forest inventory data and measurements by callipers were used:
dominant species, sit index, age of dominant species, growing stock volume
of the stand and the volume of pine, spruce, birch, aspen and black alder.
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The economic benefit from improved linkage of planning levels was
calculated by using the same national forest inventory data that had been used
for calculation of strategic plan (mentioned above).

3.2. Methods

The accuracy of standwise forest inventory was measured by
comparing the growing stock volume in standwise forest inventory and
measurements by callipers (accurate re-measurements). The volume was
compared for stands of various species, pure stands/ mixed stands, dominant
species/ non-dominant species, each species and stands with groups of
volume (lower than 200 méha?, 200.1 — 300 m*ha?, 300.1 — 400 m®hat, and
more than 400.1 m®hal). Accuracy was measured by systematic error —
relative bias (equation 3.1) and variation of data — relative root means square
error (equation 3.2).

E:?:1(3A’i—yi)
A% =100 x —2— (3.1)

/Z?=1@i—yi>2
s% = 100 x + (3.2)

where: 4% — relative bias, s% — relative root means square error, §; — growing stock volume
of measurements by callipers (accurate re-measurements) for stand i, y; — growing stock volume
of standwise forest inventory for stand i, ¥ — mean growing stock volume of measurements by
callipers (accurate re-measurements), n — number of stands.

T-test was applied to set the significance of differences between mean
volumes of both data sets.

The calibration solution of standwise forest inventory was made based
on the interconnection between standwise forest inventory data and accurate
re-measurements (measurements by callipers). Calibration functions were
made for forest inventory parameters which are used for calculation of
growing stock volume: mean height, basal area of dominant species and basal
area of non-dominant species. The interconnection between two data sets was
found by regression or covariates analysis and parameters of standwise forest
inventory were used as factors. The increase of accuracy was measured by
relative bias and relative root means square error (equation 3.1 and equation
3.2).

The influence of the stand’s quality on the outcome of timber
assortments were estimated, firstly, by identifying the regional differences in
the sawlogs outcome in Latvia, secondly, by the influence of stand quality.
The 97 territorial units of Latvia were used and sawlogs outcome of pine,
spruces and birch in those territorial units were calculated. Territories with
similar sawlogs outcome for each species were combined until the sawlogs
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outcome starts to differ significantly between neighbouring territories, and
this was set by T-test.

The function for calculation of outcome of each timber assortment was
made by regression analysis. The parameters of forest inventory (influence of
the stand’s quality) and territories with different sawlogs outcome were used
as factors in regression analysis. The accuracy of results of regression
function was measured by relative bias and relative root means square error
by comparing the monetary value (prices of year 2010 — 2011 were used) of
all timber assortments calculated by function and actually produced
(measured by harvesters).

The stand’s annual changes in the net present value were calculated
based on the general solution: two clearcut scenarios were modelled — now
and ten year later. After that the annual changes in the net present value was
calculated. The forestry modelling system “SILVMO” (version 7.3) of
JSC “Latvijas valsts mezi” was used. The system is used for strategic
planning of forestry, different forestry scenarios, the growth of forest,
outcome of timber assortments (that was adjusted according results of this
study), income, costs and net present value can be modelled with the help of
the system. The 4.24% discount rate and prices of the year 2010 — 2011 were
used. Finally, the regression analysis was done and a function of changes in
the net present value was made, and parameters of forest inventory were used
as factors.

Evaluation of improved solution for linkage of planning levels was
started by calculation of the strategic plan of forestry. It was calculated
according to the strategic goals of JSC “Latvijas valsts mezi”, and forestry
modelling system “SILVMO” was used. Stands of final felling of first ten
years were selected from the strategic plan.

After that the improvement of selection of stands prior for final felling
was assessed in tactical planning by using the calibrated standwise forest
inventory. The data of standwise forest inventory was calibrated and the
annual changes in the net present value were calculated using non-calibrated
and calibrated data. After that stands were selected for harvesting in final
felling based on non-calibrated, calibrated data and accurate re-measurements
(measurements by callipers). The T-test was used to set whether the mean
values of all three data sources differ significantly.

