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1. DARBA VISPAREJS RAKSTUROJUMS

1.1. Teémas aktualitate

Latvijas teritorijas kopplatiba saskana ar Valsts zemes dienesta datiem ir
6.5 milj. ha, taja skaita 2.5 milj.ha péc zemes lietoSanas veida ir lauksaimnieciba
izmantojama zeme, 2.9 milj.ha — mezi, 0.1 milj. ha — kramaji, 0.3 milj. ha — purvi,
0.2 milj. ha ir zem udepiem, bet pargjo zemju (celi, pagalmi u.c.) platiba ir 0.5 milj. ha.
Samazinoties lauksaimnieciskas razZoSanas apjomam, lielas agrak lauksaimnieciba
izmantojamo zemju platibas vairs netika apstradatas un dabiski apmezojas, veidojot
saimnieciski mazveértigas meZaudzes un krimajus.

Meza statistiskas inventarizacijas (MSI) uzsakSana 2004. gada pirmo reizi lava
statistiski ticami novértét faktisko dabiski apmeZojusos lauksaimniecibas zemju (DALZ)
platibu un koksnes resursus. MSI dati liecina, ka kop&ja DALZ platiba Latvija ir 12 % no
lauksaimniecibas zemju platibas 2008. gada. Janem véra, ka batiska ir datu interpretacija — vai
DALZ kategorija ieklauj visas zemes, kas atbilst MeZa likuma dotajai meZa definicijai, vai
atseviSki nodala zemes, kas atbilst ieaudzetu vai atjaunotu kultiru vai plantaciju meZu
kriterijiem. Saja darba par DALZ uzskata visas zemes, kas atbilst meZa likuma meZaudzes
definicijai. Saskapa ar MSI datiem DALZ raksturiga liela sugu sastava, vecuma struktiiras un
biezibas dazadiba. Kompleksa DALZ ipaSibu un apsaimniekoSanas alternativu analize,
balstoties uz faktiskajiem zemes izmantoSanas datiem un DALZ raksturojumu, Iidz $§im nav
veikta.

Saglabajoties esoSajam stavoklim, DALZ platibas veidosies saimnieciski
mazvertigas mezaudzes vai krimaji. Turpretim, atbilstoSu meZsaimniecisko pasakumu
pielietoSana (sastava kopSana, jaunaudZu papildinasana, sugu sastava nomaipa) nodroSinas
produktivu un kvalitativu meZaudZu izveidoSanos, kas butiski palielinas kokmaterialu un
energétiskas koksnes resursus péc 40...60 gadiem, kad §1s meZaudzes sasniegs galvenas cirtes
vecumu. Zviedrijas meZu pétniecibas institita Skogforsk un Latvijas Valsts meZzinatnes
institota “Silava” (LVMI Silava) sadarbiba ar AS “Latvijas valsts meZi” (LVM) 2005. gada
veiktajos pétjjumos konstatets, ka vidéja meZizstrades atlieku un malkas sortimenta kraja
kailcirtés mistrotas audzes ir aptuveni 80 m3 ha”, tatad kopgja biokurinama kraja aptuveni
298 tokst. ha DALZ platibu pec 40..60 gadiem bas ap 24 milj. m’. Koksnes paterins
centralizétaja siltumapgadé un raZoSanas procesu nodroSinasanai Latvija 2008. gada bija
1.8 milj. m®. Tas nozimé, ka, saglabajoties kurinama patérinam eso$aja apjoma, DALZ varés
nodro§inat energétiskas koksnes piegades, kas atbilst patreiz&jam 13 gadu pateripam.
Apmeéram tikpat daudz biokurinama var€s sagatavot sastava un krajas kopSanas cirt€s un
veicot celmu izstradi.



Alternativs  risinagjums mazveértigo, ar kokiem un krimiem aizauguSo
lauksaimniecibas zemju apsaimniekoSanai ir eso$a apauguma novakSana un daudzgadigo
energétisko augu (Tscirtmeta energétiskas koksnes plantaciju vai stiebrzalu sgjumu) iertkoSana
biokurindma raZo$anai. Saja gadijuma intensivi kultivétas platibas energétiskas biomasas
piecaugums bas 8...10 tonnas gada vai 95...178 milj. tonnas (238...445 milj. m®) 298 takst. ha
platiba 40...60 gadu laika. Tomer Tscirtmeta energétiskas koksnes plantacijas netiek sagatavoti
apalkoku sortimenti, kas meZsaimnieciba rada lielako da]u pievienotas vertibas un nodroSina
lidzek]us meZa infrastruktiiras uzturéSanai. Bez tam Latvija netiek saraZots pietiekoSi daudz
organisko atlieku (notekidenu dinu un kiitsméslu), kas nepiecieSamas tik lielas plantaciju
platibas mésloSanai. Tapéc iscirtmeta plantacijas ierikojamas tikai lielas vienlaidus platibas
netalu no méslojuma raZzoSanas un kurinama patérina vietas.

Ne mazaks svarigs ir DALZ potencials CO, piesaistes nodrosinasana, kompensgjot
emisijas, ko rada atmeZoSana, buivgjot celus un citus infrastruktiiras objektus.

Latvijai ir bagata zinatnisko datu baze un praktiska pieredze maksligaja meza
atjaunoSana un lauksaimniecibas zemju apmezoSana. MeZa ieaudzEéSanas apjomu lidz §im
visvairak ietekmé&jusi subsidiju pieejamiba. Lidz 2009. gadam nav atbalstita kop$ana un audZu
rekonstrukcija DALZ, lai gan to platiba ir aptuveni 25 reizes lielaka, neka pedgjo 20 gadu
laika maksligi ieaudz&to meZaudzu platiba.

MeZa ieaudzeéSanu reglamenté virkne normativo dokumentu, tacu galvenais ir
pasvaldibas teritorijas planojums. Ja teritorijas planojuma DALZ platiba ieziméta ka
lauksaimnieciba izmantojama zeme, §Ts teritorijas transformacija iesp&jama, veicot labojumus
teritorijas planojuma. Maldigu priekSstatu par meZa resursiem lauksaimniecibas zemeés sniedz
atSkirtbas meZaudzu definicija MeZa likuma un kritériji meZaudzes atziSanai par icaudzétu
MK Meza ieaudz&Sanas un plantaciju mezu noteikumos. MeZaudzes definicijai likuma
izpratn€ atbilst audzes ar 1idz 10 reizes mazaku koku skaitu, neka tiek prasits noteikumos,
tapéc saimnieciskas darbibas planoSanai ir svarigi nodalit jaunaudzes, kas atbilst MeZa
ieaudzeSanas un plantaciju meZu noteikumu prasibam, un vecakas audzes, kuras Skérslaukums
vai koku skaits ir lielaks par kritisko atbilstoSi Noteikumiem par koku cir§anu meZa zemés.

MeZa statistiskas inventarizacijas ievieSana lauj iegiit objektivu priekSstatu par
apmezZojusos zemju platitbu un un apauguma ipasSibam. Punktveida objektu (monitoringa
parauglaukumi) un poligonu (atseviSski meZa nogabali) raksturoSanai jaunas iesp&jas paver
talizpete, kas lauj samazinat izmaksas apmeZojuSos zemju apsaimniekoSanas planoSanai,
sniedzot informaciju par apmeZojusos poligonu platibu, apauguma struktiru un novietojumu
attieciba pret citiem ainavas elementiem un infrastrukttras objektiem.

Plasi pétfjumi par jaunaudZu kopSanas mehanizacijas risinajumiem biokurinama
sagatavoSana no sikkoksnes veikti Zieme]valstis. Latvija veiktajos pétfjumos iegiiti mazaki
iekartu darba raZiguma raditaji, kas var but saistits ar operatoru pieredzes trikumu un
nepiemérotu masinu izveli eksperimentiem. Veselu koku izstrade un pieveSana pielietojama



audzes, kur koku augstums ir 6...12 m. Iesp&jams, ka lielaku koku izstrade Jautu palielinat
tehnologijas darba razigumu, bet zinatnisku pé&tfjumu par to nav.

Dal&ji mehanizétu jaunaudZzu kopSanu joslas praktizé Kanada, kur ir lieli vienlaidus
meZa masivi. Eiropas ziemelos 1 tehnologija netiek izmantota. Ari Latvija, pemot véra
nelielo meZa nogabalu platibu, dalgji mehanizéta kopSana joslas nav uzskatama par
perspektivu. Izpémums ir biokurinama sagatavoSana no joslas izzagétas biomasas, pieméram,
hibridas apses plantacijas, tau apmeZojuSos zemju konteksta, nemot véra mazo biomasas
koncentraciju, $ads risinajums darba talak nav izskatits.

Trokst pétijumu par plavéju — smalcinatdju pielietoSanu apauguma novaksana,
vienlaicigi gatavojot biokurinamo. Sadas iekartas vairuma gadfjumu eksisté tikai test&jamu
prototipu veida un tehnologijas strauji attistas gan darba raZiguma, gan iekartu izturibas
palielinasanas virziena.

JaunaudZu kopSana ar harvesteriem — sainotajiem lauj palielinat papirmalkas un
biokurindama saipu sagatavoSanas darba raZigumu jaunaudzgs. Tehnologija vérsta,
galvenokart, uz papirmalkas sagatavo$anas izmaksu samazina$anu un pagaidam nespgj
konkurét ar veselu koku izstradi, ka biokurinama sagatavoSanas tehnologija. Latvija nav
papirmalkas parstradataju, kas gatavi izmantot vai eksportét papirmalkas sainus, tapéc vertet
§1s tehnologijas pielieto$anas iesp&jas DALZ apsaimniekoSana ir paragri.

PriekSnosacTjumi organizétai un mérktiecigai DALZ apsaimniekoSanai valsts
méroga ir DALZ platibu sadalfjuma apzinaSana p&c augSanas apstakliem, valdoSas sugas,
vecuma, koku skaita, bonitates, platibas, IpaSuma veida, atrasanas vietas un citiem
saimnieciski nozimigiem krit€rijiem; saimnieciskas darbibas l€mumu piepemsanas atbalsta
sistéma un dazadu DALZ apsaimniekoSanas alternativu ekonomiskais izvert&jums.

1.2. Promocijas darba veikta pétijjuma merkis

Darba zinatniskais merkis ir izstradat priekSnosacijumus ekonomiski efektivai
DALZ apsaimniekoSanai, taja skaita apzinat DALZ, novertét potencialos koksnes resursus un
izstradat metodisko bazi to apsaimniekoSanai.

1.3. Promocijas darba uzdevumi

1.  DALZ apzinasana Latvija, taja skaita platibu sadalijums péc sugas, vecuma, koku
skaita, bonitates, platibas, paSuma veida, atraSanas vietas un citiem saimnieciski
nozimigiem krit€rijiem;

2. saimnieciskas darbibas lémumu piepemSanas modela izstradaSana DALZ
apsaimniekoSanai atseviSkas meZaudzes méroga;

3. daZzadu DALZ apsaimniekoSanas alternativu ekonomiskais izveértéjums.



1.4. Darba novitate, zinatniska un praktiska nozimiba

Darba novitati nosaka MSI datu izmantoSana DALZ raksturoSanai Latvija, taja
skaita ANO Vispargjas konvencijas par klimata parmainam un tas Kioto protokola konteksta;
un dazadu meZizstrades un meZa kopSanas tehnisko risinajumu pielietoSanas iesp&ju analize,
vert€jot biokurinama resursus, to izmaksas un kvalitativu meZaudZzu ieaudzéSanai DALZ
platibas nepiecieSamos ieguldfjumus. Pétfjuma ietvaros izstradata DALZ klasifikacijas
sisttma un lémuma piepemsanas atbalsta modelis, kura apvienota meZaudZu taksacijas datu
un dazadu tehnisko risinajumu pielietoSanas iesp€ju analize. Promocijas darbs ir pirmais §ada
veida pétfjums Latvija.

Promocijas darba noskaidrots, ka DALZ platiba Latvija ir 298 tukst. ha.
Visintensivak dabiska apmeZo$anas notikusi valsts austrumu da)a; pieméram, bijusaja Ludzas
rajona apmeZojuSies 27.4 % mno 2008. gada registrétas lauksaimniecibas zemju platibas.
Kopeja kraja DALZ platibas ir 0.5 % no krajas meZa zemés. Veicot atbilstosas
meZsaimnieciskas darbibas, DALZ ipatsvaru Latvijas meZa bilancg var palielinat 1idz 10 %.
Vertejot saimnieciskas darbibas veikSanas iesp€jas, konstatéts, ka 81 % DALZ ekonomiski
izdevigakais risingjums ir esosa apauguma novakSana un jaunu meZa kultiru ieaudzeSana.
Tikai 11 % platibu ir izdevigak izkopt un saglabat eso$as audzes. Patreizgjais biokurinama
raZzoSanas potencials DALZ platibas atbilst 7.7 milj. MWh, bet kop€jas izmaksas apmeZojusas
platibas transformétu augstvertigas, mezsaimniecibas normativu prasibam atbilstosas audzes,
izmantojot ekonomiski izdevigakos risindjumus, ir 166 milj. Ls vai vid&ji 554 Ls ha™. Oglekla
piesaistes potencials augu biomasa DALZ platibas atbilst 10 % no patreiz€jas meza zemju
raditas neto CO, piesaistes.

1.5. Zinatniska darba aprobacija

Zinatniskas publikacijas par darba temu:

1. Daugaviete, M., Liepins, K., Lazdins, A., Daugavietis, O., Zvigurs, K., 2009.
BaltalkSpa (Alnus incana (L.) Moench) audZu atjaunoSanas gaita un virszemes
biomasas uzkrasanas jaunaudZu vecuma audzes. LLU Raksti 23 (318), 78.-91. Ipp.

2. Lazdans, V., LazdipS, A., Zimelis, A., 2009. Biokurinama sagatavoSanas
tehnologija no mezizstrades atlickam kailcirtes izstradaSana eglu meZaudzes.
Mezzinatne 19(52)2009: 109.-121. 1pp.

Starptautisko konferencu, kongresu, seminaru, darba sanaksmju recenzéto referatu pilnu tekstu
izdevumos:

1. Lazdins, A., Lazdipa, D., Liepa, I., 2010. Characterization of naturally afforested farmlands
in Latvia, in: Annual 16th International Scientific Conference Proceedings. Presented at the
Research for Rural Development 2010, Latvia University of Agriculture, Jelgava,
p- 176-183.



Kalnacs, J., Lazdinsh, A., 2010. Biomass for energy production characteristics,
amount and distribution in Latvia. In: Proceedings of International Conference on
Renewable Energies and Power Quality (ICREPQ’10), European Association for
the Development of Renewable Energies, Environment and Power Quality
(EA4EPQ), p. 6.

Miezite, O., Lazdips, A., 2009. Grey alder (Alnus incana (L.) Moench) stands for
bioenergy — resources and technologies, in: Proceedings of International Scientific
Conference Youth Seeks Progress — 2009, Lithuaninan University of Agriculture,
p. 160-164.

