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DARBA VISPAREJS RAKSTUROJUMS

Temas aktualitate

Mezs ir Latvijas lielaka bagatiba un viens no resursu avotiem, kam piemit
speja salidzinosi strauji atjaunoties. MeZa resursi pieskaitami pie nozimigakajiem
Latvijas atjaunojamiem dabas resursiem un pilniba nodrosina vietgjo patérinu, ka
arT lauj koksnes resursus un tas izstradajumus eksportét, dodot lielu ieguldijumu
valsts makroekonomika.

Latvija ir bagata ar meziem, jo tie aiznem 3603 tukst.ha, jeb 55.8 % no
valsts teritorijas. Salidzinajuma var miné&t, ka Eiropa mezi aiznem vidgji 33 % no
sauszemes teritorijas.

2006. gada Latvija kopgja augoSo koku koksnes kraja ir sasniegusi
631 milj.m’, kas salidzinot ar pagajuso gadsimta sakumu ir palielinajusies
8.4 reizes, bet pédéjo desmit gadu laika pieaugusi par 84 milj.m’

2006. gada Latvija izcirsti 9.8 miljoni kubikmetru koksnes, no kuras
4.41 miljoni kubikmetru iegiti valsts mezos, 5.14 miljoni kubikmetru - privato
meza Tpasnieku un 0.25 miljoni - pasvaldibu mezos.

Ikgadgjie koku cirSanas apjomi, attistoties mezriipniecibai, Iidz 2002.gadam
pieauga, sasniedzot 12.2 milj.m’. Sakot ar 2003.gadu koku cir$anas apjomam ir
tendence stabilizéties ap 10 milj.m’ gada, iznemot 2005.gadu, kad valsti, likvidgjot
vejgazes sekas, koku cirSanas apjoms nedaudz pieauga.

Meza nozare apvieno meza resursus un produktu razosanu, tirdzniecibu un
patérinu vienota sistéma, kura tas sastavdalas ir savstarpgji saistitas. To veido
mezsaimnieciba, kokriipnieciba, koksnes un nekoksnes produktu Kkimiska
parstrade. Ar meza nozari ir saistitas vairakas nozares, no kuram visciesak saikne ir
ar transportéSanas nozari. Ta ir tiesi saistita ar resursu plismu un loti jltiga pret
jebkuram izmainam nozaré.

Valst1 veiktas reformas meZa nozar€ un integracija Eiropas Savieniba (ES) ir
pozitivi ietekmgjusas Latvijas ekonomisko attistibu. Kopuma meza nozare dod
bitisku ieguldijumu Latvijas iek§zemes kopprodukta. Tas devums IKP sasniedz
7.5 %. Vismaz treSdala no ta tiek radita Latvijas regionos, kur meza nozares
uzp@mumi ir galvenais ienakumu avots. Meza nozaré 2006. gada bija aptuveni
2700 darbojosies uznémumi.

Ne tik strauj$ pieaugums verojams kokriipnieciba. Laika no 2004. Iidz
2006. gadam razoSanas apjomi kokripnieciba ik gadu pieauga vidgji par
6.2%, tomér jau varakus gadus nav noverojama apjomu izaugsme — 2006. gada
razo$anas apjomi pat nedaudz samazinajas. Piegums notiek galvenokart uz
pievienotas vertibas rékina. Latvijas kokriipniecibas uznémumi ir spgjusi iekarot
dalu globala koksnes produktu tirgus. Lidz ar iestasanos Eiropas Savieniba un
stradajot atvérta ekonomiskaja telpa, ir notikusi cenu izlidzinasanas. Tomér Iidz ar
§Tm pozitivam izmainam Latvijai vairs nav agrako prieksrocibu un ir nepiecieSama
strauja produktivitates palielinasana, lai saglabatu nozares konkur&tsp&ju.

Izmaksu pieaugums ir kluvis par vienu no kokriipniecibas nopietnakajiem
izaicinajumiem. MeZa nozares attistibu butiski ietekme darbasp&ka pieejamiba un
koksnes resursu izmaksas. ST tendence palielina vajadzibas péc investicijam
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tehnologijas un efektivitates celSanas, ka arT jaunu ni$u un dizaina meklgjumiem.
Ka vienu no nopietnakajam problémam jamin arkartigi strauja darbinieku mainiba,
kas kokriipnieciba uz 2006. gadu vidgji sasniedza 22 % gada.