In the next step the similarity of harvestable stands selected in strategic
planning and in tactical planning was compared. In tactical planning the
stands were selected by changes in the net present value and by traditional
planning principles. The annual changes in the net present value were
calculated for: all stands available for final felling, stands selected in strategic
planning, stands selected by changes in the net present value and by
traditional planning principles in tactical planning. The significance of
differences of mean values between data sets was set by T-test.
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The benefit from the improved solution was evaluated comparing the net
profit and net present value in two scenarios of harvestable stands selection
for final felling in tactical planning: by annual changes in net present value
(65% of highest harvesting priority stands were selected) and by traditional
planning principles (stands were selected randomly from the stands that have
reached the final felling age). The selection of stands in tactical planning was
modelled for ten years, then strategic planning was repeated, a total of ten
five-year periods were modelled for both planning levels. The mean profit of
next ten five-year periods of both scenarios was compared using T-test.
Finally, the net present value was compared in both scenarios.

4. RESULTS AND DISCUSSION
This chapter describes the following study results: estimation of accuracy
of standwise forest inventory and solution of data calibration that allows to
increase the accuracy of data, solution for calculation of outcome of timber
assortments and solution for selection of priorly harvestable stands in the
final felling.

4.1. Estimation of accuracy of standwise forest inventory

In the doctoral thesis, the accuracy of standwise forest inventory was
estimated by two sampled populations, in the first case — the total growing
stock volume of stands was estimated, in the second case — the growing stock
volume of each storey (first and second) was estimated. The second
estimation — the accuracy of volume in each story is included in the summary
of doctoral thesis because it contains an estimation of accuracy of the total
volume of the stand as well.

The accuracy of first and second storey was estimated by comparing the
volume in standwise forest inventory and accurate re-measurements
(measurements by callipers). The average volumes and characteristics of
accuracy (relative bias and relative root means square error) of both
measurements is showed in Table 2.4. (page 15 together with the calibration
results of standwise forest inventory). Accuracy is estimated in the following
groups: for stands of various species, pure stands/ mixed stands, dominant
species/ non-dominant species, each species and stands with groups of
volume (lower than 200 m3ha, 200.1 — 300 m3hat, 300.1 — 400 m°ha?, and
more than 400.1 m3ha?).

The results show that in all groups (except the volume of several
individual species) the average volume differs significantly (p<0.05) between
standwise forest inventory and accurate re-measurements. Thereby the
estimation of growing stock volume in standwise forest inventory is
inaccurate in stands of various species, pure stands/ mixed stands, for
dominant species/ non-dominant species and in stands with different volume
groups.
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Generally the stand’s volume of mature stands is measured systematically
lower (relative bias) by 19.4% and the variance of data (relative root means
square error) is 28.6% in standwise forest inventory in Latvia. The obtained
results are similar to the results of studies in other countries, where it was
concluded that the volume of stand is measured by 16% lower in Lithuania
(Kuliesis and Kasperavi¢ius, 2004), by 13.4% in Russia (Kinnunen et al.,
2003) 15.9% in Finland (Anttila, 2002).

The volume of pine, spruce, birch and aspen stands is measured with
similar accuracy but black alder stands — with higher inaccuracy.

The volume of first storey is measured by 15.0% lower whereas the
volume of second storey is measured by 49.5%lower. Thereby the relative
bias and relative root means square error is higher in second storey than in
first storey, which means that the measurement accuracy is lower in second
storey in standwise forest inventory.

The measurement accuracy in pure and mixed stands is similar, so the
mixture of stands doesn’t influence the measurements accuracy in standwise
forest inventory. The volume of dominant and non-dominant species is
measured differently. The measurement accuracy is higher for dominant
species, and more inaccurate measurements are made for non-dominant
species.

The measurement accuracy is different among volume groups, too. The
variance is higher and the volume is overestimated for stands with lower
volume. The situation is opposite for stands with higher volume — the volume
of stands is underestimated in standwise forest inventory. The measurements
are most accurate for stands with the volume of 200 — 300 m®ha’!, the volume
is overestimated by 13.4% in stands with the volume less than 200 m®ha?,
and the volume is underestimated by 17.1% in stands with the volume of 300
— 400 m®ha! and in stands with the volume of more than 400 m*ha it is
overestimated by 26.6%.

For individual species, the measurements are most accurate for pine and
birch, there are no significant (p>0.05) differences in mean volume between
standwise forest inventory and accurate re-measurements. The volume of
spruce, aspen and black alder is underestimated and mean volumes differ
significantly (p<0.05) between both measurement methods.