Lazdips, A., Thor, M., 2009. Bioenergy from pre-commercial thinning, forest
infrastructure and undergrowth — resources, productivity and costs, in: Annual 15th
International Scientific Conference Proceedings. Presented at the Research for
Rural Development 2009, Latvia University of Agriculture, Jelgava, p. 147-154.
Lazdins, A., Lazdipa, D., Liepins, K., Miezite, O., 2008. Forest Biofuel from
Abandoned Agricultural Lands - Resources and Management Opportunities, in:
Proceedings of the 5th UEAA General Assembly and the Associated Workshop.
Presented at the Renewable Energy Resources, Production and Technologies,
Zinatne, Riga, p. 130-137.

Liepins, K., Lazdins, A., Daugaviete, M., Miezite, O., 2008. Naturally afforested
agricultural lands in Latvia — assessment of available timber resources and potential
productivity, in:  Proceedings of The 7" International Conference
ENVIRONMENTAL ENGINEERING. Faculty of Environmental Engineering
Vilnius Gediminas Technical University, Saulétekio ave 11, LT-10223 Vilnius,
Lithuania, p. 194-200.

LazdipS A. Daugaviete M., Miezite O., Lazdipa D., Liepip§ K. Biofuel from
reforested arable lands — resources, technologies and costs, in: Proceedings of Third
International Scientific Conference Rural Development 2007, p. 271.-277.

Daliba konferenceés:

1.

Research for Rural Development 2010, The Annual 16" International Scientific
Conference, Jelgava, 19.05.2010, referats “Characterization of naturally afforested
farmlands in Latvia”.

Eighth International Scientific Conference Engineering for rural development,
Jelgava, 28.05.2009, referats “Productivity and costs of stump harvesting for
bioenergy production in Latvian conditions”.

SNS Growth and Yield Researchers Meeting, Kokkola, Finland 08.06.2009, referats
“Biofuel production technologies in young stands, forest infrastructure, from
undergrowth trees and stumps - Results of Latvian case studies”.



4. Research for Rural Development 2009, The Annual 15™ International Scientific
Conference, Jelgava, 20.05.2009, referats “Bioenergy from pre-commercial
thinning, forest infrastructure and undergrowth — resources, productivity and
costs”.

5. Latvijas Lauksaimniectbas un meZa zinatpu akadémija un Latvijas
Lauksaimniecibas Universitates Meza fakultate, zinatniski praktiska konference
“Zinatne un prakse nozares attistibai”, Jelgava,16.04.2008, referats “Energetiskas
koksnes sagatavoSanas tehnologijas meZa infrastruktiras objektu kopSana un
platibu atcelmoSana péc kailcirtem”.

6. The 5 th UEAA General Assembly and the Associated Workshop, Riga,
28.05.2008, referats “Forest biofuel from Abandoned Agricultural lands -
resources and management Opportunities”.

7.  The 7" International Conference “Environmental Engineering”, Lithuania, Vilnius,
22.05.2008, referats  “Naturally afforested agricultural lands in Latvia —
assessment of available timber resources and potential productivity”.

8.  The Nordic — Baltic conference on Forest Operations at the Faculty of Life
Sciences, Copenhagen, Denmark, 25.09.2008, stenda referats “Biofuel potential
from naturally afforested arable lands in Latvia”.

9. The 3™ International Scientific Conference Rural Development 2007, Jelgava,
08.11.2007, referats “Biofuel from reforested arable lands - resources,
technologies and costs”.

1.6. Promocijas darba struktiira un apjoms

Promocijas darba strukttra pakartota darba pétnieciskajiem uzdevumiem. Darbs
sastav no tris nodalam. Pirmaja nodala 6 apakSnodalas apskatiti citu autoru ieprieks$€jos gados
veiktie pétijumi, ka arT sagatavots nacionalo normativu apkopojums; taja skaita analizeti
neizmantojamo lauksaimniecibas zemju resursi, raksturota lauksaimniecibas zemju
apmeZoSanas pieredze Latvija, sniegts ieskats meZa statistiskas inventarizacijas Vesturg,
jaunaudzu kopSanas meZsaimnieciskajos un tehniskajos risinajumos, ka arT raksturota DALZ
potenciala loma valsts starptautisko saistibu izpildé ietekmes uz klimata izmaipam
mazinaSanai. Otras nodalas 4. apakSnodalas raksturota pétfjuma metodika; taja skaita meZa
statistiskas inventarizacijas datu analizes metodika, parauglaukumu ierikoSanas un
uzmeriSanas, darba raZiguma un pasSizmaksas pétfjumu metodika un biomasa piesaistita CO,
noveértéSanas metodika Kioto protokola konteksta un meZa aprites griezuma. Tre$as nodalas
4 apaksSnodalas analizeti pétijuma rezultati. Pirmaja apakSnodal]a sniegts DALZ raksturojums
Latvija, taja skaita galvenie DALZ raksturojoSie raditaji, meZaudZzu sekundaro parametru
vidgjas vertibas, energétiskas koksnes resursu noverté§jums DALZ platibas un saimnieciski
nozimigako koku sugu virszemes biomasas aprékinu vienadojumu izstradasanas rezultati.
Otraja apakSnodala raksturots pétfjuma ietvaros izveidotais lémumu pienemsSanas atbalsta
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modelis saimnieciskajai darbibai DALZ platibas, taja skaita darba raZiguma un paSizmaksas
pétljumu rezultati un I€émuma piepemSanas modela struktiira. Modelis izstradats ERAF
finanséta projekta Nr. 2010/0268/2DP/2.1.1.1.0/10/APIA/VIAA/118 ietvaros. TreSaja
apakSnodala analiz€tas DALZ apsaimniekoSanas alternativas (meZaudZu kopSana un
papildinaSana un apauguma novak$ana un meZa maksliga ieaudz€Sana). Ceturtaja
apakSnodala sniegts dazadu apsaimniekoSanas alternativu IstenoSanas tautsaimniecisks
izveértejums, taja skaita biokurinama piegazu potencials un CO, piesaistes potencials augu
biomasa Kioto protokola konteksta un ilgtermina — meZa aprites cikla.

Promocijas darba apjoms 113 lapaspuses; informacija apkopota 52 tabulas un 36
attelos; izmantoti 114 literattiras avoti. Darba nosléguma formuléti 8 secinajumi.

2. PETIJUMA MATERIALS UN METODIKA

2.1. Meza statistiskas inventarizacijas datu analize

DALZ platibu novértgjums veikts 2004...2008. gados ierikotajos MSI
parauglaukumos — kopa 1471 objekts, kas atbilst 62. un 64. zemju kategorijai (meZs
lauksaimniecibas zemé& un aizaugusi lauksaimniecibas zeme). Viena parauglaukuma
reprezentéta platiba aprékinata, izmantojot LVMI Silava 2010. gada Tstenota projekta par
Kioto protokola 3.3 un 3.4 pantiem atbilstoSajam aktivitatém datus par kop&jo apsekoto
pagaidu un pastavigo MSI parauglaukumu platibu (Andis Lazdips et al. 2010f). Platibas
aprekinos izmantotie dati doti 2.1 tabula.

2.1. tabula / Table 2.1.

Platibas aprékinos izmantotie dati / Values used in calculation of area

Raditajs / Measure Skaitliska vértiba / Meérvieniba / Unit
Value
Valsts kopplatiba / Country area 64561814580 m?
MSI parauglaukumu kopplatiba / Total area of NSFI plots 9312078 m?
MSI parauglaukuma reprezentéta platiba / Area 346.7 ha 500 m™
represented by single NSFI plot

Uzsakot aprékinus, katram parauglaukumam noteikta ta reprezentéta platiba un,
pareizinot ar parauglaukuma reprezentéto platibu, parrékinati raditaji, kas izriet no platibas,
pieméram, kopéja kraja ar mizu un tekosais potencialais pieaugums.
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Datu ticamibas raksturoSanai aprékinata aritmétiska videja standartkluda, ko
aprekina ar 1. formulu:

s
Sy ==, kur: 1)
vn
sy —vidéja aritmetiska standartklida ;
s—standartnovirze ;
n — atkartojumu skaits.
Standartnovirzi aprékina ar 2. formulu:
| (2)

| 2

| xv)

| 2 (Z i

‘in_

| n

s=\|———; kur:
n—1

X,—mérijumu rezultati.
Lai izteiktu aritmétiska vid&ja standartk]idu procentos, to izdalfja ar aritmétisko
vidgjo:

5.(%) = %*100%; fur: 3)

X —aritmetiskis videéjais.

Aritmétiska vid&ja kladu procentos (precizitates raditaju) izmantoja aprékinos, kur
janosaka datu ticamibas raditajus, ko nosaka vairakas aritmétiska vid&ja standartk]udas,
pieméram, kop€jo kraju parauglaukumu ar valdo$o sugu P reprezentétaja platiba nosaka
platibas un krajas aritmétiska vid&ja standartk]udas. Sados gadijumos aprékinos izmantoja
4. formulu:

sw(%)=\/s}2+sy2 (4)

2.2. Parauglaukumu ierikosana un uzmerisana

Aptaujajot BijuSo Rigas, Ogres, Balvu, Liepajas un citu rajonu paSvaldibu un
meZniecibu darbiniekus, izraudzitas biomasas vienadojumu izstradaSanai piemé&rotas platibas
(videjais valdosas sugas koku augstums 4...9 m, koku skaits 3...5 tikst. kocini uz ha). Katrai
koku sugai (apse, Populus tremula L. (A), baltalksnis, Alnus incana L. Moench (Ba), bérzs,
Betula pendula Roth (B), egle, Picea abies (L.) H.Karst. (E), melnalksnis, Alnus glutionosa
L. (Ma) un priede, Pinus sylvestris L. (P)) atlasija 20 platibas, lai butu parstavéeti dazadu
dimensiju koki un katrai dimensiju grupai (koku vidgjais augstums 4...5, 5..6, 6..7 un
8...9 m) atbilstu 5 attiecigas sugas audzes 2 Latvijas regionos (centralaja un austrumu dala).
Ma audzes parstavétas tikai Rigas rajona.
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Apsekojot atlasttas audzes, atsijatas tas, kuras faktiska situacija atSkiras no
iesniegtajiem datiem (apmeZojusies platiba mazaka par 0.1 ha, noradita nepareiza valdosa
suga, meZaudze jau izstradata vai platiba ir lauksaimniecibas zemém neraksturigi augSanas
apstakli — izstradati karjeri). Katra audzg ierikoja 1 aplveida parauglaukumu koku uzmeériSanai
un paraugu ievakSanai. Katra Ma un E audzg ierikoja 3 parauglaukumus datu ievaks$anai, lai
nodro$inatu tikpat lielu paraugkoku skaitu, ka citam sugam. Audzes, kur koku augstums ir
3.1...6.0 m ierikoja parauglaukumus ar radiusu 3.99 m, bet audze&s ar garakiem kokiem —
parauglaukumu radiuss bija 5.64 m. Parauglaukuma centru ieziméja ta, lai parauglaukuma
argjas malas butu vismaz 1 vidéja koka augstuma attaluma no robeZas ar citiem meZaudzes
elementiem. Ma un E audzes parauglaukumus ierikoja vismaz 2 vidgja koka augstumu
attaluma vienu no otra.

Parauglaukumos visiem kokiem, kas augstaki par 2 m, noteikta suga un caurmeérs
kraSu augstuma. Augstumliknes konstruéSanai 9 katras parauglaukuma sastopamas sugas
kokiem, taja skaita 2 garakajiem, 2 isakajiem un 4 vid&jiem kokiem merits augstums. Ja
parauglaukuma nebija 9 attiecigas sugas koki, tos uzmekl€ja un wuzmérija arpus
parauglaukuma teritorijas. E un Ma audzés katram parauglaukumam veidoja savu
augstumlikni.

Virszemes biomasas aprékinu vienadojumu izstradaSanai katra parauglaukuma B un
P audzés 1idz ar zemes virsmu nozageti 10 koki, bet A, Ba, E un Ma audzés katra
parauglaukuma nozageti 5 koki. Nozagetajiem kokiem noteikts kocipu augstums (h),
caurmeérs celma augstuma (d,), caurmérs krisu augstuma (d, 3), kop&ja virszemes dalas masa,
atseviSki zaru un stumbra masa. Pirms svérSanas lapu kokiem nopléstas lapas. Skujkoki sverti
ar visam skujam. No katra stumbra izzagetas 3 ripas (stumbra resgali, vidai un galotné, kur
caurmérs samazinas 1idz 3 cm). Laboratorija koksnes paraugiem, zZavejot 105 °C temperattra
lidz nemainigai masai, noteikts mitruma saturs atbilstosi ISO/TS 17892-1:2004 standartam.
Biomasas sausnas aprékinos izmantots aritmétiskais vid&jais mitruma saturs katram
paraugkokam. Mitruma saturs stumbra koksné attiecinats uz visu virszemes biomasu.

2.3. Darba raziguma un paSizmaksas pétijumi

Peétfjuma ietvaros novertéts plavéja — smalcinataja AHWI AM 600 uz traktora
CLAAS Xerion 3300 Trac VC bazes darba razigums vienlaidus apauguma novakS$ana un
karklu plantacijas, ka arT mul¢étaja AHWI FM600 Profi uz traktora CASE HI MAGNUM 225
bazes darba razigums, veicot augsnes apstradi un novacot apaugumu.

Smalcinataja AHWI AM600 darba raZziguma noteica SIA “Rigas meZi” valdijjuma
esosas aizaugusas lauksaimniecibas zemé&s 7 ha platiba, taja skaita aizaugusi platiba, kura
veikta apauguma novaksana un energétiskas koksnes sagatavoSana — 3.5 ha. Muléetaja AHWI
FM600 Profi darba raZiguma hronometraza veikta taja pasa teritorija 6 ha platiba, taja skaita
3 ha platiba bija kokaugu un krimu apaugums. Smalcinataja AHWI AM600 darba raziguma
hronometraza veikta arT trisgadiga karklu plantacija Olaines kokaudzétava 0.8 ha platiba.
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Karklu plantacija veiktas hronometrazas dati iek]auti pétfjuma, lai sniegtu salidzinamus datus
par iekartas darba raZigumu optimalos apstak]os.
Hronometrétie darba etapi ir:
manevrésanas laiks;
darba laiks;
parejas darba operacijas;
manevru skaits;
citas ar darbu nesaistitas operacijas.
AHMI FM600 Profi hronometraza veikta trim darba reZimiem:
1. vienlaidus krimu apauguma novakSana un augsnes apstrade;
2. krimu apauguma novaksana un augsnes apstrade joslas (ik péc 5 m);
3. jaunaudZu kopSana joslas (ik péc 6 m).
Izmantojot hronometraZas rezultatus un traktora datora izdruku (apstradata platiba
un degvielas patérins uz platibas vienibu), aprékinats nobrauktais attalums un vidgjais atrums.
Hronometrazas datu uzkrasanai un pirmeéjai apstradei izmantoti Juniper Systems
lauka datori Allegro CX ar SDI programmattru.

Al

2.4. Biomasa piesaistita CO, uzkrajuma aprekins

Dzivaja biomasa piesaistitais CO, aprékinats, izmantojot SEG inventarizacijas
parskata izmantoto metodiku (LVGMA 2010). Parrékinam no kopgjas krajas ar mizu un
kopeja tekosa potenciala krajas pieauguma un CO, izmantota 5. formula:

Vxaxb*(1+c)*d x44 (5)
ckur:
12
V —kraja vai krajas pieaugums, m’ ;
a —koksnes blivums, fonnas m R
b —koeficients virszemes biomasas aprékinam ;
c—koeficients parrékinam no virszemes uz pazemes biomasu ;
d —oglekla (C) saturs koksné , tonnas C tonna koksnes ;

CO, tonnas =

% — parrékins noCuz CO,

Aprekinu koeficienti a, b, ¢ un d pemti no SEG inventarizacijas parskatu
sagatavosSanas vadlinijam (Ed. Penman 2003).