2007. gada koksnes un koksnes produktu eksports veidoja aptuveni 22 % no
valsts kopgja eksporta. Ka pozitiva tendence atzim&jama, ka samazinas zemas
pievienotas vértibas kokmaterialu eksports — no 37 % 2000. gada Iidz 22 %
2006.gada, toties eksporta palielinajies saplaksna, kokskaidu platnu un dazadu
koka izstradajumu, ka arT zagmaterialu ar augstaku pievienoto vértibu Ipatsvars.

Pedgjo piecu gadu laika strauji attistijusies produkcijas ar augstu pievienoto
vertibu razosana, par ko liecina parstrades sektoru Tipatsvara pieaugums
kokrtipnieciba. Lidz ar attistibu pieaudzis sortimentu klasts - tiek razotas mébeles
un to detalas, namdaru un galdniecibas izstradajumi, salickamas koka
buivkonstrukcijas, darza mébeles un aprikojums, koka rotallietas un cita tirgt
pieprasita produkcija.

P&dgjos gados Latvija vérojama strauja zageSanas jaudu koncentracija un
Iidz ar to uznémumu skaita samazinasanas. Tas izskaidrojams ar to, ka ievérojami
palielinajusies konkurence meza resursu izmantoSana, ka arT pieaugusas
darbaspéka un energoresursu izmaksas.

Racionala esoSo mezu resursu izmantoSana un to parstrade kokapstrades
uznémumos lautu $ai rlpniecibas nozarei klit par visefektivako starp citam
riipniecibas nozarém. Pieaugot koksnes resursu izmantoSanai, biitisks jautajums -
cik lietderigi un efektivi tiek izmantoti koksnes resursi un ka tiek realiz&tas
koksnes atliekas.

Lai atbildétu uz nozares uzdotajiem jautajumiem, analiz€tu meza nozari
kopuma un aplikotu tas varbiit§jos attistibas scenarijus, nepiecieSams meza
nozares analizes instrumenti.

Meza nozare ir visai sarezgita uz aktivitatém bazeta sistéma. Taja pastav
daudz sasniedzamu mérku, kurus sekmigi var atrisinat vienlaicigi. Tapat sistema
pastav daudz komponentes un elementi, kuri papildus darbojas, nosakot tas
attistibas tendences. Resursu plismu ietekmé daudzi faktori, kas darbojas, gan
nozares iekSien€, gan ariené.

Saistiba ar meza nozari, izstradati vairaki planosSanas un attistibas modeli.
Izveidota vienota datubaze, kura uzkrdj izstradatos modelu piemérus un
algoritmus, saistiba ar meza nozari kopuma vai katru iesaistito sektoru atseviski.
Tomér ar Siem modeliem ir viens biitisks izmantoSanu ierobezojoss faktors - nav
iespgjams izveidot universalu modeli. Meza nozares sisttma pastav loti daudz
faktoru, kas raksturo konkréto valsti vai atraSanas vietu. Sos faktoru var attiecinat
tikai uz konkrétas valsts vai regiona politiskiem, ekonomiskiem, resursu fiziskiem
un cita veida raditajiem. Vairums no izstradatajiem meZa nozares modeliem ir
balstiti uz kada konkréta sektora analizi, pieméram, uz ekologisko jautajumu
analizéSanu vai uz resursu pieauguma prognozesanu.

No apliikotajiem literatliras avotiem nakas secinat, ka netiek veidoti modeli,
kuri analiz€tu meZza nozari kopuma, ieklaujot resursu plismu uz visiem
iesaistitajiem parstrades sektoriem. Vairaki autori ir piemingjusi pievienotas
vertibas k&des modeléSanu, pieméram, analiz&ts apalkoksnes un zagmaterialu
pieprasijums no biivniecibas aspekta, kura ieklauta pievienotas vertibas piecauguma
analize. Tomér Sie modeli neuzrada sektorus, kas parstrada koksnes resursus, un to
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konkurenci vai pieprasijumu péc citiem koksnes resursiem. Tapat tie neparada
parstrades sektoru saistibu un pievienotas vertibas picaugumu.

Lai varetu veikt Latvijas koksnes resursu pliismas analizi, izvirzits méerkis
izveidot aprékinu algoritmu, kur§ apraksta visu meza nozari kopuma un izveidot
interaktivu pieprasijuma un patérina modeli, kura jaieklauj visi meza nozares
parstrades sektori.