The dominant species of the stand is set accurately in 82.0% cases, by
species: pine 91%, spruce 75%, birch 87%, aspen 76% and black alder 82%.

4.2. Making more accurate standwise forest inventory by calibration

A calibration function of mean height (equation 4.1) was found by
setting interconnection between height in accurate re-measurements and two
parameters in standwise forest inventory: mean height and belonging to
dominant species. Coefficients of function (equations 4.1) are shown in Table
2.1. For all species functions and coefficients significantly (p<0.05) describe
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the interconnection between parameters of standwise forest inventory and
accurate re-measurements.

Hyor = Ky XH + K; X H X VS0 (4.1)

where: Hyor — calibrated mean height (m), Ky, Kz — coefficients, VS, ,, — coefficient, if
calibrated species is dominant species in stand (1 — yes, 0 — no), H — mean height in standwise
forest inventory (m).

The conclusion from the regression analysis is that mean height in
standwise forest inventory is overestimated by 7 — 10% for birch and black
alder. And mean height for pine, aspen and black alder is a bit
underestimated but for spruce the mean height is estimated most accurately.

The calibration function of the dominant species basal area (equation 4.2)
is made by setting interconnection between basal area in accurate re-
measurements and two parameters in standwise forest inventory: basal area
of dominant species and total basal area of first storey. Coefficients of
regression function are shown in Table 2.2. For all species the function
significantly (p<0.05) describes interconnections between parameters in
standwise forest inventory and accurate re-measurements.

Regression analysis shows that estimation of basal area of various
dominant species has different trends. Black alder as a dominant species is
overestimated but other species are underestimated and basal area of spruce
and birch is influenced by the total first storey’s basal area.

GVSkor = K1 X Gys + Ky X Gsym (4.2)

where: GVSgor — calibrated basal area of dominant species (m?hal), K, K, — coefficients,
Gys — basal area of dominant species in standwise forest inventory (m?ha?), Gs,,,— total basal
area of first storey of stand in standwise forest inventory (m?ha't).

The calibration function (equation 4.3) of basal area of non-dominant
species of first storey and spruce of second storey is made by setting
interconnection between basal area of accurate re-measurements and two
parameters in standwise forest inventory: basal area of each non-dominant
species and total basal area of non-dominant species of stand. Second storey
of spruces was included in the same system of non-dominant species, because
there are similarities of estimation. The regression function significantly
(p<0.05) describes interconnection between parameters of standwise forest
inventory and accurate re-measurements. The coefficients of regression
functions are shown in Table 2.3.

GPSKOR = K0+K1 X GPS + Kz X GPSsum + K3 X ST (4.3)
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where: GPSgor — calibrated basal area of non-dominant species (m?ha?), Ko, Ka, Kz, Kz —
coefficients, Gps — basal area of non-dominant species in standwise forest inventory (m?ha't),
Gpssum — total basal area of non-dominant species of first storey in standwise forest inventory
(m?hal), ST — first or second storey (fist — 1, second — 2).

The increase of accuracy of calibrated standwise forest inventory was
checked by comparing that with accurate re-measurements. At first, the
standwise forest inventory parameters (height, basal area) were calibrated by
developed calibration functions and after that a growing stock volume was
calculated.

The increase of accuracy was estimated based on the growing stock
volume for the following groups: stands of dominant species, dominant and
non-dominant species, pure and mixed stands, each species and various
volume groups of the stand. And the accuracy of setting the stand’s dominant
species was checked, too. All groups were set by accurate re-measurements.
The volume of individual species was compared in cases when the volume is
measured in both data sets. For comparison, the following characteristics
were calculated in both sample populations: mean volume and standard error,
and for estimation of accuracy the relative bias and relative root means
square error was calculated. The results are shown in Table 2.4.

By developed calibration functions the volume of standwise forest
inventory is made more accurate. The relative bias of volume of calibrated
standwise forest inventory is decreased by 56.2 percentage points (from
19.4% to 8.5%) and relative root means square error is decreased by 19.9
percentage points (from 28.6% to 22.9%). In similar study Li (1988)
concluded that relative bias could be decreased close to zero. Thereby the
result of this study is not the best possible result.