CO, piesaistes noveért€jums meza aprites griezuma veikts, pienemot, ka videja
dzivas un nedzivas koksnes krdja dazada vecuma viena meZa tipa un vienas koku sugas
audzés DALZ platibas un meZaudzes meZa zemés neatSkiras. Aprites ilgums piepemts
atbilstos$i MeZa likumam. Ba audzém aprites ilgums pienemts atbilstosi vecuma desmitgadei,
kura, saskana ar Valsts meZa dienesta 2009. un 2010. gada datiem, Ba audzes visbiezak izcert
kailcirte.
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Stumbru koksnes un nedzivas koksnes kraja daZzadu meZa tipu un valdoSo sugu
audzes sadalfjuma pa vecuma desmitgadeém izrékinata, izmantojot MSI datus. Tam meZaudZu
grupam, kuram galvenas cirtes vecuma desmitgadé datu trioka, jo MSI nebija attiecigu
parauglaukumu, iztriikstoSie dati izrékinati ar interpolacijas metodi, izveidojot regresijas
vienadojumus no jaunaku un vecaku mezaudZu datiem.

Koksnes blivuma, virszemes un pazemes biomasas raksturoSanai izmantoti SEG
inventarizacijas 2006. gada vadlinijas (Eggleston et al. 2006) dotie koeficienti. Selekcijas
efekta raksturo$anai izmantota pétijumu rezultati (Jansons 2006). Nedzivas koksnes blivums
atbilstosi 2006. gada vadlinijam piepemts 0.5 tonnas m~. Oglekla saturs dzivaja un nedzivaja
koksné pienemts 50 %. Aprekins veikts 2 scenarijiem — dabiskajai un maksligajai meZa
atjaunoSanai. Otraja scenarija pemts véra koksnes krdjas palielinajuma efekts, ko dod
selekcionéta stadmateriala izmantoSana. Aprékinos pienemts, ka selekcionéta stadmateriala
Tpatsvars maksligds meZa atjaunoS$anas gadfjuma saglabajas tads, kads tas ir patreiz meZa
atjaunoSanas prakse.

3. REZULTATI UN DISKUSIJA

3.1. Dabiski apmezojusas lauksaimniecibas zemes Latvija

DALZ platiba Latvija ir 297860 * 4165 ha. Lielakais apmeZojusos zemju Ipatsvars
ir bijuSaja Ludzas rajona (12.2 % no rajona kopplatibas); mazakais — Ventspils rajona (0.9 %
no rajonu kopplatibas). Kopgja kraja DALZ platibas ir 3315748 + 194131 m’, bet oglekla
uzkrajums dzivaja biomasa — 1658847 * 90082 tonnas. Kopégjais tekosais potencialais krajas
pieaugums ar mizu DALZ ir 275291 + 18990 m® gada. Lielaka da]a pieauguma konstateta B
audzes, otraja vieta ir Ba audzes. Sadalfjuma pa meZa tipiem doming veéris (58.1 % no DALZ
platibas), damaksnis (17.7 %) un Saurlapju arenis (10.8 %). Sadalijuma péc valdosas sugas
izplatitakas ir B (39.4 % no DALZ platibas) un Ba (20.4 %) audzes. P audzes aizpem 10.4 %
no apmezojusos zemju platibas, kas liecina, ka P sekmigi ieaug lauksaimniecibas zemés ka
pioniersuga. Sadalijuma péc krajas B un Ba ir lidzvertigi — B audzés ir 31 %, bet Ba audzes
30 % no kopejas krajas DALZ (3.1. tabula).

3.1. tabula / Table 3.1.
Dabiski apmeZojusos lauksaimniecibas zemju sadalijums péc valdosas sugas / Distribution of
different forest stand types in naturally afforested farmlands

Valdosa suga / Dominant tree | Platiba, ha / Kopéja kraja, m3/ |Biomasa saistitais ogleklis, tonnas
specie Area, ha Growing stock, m’ / Carbon in biomass, tons

A/ Aspen 14353 £ 913 351798 + 104773 179121 + 7442

Ba/ Grey alder 46577 £ 1406 1960210 £ 104117 453333 + 14835

B, Betula sp. / Birch 90001 + 1900 1042277 £ 107841 520410 = 22740
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3.1. tabulas nobeigums

Valdosa suga / Dominant tree Kopéja kraja, m3/ |Biomasa saistitais ogleklis, tonnas
specie Area, ha Growing stock, m’ / Carbon in biomass, tons

E / Norway spruce 11313 +979 52793 + 21850 23462 + 3398

Ma / Black alder 10842 + 606 75148 + 32153 50259 + 2694

P/ Scots pine 23754 £ 810 154501 + 45349 71880 + 4859

Pargjas sugas / Other species |31628 =977 679020 + 87545 360381 + 9479

Kopa / Total 228469 + 3144 3315748 + 214040 1658847 £ 69055

Lauksaimniecibas zemju apmezoSanas lielakoties notikusi pédejo 20 gadu laika;
116843 £ 2601 ha vai 51.8 % no DALZ platibas aizpem par 11 gadiem jaunakas audzes

(3.2. tabula).

3.2. tabula / Table 3.2.

Dabiski apmezZojusos lauksaimniecibas zemju sadalfjums vecuma desmitgadgés / Distribution
of different forest stand types in naturally afforested farmlands

Vecuma Platiba, ha / Area, | Kopeja kraja, m*/ Growing Biomasa saistitais ogleklis,
desmitgade / Age ha stock, m’ tonnas / Carbon in biomass,

decade tons

1...10 116843 + 2601 288848 + 44486 153167 £ 23302

11..20 76395 £ 2012 1454585 + 125370 730386 + 68050

21..30 20564 + 1068 816682 + 109316 421517 £ 60842

31...40 9168 *+ 594 490847 £ 97721 231379 + 48710

41..50 1552 £265 154242 + 37083 72607 + 18352

51...60 410 £ 52 41025 + 14421 19022 + 5859

> 61 600 + 75 59291 * 3690 25439 *+ 1585

Kopa / Total 225625 + 3525 3314721 + 239533 1657465 + 129546

Tehnologisko risinajumu izvélei DALZ platibas batisks raditajs ir koku d,; un do.

Lielaka dala 1scirtmeta plantaciju izstradei paredzéto iekartu spgj apstradat lidz 8 cm resnus
kokus; savukart, sortimentu sagatavoSana ir lietderiga tad, ja koku d,; ir vismaz 12 cm.
Atbilstosi Siem kritérijiem plaveju — smalcinataju pielietoSanai piemérotas lidz 20 gadus vecas
audzes, izpemot vitolu audzes, kuras 11...20 gadu vecuma D, ; ir 9.3 £ 0.8 cm (3.3. tabula).
Sortimentu sagatavoSanu var veikt, sakot ar 21...30 gadu vecumu.
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3.3. tabula / Table 3.3.

Vidgjais koku D, ; (cm) dazada vecuma desmitgadu un valdoSo sugu audzes / Average D, ;
(cm) in different age and species stands

Valdosa suga Vecuma desmitgade / Age decade
1...10 11...20 21...30 31...40
A/ Aspen 1.9+0.2 85+%1 214+27 -
Ba/ Grey alder 25%0.2 6.3+04 141+1.1 156+1.3
B/ Birch 2%0.1 64%0.3 153+13 21426
E / Norway spruce 1.1£0.1 36+04 99+5.1 -
Ma / Black alder 1.8+0.3 54+1.1 18.1+23 -
P/ Scots pine 1.3£0.1 55%0.7 14+1.8 -
Pargjas sugas / Other species 28104 9.3+0.8 172+ 1.7 184+ 1.6
Videji / Average 2+0.1 6.5+0.2 16.2 £ 0.8 19.1+1.2

Saskapa ar zviedru un somu meZizstradataju atzinumu veselu koku izstrades iekartu
izmantoSana ir ekonomiski pamatota, ja vid€jais koku augstums ir vismaz 6 m, savukart, par
12 m garaku koku audz€s noverojams darba raZiguma zudums sakara ar nepiecieSamibu
sadalit stumbrus vismaz 2 dalas, lai tos varétu pievest ar forvarderu (Thor et al. 2008). Nemot
vera, ka zinatniskie pétljumi, kas raksturo veselu koku izstrades tehnologijas, Latvija veikti
audzés ar H < 12 m, arT $aja darba ka tehniskais kritérijs veselu koku izstradei noteikts
maksimalais koku augstums 12 m. Saskapa ar So pienémumu veselu koku izstrades iekartas
izmantojamas 11...30 gadus vecas audzes (3.4. tabula).

3.4. tabula / Table 3.4.

Vidgjais koku augstums (H, m) dazada vecuma desmitgadu un valdo$o sugu audzes / Average
height (H, m) in different age and species stands

17

Valdosa suga / Dominant tree species Vecuma desmitgade / Age decade
1...10 11...20 21...30 31...40
A/ Aspen 2.6+0.3 9.1+£0.8 16.8+1.3
Ba/ Grey alder 31202 74%0.3 11.5£0.6 |13£0.7
B/ Birch 25%0.1 7.2%+0.2 13.1£09 [157+£13
E / Norway spruce 1.1+0.1 33102 6.6 2.6
Ma / Black alder 2+0.3 53+0.7 11.7+£0.7
P/ Scots pine 1.2+0.1 3.5+0.3 63+1.6
Pargjas sugas / Other species 28+04 7.8+0.4 102+04 [11£0.6




3.4. tabulas nobeigums

Valdosa suga / Dominant tree species Vecuma desmitgade / Age decade
1...10 11...20 21...30 31...40
Vidgeji / Average 25+0.1 6.6 + 0.2 11.7 £ 04 (13.3£0.7

Parrekinot vidéjo kraju skeldu berkubikmetros', tikai 21...30 gadus vecas audzes var
ieglit vismaz 100 ber. m® ha' biokurinama (3.5. tabula). Veselu koku izstradé biokurinama
sagatavoSanai izmanto arT vainagu, kas saskapa ar SEG inventarizacijas vadlinijam vidgji ir
30% no stumbra biomasas (Penman et al., 2003); attiecigi, vismaz 100 ber. m®ha
biokurinama var sagatavot arT 11...20 gadus vecas audzes.

3.5. tabula / Table 3.5.

Vidgja kraja (m3 ha™) dazada vecuma desmitgadu un valdoSo sugu audzes / Average stock
(m3ha™) in different age and species stands

Valdosa suga / Dominant tree species Vecuma desmitgade / Age decade
1...10 11...20 21...30 31...40

A/ Aspen 87145 326+ 11.2 |124.1+31.7 |-
Ba/ Grey alder 7.8+1.7 39.7+69 |514%9.6 104.8 £49.1
B/ Birch 3.8%£0.8 223+35 (499+16.1 [59.6%+19.4
E / Norway spruce 0.1£0.1 10.7+4.6 |25%1.1 -
Ma / Black alder 04102 9132 158+6.4 -
P/ Scots pine 04+0.1 104+£25 |499+389 |-
Pargjas sugas / Other species 6.8+2.8 19.6+33 [323+59 |41.7x114
Videji / Average 49 +0.8 235+22 |498+64 [61.3+11.1

Salidzinot ar saimnieciskajiem meZiem, krajas pieaugums DALZ visas vecuma
desmitgades, iznemot 1...10 gadus vecas audzes ir par 53 % lidz 163 % mazaks (3.1. att.).
Salidzinot apmeZojusas platibas un saimnieciskos meZus, konstatéts, ka galvenais iemesls
mazakajam krajas pieaugumam ir nelielais koku skaits uz platibas vienibu. Tas nozimé, ka,
planojot meZsaimnieciskos pasakumus DALZ, visbiezak naksies saskarties ar eso$o audZu
papildinasanu vai rekonstrukciju.

Parrekinu koeficients no kubikmetriem uz berkubikmetriem ir 3 (LVMI Silava, 2008).
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DALZ / Naturally afforested farmlands ® MeZa zemes / Forest lands
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Vecuma desmitgade / Age decade

Tekosais potencialais krajas pieaugums
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att. Tekosa potenciala krajas pieauguma ar mizu salidzinajums dazada vecuma
desmitgadu audzés meZza zemes un aizaugusajas lauksaimniecibas zemes

Fig. 3.1. Gross increment with bark in naturally afforested farmlands and forest lands

depending from age of stand

3.1.1. Energetiskas koksnes resursu novertéjums DALZ platibas

Lai novertétu resursu pieejamibu, visas DALZ sadalitas 4 kategorijas:

1. platibas, kuras javeic audZu rekonstrukcija, jo Skerslaukums ir mazaks par kritisko’;

2. platibas, kuras var veikt kopSanu, jo Skérslaukums parsniedz minimalo;

3. platibas, kuras var veikt kopSanu, ierikojot tehnologiskos koridorus, t.i. audzes, kur
skérslaukums parsniegs minimalo péc 20 % no meZaudzes izstrades tehnologisko
koridoru ierikoSanai;

4. platibas, kuras nav nepiecieSama kopSana, t.i. Skérslaukums ir starp kritisko un
minimalo.

Biokurinama sagatavoSana iesp&jama rekonstrugjamas audz€s un platibas, kur
kopSanu var veikt, iertkojot tehnologiskos koridorus. Atseviski izdalitas platibas, kuras
iespgjama biokurinama sagatavoSana ar vienlaidus plavéjiem — smalcinatajiem D,; < 8 cm, ka
arT platibas, kas piemérotas biokurinama sagatavoSanai ar veselu koku izstrades iekartam
(H =6 mun < 12 m). Apréekinos piepemts, ka platibas, kas nav uzmerTtas (D, ; tajas ir mazaks
par 2 cm, 74481 + 2527 ha) veicama audZu rekonstrukcija.

Kopgja DALZ platiba, kur Skérslaukums vai koku skaits ir zem kritiska, neskaitot
platibas, kas atbilst neuzméritajiem parauglaukumiem, ir 156515 * 2463 ha ar kopgjo
virszemes biomasu 652789 + 62638 tonnas, vidgji 4.9 + 0.4 tonnas ha”. Visvairak $adu
platibu ir 1...10 gadu vecuma desmitgade, tomér janem vera, ka Sis piep€mums var bt

Kritiskais un minimalais koku skaits un $kérslaukums novertéts atbilstosi MK noteikumiem Nr. 892
"Noteikumi par koku cirSanu meZa zemes".
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parspiléts, jo mazakie koki nav uzmeriti un 1...10 gadu vecuma desmitgadé $adu koku
Ipatsvars var but pietiekoSi liels, lai faktiskais koku skaits parsniegtu kritisko robezu.
Biokurinama piegaZzu potencials no rekonstrugéjamam platibam ir 4 milj. ber. m® vai
3.1 milj. MWh.