Promocijas darba meérkis ir izstradat koksnes resursu pieprasijuma un
patérina analizes metodiku, kas baz&ta uz simulacijas modela.

Darba mérka sasniegsanai ir izvirziti $adi darba uzdevumi:

o  koksnes resursu patérina sektoru apzinasana un raksturojums;

e pasaules pieredzes izpete meza nozares procesu modelésana;

o koksnes resursu plismas ietekm&joso faktoru un to mijiedarbibas

izpéte;

e  koksnes resursu plismas analizes algoritma izstrade;

e koksnes resursu pliismas interaktiva pieprasijuma un patérina analizes

metodikas izstrade;

e intereaktiva koksnes resursu pieprasijuma un patérina modela izstrade.

Pétijumu metodes un zinatniska novitate

Petijumi saskana ar izvirzito mérki un no ta izrietoSiem uzdevumiem veikti
ar matematiskam aprékinu un datora model&Sanas, ka arT ar datu analizes metodeém.
Metozu pamata ir meZa nozares un tas sektoru analize, matematiska aprékinu
algoritma izstrade un uz ta bazéta simulacijas modela izveide, ar ko tiek analizéta
koksnes resursu pliisma.

Darba izmantotas vizualas modeléSanas datorprogramma MS Visio,
simulacijas datorprogramma Extend Industry un datu apstrades datorprogramma
MS Excel.

Promocijas darba zinatniska novitate ir:

e izstradats meza nozares koksnes resursu plismas analizes algoritms,

kurs balstits uz parstrades sektoru raksturojosiem datiem;

e izstradats koksnes resursu plismas interaktivais pieprasijuma un
patérina modelis, kur§ balstits uz izstradata resursu pliismas analizes
algoritma;

e izstradata, interaktiva pieprasijuma un patérina modela izmantoSanas
metodika, koksnes resursu pliismas analizei;

e darba aprakstitais resursu pliismas algoritms un interaktivais
pieprasijuma un patérina modelis Jauj analiz&t meZa nozares sistemu,
ieklaujot taja visus parstrades sektorus.



Darba praktiska vértiba meZa nozares attistiba

Izmantojot izstradato meZza nozares koksnes resursu pliismas algoritmu,
iespgjams analizéet:

e meza nozares struktiiru;

e atsevisku produktu grupu izmaksu struktiiru;

e  koksnes pievienotas vertibas veidoSanas strukttru;

e  saistito pakalpojumu nozaru ietekmes faktorus.

Darbs izstradats Latvijas Lauksaimniecibas universitates Meza fakultates
Kokapstrades katedra, Meza un koksnes produktu p&tniecibas un attistibas institiita
un ar Latvijas Kokriipniecibas federacijas atbalstu.

Darbs strukturéts piecas nodalas:

1. nodala.
2. nodala.
3. nodala.
4. nodala.

5. nodala.

6. nodala.

Literatiras apskats par Latvijas meza nozari, nozares sektoru
raksturojumu, tas attistibas tendencém un saistito nozaru ietekmi;
Petljums par pasaules meza nozares modeliem, to struktlru un
darbibas principiem;

Rezultati par koksnes resursu pliismas analizes algoritmu, izstradajot
interaktTvu pieprasijuma un patérina modeli;

Pieprasijuma un patérina analizes modela izmantoSanas metodika;
Interaktiva pieprasijuma un patérina modela parbaude, analizgjot to
péc logiskuma pareizibas, koeficientu atbilstibas un jutiguma
reakciju;

P&tfjumu rezultati izmantojot interaktivo pieprasijuma un pat€rina
modeli, analizgjot tris plismas scenarijus.

Kopuma darbs noforméts uz 108 lpp., 58 att., 18 tab.
Izmantotas literatiras sarakstu 68 avoti.



1. SITUACIJAS ANALIZE UN
ATTISTIBAS TENDENCES

Meza nozare sevi ietver uzpémumus, kuri ir cieSi saistiti ar koksnes
parstradi, un tiem, kas sniedz pakalpojumus Sai nozarei. Nozare apvieno meza
resursus un produktu razoSanu, tirdzniecibu un patérinu vienota sisteéma, kura tas
sastavdalas ir savstarp&ji saistitas. To veido meZsaimnieciba, kokriipnieciba,
koksnes un nekoksnes produktu kimiska parstrade.