As a result of calibration, the accuracy increases for the volume of all
species stands, non-dominant species, stands with the volume of more than
300 m3ha?, second storey of spruce, individual species: pine, spruce and
black alder, pure and mixed stands. Meanwhile the results are worse or the
accuracy of standwise inventory decreases after calibrations for: dominant
species, stands with volume less than 300 m®ha™ and birch. Generally the
standwise forest inventory is made more accurate, and it means that the
selection of priority stands for harvesting in final felling should be improved.

4.3. Solution for calculation of timber assortments
In this chapter the solution for calculation of timber assortments is
described in order to develop a more accurate calculation of the net present
value from forest inventory where tree quality is not estimated.
Regional differences of sawlogs outcome in Latvia were found based on
sawlogs outcome in mature stands. For pine three, for spruces six and for
birch seven different sawlogs outcome regions were found (shown in Figures
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2.1, 2.2 and 2.3). For pine the outcome of sawlogs is different in each region,
whereas for birch and spruce several regions have similar mean outcome of
sawlogs but those regions do not border one another. The outcome of
sawlogs of pine is between percentages from 79.4 + 0.2 to 83.5 + 0.3, spruce
from 56.2 + 0.6 to 65.6 = 0.4 and birch from 45.0 £ 1.4 to 61.2 + 1.3. For all
species the outcome of sawlogs in neighbouring regions differs at least by 4 —
5% and the differences are significant (p<0.05). It means there is a possibility
to use those regions to improve the functions for calculation of timber
assortments.

The function for calculation of timber assortments was made for more
accurate calculation of the net present value where distribution of growing
stock volume into timber assortments plays its role. The forest inventory data
usually do not show the measurements of tree quality so an attempt is made
to explain the influence of quality by parameters of forest inventory and the
stand’s location in Latvia.

The influence of various parameters of forest inventory on the outcome of
timber assortments were checked by correlation and regression analysis. It
was found out that the mean diameter as well as the diameter-height ratio and
age have the highest influence on the outcome of timber assortments.
However, it was found out that regions with different outcome of sawlogs do
not influence significantly (p>0.05) the outcome of timber assortments for
pine, spruce and birch. The regions have multi-correlation with three selected
parameters of forest inventory (diameter, ratio of diameter-height and age).

For all species, the common function for timber assortments calculation
was made by nonlinear regression analysis (equation 4.4). Influence of
diameter was set as triple polynomial function; age and ratio of diameter-
height were set as linear function. In most cases the function significantly
(p<0.05) describes the outcome of each timber assortment or residues, while
in some cases the function insignificantly (p>0.05) describes the outcome of
less valuable timber assortments or residues: pine fuel wood and residues,
spruce and birch fuel wood, aspen pulpwood, black alder bulk sawlogs of 18
—23.9 cm, fuel wood and residues.

Coefficients of function are shown in Table 2.5. In practice, the outcome
of timber assortments are calculated separately for each species (in first and
second storey), based on each species coefficients.

Kiy = Ko+Ky X D + K, X D> + K3 X D*+K, X = + Ksx A (4.4)

where: Kj, — proportion of timber assortment with value from 0 to 1 (coefficient), Ko — Ks—
coefficients, D — mean diameter of tree species (cm), %— ratio of mean diameter (cm) and mean
height (m) of tree species (coefficient), A — age of tree species (years).
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The result explains the outcome of each timber assortment by coefficient
from 0 to 1. The value of the coefficient is multiplied by growing stock
volume of tree species and as result the volume of specific timber assortment
or residues is obtained. As the timber production data of recent years was
used in the study, the developed solution ensures the result which
corresponds to the present situation.

Not all regression factors have significant influence on the outcome of
timber assortments (see Table 2.5). However, in order to retain a common
approach, the same function is kept for all species and timber assortments.
Such factors as ratio of diameter-height and age in average improve the
explained part (characterize coefficient of determination) of regression
function by 2.5% for pine, 1.5% for spruce, 4.2% for birch, 5.1% for aspen
and 2.1% for black alder, if compared with the situation that those factors
was not been used in regression analysis.

The necessity to use additional factors is confirmed by another study
found out that the tree diameter does not characterize the influence of tree
quality on the outcome of timber assortments (Dubrovskis et al., 2014).