MeZzaudZzu, kur iesp&jama kopSana, platiba ir 39985 + 1743 ha ar kopgjo kraju
2047438 £ 179479 m®. Atsijajot audzes, kuras péc tehnologisko koridoru ierikoSanas koku
skaits vai Skérslaukums nokristu zem minimala, kopSanai ar biokurinama sagatavoSanu
pieméroti 36474 £ 1719 ha ar kopgjo 1idz minimalajam Skérslaukumam izkopjamo biomasu
718852 + 66797 tonnas (vidgji 19.7 + 6.4 tonnas ha). Biokurinama piegaZu potencials no
kopjamam platibam ir 4.3 milj. ber. m® vai 3.5 milj. MWh.

MeZaudZu, kuru Skérslaukums vai koku skaits ir starp kritisko un minimalo, platiba
ir 27930 + 1507 ha. Kopéja kraja $ajas platibas ir 524590 + 70803 m’ (vidgji 18.6 + 2.1 m’ ha’
"). Biokurinama piegazu potencials, piepemot, ka audzes ar $kérslaukumu vai koku skaitu
starp kritisko un minimalo izstrada kailcirt€, pieméram, lai veiktu audZu rekonstrukciju ir
1.6 milj. ber. m* vai 1.3 milj. MWh. Kopgjais biokurinama piegazu potencials no
rekonstrugjamam un izkopjamam audzém ir 9.9 milj. ber. m® vai 7.9 milj. MWh.

Biokurinama sagatavoSanai ar plavgjiem — smalcinatajiem pieméroti
171190 £ 2764 ha ar kop&jo virszemes biomasu 1001274 + 85916 tonnas  (vidgji
7.3 £ 0.6 tonnas). Lielaka dala biomasas atrodas 11...20 gadus vecas audzes. Biokurinama
piegazu potencials, pienemot, ka visas audzes ir pieejamas izstradei kailcirté ir 6 milj. ber. m’
vai 4.8 milj. MWh.

Biokurinama sagatavoSanai ar veselu koku izstrades iekartam pieméroti
67182+ 1841 ha ar kopgjo virszemes biomasu 1341938 + 85865 tonnas  (vidgji
23.6 = 1.7 tonnas). Lielaka dala biomasas koncentréta 11...20 gadus vecas audzes, bet lielaka
biomasa, parrékinot uz platibas vienibu, ir 21...30 gadus vecas audzeés. Salidzinajuma ar
plavéju — smalcinataju izmantoSanai piemérotajam platibam, tajas pa$as vecuma desmitgadés
veselu koku izstradei piemérotajas platibas virszemes biomasa ir par 14 % 1idz 467 % lielaka.
Biokurinama piegaZzu potencials, piepemot, ka visas audzes ir pieejamas izstradei kailcirtg ir
8 milj. ber. m® vai 6.4 milj. MWh.

3.1.2. DaZadu koku sugu virszemes biomasas aprekinu vienadojumi

Koksnes biomasas aprékinaSanai kokiem meériti tris parametri — koku augstums (h)
metros, d;; un d, centimetros. Pétljuma kopgjas virszemes biomasas un stumbra masas
aprékinu modelu izveidei izmantotais parametrs ir d,;, kas uzradija vislielako korelaciju ar
stumbra un kop€jo virszemes biomasu un ir visvienkarsak ieglistamais raditajs.
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Biomasas aprékinaSanai pielietota pakapes regresija:

b
Y, =by*x;'; kur: (6)
Y, — rezultativa pazime (biomasa, stumbra sausnas masa, zaru sausnas masa (kg);
x, — faktoriala pazime (krliSaugstuma caurmeérs (cm);

b,;b, — koeficienti.

Izveidoto modelu precizitate noteikta, aprékinot vidgjo relativo k]idu procentos ar
7. formulu (Siipilehto, 1999):

n § (7)
1 Y—7,
S0, =100%—% Y [~ kur:
no=y Y,'
Y —i — parametra faktiska vertiba;
Y, — parametra aprékinata vertiba;

n — paraugkopas lielums.
Izveidoto mode]u parametri doti 3.6. un 3.7. tabulas.

3.6. tabula / Table 3.6.

Stumbru sausnas aprékinaSanas modela parametri / Parameters for calculations of stem dry

mass
Suga / Species R*? F df p° | Aprekinatie koef. / IerobeZojumi / 5%
Estimated Limitations

coefficients

by by
A/ Aspen 0.894 | 616.652 | 74 | 0.000 0.173 1.775 | 0.8cm<D;3<7.0cm | -5.1
B/ Birch 0.936 | 1940.462| 134 | 0.000 0.174 1.951 | 0.6cm<D;3<69cm | -4.3
Ba/ Grey alder 0.948 | 1328.027| 74 | 0.000 0.164 1.774 1 0.6cm<D;3<6.0cm | -2.0
E / Norway 0.757 | 227.535 | 74 | 0.000 0.363 1.372 | 1.0ecm<D;3<79cm | -5.8
spruce
Ma / Black alder | 0.951 | 546.880 | 74 | 0.000 0.099 2.266 l.em<D;;<55cm | -14
P/ Scots pine 0.954 |3679.658| 179 | 0.000 0.140 1.880 | 0.7cm<D;3<9.3cm | -2.8

Determinacijas koeficients / Coefficient of determination.
FiSera kritérijs / Fisher criteria.

Brivibas pakapju skaits / Number of degrees of freedom.
Regresijas butiskums / Significance of regression.
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3.7. tabula / Table 3.7.

Virszemes biomasas aprékinaSanas modela parametri / Parameters for calculations of above-
ground dry mass

Suga / Species R? F d; p Aprékinatie koef. / Ierobezojumi / s%
Estimated Limitations
coefficients
by b,

A/ Aspen 0.884 | 554.060 | 74 | 0.000 0.274 1.613 |0.8cm<D;;<7.0cm| -4.5
B/ Birch 0.851 | 762.538 | 134 | 0.000 0.290 1.757 0.6 cm <D;3;< 6.9 cm| -9.3
Ba/ Grey alder | 0.954 |1520.774| 74 | 0.000 0.202 1.783 0.6 cm<D;3;<6.0cm| -1.8
E / Norway 0.634 | 126.382 | 74 | 0.000 1.162 1.210 |1.0cm <D;3<7.9cm| -8.0
spruce
Ma/ Black alder | 0.952 | 558.468 | 74 | 0.000 0.118 2235 |1.6cm<D;;<55cm| -1.4
P/ Scots pine 0.939 | 2744.284| 179 | 0.000 0.230 1910 |0.7cm<D;3<9.3cm| -3.7

3.2. Lemumu pienemsSanas atbalsta modelis saimnieciskajai darbibai

3.2.1. Raziguma un paSizmaksas peétijumu rezultati

Augsnes apstradi joslas veica krimiem un sikkokiem aizaugus$a platiba, iertkojot
koridorus ik péc 5 m. Saja gadijuma meérkis bija nevis veikt esoSas audzes izkopSanu, bet
sagatavot augsni meZaudzes rekonstrukcijai, stadot cietos lapu kokus starp karklu, A un Ba
kulisem. Saja eksperimenta ap meZaudzi pa visu perimetru ierikoja tehnologisko koridoru
masinas manevriem, tadu operators to neizmantoja, bet gan izbrauca no meZaudzes
atpakalgaita pa to paSu koridoru, pa kuru iebrauca, tadgjadi butiski samazinot iekartas darba
razigumu.

Kopsana joslas notika A jaunaudzg, ierikojot 2 m platus tehnologiskos koridorus ik
péc 6 m. Saja gadijuma darba agregatu turéja 5 cm augstuma no zemes. Tehnologisko
koridoru pa audzes perimetru neierikoja, bet no audzes brauca ara pa to pasu koridoru, pa
kuru iebrauca. Operators nebija pieradis pie Sada darba pap€miena, tapéc maksimalo razibu
sasniedza tikai izméginajuma beigas. Neskatieties uz lielo koku izméru (daudzu celmu d, bija
lielaks par 10 cm), traktors varéja parvietoties ar maksimalo atrumu (4 km h™).

Veicot vienlaidus apauguma novakSanu, operators novaca krimu un koku
apaugumu un safréz€ja augsni aizaugusaja platiba, bet neveica augsnes apstradi pargja platiba,
kur auga tikai lakstaugi; attiecigi, apstradata platiba ir mazaka par kopgjo platibu.

PaSizmaksas aprekinu kopsavilkums dots 3.8. tabula. Vidgjais darba razigums (taja
skaita parbraucieni starp laukiem), veicot apauguma novak3anu, ir 0.21 ha E,sstunda’.

Péttjuma darba stunda atbilst masinstundai.
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Apauguma novakSanas paSizmaksa, vienlaicigi veicot augsnes apstradi nofrézetajas platibas,
ir 248 Lsha' (rekinot uz aizauguSo platibu). Veicot augsnes sagatavoSanu joslas un
jaunaudZu kopSanu joslas, paSizmaksa ir, attiecigi, 219 un 227 Ls ha™.

3.8. tabula / Table 3.8.

Darba raZiguma un izmaksu aprékinu rezultatu kopsavilkums / Summary of calculation of
productivity and costs

Apauguma Apauguma novaksana un JaunaudZu kopsana
novaksana / Removal augsnes apstrade joslas / joslas / Thinning in
of vegetation Removal of vegetation and strips
preparation of soil in strips
Izmaksas, Ls gada / Cost, LVL annually
Investicijas / Investments 27408 27408 27408
Atalgojums / Salary 32680 32680 32680
Tiesas raZoSanas izmaksas / 144497 74785 77605
Production costs
Kopa / Total 204584 134872 137692
Razigums / Productivity
ha Esstunda / ha E;s hour 0.21 0.16 0.15
ha gada / ha annually 841 634 623

Stradajot  karklu  plantacija, = AHWIAMO600 darba  raZigums  bija
2.2 E, minites® ber. m>; savukart, dabiska karklu apauguma 1 ber. m® saraZoSanai vajadzéja
3.8 E, miniites. glgeldu sagatavosanas izmaksas, veicot apauguma novakSanu ar AHWI
AMG600, ir 8.20 Ls ber. m”, darba raZigums 7.5 ber. m® darba stunda. Sezona, stradajot
2 mainas, viena masina var saraZot 29.4 tukst. ber. m’ §keldu. Kopgjas izmaksas uz 1 ha ir
558 Ls (3.9. tabula).

3.9. tabula / Table 3.9.

AHWI AM600 paSizmaksas aprékins dabiska karklu audze / Productivity of AHWI AM 600 in
naturally afforested farmland

Raditajs / Indicator Karklu izstrade / Harvesting of willows Kopa / Total
AHWI |Pievedéjtraktors /| Tekravéjs/ | Skeldu
AM600 Forwarder Loader vedgjs /
Truck

Izmaksas, Ls gada / Cost, LVL annually
Investicijas / Investments | 38066 | 6091 4299 14922 63378

8 E, — efektivais darba laiks.
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3.9. tabulas nobeigums

Raditajs / Indicator Karklu izstrade / Harvesting of willows Kopa / Total
AHWI |Pievedéjtraktors /| Iekravejs / glgeldu
AM600 Forwarder Loader vedgjs /
Truck

Atalgojums / Salary 34455 34455 34455 35200 138565
Tiesas razosanas izmaksas / 92002 40771 43419 36885 213077
Production costs
Kopa / Total 164523 81317 82173 87006 415020
Darba raziba, ha E,sstunda / 7.51 9.16 268.1 19.29 -
Productivity ha E;s hour
Darba raziba, ha gada / 29364 35831 1048800 77765
Productivity, ha annually
glgeldu pasizmaksa, Ls ber. m?/ 5.74 2.38 0.08 1.16 8.20
Prime cost of chips, LVL LV m”
Kopégjas izmaksas, Ls ha / Total 558
cost LVL ha’

Raziguma un paSizmaksas pétijumu rezultati apliecina, ka apauguma novaksana,
atstajot sasmalcinatu biomasu uz lauka vai sagatavojot biokurinamo, ir konkurétsp&jigas
tehnologijas, tacu to praktisko pielietojumu var bitiski ietekmét darba organizacija — gari
parbraucieni starp laukiem, kas praksé var aiznemt pusi vai pat lielako daJu darba dienas,
batiski palielina raZzoSanas izmaksas. PetTjuma izmantota biokurinama sagatavoSanas iekarta ir
eksperimentals prototips, un ta sagatavoto biokurinamo bez papildus apstrades nevar izmantot
vidusméra Latvijas katlumaja, tapec pirms §adas tehnologijas ievieSanas praks€ japarliecinas,
vai visa piegazu kéde — no lauka Iidz paterétajam ir ekonomiski dzivotspgjiga. Izmeginajumi
karklu plantacijas liecina, ka optimalos darba apstaklos AHWI AM600 darba razigums butiski
palielinas.

3.2.2.  Lemuma pienemsanas modela struktiira

Pétfjuma ietvaros izstradats léemuma piepemsanas atbalsta modelis, kura integréti
pétijuma iegitie virszemes biomasas aprékinu vienadojumi un tehnologiju analizes rezultati.
Modelis izmantots daZzadu apsaimniekoSanas alternativu salidzinasanai DALZ platibas, veicot
aprékinu katram no DALZ analizg iek]autajiem 1471 MSI parauglaukumiem un to sektoriem.
Lémuma piepemsanas atbalsta modeli salidzinati 7 risinajumi DALZ apsaimniekoSanai.
Tehniskie risinajumi, kas ieklauti modeli, ir:

. meZaudzes rekonstrukcija;
o apauguma novak3ana ar muléetajiem, nevacot kurinamo’;
o apauguma novaksana ar plavéjiem — smalcinatajiem, gatavojot biokurinamo’;

°  Izmantoti promocijas darba veikto petfjumu rezultati.
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©  apauguma novaksana ar akumul&josu veselu koku izstrades galvu;

©  apauguma novakSana ar harvesteru, sagatavojot apalkoku sortimentus;

meZaudzes kopSana;

©o  mehanizéta kopSana ar veselu koku izstrades galvu, ierikojot tehnologiskos
koridorus 20 % no meZaudzes platibas;

©  mehanizeta kopSana, sagatavojot apalkoksnes sortimentus.

Tehnologiju pielietoSanas atlases kritériji:

apauguma novakSana ar paSgajéju smalcinataju, nevacot kurinamo, ar sekojosu

meZa atjauno$anu;

o  valdosa suga Ba vai par€jas sugas vai valdo$as sugas Skérslaukums vai koku
skaits mazaks par kritisko;

©  D;;mazaks par 8 cm;

apauguma novakSana ar paS$gajéju smalcinataju, vacot biokurinamo ar sekojosu

meZa atjauno$anu;

o valdosa suga Ba vai par€jas sugas vai valdo$as sugas Skérslaukums vai koku
skaits mazaks par kritisko;

© Dy lielaks par 1 cm un mazaks par 8 cm;

meZaudZu papildinasana (atjaunoSana);

o valdosas sugas Skérslaukums vai koku skaits lielaks par kritisko, bet mazaks
par minimalo;

apauguma novaks$ana ar veselu koku izstrades galvu ar sekojoSu meZa atjaunoSanu;

o valdosa suga Ba vai par€jas sugas vai valdo$as sugas Skérslaukums vai koku
skaits mazaks par kritisko;

©  koku vidgjais augstums ir 6...12 m;

Apauguma novakSana ar harvesteru, sagatavojot apalkoku sortimentus ar sekojoSu

meZa atjauno$anu;

©  valdosa suga Ba vai par€jas sugas vai valdosas sugas Skérslaukums vai koku
skaits mazaks par kritisko;

© D lielaks par 12 cm;

kopSana ar veselu koku izstrades galvu;

o valdosas sugas Skérslaukums vai koku skaits saglabajas lielaks par minimalo,
iertkojot tehnologiskos koridorus 20 % no cirsmas platibas;

©  koku vidgjais augstums pirms kopsanas ir 6...12 m;

kopsana ar harvesteru, sagatavojot apaJkoku sortimentus;

o valdosas sugas Skérslaukums vai koku skaits saglabajas lielaks par minimalo,
iertkojot tehnologiskos koridorus 20 % no cirsmas platibas;

©  Dy;lielaks par 12 cm.