Latvijas meza nozare iedalita tris galvenajas grupas - mezZistrades,
kokapstrades un mébelu riipniecibas. Savukart kokapstrades riipnieciba ir sadalita
vél papildus parstrades grupas - apalkoksnes, zagmaterialu, koksnes panelu, skeldu
un skaidu, koksnes atgriezumu un koksnes kurinama.

Nozares izaugsmi un tas attistibas tempus galvenokart nodroSina stabilais
vietgjais pieprasijumus. Kops neatkaribas atgiiSanas argjie tirdzniecibas apjomi ar
ES valstim ir pieaugusi, un 2007. gada 75 % no Latvijas eksporta un importa ir
saistama ar ES.

Kokripnieciba Latvija ir vieniga nozare, kurai ir pozitiva eksporta un
importa bilance. Savukart mezsaimniecibas (ka koksnes parstrades galvenas
izejvielu bazes) patsvars, kopgja pievienotaja vértiba veido aptuveni 1.5 %, un
pedgjo desmit gadu laika tas vidgjais izaugsmes temps bijis tuvs 10 %.

Latvija kopgja augosu koku koksnes kraja ir nepartraukti palielinajusies,
2006.gada sasniedzot 631 milj.m’. Salidzinosi ar pagajusa gadsimta sakumu ta ir
palielinajusies 8.4 reizes. Perioda no 1998. lidz 2006. gadam vid&ja kraja piecaugusi
par 84 milj.m’ (1.att).

800 - s 631
= 600 - 432
= 400 - 238
% 200 |75
0 ‘ ‘ ‘ ‘
1938 1961 1988 1998 2006*
Gads

1.att. MezaudZzu vidéjas krajas dinamika
(* 2006. gads pec meza statistiskas inventarizacijas datiem)

Fig. 1 Dynamics of the average growing stock of the forest stand (million m’)
( * the year 2006 according to the data of the forest statistic inventory)



Strauji ir attistijusies produkcijas razo$ana ar augstu pievienoto vértibu. S
tendence ir novéroja padejo gadu laika un par to liecina sektora Tpatsvara
picaugums kokriipnieciba. Lidz ar attistibu ir pieaudzis sortimentu klasts kurus
razo kokriipnieciba

Tomér pédgjos gados papildus ir novérojama strauja zageSanas jaudu
koncentracija un uznémum skaita samazinajums, ko var izskaidrot ar palielinatu
konkurenci meZza resursu izmantosana, ka arT pieaugo$am izmaksam.

Galveno koksnes resursu pliismas analizi veic Zemkopibas ministrijas Meza
resursu departaments. Izmantojot statisko informaciju, ko sniedz Valsts Meza
dienests un Centralas statistikas parvaldes, tiek aprakstita un analiz&ta koksnes
resursu plisma valst. Tomér izmantotajam analizes metodem ir bitisks
ierobezojums, tas balstitas uz statistiskiem datiem, neiedzilinoties parstrades
sektoru specifika.

2. PIEREDZE MEZA NOZARES ANALIZES
MODELU VEIDOSANA

Meza nozare ir visai sarezgita uz aktivitatém bazeta sistéma. Taja pastav
daudz sasniedzamu mérku, kurus sekmigi var sasniegt vienlaicigi. Tapat sistema
pastav daudzas komponentes un elementi, kuri darbojas papildus, nosakot tas
attistibas tendences. Tas parada, ka meza nozare ir vairaku kritériju un uz cilveku
izveles bazetas problémas pieméers.

Saistiba ar meza nozari izstradati daudzi planoSanas un attistibas modeli.
Izveidota vienota datubaze (http://www.eau.ee/~mbaas), kura uzkraj izstradatos
modelu piemérus un algoritmus saistiba ar meza nozari kopuma vai katru iesaistito
sektoru atseviski.

Tomér ar Siem modeliem saistits viens biitisks izmantoSanu ierobezojoss
fakts - nav iesp&jams izveidot universalu modeli. Meza nozares sistéma pastav Joti
daudz faktoru, kuri raksturo konkréto valsti vai atrasanas vietu.

Vairums no izstradatajiem meZza nozares modeliem ir balstits uz kada
konkr&ta sektora analizi, pieméram, uz ekologisko jautajumu analizé€Sanu vai uz
resursu pieaugumu prognozesanu.