Table 2.6 shows the comparison of monetary value of timber assortments
calculated by developed function for calculation of outcome of timber
assortments and actually produced by harvesters. The calculated value of
timber assortments has relative bias 0.3% and relative root means square
error 10.4 compared with the value of timber assortment actually produced
by harvesters. Comparing the established results with a similar study
(Malinen et al., 2014) the relative bias is similar but relative root means
square error is two three times larger.

4.4. Changes in the net present value of stands for selection of priorly
harvestable stands

A function for calculation of annual changes in the net present value was
made based on the stand’s parameters of forest inventory and the stand’s
annual changes in the net present value, which were calculated as difference
between the value of the stand harvested now or ten years later. The usage of
annual changes in the net present value allows arranging stands and selecting
those which are priorly harvestable in final felling and allows transmitting the
principle of maximization of net present value from strategic planning to
tactical planning.

By regression analysis it was found out which parameters of forest
inventory influence the changes in the net present value. For all species, a
common function was made (equation 4.5) and the function significantly
(p<0.01) describes the annual changes in the net present value.

In the regression analysis, the annual changes in the net present value are
mostly explained by such parameters of forest inventory: age of dominant
species, site index, total volume (sum of first and second storey) and the
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volume of each species: pine, spruce, birch, aspen and black alder. Similar
factors are mentioned in similar studies: age, number of trees, volume,
fraction of pine and spruce (Jonsson et al., 1993), age, diameters, volume,
ratio of diameter and age (Thuresson, 1995).

In the regression function, the influence of total volume and the volume
of pine are displayed nonlinear, because such approach more accurately
describes the value changes at a smaller and larger stand’s growing stock
volumes. Coefficients of regression function are shown in Table 2.7 and all
coefficients have significant (p<0.05) influence on the value changes.

NPV, =Ky + K, XBon+K, x A+ Ky XV + K, XV + Ks X V3 + K,
x V#
+K; X Vg + Kg X Vg + Ko XV, + Kjg X Viy (4.5)

where: NPV~ stand’s annual changes in the net present value (EUR ha?), Ko — Ky —
coefficients, Bon — site index (codes: I* — 0, I — 1, .... V* — 6), A — age of dominant species
(years), V — stand’s growing stock volume (sum of first and second storey) (m°ha?), Ve —
growing stock volume of pine (sum of first and second storey) (m°ha?), Ve — growing stock
volume of spruce (sum of first and second storey) (m®ha?), Vs — growing stock volume of birch
(sum of first and second storey) (m*ha?), Va — growing stock volume of aspen (sum of first and
second storey) (mhal), Vm — growing stock volume of black alder (sum of first and second
storey) (mha®).

The example of annual changes in the net present value of 12 site index
pure pine stand is shown in Table 2.8. In the table the annual changes are
divided into five harvesting priority groups that are marked by colours. The
highest harvesting priority group includes stands with decrease in the net
present value more than -210 EUR ha* (marked dark green). The second
harvesting priority -140 — -210 EUR ha? (marked light green), third
harvesting priority -70 — -140 EUR ha! (marked yellow), forth harvesting
priority 0 — -70 EUR ha® (marked brown). The lowest harvesting priority
group includes stands with increase in the net present value (marked red).

Older and higher stocked stands have the highest value changes and
highest harvesting priority, and vice versa in younger and lower stocked
stands. Equivalent results — older and higher stocked stands have higher
harvesting priority — were obtained in a similar study (Jonsson et al., 1993).

In the tactical planning of final feeling, the annual changes in the net
present value can be calculated based on parameters of forest inventory for
each stand using the created function (equation 4.5). Based on annual
changes stands could be arranged and priorly selected for harvesting with the
highest decrease in the net present value. It should still be remembered that
the value change is only one of several factors that affect a decision to
harvest the stand. Other factors, such as neighbour clearcuts, size of
harvesting area, harvesting conditions, localization of stand also affect the
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selection of a stand for harvesting. Therefore not always highest harvesting
priority stands will be available for harvesting.

4.5. Evaluation of improved solution for linkage of the planning levels

The similarity of stands selected for harvesting in the strategic and
tactical planning was clarified comparing the stands’ annual changes in the
net present value. In the beginning the strategic plan — area of final felling —
was calculated. The area of final felling for first ten years is 150,830 ha,
which is 49% of the harvestable stands in final felling; this means that there
are options to select stands for harvesting.