Tehnologijam, kuru pielietoSana saskana ar meZaudzes taksacijas raditajiem ir
iespgjama, aprékinatas raZoSanas izmaksas, taja skaita meZa atjaunoSanas vai ieaudze€Sanas
izmaksas, pienemot, ka visas DALZ platibas ieaudzé meZzu, ienemumi, pardodot biokurinamo,
un atlikums, kas vienlaicigi raksturo arT aréjo finans€jumu, kas nepiecieSams planota darba
IstenoSanai. KopSanas izmaksu un ienémumu aprékina piepemts, ka meZaudzes izkopj lidz
minimalajam $kérslaukumam un kopSanu veic, ar vienadu intensitati izzaggjot visu caurmera
pakapju kokus.

MezZa atjaunoSanas un agrotehniskas kopSanas izmaksas pemtas no Centralas
statistikas parvaldes (CSP) datu bazes, tabula “MS07. MezZa atjaunoSanas un kopSanas
izmaksas, LVL/h”. Agrotehniskas kopSanas izmaksas pareizinatas ar 3, piepemot, ka
agrotehnisko kopSanu veiks vismaz 3 reizes. Sastava kopSanas izmaksas meZa atjauno$anas
izmaksu aprékina nav ieklautas. Aprékinu rezultats dots 3.10. tabula.

3.10. tabula / Table 3.10.

MeZa atjaunoSanas un kopSanas izmaksas / Forest regeneration cost

Nr. / No. Darbibas veids / Operation Izmaksas, Ls ha™ / Cost, LVL ha™
1. Augsnes sagatavoSana / Soil scarification 87
2. Stadi / Seedlings 158
3. Stadisana / Planting 58
4. Meza agrotehniska kopSana / Weed control 154

Malkas cena piegemta 14 Ls m”, atbilstosi faktiskajam malkas cenam 2010. gada
pirmaja pusé Latgales regiona, kur ir vislielakais DALZ ipatsvars. §lgeldu cena piepemta
6Lsm” atbilstosi Latvijas Siltumuzpémumu asociacijas (LSUA) parstavja sniegtajai
informacijai par Skeldu iepirkuma cenam Latvijas katlumajas 2009. gada.

3.3. Dazadu apsaimniekosanas alternativu istenoSanas tautsaimniecisks
izvertejums

3.3.1. Biokurinama piegazu potencials

Aizauguso lauksaimniecibas zemju apsaimniekoSanas alternativu kopsavilkums dots
3.11. tabula. Kopgjais DALZ biokurinama razoSanas potencials patreiz atbilst 7666.4 GWh;
kopgjas razoSanas izmaksas, taja skaitda meZa atjaunoSanai, izmantojot ekonomiski
izdevigakos risingjumus - 165976.2 tokst. Ls vai vid&ji 0.6 tokst. Ls ha'. Potencialie
iep€mumi, realiz€jot biokurinamo, ir 41530.4 takst. Ls; attiecigi, papildus ieguldijumi, kas
nepiecieSami, lai kompensétu meZsaimniecisko darbibu raditas izmaksas, ir
124445.7 tukst. Ls. Tikai meZaudZu kopSana ar veselu koku izstrades iekartam un malkas
sagatavoSana rada pozitivu naudas atlikumu, visos pargjos gadijumos ir japiemaksa, lai iegiitu
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kvalitativu meZaudzi. Jagpem véra, ka izmaksu novértg§jums kopSana var but parak
optimistisks, jo papildus izdevumus var radit gan parbraucienu laika palielinaSanas, gan
pameza izzaggSana pirms izstrades, gan kopSanas panémiena izvéle.

Visvairak (54 %) ir tadu DALZ, kur visizdevigak veikt apauguma novakSanu,
nevacot biokurinamo. Otraja vieta (16 %) ir platibas, kur ekonomiski izdevigakais risinajums
ir vienlaidus apauguma novakSana ar plavéjiem - smalcinatajiem, vacot biokurinamo.
Aptuveni tikpat liela platiba izmantojama apauguma novakSana ar veselu koku izstrades
iekartam un meZzaudZu papildinasSana, neveicot apauguma novakSanu. Vismazaka platiba
piemérota malkas sortimenta gatavosanai.

3.11. tabula / Table 3.11.

Dabiski apmeZojuSos lauksaimniecibas zemju apsaimniekoSanas alternativu kopsavilkums /
Summary of alternatives of management of naturally afforested farmlands

Tehnologija / Technology Platiba, | Biokurinamais, | RaZoSanas | Ienémumi, | NepiecieSamie
tiukst. ha/ | GWh/ Biofuel | izmaksas, | tukst. Ls/ | ieguldijumi,
Area, kilo ha GWh tukst. Ls/ | Income, tikst. Ls/
Production | kilo LVL Necessary
cost, investments,
kilo LVL kilo LVL
Apauguma novaksana, nevacot |163.1 - 93953.8 - 93953.8

biokurinamo / Removal of
vegetation, no biofuel
extraction

Apauguma novaksana ar 48.8 2501.3 24159.4 18760.0 5399.3
plavéju — smalcinataju, vacot
biokurinamo / Removal of
vegetation with biofuel
extraction

Apauguma novaksana ar veselu |27.8 1754.5 18373.3 13159.0  |5214.3
koku izstrades iekartam /
Whole tree harvesting
Apauguma novaksana ar 11.4 1510.2 13994.9 22279 11767.1
harvesteru, gatavojot malku /
Firewood production with
harvester

MezaudZu papildinasana / 229 - 10472.6 - 10472.6
Supplementing of stands
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3.11. tabulas nobeigums

Tehnologija / Technology Platiba, | Biokurinamais, | RaZoSanas | Ienémumi, | NepiecieSamie
tukst. ha/ | GWh/ Biofuel | izmaksas, | tukst. Ls/ | ieguldijumi,
Area, kilo ha GWh tikst. Ls/ | Income, tukst. Ls /
Production | kilo LVL Necessary
cost, investments,
kilo LVL kilo LVL
MezaudZu kopSana ar veselu 9.3 1582.1 4238.6 5155.6 -

koku izstrades iekartam /
Thinning with whole tree
harvesters

MeZaudZu kopSana ar 2.1 3183 783.5 2227.9 -

harvesteru, gatavojot malku /
Thinning producing firewood

Pargjas platibas / Other areas |13.9 - - - -
Kopa / Total 299.4 7666.4 165976.2 |41530.4  [124445.7

3.3.2. Oglekla piesaistes potencials augu biomasa

Oglek]a piesaiste Kioto protokola konteksta novértéta, atlasot MSI parauglaukumus
un to sektorus, kas atbilst MSI 62. un 64. kategorijai (meZs lauksaimniecibas zemé&s un
aizaugusi lauksaimniecibas zeme), kuri ir apmeZojuSies 1990...2003. gada un kuros ir
identificéts meZzaudzes vecums. Kopa 1idz 2003. gadam apmeZojusies 124.6 tukst. ha
lauksaimniecibas zemju. Lidz 2008. gadam apmeZojusies platiba noteikta ekstrapolacijas cela.

Kopégja CO, piesaiste dzivaja biomasa laika posma no 1990. lidz 2008. gadam Kioto
protokola 3.3 pantam piederigajas platibas atbilst 1557.8 ttkst. tonnam CO,. Emisijas rada
susinatas organiskas augsnes — kopa 1990...2008. gados 126.1 tukst. tonnas CO,; attiecigi,
neto piesaiste 1990...2008. gados apmeZotajas zemés ir 1431.6 tukst. tonnas CO, vai vid&ji
75.4 tukst. tonnas CO, gada.

Kioto protokola 3.3 panta aktivitaSu radita piesaiste, visticamak, nedos tieSu
materialu atdevi, pardodot piesaistes kvotas péc pirma parskata perioda beigam 2012. gada, jo
tirgli Saja laika paradisies ari citu valstu piesaistes kvotas, tacu DALZ apsaimniekoSana
samazinas risku, ka valstij jakompensé atmeZoSanas vai meZaudZu vecuma strukttras izmainu
raditais piesaistes samazinajums no citiem tautsaimniecibas sektoriem (energétikas,
transporta, ripniecibas), kur emisiju samazinajums panakts, pateicoties kapitalieguldijumiem
tehnologiju modernizacija un atjaunojamo resursu izmantoSanai. CO, piesaiste naudas
izteiksmé Kioto protokola 3.3 panta aktivitatem atbilstoSajas zemés pirmaja parskata perioda
(2008...2012. gados) patreiz€jas emisiju kvotu cenas izteiksmé ir 26 milj. Ls. Ja krajas
pieaugums apmeZotajas zemés buitu tikpat liels, ka meZa zemés, piesaiste naudas izteiksmé
bitu vismaz 2 reizes lielaka. Investicijas CO, piesaistes palielinaSanai var nodroSinat Klimata
izmainu finansu instrumentu ietvaros.
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Petfjuma ietvaros CO, piesaistes potenciala noteikSanai meZa aprites cikla laika
novertéts varbitjais DALZ sadalfjums meZa tipos un valdoSajas sugas. Vid€jais svértais
aprites cikla ilgums, saglabajoties esoSajai meZa apsaimniekoSanas praksei, DALZ platibas
bis 61...70 gadi. Kopgja kraja aprites cikla, veicot dabisko meZa atjaunoSanu, ir 98.4 milj. m’
(3.12. tabula). Maksliga meZa atjaunoSana lautu palielinat kraju galvenas cirtes vecuma par
11 %, lidz 108.1 milj. m’.

3.12. tabula / Table 3.12.

Stumbru un nedzivas koksnes krajas pieauguma meZa aprites cikla aprékinu kopsavilkums /
Summary of calculation of increment of stem volume and dead biomass in forest management

cycle
Raditajs / Measure Dabiska meza Maksliga meza
atjaunosana / Natural atjaunosana /
regeneration Artificial regeneration

Vidgjais krajas pieaugums, m3 ha™ gada / Average 42+0.1 45+0.1
increment, m3ha™' annually
Vidgjais nedzivas koksnes pieaugums, m? ha™ gada / 0.5%0.1
Average increment of dead wood, m? ha™ annually
Valdaudzes kraja galvenas cirtes vecuma, takst. m3/ 98392.2 £ 122742 |108062.9 £ 13932.8
Growing stock at harvesting age, kilo m?
Nedzivas koksnes kraja galvenas cirtes vecuma, ttkst. 9932.1 £1257.1
m?3 / Growing stock of dead wood at harvesting age,
kilo m?

Meza dabiskas atjaunoSanas gadijuma DALZ platibas vidgji gada laika piesaistis
2.2 milj. tonnas CO,, bet, veicot maksligo meZa atjaunoSanu — 2.4 milj. tonnas CO,.
Saglabajoties esoSajai CO, piesaistei zemés, kur meZs audzis pirms 1990. gada, un veicot
atbilstoSus mezsaimnieciskos pasakumus DALZ platibas, tas nodro$inas papildus 10 % CO,
piesaisti, salidzinot ar patreiz&jo CO, piesaisti meZa zemes..

4. SECINAJUMI

1. Dabiska apmeZoSanas visintensivak notikusi valsts austrumu rajonos; vislielakas
DALZ platibas ir bijusaja Ludzas rajona, kur apmeZojies lidz pat 27.4 % no
2008. gada oficiali registrétas lauksaimniecibas zemju platibas. Lielaka dala DALZ
apmezZojusies pédgjo 10 gadu laika, tacu daudzas DALZ platibas audZu vecums nav
noteikts, jo koki nav sasniegusi dimensijas, kad tos sak uzmeérit. Tas nozimée, ka
liela dala jaunaudZu DALZ platibas var ilgstoSi atrasties parejas stadija no
lauksaimniecibas uz meZa zemi, pieméram, sakara ar neregularu zales un sikkoku
plausSanu, lai sapemtu vienoto platitbas maksdgjumu. MSI sniedz objektivu
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prieksstatu par DALZ kopplatibu un regionalo izplatibu, bet izpratni par
apmezZojuSos platibu atbilstibu meZa ieaudzéSanu un kopSanu reglamentgjoSiem
normativiem var gut tikai par audzém, kuras valdaudzes stavu veido koki ar
di3>2cm.

Attalums no celiem nav DALZ apsaimniekoSanu un biokurinama sagatavoSanu
limitgjosais faktors, jo vid&jais DALZ Xkategorijam atbilstoSo parauglaukumu
attalums Iidz tuvakajam celam, neskaitot LVM celus, ir 226 £ 6 m.

Kopéja kraja 2008. gada DALZ platibas ir 0.5 % no krajas meZa zemes, tomér
japem véra, ka nakotng, veicot atbilstoSas meZsaimnieciskas darbibas, DALZ
ipatsvars Latvijas meZa krajas bilancé var palielinaties 1idz 10 %, nodroSinot
batisku kokmaterialu piegazu apjoma pieaugumu. Kopgjais tekoSais potencialais
krajas pieaugums DALZ platibas ir par 53..163 % mazaks, neka vidgji
saimnieciskajos meZos. Tas nozImé, ka, lai nakotné sasniegtu tadus krajas raditajus,
ka meZa zemés, DALZ platibas ir javeic atbilsto§i meZa apsaimniekoSanas
pasakumi.

Petfjuma ietvaros izstradatais [émumu pienemsSanas atbalsta modelis palidz novertet
meZaudzu eso$o stavokli un dazadu meZsaimniecisko darbibu veikSanas izvéeli, taja
skaita razoSanas izmaksu novért§jumu. Tas pielietojams audzes, kur koku h > 2 m.
Jaunakas audzes 1émums par saimniecisko darbibu japiepem, pamatojoties uz MezZa
ieaudzeSanas un plantaciju noteikumos noteiktajiem kritérijiem par minimalo koku
skaitu, un, individuali katram nogabalam izvértgjot sugu sastavu.

Ekonomiski izdevigakais risinajums 81 % DALZ platibu ir eso$a apauguma
novakSana ar vai bez biokurinama savak$anas un jaunu meza kulttiru ieaudze$ana.
Vel 8 % DALZ platibu lietderigi veikt esoSo audZu papildinasanu. Tikai 11 %
platibu visizdevigak ir izkopt un saglabat esosas audzes. Rekonstrugjamo audzu
platiba 1..10 gadu vecuma desmitgadé korekcijas var ieviest 2 cm caurméru
nesasniegu$o koku uzskaite MSI parauglaukumos. Japem véra, ka, veicot
rekonstrukciju Sajas audz€s, visvairak izpaustos selekcijas efekts, un koku
dimensijas sasniegs saimnieciskai izmantoSanai piemeérotus raditajus atrak, neka
dabiskas audzgs.