Pastav izstradati modeli, kuri apvieno vairakus sektorus, piem&ram, resursu
ieguves vietas noteikSanu saistiba ar zag€tavu atrasanos vietu vai resursu piegades
un parstrades nepartrauktibas nodrosinajuma analizi un planosanu.

Eiropas Meza informacijas zinatnes modelis (European Forest Information
Scenario Model) ir liela méroga matricas modelis, kas apkopo informaciju par
meza resursiem Eiropa un uzrada iesp&jamo resursu attistibas nakotni 50/60 gadu
perioda. Sis modelis lieto meZa inventarizacijas datus un apstrada visu Eiropu
valstu un dazu Krievijas regionu inventarizacijas datus (2. att.).
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iespéjas; vecuma klases;

Dabiska mirstiba/ pieaugums péc valstim, koku

Dabiskie postijumi r sugam utt.
Natural mortality / Core model: projections of Whole-tree viomass
natural disturbances stemwood valume, felling

potential, age classes,

increment, by country, tree Y
species etc.
'J ‘ Litter
MeZa administracija
> Forest management Augsne
Soil

Koka produkti ‘

Wood produkets
Kok dukt e N "
Ostsarrleiail;ioské v Sabiedriba > meZa politika >
arptal administré$anas prieksrocibas (dabiski
— - tirdznieciba R T,
Inrenational trade in orient&ta administréSana)
Atkritumi Society > forest pocies > preferences in
. wood products ] .
Landfills management: e.g. Nature-oriented
management

2.att. Eiropas MeZa informacijas zinatnes modela struktiira
Fig. 2 Structure of the European Forest Information Science

Tomér no apliikkotajiem modeliem nakas secinat, ka netiek veidoti modeli,
kuri analiz€tu meZza nozari kopuma, ieklaujot resursu plismu pa visiem
iesaistitajiem parstrades sektoriem. Vairaki autori ir apskatijusi pievienotas
vertibas kédes modeléSanu. Pieméram, autors Anders Baudin analizgjis
zagmaterialu un apalkoksnes pieprasijumu no biivniecibas aspekta un ieklavis
pievienotas vertibas pieauguma analizi. (3.att.)
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Cena
zagmateridliem
un aizstajéjs

Price for the saw- Privatais patering Darbaspéka
timber and Private izmaksas
substitutes consumption Labor force costs

Citi faktori (tendence)
Other factors (tendency)

Tirgus zagmaterialu sektors (produkts) 1
The market lumber sector (product) 1

Tirgus zagmaterialu sektors (produkts) 2
The market lumber sector (product) 2

demografiskais faktors
The demographic factor

Cena produktam 1
Price of productl

produktam 2
product2
* Pieprasitais

Bivnicad produktam 1 Zagmaterialu patérin§ produktam 1 ||
C uviectba The demanded The saw-timber consumption for product 1

onstruction for product 1 |

Ekonomika - - —

Economic ™ 1__| produktam 2 e Zagmaterialu patérins produktam 2

. The demanded The saw-timber consumption for product 2
Industrija
Industry for Product 2A
Pieprasttais e i i
The demanded Zagmaterialu patering |

The saw-timber consumption. . .

Kopgjais zagmaterialu
pateérins
Entire saw-timber consumption

3.att. Zviedrijas zagmaterialu pieprasijuma modelis
Fig. 3 The demand model for the Swedish lumber

Tomér Sie modeli neparada sektorus, kuri parstrada koksnes resursus, un to
konkurenci vai pieprasijumu uz citiem koksnes resursiem. Neparada parstrades
sektoru saistibu un pievienotas veértibas pieauguma kedi visa meZa nozares sistéma.

Pie Latvijas meza nozares modelu veidoSanas un resursu plismas
attelosanas ir stradajis ZM Meza resursu departaments. Vinu skatijums vairak
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vérsts uz statiskas informacijas izsekoanu un tas attélosana pa sektoriem. Sis
modelis nesniedz iesp&u eksperimentet ar datiem un veidot analizes scenarijus.
Dotais Latvijas ZM Meza resursu departamenta piemérs att€lo vienu butisku datu
analizes problému. Nav pieejama pilniga informacija par meza nozares sektoriem.
Lidz ar to - iztrukstoSo datu kvalitate ir atkariga no ekspertu viedokla.