It was afterwards clarified whether the calibrated standwise forest
inventory data improve the selection of stands prior for harvesting. Stands for
harvesting were selected (based on value changes) by different forest
inventory data (Table 2.9) according to area of final felling for first ten years.
The selection of stands was based on the value changes that were calculated
based on the forest inventory data used. The comparison of stands was based
on the value changes that characterize the true conditions of stands — accurate
re-measurements (measurements by callipers).

Average value changes in the net present value of stands selected by non-
calibrated or calibrated forest inventory data does not differ significantly
(p>0.05) for all stands and for individual species. Meanwhile, average value
changes of stands selected by accurate re-measurements differ significantly
(p<0.05) in both cases and value changes are by 5.2% and 7.8% higher
compared with non-calibrated and calibrated forest inventory data. That
means if standwise forest inventory had been accurate or accuracy of
standwise forest inventory had been increased by calibration, stands would be
selected with higher harvesting priority.

Thereby we can conclude that usage of calibrated standwise forest
inventory data does not improve the selection of stands priorly meant for
harvesting and does not improve the linkage of planning levels. It means that
non-calibrated standwise forest inventory data can be used in tactical
planning.

When modelling a situation where non-calibrated standwise forest
inventory data was used in tactical planning, the conclusion was that all in all
67% of highest harvesting priority stands had been selected. During
modelling it was assumed (based on other studies) that 20% of stands were
not available for harvesting for different reasons (neighbouring clearcuts,
localization, harvesting conditions and others), thus the conclusion is that
additionally 13% of highest priority stands are not selected because of
inaccurate data.

In the next stage the similarity of value changes was compared for stands
selected (by non-calibrated standwise forest inventory) in tactical planning
with: firstly, all stands available for final felling, secondly, stands selected for
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harvesting in strategic planning, thirdly, stands selected by traditional
harvesting principles — actually harvested stands. The mean annual changes
in the net present value for mentioned stands are shown in Table 2.10.

In strategic planning stands selected for harvesting have 43.6% higher
annual decrease in the net present value comparing with the mean decrease in
the net present value of all stands available for final felling, and average
values in both cases differ significantly (p<0.05) in the total of all species.

In tactical planning stands selected for harvesting by changes in net
present value have in average a 24.2% higher decrease in net present value
compared with mean decrease in the net present value of all stands available
for final felling, and the values differ significantly (p<0.05). It means that
usage of annual changes in the net present value ensures the selection of
higher harvesting priority stands but not the same as in strategic planning
because average values differ significantly (p<0.05).

It means that the stands selected in tactical planning by annual changes in
the net present value and by non-calibrated standwise forest inventory data
ensure the selection of stands like in strategic planning but not completely the
same.

In tactical planning when stands were selected by traditional planning
principles the average decrease in the net present value is 8.4% higher
compared with mean decrease for all stands available for final felling and the
difference is significant (p<0.05). And mean value of stands selected by
traditional planning principles differ significantly (p<0.05) between strategic
planning and tactical planning. However, if taking into account that in
traditional planning the selection of stands is based only on stands that have
reached the final felling age (diameter of final felling is ignored) then average
decrease in net present value does not differ significantly (p>0.05) from mean
value of all stands that are available for final felling and have reached the
final felling age. That means that in traditional planning stands are selected
randomly from all stands available for final felling that have reached the final
felling age.

The annual changes in the net present value are based on calculations for
clearucts, but value changes can be used in selection felling as well. Both
clearcuts and felling of stands selected in strategic planning are chosen with a
similar value decrease, 39.5% and 33.5% higher respectively, than for stands
available for harvesting in both felling types.

Economic benefit from implementation of linkage of planning levels
was estimated comparing net profit and net present value in two scenarios
where stands selection for harvesting in tactical planning is based on: firstly,
annual changes in the net present value (title of scenario is “Value changes™),
secondly, traditional planning principles (title of scenario is “Traditional”). In
both scenarios the harvestable stands are selected according to the area of
final felling (by species) calculated in strategic planning. And after each ten
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years the strategic plan is recalculated assuming that the selected stands are
harvested. Commercial thinnings in all cases are modelled according to
strategic goals and it is assumed that the selected stands will be harvested.