Patreiz&jais biokurinama raZoSanas potencials DALZ platibas ir 7.7 milj. MWh; bet
kopejas izmaksas, lai DALZ transformétu augstvertigas, meZsaimniecibas
normativu prasibam atbilstosam meZaudzes, izmantojot ekonomiski izdevigakos
risinajumus, ir 166 milj. Ls vai videji 554 Ls ha’'. Biokurinama realizacija var dot
42 milj. Ls. Sie rezultati iegiti, pienemot, ka visas DALZ platibas izmantos
efektivakos risinagjumus un kopSanu veiks lidz minimalajam Skérslaukumam.
Optimistiska scenarija gadfjuma papildus ieguldijumi DALZ apsaimniekoSana ir
124 milj. Ls, pesimistiska scenarija gadfjuma, pienemot, ka visas DALZ platibas
veic meZaudZu rekonstrukciju — 172 milj. Ls; attiecigi, 0.4...0.6 tukst. Ls ha™.
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Ilgtermipa ieguvumus no investicijam DALZ apsaimniekoSana nosaka
saimnieciskas  darbibas merkis, augstvértiga selekcionéta  stadmateriala
izmantoSanas Tpatsvars, aprites ilgums, kokmaterialu un biokurinama cenas un citi
faktori. Piepemot, ka vid€ja kraja saimnieciskas izmantoSanas vecuma (70 gados) ir
250 m’ ha'', bet saraZojamais meZizstrades atlicku Skeldu apjoms 200 ber. m’ ha',
lidzigu ieguvumu un izdevumu attiecibu var iegidt, noguldot DALZ
apsaimniekoSanai optimistiskaja scenarija nepiecieSamos 124 milj. Ls banka ar
3.95 % likmi, kas ievérojami vairak, neka patreiz pieejamas banku noguldijumu
procentu likmes.

Lai apmeZojusas zemes ieklautu Kioto protokola 3.3 panta aktivitaSu uzskaitg, Sajas
zemées ir javeic meZa apsaimniekoSanas pasakumi. Ietekmes uz klimatu mazinaSanu
finansu instrumenti Kioto protokola pirmaja parskata perioda nenodroSinas tieSus
iep€fmumus no piesaistes vienibu tirdzniecibas, tatu mazinas papildus izdevumu
risku, kompensgjot atmeZoSanas vai meZaudZu vecumstruktiras maipas un
meZizstrades pieauguma raditas emisijas. Nakotné DALZ platibas var kompensét
10 % no patreizgjas CO, piesaistes zemés, kur meZs audzis pirms 1990. gada.



1. GENERAL DESCRIPTION

1.1. Topicality of the theme

Total area of the Republic of Latvia according to the State Land Service is
6.5 mill. ha, including 2.5 mill. ha of farmland, 2.9 mill. ha of forest, 0.1 mill. ha of bushes,
0.3 mill. ha of wetlands and 0.2 mill. ha water bodies. Area of other lands (mostly
settlements) is 0.5 mill. ha. Considerable area of farmlands are not managed any more due to
reduction of agricultural production; and natural afforestation takes place instead, producing
low value forest stands and bush-lands.

Initialization of the National statistical forest inventory (NSFI) in 2004 allowed first
time to estimate actual area of the naturally afforested farmlands (NAF) and resources of
biomass on these lands using statistical methods. The NSFI data testify that total area of the
NAF in Latvia is about 12 % of formal area of the farmlands in 2008. Note, that interpretation
of these data is important — if all lands fitting to threshold values of forests listed in the Forest
act or lands fitting to the requirements of regulations on forest regeneration and afforestation
are considered. This study considers NAF as all farmlands fitting to threshold values set in the
Forest act, because methodology of the NSFI do not allow to identify number of trees in
young naturally regenerated stands, where trees did not reach 2 cm diameter at 1.3 m height.
According to the NSFI data the NAF areas characterizes with high diversity of dominant tree
species and density of stands. Complex evaluation of characteristics of the NAF areas on the
base of actual land use data and field measurement information is not done up to now in
Latvia.

If the situation in the NAF areas will persist and no management activities will take
place, they will transform into low quality forests and bush-lands. Whereas, implementation
of proper forest management measures (thinning, supplementary planting, replacement of
dominant species, if necessary) would contribute to formation of productive and valuable
forest stands, which could significantly increase deliveries of round-wood and solid biofuel
after 40...60 years, when these forests will reach maturity.

Studies implemented by the Skogforsk (Forest Research Institute of Sweden) and
Latvia State Forest Research Institute “Silava” (LVMI Silava) in cooperation with Joint stock
company “Latvijas valsts mezi” (LVM) in 2005 demonstrated, that average stock of the
firewood assortment and harvesting slash in final felling in mixed stands is 80 m3ha;
respectively, total deliveries of biofuel in 298 kilo ha of NAF areas after 40...60 years will
increase to about 24 mill. m*. Consumption of biomass in district heating systems in Latvia in
2008 was 1.8 mill. m’. This means, that in case if solid biofuel consumption will remain in the
current level, the NAF areas can secure deliveries of solid biofuel corresponding to a 13 years
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consumption. About the same amount of solid biofuel can be produced from thinnings and by
stump extraction.

Alternative solution of management of low value, naturally afforested areas and
bush-lands is removal of existing vegetation and establishment of plantations of perennial
energy crops (short rotation woody crops or grasses) to produce a solid biofuel. In that case
the increment of biomass would be 8..10 tonsannually or 95...178 mill. tons
(238...445 mill. m*) in 298 kilo ha area during 40...60 years. It is more than forest stand can
deliver; however, short rotation crops would not provide round-wood assortments, which
produces the most of added value in forestry and secure funds necessary for maintenance of
the forest infrastructure. Besides, production of organic residues (waste-water sludge and
manure) in Latvia is not sufficient to fertilize so big area of plantations. Therefore, short
rotation crops should be established only in large, continuous areas nearby the sites, where the
fertilizer materials are produced and solid biofuel will be consumed.

Of the same importance is potential of CO, removal in the NAF areas, thus
compensating greenhouse gas (GHG) emissions raised by deforestation due to road
contraction and establishment of new settlements.

Latvia has considerably scientific base and practical experience in artificial
afforestation of farmlands and administration of this process. Expansion of the artificial
afforestation in Latvia is mostly determined by availability of subsidies. Until 2009 no
support was provided to thinning and reconstruction of forest stands in the NAF areas, despite
area naturally afforested during last 20 years is 25 times larger than the artificially afforested
area; therefore, this area was set aside for a while.

Afforestation is regulated by several legal acts, however the most important are the
local level land use planning acts; respectively, if particular NAF area is listed as farmland in
the local planning documents, legal transformation to forest land is possible only after
relevant changes in the planning documentation. Erroneous impression about the forest
resources in the country raises due to differences in forest definition in the Forest act and
threshold values given in Regulations on afforestation and plantation forests. According to the
Forest act the land is considered forest, if number of trees in the area is up to 10 times smaller
than requested by the Regulations on afforestation and plantation forests; therefore, it is
important for the planning purpose to identify prospective forest stands, which corresponds to
requirements of the Regulations of afforestation and plantation forests and forest stands,
where number of trees or basal area is bigger than critical according to Regulations on
harvesting of trees in forest lands.

Introduction of the statistical forest inventory provides ability to build up objective
impression about area and vegetation characteristics of the NAF areas. New opportunities for
extending the spatial approach (permanent sample plot based measurements) utilized in the
NSFI and polygon approach (separate forest compartments or blocks based estimations)
provides remote sensing technologies, which can be utilized to reduce costs of planning of
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management of the NAF, providing information about area and location of certain NAF areas
against other landscape elements and infrastructure objects.

Comprehensive researches about mechanization of pre-commercial thinning and
solid biofuel production from small trees are implemented in Scandinavian countries. Studies
implemented in Latvia demonstrates, in average, smaller productivity figures, which can be
result of lack of experience of operators and use of unsuitable machines in experiments.
According to the study data the whole tree harvesting methods are usually applied in forest
stands, where average height of trees 6...12 m. Increase of height limit could increase
productivity of the technologies; however, scientific data on that are issue are limited. It is
concluded in the study, that information about productivity and usability of the whole trees
harvesting methods is sufficient and 12 m height of trees is set as upper limit of the
technology.

Semi-mechanized pre-commercial thinning (strip-cleaning) is commonly used in
Canada, where large and continuous forest stands are common. The technology is not used in
practice in Nordic countries. Taking in account small average area of forest blocks In Latvia,
the semi-mechanized thinning cannot be considered as a prospective technology. An
exception is hybrid aspen plantations, where strip-cleaning can be used to produce a solid
biofuel from pre-commercial thinning; however, this solution is not evaluated further in the
study for the NAF areas, considering small concentration of biomass.

A research data about utilization of direct chipping — harvesting machines to
produce the solid biofuel in the NAF areas is limited. These devices in the most cases exists
and are tested only as prototypes.

Pre-commercial thinning with direct bundling harvesters theoretically allow to
increase productivity of production of paper-wood and solid biofuel in young stands. The
technology is aimed, generally, to reduce costs of production of paper-wood and cannot
compete yet with the whole-tree harvesting systems in solid biofuel production. There are no
paper-wood processing facilities in Latvia able to utilize or export bundled paper-wood;
therefore, it is too early to evaluate opportunities of utilization of this technology in Latvia.

Preconditions for efficient management of the NAF areas at a state level are: (1)
comprehensive evaluation of the NAF areas according to growing conditions, dominant tree
specie, age, density of stands, site index, ownership, location and other important indicators;
(2) elaboration of decision support model and (3) economic evaluation of different
management alternatives of the NAF areas.

1.2. Aim of the thesis

The aim of the study is to elaborate preconditions for economically efficient
management of the NAF areas; particularly, to evaluate current status of the NAF areas, to
estimate potential biomass resources and to elaborate methodological basis for management
of the NAF areas.
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1.3. Research objectives

1. Evaluation of current status of the NAF areas in Latvia, including the distribution
according to dominant tree species, age, density of stands, ownership structure,
location and other economically important indicators.

2. Elaboration of the single stand level based decision support tool for the NAF
management.

3. Economic evaluation of different alternatives of the NAF management.

1.4. Practical significance and scientific novelty

Scientific novelty of the study is determined by utilization of the National statistical
forest inventory (NSFI) data for characterization of the NAF areas, including the issues
specific for the United Nations Framework Convention on Climate Change (UNFCCC) and
it's Kyoto protocol; evaluation of possibilities to utilize different technical solutions in forest
management by estimation of biomass resources, their costs and additional investments
necessary to establish high quality forest stands in the NAF areas. Classification system of the
NAF areas and decision support tool is elaborated within the scope of the study, combining
forest inventory data and analysis of application of different technical solutions in forest
management. The study is the first research of this type in Latvia.

It is estimated within the scope of the study that the total NAF area in Latvia is
298 kilo ha. The most intensive afforestation took place in the Eastern part of the country; for
instance, in former Ludzas district 27.4 % of lands officially registered as farmlands in the
National land inventory in 2008 are already afforested according to the NSFI. Total growing
stock of timber in the NSFI areas corresponds 0.5 % the total growing stock in forest lands.
Implementation of proper forest management measures can increase share of the NAF areas
in the forest balance in Latvia up to 10 %. Evaluation of different management alternatives
demonstrated that removal of existing woody vegetation and establishment of new forest
stands is the most efficient solution in 81 % of the NAF areas. Maintenance and thinning of
existing stands is the most feasible solution in 11 % of the NAF areas. Current potential of
solid biofuel production in the NAF areas corresponds to 7.7 mill. MWh of primary energy;
total costs to convert the NAF areas into productive forest stands fitting to national
regulations of forest management, using the most efficient solutions, is 166 mill. LVL or
554 LVL ha in average. Potential of CO, removals in living and dead biomass in the NAF
areas corresponds to 10 % of current net removals of CO, in forest lands being forests
before 1990.
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1.5. Approbation of research results

The research results have been presented in 1 national and 8 international conferences.
Seven articles have been published in proceedings of international conferences. Two articles have
been published in national scientific journals.

1.6. Structure and coverage of thesis

Structure of the thesis is subordinated to the research tasks. The thesis consists of
three sections. Six sub-chapters of the first section contains summary of the national
legislation; results of earlier studies on evaluation of resources of abandoned farmlands;
characterization of the previous experience on afforestation of farmlands in Latvia; history
and specifics of the forest inventory; mechanization of early maintenance of the forest stands;
as well as characterization of role of the afforested farmlands in implementation of the climate
change mitigation targets. Four sub-chapters of the second section are devoted to
methodological issues; particularly, methodology of evaluation of the NSFI data,
establishment and measurement of sample plots, productivity studies and estimation of
potential of the CO, removals are described.

Results of the study are analysed in 4 sub-chapters of the third section.
Characterization of the NAF areas in Latvia, including the most important stand
characteristics, theoretical potential of solid biofuel and results of elaboration of biomass
expansion equations for the most common tree species is provided in the first sub-chapter.
The decision support model for the NAF management, including results of the productivity
studies, is characterized in second sub-chapter. The model is elaborated within the scope of
the project financed by the European regional development fund (No.
2010/0268/2DP/2.1.1.1.0/10/APIA/VIAA/118). Third sub-chapter is devoted to analysis of
different alternatives of management of the NAF areas (thinning and supplementing of
existing stands, removal of woody vegetation with following regeneration of forest stands).
The last sub-chapter provides economic evaluation of implementation of the different
alternatives of management of the NAF areas, including estimation of potential of solid
biofuel deliveries and CO, removals in the plant's biomass in short term (within the scope of
activities listed in the Article 3.3 of the Kyoto protocol) and in long term — in forest rotation
cycle.

The thesis consists of 113 pages; information is summarized in 52 tables and
36 charts and figures; 114 sources of information are used. Eight conclusions are formulated
at the end of the thesis.
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2. MATERIAL AND METHODS

2.1. Evaluation of the National statistical forest inventory data

Characterization of the NAF areas is done in the NSFI sample plots established in
2004...2008; 1471 sample plot and sector corresponding to land use categories 62 and 64
(forest in farmlands and abandoned farmland with woody vegetation) in total. Area
represented by a single plot is calculated utilizing results of the study implemented by the
LSFRI Silava in 2010 (Elaboration and integration into National greenhouse gas inventory
report matrices of land use changes of areas belonging to Kyoto protocol article 3.3 and 3.4
activities) considering total area of permanent and temporary sample plots (Andis Lazdips et
al. 2010f). Data used in the area calculations are provided in the table 2.1 .

The first step of calculation is estimation of area represented by a particular sample
plot or sector; then multiplication of the represented area data provide consequent values, like
growing stock and gross annual increment.

Standard error of mean estimated according to formula No.8 was used to
characterize uncertainty level of obtained data:

Sy = L— where : (8
vn
se—Standard errorof mean ;
s—standard deviation ;
n —repetitions.

Standard deviation was calculated using formula No. 9:

|
[ 2 (9)
J > x- (2 x)
| X;
\ n
s = )\‘ ———, where:
n—1
X,—measurement data.