3. MEZA NOZARES MODELIS

Izveidots koksnes resursu pliismas modelis, kur§ aptver visus meZa nozaré
iesaistitos parstrades sektorus. Modelis tiek veidots, izmantojot sistémas pétisanas
cela metodiku (4.att.). Pirmaja solT apraksta meza nozares sist€ému un visas tas
sastavdalas (parstrades sektorus).

Sistema
The system

Eksperimenti ar Eksperimenti ar
esofu sistemu sistémas modeli
Experiments with Experiments with
the present system the system model
I
Fiziskais modelis Matematiskais modelis
The physical model The mathematical model
I
Analttiskais risingjums Simulacija
The analytic solution Simulation

4.att. Sistemas pétiSanas celi
Fig. 4 Ways of the system research

Modela konstruésanas metode piedava katra posma divas model€Sanas
iesp&jas. Pirmais solis ir pasas modelgjamas vides apzinasana un tas aprakstiSana
ka vienotu sistemu. Jo tikai pec tam, kad ir skaidra sistéma un tas darbibas principi,
var pienemt turpmako l€émumu par iesp&amo virzienu, lai eksperimentétu un
analizétu to. Atkariba no sisteémas lieluma un sarezgitibas pakapes var veikt
eksperimentu ar sistému, fiziski taja iejaucoties. Tomér gadijuma, ja ekonomisku
apsveéruma péc nevar veikt eksperimentu ar esoso sisteému, fiziski taja iejaucoties,
tiek veidots eksperimentalais sist€émas modelis.

Eksperimentalo sistémas modeli var konstruét divgjadi - veidojot to fiziski
vai matematiski. Fiziskais modelis attélo realo sistému samazinata formata vai tikai
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kadu dalu no visas kopgjas sistémas. Toties matematiskai modelis apraksta sistemu
ar matematiskam sakaribam. Lietojot Sada tipa modelus, uzmaniba japievers ta
parbaudém un validacijas. Fiziskais modelis informaciju par p&tamo sistému sniedz
bez papildus analizes, toties matematiska modela informacija ir jaanalize.

Matematiska modela analizei var izmantot analitisko risinajumu, kur saistiba
ar ieejas informaciju, izmantojot matematiskas sakaribas, ieglist datus par sisteémas
funkcionésanu. Tomer, ja sistéma ir sareZgita un uz vairakiem kriterijiem balstita,
iespgjams izmantot simulacijas metodes, tas lauj sisttmu analiz&t, aplikojot
iegiitos rezultatus un mainot tas ieejas parametrus.

Meza nozares sisteéma sastav no daudziem sektoriem, kuri pasi par sevi var
pastavet neatkarigi, tomér tikai kopuma var raksturot So sist€emu.

Meza nozares sisteéma tiek konstrugta un taja ieklauti visi tie sektori, ar kuru
palidzibu butu iespgja analiz€t nozares produkcijas konkurétsp&ju starptautiska
konteksta un izstradat produktu attistibas scenarijus. Lai vartu iegiit datus par
pievienotas vértibas plismu nozarg, sistema ir jaieklauj pilns resursu pliismas
posms.

Meza nozares sistema ieklauj sekojoSos parstrades sektorus:

e mezizstrades;
e  kokapstrades;
o zagetas produkcijas razoSana;
drasana, lobisana;
koksnes smalcinasana;
platnu ripnieciba;
OSB razosana;
koksnes virpoSana (ne gulbuives);
namdari, buvgaldnieciba, galdnieciba;
o taras razosSana;
e mgbelu riipniecibas.

Meza nozare ir visai sareZgita un uz vairaku produktu vienlaicigas pliismas
bazéta sistema. Katrs nozares parstrades sektors rada jaunu produktu, kuru
izmantot talakai parstradei un razotu jaunu produktu ar lielaku pievienoto vértibu.

Koksnes resursu pliismas sakums jeb bazes punkts ir noteikts ka
mezizstrades sektors. Tas sektors piedava koksnes tirgli virkni produktu, kurus
parstrada pirmapstrades sektoru Itmenis. Pirmapstrades sektors parstrada koksnes
resursus, kuri ir apala veida, pieméram, lietaskoksni un tehnologisko koksni.
Talaka, atkariba no tehnologiska procesa, tiek razots produkts ar pievienoto
vertibu. Produkti, kurus izmanto p&capstrades sektori, tiek attiecinati ka to resursi.
Sis punkts uzrada, ka katrs parstrades limenis ir atkarigs no augstaka limena.