In the “Value changes” scenario the stands for harvesting in final felling
are selected based on annual changes in the net present value from the stands
that have reached final felling age or diameter, assuming that only 67% of the
highest harvesting priority stands are available for harvesting (arguments
described in previous chapter). In the “Traditional” scenario the stands for
harvesting were selected randomly from all stands available for final felling
(had reached final felling age).

The net profit of next ten five year periods on both scenarios is shown in
Table 2.11, and the figures of the third scenario (scenario title “Strategic
planning”) were also calculated. The “Strategic planning” scenario shows the
strategic plan and characterizes the situation when the strategy would be fully
implemented.

In the “Value changes” scenario the usage of value changes for the
selection of harvestable stands ensures that the net profit is only 3.6% lower
than in the “Strategic planning” scenario but the differences of mean net
profit values are not significant (p>0.05). Thus the results of this study
confirm the results of similar studies — the decisions of the strategic planning
optimization by annual changes in the net present value can be transferred to
tactical planning (Jonsson et al., 1993).

If selection of stands for harvesting in final felling are based on annual
changes in the net present value, net profit of next fifty years will be
increased by 8.7% and net present value — by 9.7% compared with traditional
planning principles.
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CONCLUSIONS AND RECOMMENDATIONS

The standwise forest inventory of mature stands has relative bias
(volume is underestimated) of 19.4% and relative root means square
error of growing stock volume is 28.6% in Latvia, which corresponds to
similar studies in other countries.

Based on accurate re-measurements the calibration functions have been
made for pine, spruce, birch, aspen and black alder parameters of forest
inventory which are used for volume calculations: mean height, basal
area of dominant and non-dominant species. The usage of calibration
functions allows to make more accurate estimation of growing stock
volume, the relative bias is decreased by 56.2 percentage points and
relative root means square error by 19.9 percentage points.

For more accurate prognosis of outcome of timber assortments, the
regional differences in sawlogs outcome was set. Outcome of sawlogs
changes for spruce by 9.4%, for pine by 10.5% and for birch by 16.2% in
the territory of Latvia. However, it is not possible to prove the regional
outcome differences on individual timber assortments.

For more accurate calculation of timber assortments, the function of
calculation of timber assortments outcome was made for pine, spruce,
birch, aspen and black alder, and the following were used as influencing
factors: mean diameter, ratio of mean height-diameter and age. The ratio
of height-diameter and age could be viewed as quality parameters of the
stand, because those factors additionally explain the function (the
coefficient of determination) by 2.5% for pine, 1.5% for spruce, 4.2% for
birch, 5.1% for aspen and 2.1% for black alder.

The regression function has been made for calculation of the stands’
annual changes in the net present value, and the following simply
determinable parameters of forest inventory were used as factors: site
index, age, total growing stock volume of stand and growing stock
volume of each species. Usage of value changes ensures only 3.6%
lower long term net profit than in strategic planning but the difference is
not significant (p>0.05), thus the selection of harvestable stands is done
similarly.

The usage of calibrated or more accurate forest inventory data will not
improve the selection of priorly harvestable stands. By using both

48



calibrated and non-calibrated forest inventory data it is possible to select
a similar proportion of highest harvesting priority stands.

The selection of harvestable stands in tactical planning of final felling by
changes in the net present value ensures the increase of net profit by
8.7% and net present value by 9.9% comparing by traditional planning
principles in tactical planning.

Summary of confirmation of defendable thesis. First thesis — in tactical
planning, the usage of changes in the net present value will ensure that
stands are chosen in a similar way to that of strategic planning, is
confirmed (5™ conclusion). Second thesis — for more accurate calculation
of stands value, the influence of the stand’s quality on the outcome of
timber assortments could be described by the stands’ inventory data and
location in Latvia, is confirmed partly (3" and 4™ conclusion). Third
thesis — the forest inventory data is inaccurate in Latvia; inaccuracies are
similar to those in other countries, is confirmed (1% conclusion). Forth
thesis — forest inventory data could be calibrated and this will improve
the selections of stands prior to harvesting, is confirmed partly (2" and
6" conclusion). Fifth thesis — implementation of this linkage solution
will increase the profit of forestry and the net present value of stands, is
confirmed (7% conclusion).
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