Standard error of mean was divided by mean value to express it as percent by
formula No. 10:

i 10
s (%)= %*100%; where : (10)
’ X

xX—meanvalue.

Standard error of mean expressed in percent (uncertainty level) was used in
calculations to estimate uncertainty figures of values, which are determined by several
standard errors of mean; for instance, uncertainty of total growing stock in stands with pine as
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a dominant tree specie was calculated from standard error of mean of relevant area and
growing stock using formula No. 11:

sw(%):\s“““sf—&-sj2 (11)

2.2. Establishment and measurement of sample plots

Survey method was used to identify areas suitable for measurement and sampling of
material for elaboration of biomass equations. Criteria for selection — average height of trees
4..9 m, 3...5 thousands of trees per ha. Employees of municipalities and foresters in former
Riga, Ogre, Balvi, Liepaja districts and other municipalities were surveyed within the scope
of the study. For each specie (aspen, Populus tremula L. (A), grey alder, Alnus incana L.
Moench (Ba), birch, Betula pendula Roth (B), Norway spruce, Picea abies (L.) H.Karst. (E),
black alder, Alnus glutionosa L. (Ma) and Scots pine, Pinus sylvestris L. (P)) 20 plots were
selected to have representation of different dimensions of trees. Each group of dimensions
(average height of trees 4...5, 5...6, 6...7 and 8...9 m) would be represented by 5 stands in
2 regional repetitions (central and eastern part of the country). Black alder stands were
presented only in former Riga district.

During the field visits those plots, where actual situation differed from the provided
description (afforested area less than 0.1 ha, wrongly determined dominant tree specie, the
stand is already harvested or the stand grows in non-typical conditions — recultivated quarries)
were deselected from the study. A single circular sample plot was established in each stand to
measure trees and to collect samples for the moisture determination. Three sample plots were
established in each of remaining black alder and Norway spruce stands to secure the same
number of sample trees as for other species. If the average height of trees in the stand was
3.1...6.0 m sample plots with a radius 3.99 m were established. In stands with higher trees
radius of sample plots was 5.64 m. Centres of the sample plots were set so that distance from
outer border of the sample plot to other forest elements (non-forested area or forest with
different vegetation characteristics) is equal to at least height of average tree. In black alder
and Norway spruce stands sample plots located in the same stand were set so that distance
between outer borders of two sample plots is equal to at least 2 average tree heights.

All trees being higher than 2 m were measured in all sample plots, determining
specie and diameter at the breast height. Height curve was constructed from 9 trees of every
specie found in the sample plot, including 2 highest, 2 smallest and 5 average trees. If there
were not enough trees in sample plot, remaining trees were selected outside the sample plot.
In black alder and Norway spruce stands height curves were constructed for every sample
plot.

Ten trees were cut for elaboration of biomass equations in each sample plot in birch
and Scots pine stands, but in aspen, grey alder, Norway spruce and black alder stands 5 trees
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were cut in every plot. Height (h), diameter at the ground level (d,), diameter at the breast
height (d; 5), total above-ground biomass, stem biomass and branch biomass were measured
for every tree. Deciduous trees were defoliated before weighting. Coniferous trees were
weighted together with needles. Three cross-cuts (from bottom, middle and top of tree where
diameter reduces to 3 cm) were collected from every tree. In a laboratory these cross-cuts
were drayed in 105 °C temperature until constant mass. Moisture in biomass was determined
according to ISO/TS 17892-1:2004 standard. Average moisture for a single tree was used for
biomass calculations. Moisture content in stem biomass was applied to the whole above-
ground biomass.

2.3. Productivity studies

Within the scope of the study productivity of multi-harvester AHWI AM 600 on the
base of CLAAS Xerion 3300 Trac VC tractor was evaluated, doing continuous removal of
woody vegetation in selected NAF area and short rotation willow plantation. Another study
was aimed to estimate productivity of mulcher AHWI FM600 Profi on the base of CASE HI
MAGNUM 225 tractor in soil scarification and removal of vegetation.

Productivity of multi-harvester AHWI AM600 was studied in NAF area belonging
to the Riga city forest management company SIA “Rigas meZi”. Total area utilized for the
productivity studies was 7 ha, including 3.5 ha of fields covered by uneven woody vegetation.
Productivity of mulcher AHWI FM600 Profi was studied in the same area with total size of
experimental fields 6 ha, including 3 ha with woody and bush vegetation. Productivity of
multi-harvester was studied also in 3 years old willow plantation in Olaine nursery. Studied
area 0.8 ha. Willow plantation was selected for the study to compare productivity figures in
optimal working conditions and a typical NAF area.

Working stages separated in the productivity studies:
manoeuvring;
working time;
other work relevant operations;
number of manoeuvres;
other operations, not relevant to work.
AHMI FM600 Profi productivity study was implemented for 3 working regimes:
continuous removal of woody vegetation and simultaneous soil preparation;
2. removal of bushes in rows (strip cleaning after every 5 m) and simultaneous soil
preparation;
3. strip cleaning without soil preparation (strip after every 6 m).

Figures of time studies and printouts of the machines' computers (treated area and
fuel consumption per area) were used to estimate driving distance and average working speed.
Field computers Allegro CX from Juniper Systems supplemented with SDI software were
used in the productivity studies.

Dok W
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2.4. Estimation of CO, stored in biomass

Removals of CO, in living biomass are calculated, using methodology of the
National greenhouse gas (GHG) inventory (LVGMA 2010). Recalculation from growing
stock and gross increment to removed CO, is done using formula No. 12

_ Vxaxbx(l+c)*d*44 (12)

CO,tons = 2

. . 3
V' — growing stock or increment, m”;

where :

a—wood density, fonnas m>;

b—expansion factor for above-ground biomass ;

c—expansion factor for below-ground biomass;

d —carbon (C) content in biomass, tons of C in ton of biomass ;

% —coefticient for conversion from C to CO,

Coefficients a, b, ¢ and d are taken from the Intergovernmental Panel on Climate
Change Good Practice Guidance for Land Use, Land Use Change and Forestry (Ed. Penman
2003).

Removals of CO, in the forest rotation prospective are calculated, assuming, that
average stock of living and dead biomass in forest stands, where forest grew before 1990, and
the NAF areas representing the same dominant tree species, stand types and age decades do
not differ. Rotation length assumed according to forest law. For the grey alder dominant
stands rotation length assumed equal to age, which is the most common for final felling of
grey alder stands according to the State Forest Service data about 2009 and 2010.

Growing stock of living trees and dead biomass in forests representing different
stand types, dominant tree species and age decades is calculated from the NSFI data. Those
data about growing stock at the proposed final felling age, which are missing in the NSFI,
where interpolated from other age decades of the same dominant tree species and stand types.
Area of stands of tree species, which are not used commercially in forest regeneration, were
distributed between other species using proportion method.

Default values provided in a Good Practice Guidance for Agriculture, Forestry and
Other Land Use (GPG AFOLU) were used to characterize wood density, above-ground and
below-ground biomass (Eggleston et al. 2006). Breeding effect were assumed according to
national studies (Jansons 2006). Density of dead biomass was assumed 0.5 tons m™ according
to the GPG AFOLU. Carbon content in living and dead biomass assumed 50 %. Calculation
of CO, removals is done for 2 scenarios — for natural and artificial regeneration. In the second
scenario additional increment of living biomass due to utilization of better planting material is
considered. It is also assumed, that in case of artificial afforestation share of improved
planting material will be the same as it is now in forestry practice.
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3. RESULTS

3.1. Naturally afforested farmlands in Latvia

The total NAF area in Latvia is 297860 + 4165 ha. The highest share of afforested
lands is in former Ludza district (12.2 % of total area of the district); the smallest — in former
Ventspils district (0.9 % of the total area of the district). Total growing stock in the NAF areas
is 3315748 £ 194131 m’, carbon stock in biomass — 1658847 £ 90082 tons. Total gross
annual increment with bark in the NAF areas is 275291 £ 18990 m®. The most of the
increment is located in birch stands, grey alder is in second position, third position belongs to
other species (mostly, Salix sp.) Oxalidosa is dominating (58.1 % of the NAF areas) in forest
stand type distribution; Mpyrtilloso-sphagnosa is in second position with 17.7 % and
Mpyrtillosa mel. is in third position, covering 10.8 % of the NAF areas. Birch and grey alder
stands are the most common dominant tree species in the NAF areas; respectively, 39.4 % and
20.4 % of the NAF area. Scots pine stands are covering 10.4 % of the NAF areas, which
means, that Scots pine succeed in abandoned farmlands as a pioneer specie. Growing stock in
birch and grey alder stands is similar; respectively, 31 % and 30 % of the total growing stock
(table 3.1.).

The most intensively afforestation process took place during last 20 years;
116843 + 2601 ha or 51.8 % of the NAF areas are covered by stands younger than 11 years
(table 3.2.).

Diameter at the breast height (d;;) and at stump level (d,) are important indicators
determining applicability of different technical solutions in forest management. The most of
multi-harvesters suited for short rotation plantations are able to work with trees thinner than
8 cm; but production of round-wood assortments is reasonable, if d; ; of trees is at least 12 cm.
According to these criteria stands younger than 20 years are more suitable to utilization of
multi-harvesters in the NAF management, except Salix sp. dominant stands, in which D, 5 at
11..20 years age is 9.3 £0.8 cm (table 3.3.). Production of round-wood assortments is
reasonable starting with 21...30 years age.

According to findings of Swedish and Finnish foresters the whole-tree harvesting is
economically feasible, if average height of trees (H) is at least 6 m; but in stands with average
height of trees more than 12 m productivity decreases due to necessity to cut trees into pieces
to simplify forwarding (Thor et al. 2008). Taking in account, that scientific studies
characterizing productivity of the whole tree harvesting in Latvia are implemented in stands
with H <12 m, this height is set as the upper threshold value for application of this
technology in the modelling. According to this assumption 11...30 years old stands are
suitable for the whole tree harvesting (table 3.4.).
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Recalculation of average growing stock into loose volume cubic meters of chips'
(LV m?®) demonstrated, that only 21...30 years old stands can deliver at least 100 LV m® ha™ of
solid biofuel in case of clear-felling (table 3.5.). Whole tree harvesting method allow to utilize
crowns of trees, which according to default values utilized in the GHG inventory in average is
30 % of stem biomass (Penman et al., 2003); respectively, using this method for recalculation
at least 100 LV m® ha of biofuel can be produced also in 11...20 years old stands.

If compared with historical forest lands, annual gross increment in the NAF areas in
stands representing different age decades, except 1...10 years old stands, is 53 % to 163 %
smaller in the NAF areas (Figure 3.1.). This comparison demonstrated, that the main reason of
this difference is small density of forest stands in NAF areas. This means, that the most
common measure to apply to the NAF areas will be supplementary planting or reconstruction
of existing stands.

3.1.1. Estimation of solid biofuel potential in NAF areas

The NAF areas are grouped into 4 categories to estimate availability of resources of
biomass:

1. areas, where basal area of stands do not reach critical threshold values set by
national regulations'";

2. areas, where thinning can be done, because the basal area is larger than minimal
threshold values;

3. areas, where thinning and can be done with establishment of strip-roads, i.e. stands
where the basal area would be higher than minimal threshold values, if 20 % of
stand would be harvested under strip-roads;

4. areas, where thinning is not desirable, because the basal area is between critical and
minimal threshold values.

Solid biofuel can be produced in areas suitable for reconstruction of forest stands
and areas, where thinning can be done with establishment of strip-roads. Areas, where solid
biofuel can be produced using multi-harvesters (D;; < 8 cm) and areas suitable for biofuel
production using the whole tree harvesting devices (H 6...12 m) are additionally selected. It is
assumed in calculations, that NAF areas, where no field measurements were done (D3
is < 2 cm, total area 74481 2527 ha) are left for reconstruction.

The total NAF area, where the basal area is below critical threshold values,
excluding areas corresponding to unmeasured sample plots, is 156515 * 2463 ha with total
above-ground biomass stock 652789 + 62638 tons, 4.9 + 0.4 tons ha™ in average. The highest
share of these areas is in 1...10 years old stands; however, this calculation might lead to

1% Coefficient for recalculation from solid volume to loose volume is 3 (LVMI Silava, 2008).

Critical and minimal basal area are estimated according to Regulations of Cabinet of Ministers
No. 892 “Regulations on harvesting of trees in forest lands”.

11
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overestimation, because the smallest trees are not measured in the NAF areas and share of
these trees in 1...10 years old stands can be high enough to fulfil threshold criteria for the
basal area. Solid biofuel potential from the NAF areas suited for reconstruction is
4 mill. LV m’ or 3.1 mill. MWh.

Area of forest stands suitable for thinning is 39985 + 1743 ha with total growing
stock 2047438 + 179479 m’. After separating stands, where after thinning with establishment
of strip-roads, basal area would reduce below minimal threshold value, the remaining NAF
area suitable for solid biofuel production is 36474 £ 1719 ha with available for harvesting'”
biomass stock of 718852 + 66797 tons (19.7 £ 6.4 tons ha™ in average). Potential of solid
biofuel deliveries from these areas is 4.3 mill. LV m’ or 3.5 mill. MWh.

Area of forest stands with basal area between minimal and critical threshold values
is 27930 £ 1507 ha. Total growing stock in these stands is 524590 + 70803 m’
(18.6 £ 2.1 m® ha' in average). Potential of solid biofuel deliveries from these areas, assuming
that they will be clear-felled for reconstruction is 1.6 mill. LV m’ or 1.3 mill. MWh.

Total potential of solid biofuel deliveries from areas suitable for reconstruction and
thinning in short term is 9.9 mill. LV m® or 7.9 mill. MWh.

The area suitable for utilization of multi-harvesters is 171190 + 2764 ha with total
above-ground biomass 1001274 + 85916 tons (7.3 £ 0.6 tons in average). The most of the
biomass is concentrated in 11...20 years old stands. The short term potential of solid biofuel
deliveries from these areas, assuming that they are available for clear-felling is 6 mill. LV m’
or 4.8 mill. MWh.

The area suitable for application of the whole-tree harvesting devices is
67182 £ 1841 ha with total above-ground biomass 1341938 + 85865 tons (23.6 + 1.7 tons in
average). The most of the biomass is concentrated in 11...20 years old stands, but the largest
stock of biomass in calculation to tons ha™ is in 21...30 years old stands. In comparison to
areas suitable for utilization of multi-harvesters for solid biofuel production, stock of
above-ground biomass" is by 14...467 % larger. The short term potential of solid biofuel
deliveries from these areas, assuming that they are available for clear-felling is 8 mill. LV m’
or 6.4 mill. MWh.

3.1.2. Biomass equations of the most common tree species

Three parameters were measured within the scope of the study to elaborate above-
ground biomass equations — height of trees (h) in meters, d;; and d, in centimetres. After
correlation analysis d;; was selected for elaboration of above-ground and stem biomass,
because it is the easiest to obtain value and it also demonstrated a good correlation with

"> A part of biomass that can be harvested until minimal threshold of basal area is reached.

* " Tn calculation to tons ha™.
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above-ground biomass. Power regression was used to characterize relation between the
biomass and d, 3:

Y,=by*x.'; where: (13)
Y, — resulting factor (above-ground biomass, stem biomass, biomass of
branches (kg);
x, — factor (diameter at the breast height (cm);

by b, — coefficients.

Uncertainty level of the elaborated models was estimated using relative error of
mean using Formula No. 14 (Siipilehto, 1999):

. (14)
1 n Ylf yl
S%ZIOO*f*Z - ; where:
noig
Y;
Y —i — actual value of the parameter;
Y, — calculated value of the parameter;
n — number of repetitions.

Parameters of the models given in tables 3.6. and 3.7.

3.2. Forest management decision support model

3.2.1. Results of productivity studies

Soil scarification in strips was done in a NAF area overgrown by small trees and
bushes. Corridors were established after every 5 m. In this trial the scope was not to do
thinning of existing stand, but to prepare soil for the next generation of trees leaving
remaining bushes and trees of existing stand as shelter-wood for noble hardwoods. A
technological corridor for manoeuvres was established around the whole stand; however, the
operator did not use this corridor, but drive back-wards using the same strip he just scarified.
This reduced theoretical productivity of the machine. Notably that the operator was not used
to manoeuvring in forest stand and used the most common way of working for him; therefore
theoretical reduction of productivity might be increase of productivity in practice.

Strip-cleaning took place in young aspen stand by establishment of 2 m wide
corridors. Distance between centres of corridors was 6 m. The working device was lifted up
so that it works at least 5 cm above ground level. A technological corridor around the stand
was not established, the tractor left stand using the same strip, where it entered the stand. The
operator was not used to this working method; therefore maximal productivity was reached
only at the end of the study. Regardless of considerable dimensions of trees in the stand (d, of
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many trees was > 10 cm), tractor could move in the stand with the maximal working speed
(4kmh™).

During the trial of continuous removal of woody vegetation the operator harvested
trees and scarified soil only in areas with woody vegetation, leaving the rest of area
untouched; therefore, treated area is smaller than the total area of experiment.

Summary of prime-cost calculations is provided in the table 3.8. Average
productivity during continuous removal of vegetation was 0.21 ha E,s hour'. Prime-cost of
continuous removal of vegetation in the treated area corresponds to 248 LVL ha™'. Prime cost
of soil scarification in rows and strip-cleaning; respectively, is 219 and 227 LVL ha™.

In a short rotation willow plantation productivity of AHWI AM600 multi-harvester
was 2.2 minutes of efficient working time per LV m”; but in natural woody vegetation,
consisting mostly of different willow species, production of 1 LV m® took 3.8 minutes of
efficient working time. Prime cost of production of wood chips, using AHWI AM600 for
continuous removal of vegetation is 8.20 LVLLV m” (productivity is 7.5LV m’ per
scheduled working hour). One machine can produce in a season 29.4 kilo LV m® of wood
chips if working in 2 shifts. Prime cost per ha in average is 558 LVL (table 3.9.).

Results of productivity studies approves, that continuous removal of woody
vegetation with or without production of biofuel, are competitive technologies; however,
practical application of these techniques can be strongly affected by organization of work —
long moves between fields, that takes half or even more of the working day, considerably
increase the prime-cost. The multi-harvester utilized in the study is an experimental prototype
and solid biofuel produced by the machine cannot be utilized in ordinary boiler plants in
Latvia without additional treatment; therefore, it is important to evaluate if the whole delivery
chain from a field to a customer is viable before broad introduction of the technology.
Experiments in short rotation willow plantation demonstrates, that in optimal conditions
productivity of the AHWI AM600 multi-harvester can be considerably higher.

3.2.2. Structure of the decision support model

Decision support model, integrating biomass expansion equations, elaborated within
the scope of this study, and results of the technology analysis is used to compare different
land use management alternatives in the NAF areas by calculating applicability and
economical figures for every of 1471 NSFI plot and sector included into this study. Seven
types of treatment of the NAF areas are analysed in the study. Technological solutions
evaluated within the scope of the study are:

o reconstruction of stands;
o removal of vegetation with no biomass collection with mulcher';

" A working hour, within this study is equal to an engine-hour.

"> Results of the study utilized in calculations.
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o removal of vegetation and extraction of solid biofuel with multi-harvester";

© removal of vegetation and extraction of biofuel with a whole-tree harvesting
head;

©  removal of vegetation and extraction of biofuel with a round-wood harvesters;

thinning of stand;

©  mechanized thinning and biofuel extraction with a whole-tree harvesting head;

©  mechanized thinning and biofuel extraction with round-wood harvester.

Criteria for application of different technologies:

continuous removal of vegetation with no biomass collection with mulcher with

following forest regeneration;

© dominant tree specie is grey alder or 'other species' or basal area of dominant
tree specie is less than critical threshold value;

o Djzis<8cm;

continuous removal of vegetation and production of biofuel with multi-harvester

with following forest regeneration;

© dominant tree specie is grey alder or 'other species' or basal area of dominant
tree specie is less than critical threshold value;

°© Djzis 1.8 cm;

supplementary planting (forest regeneration in practice);

©  basal area of dominant tree species is higher than critical threshold value, but
less than minimal threshold value;

continuous removal of vegetation and production of biofuel with a whole-tree

harvesting head with following forest regeneration;

© dominant tree specie is grey alder or 'other species' or basal area of dominant
tree specie is less than critical threshold value,

o His6...12m,

continuous removal of vegetation and production of biofuel with a round-wood

harvesters with following regeneration of stands;

© dominant tree specie is grey alder or 'other species' or basal area of dominant
tree specie is less than critical threshold value;

o Djzis>12cm;

thinning with a whole tree harvesting head;

©  basal area of dominant tree species remains above minimal threshold value
after establishment of strip-roads, covering 20 % of the stand area;

©  H before thinning is 6...12 m;

thinning with a round-wood harvester;

©  basal area of dominant tree species remains above minimal threshold value
after establishment of strip-roads, covering 20 % of the stand area;



o D,; before thinning is > 12 cm.

Production costs are calculated for those technical solutions, which are applicable in
the particular stand according to the forest inventory data. Forest regeneration cost is
considered in all cases, except thinning, assuming that all of the NAF areas are left for
afforestation. Potential income from selling of solid biofuel is also considered. Difference
between production and forest regeneration costs and income from selling of biofuel
characterizes external funding, which is necessary to manage the NAF areas. It is assumed in
calculation of cost of thinning, that the stands are thinned to the minimal threshold value for
basal area and trees of all dimensions are harvested to the same extend.

Cost of forest regeneration are taken from Central Statistical Bureau public data
base, table “MS07. MeZa atjaunoSanas un kopSanas izmaksas (Forest regeneration and
thinning cost), LVL/h 7. Cost of early management (weed control) is multiplied by 3,
assuming that this measure will be applied 3 times per stand in average. Pre-commercial
thinning is not considered in estimation of the forest regeneration costs. Results of calculation
are provided in table 3.10.

Price of firewood is assumed 14 LVL m™, according to actual firewood prices in the
first half of 2010 in the Eastern part of the country, where share of NAF areas is the highest.
Price of wood chips is assumed 6 LVL m™ according to the information provided by the
Association of Latvia's Heating Companies about average wood chip price in the district
heating boiler plants in Latvia in 2009.

3.3. Economic evaluation of different alternatives of forest management

3.3.1. Potential of solid biofuel deliveries

Summary of evaluation of alternatives of management of afforested lands is
provided in the table 3.11. Total short term potential of production of biofuel in the NAF
areas corresponds to 7666.4 GWh; total production cost, including forest regeneration, using
the most economically feasible solutions, is 165976.2 kilo LVL or 0.6 kilo LVL ha in
average. Potential income from selling of biofuel is 41530.4 kilo LVL; respectively,
additional investments to compensate remaining cost of forest management is
124445.7 kilo LVL. Only thinning with round-wood harvesters produces positive cash flow;
in other cases additional investment is necessary to establish forest stand of high quality.
Note, that the cost estimation of thinning can be too optimistic, because additional costs, less
relevant to other technical solutions, can be raised by prolongation of moving time between
sites, manual cutting of undergrowth trees before felling as well as by thinning method
applied (from above, from below or mixed thinning).

Continuous removal of vegetation with mulchers (no biofuel collection) is the most
feasible solution in 54 % of the NAF areas. Solid biofuel production with multi-harvesters is
the most feasible solution in 16 % of the NAF areas. Similar area is economically more suited
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for supplementary planting and utilization of the whole-tree harvesters for solid biofuel
production during continuous removal of woody vegetation. The smallest part of the NAF is
suitable for utilization of round-wood harvesters in thinnings or continuous removal of woody
vegetation.

3.3.2. Potential of carbon removals in biomass

Sequestration of carbon in the prospective of Kyoto protocol is evaluated within the
scope of the study selecting those NSFI plots, which corresponds to the NSFI categories
forest on farmland and afforested farmland, which are afforested between 1990 and 2003 and
where age of forest stands is identified. In total 124.6 kilo ha of farmlands were afforested
during the selected period. Areas afforested between 2004 and 2008 are determined using
extrapolation method.

Gross removal of CO, in living biomass during the selected period (1990...2008) in
lands, where activities listed in the Article 3.3 of the Kyoto protocol took place is
1557.8 kilo tons. Emissions in afforested lands are associated mostly with drained organic
soils; total CO, emissions from organic soils in 1990...2008 was 126.1 kilo tons of CO,;
respectively, net removal of CO, in living biomass in lands afforested between 1990...2008
was 1431.6 kilo tons or 75.4 kilo tons of CO, annually in average.

Net removals of CO, in living biomass within the scope of activities listed in the
Article 3.3 of the Kyoto protocol probably will not raise monetary returns, which are awaited
from selling of the removal units after 2012, because there will be plenty of these units in the
market at that time; though proper management of the NAF areas will reduce risk of net
emissions or emissions above the reference level from forest sector due to deforestation or
changing age structure of forest causing reduction of annual gross increment. Those emissions
otherwise has to be compensated from other sectors (transport or industry), where reduction
of emissions is reached owing to considerable investments in modernization of technologies
and increase of share of utilization of renewable resources. Potential monetary value of CO,
removals in living biomass between 1990 and 2008 in areas where activities listed in the
Article 3.3 of the Kyoto protocol took place is equal to 26 mill. LVL, if calculated to current
price of CO, emissions' units. If the biomass increment in the NAF areas would be as high as
in historical forest lands, the monetary value would be twice as high. It is possible to utilize
financial instruments of the climate change mitigation to improve quality and “climate” value
of forest stands in the NAF areas.

The potential removal of CO, in living and dead biomass in the forest rotation cycle
is estimated within the scope of the study by evaluation of potential distribution of the forest
stand types and dominant tree species. Weighted average notation cycle in the NAF areas, if
ordinary forest management practice is applied, will be 61...70 years. Total growing stock in
the rotation cycle, if natural regeneration is applied, would be 98.4 mill. m* (table 3.12.).

48



Artificial regeneration using improved planting material would increase growing stock at a
harvesting age by 11 %, to 108.1 mill. M’. Increment in dead biomass is not accounted.

Average removals of CO, in living and dead biomass in the NAF areas, where

activities listed in The Article 3.3 of the Kyoto protocol take place, in case of natural
regeneration would be 2.2 mill. tons, but in case of artificial regeneration — 2.4 mill. tons. If
characteristic of CO, removals in forest lands, where forest grew before 1990, will persist in
future and proper forest management measures will be implemented in the NAF areas, they
will be able to provide additionally 10 % of CO, removals in future.
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4. CONCLUSIONS

The most intensive natural afforestation took place in the Eastern part of the
country; the biggest NAF areas are in former Ludzas district, where about 27.4 % of
farmlands (according to the Land inventory data on 2008) are already afforested.
The most of the NAF afforested during last 10 years; however, year of afforestation
cannot be determined in considerable part of the NAF, because the trees did not
reach threshold dimensions for measurement within the scope of the NSFI. This
means that large areas of the NAF can persist in the transitional stage from farmland
to forest, for instance, due to irregular cutting of grass and small trees to receive
farmland's area payments. The NSFI provides reliable information about the NAF
area and regional distribution; but status of the NAF areas according to regulations
on afforestation and plantation forests and forest stand management can be
identified only in stands, where dominant trees reached d;; > 2 cm.

Distance from roads is not a factor limiting management and solid biofuel
production in the NAF areas, because average distance of the NSFI sample plots in
the NAF areas, excluding the LVM roads, is 226 = 6 m.

Total growing stock in the NAF areas in 2008 was 0.5 % of the stock in forest
lands; however, proper management measures could increase the share of the NAF
areas up to 10 %, securing considerably increase of deliveries of forest goods in
future. The annual gross increment in the NAF areas in different age classes is
53...163 % smaller than in historical forest lands. This means, that intensive forest
management activities should be implemented in the NAF areas to reach at least the
same increment figures as in the historical forest lands.

Decision support model is elaborated within the scope of the study to provide land
owner with information about current conditions in the particular forest stand and to
evaluate different management options in short term prospective, assuming forest
growth as the future scope in the area. The model can be applied in areas with
height of trees of at least 2 m. In younger stands decision about further forest
management activities should be based on threshold values on number of trees
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depending from dominant species in each forest block according to Regulations on
afforestation and plantation forests.

Removal of existing vegetation with or without solid biofuel production with
following regeneration of forest stand is the most feasible solution in 81 % of the
NAF areas. In 8 % of the NAF areas supplementing of existing stand is the most
feasible solution. Management of existing stands is the most feasible solution only
in 11 % of the NAF areas. Corrections of area of stands suitable for reconstruction
in 1...10 years age decade can be introduced by accounting of trees, which did not
reach threshold diameter values for measurement; however, breeding effect will
express to the most extend in reconstructed stands, because artificially regenerated
stands will reach economically feasible dimensions sooner than natural stands.
Current potential of solid biofuel deliveries from the NAF areas is equal to
7.7 mill. MWh; but total costs to transform the NAF areas into forest stands of high
value using the most feasible technical solutions is 166 mill. LVL or
0.6 kilo LVL ha' in average. Selling of solid biofuel would return about
42 mill. LVL. These results are obtained, assuming that the most efficient solutions
are utilized and thinning is done to the minimal allowed basal area. In case of
optimistic scenario additional investments into management of the NAF areas are
124 mill. LVL; in case of pessimistic scenario, assuming that all NAF areas should
be reconstructed, total investments would grow to 172 mill. LVL; respectively, the
band of the investments is 0.4...0.6 kilo LVL ha™.

Long term gains from investments into the NAF management is determined by the
forest management targets, share of utilization of bred planting material, rotation
length, price of round-wood assortments and solid biofuel and other factors.
Assuming, that average growing stock in the final felling age (61...70 years in
average) is 250 m® ha™', but potential of deliveries of solid biofuel from harvesting
slash is 200 loose m® ha™', comparable cost benefit rate in case of optimistic scenario
can be reached, if the money is stored in a bank with interest rate of 3.95 %, which
is considerably higher than banks in Latvia are providing now.

Forest management measures should be implemented in the NAF areas to account
them under the activities listed in the Article 3.3 of the Kyoto protocol. Financial
instruments of the climate change mitigation introduced by the Kyoto protocol do
not secure in practice direct incomes from trading of the CO, removal units;
however, these removals will reduce risk of costs due to deforestation, change of
forest age structure or increase of commercial harvesting. In future the NAF areas
can compensate 10 % of current CO, removals in lands, where forest grew
before 1990.
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