Lidzigi ka pirmapstrades Itmena uznp@mumi, pecapstrades ltmenis var razot
produktus, kurus atkartoti sava razoSana var izmantot turpmaka pecapstrade, 11dz ar
to radot papildus pievienoto vertibu. Viens no tadiem parstrades sektoriem ir
koksnes brikesu un granulu razo$ana. Saja sektora resursi var iepliist no visiem
parstrades limeniem.

O O O O O O

13



Meza nozares sistémas darbiba veidota péc struktiiras, ka resursi tiek
pieprasiti no primara parstrades sektora. ST tendence parada, ka parstrades sektori ir
atkarigi no péc Iimena augstak stavosa parstrades sektora.

Ka izne@mums ir mezizstrades sektors, kura darbibas princips balstits uz
metodi - produkts tiek "stumts" (anglu val. push) tirgQ, bet visi par&jie sektori péc
principa - resursi tiek "vilkti" (anglu val. pull) no tirgus. ST metode vienkarSoti ir
att€lota 5. attéla.

Parstrade .

Processing

Mezistrade > Koksnes tirgus J Parstrade >
Timber cutting wood-pulp market Processing

Parstrade
*

Processing

5.att. Mezizstrades stumsanas un parstrades resursu vilk§anas princips
Fig. 5. The principle of pushing the timber cutting and pulling the
processing resources

Mezistrades sektors iepludina koksnes resursu tirgii konkrétu apjomu, kura
apjomu ir noteikts. Toties parstrades sektori cenSas iegiit pec iespgjas lielaku
resursu apjomu, kuru piedava koksnes tirgus, radot konkurenci nozaré. Parstrades
sektori norada uz vilk§anas metodi, cenSoties iegilit sava riciba resursus, kuri
nepiecieSami parstrades procesam. Toties mezistrades sektors norada uz stumsanas
metodiku jo piedava koksnes tirgum tikai to apjomu, kur§ ir pieejams mezistrade
(skatit 5. attelu).

Fiziskaja koksnes resursu pliisma ki pamatvieniba tiek lietota - m’. Talakaja
modeli m’ tiek aizstats ar vardu - vieniba, kas lidzvértiga viens pret vienu.
Iznémums ir saplaksnim, kur vienas vienibas vértiba ir lidzvertiga vienam
kvadratmetram (m?).

Katrs parstrades sektors, sanemot resursu (vienibu), parstrada to produkta,
veidojot pievienoto vertibu. Papildus razotajiem produktiem katra sektora veidojas
blakusprodukts, kur§ parsvara tiek novirzits uz energétikas plismu. Produkta
lietderigais iznakumu no viena resursa kubikmetra tiek noteikts katram parstrades
sektoram atseviski, jo tas ir atkarigs no pielietotas parstrades tehnologijas.

Sistema eksisté divu veidu plismas - resursu fiziska plisma un resursu
informacijas plisma. Koksnes resursu plismas identifikacijai un izsekosSanai katram
kubikmetram (vienibai) sistéma, tick pievienota papildus resursu raksturojo$a
informacija, tas raksturo resursa atrasanas vietu sistéma, produkta veidu un ta
pievienoto vertibu. Katrai vientbai, kura atrodas sistéma un pliist no viena parstrades
sektoru uz nakamo, pievienota informacija var maintties, ka ar1 izmainities ta vertiba
un mérvieniba.

Lai vargtu izsekot resursu plismai, meZa nozares sisttma ir pievienoti
vairaki informacijas pliismas kanali. Katrs no Siem informacijas kanaliem jebkura
sistémas vieta var sakties, ka arT beigties. Ka pieméru var min&t apalkoksnes
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sortimentu, kur$ péc pirmapstrades tiek parverst cita sortimenta. Dazos parstrades
sektoros tiek parversta mérvieniba, piemeram, resursi tiek sanemti ar mérvienibu
(m®) bet produkts tiek razots ar mérvienibu (m?).
Ka informacijas pliismas kanalus var minét sekojoSus piemérus:

e koka suga;

e sortiments / produkts;

e  geografiskais novietojums;

e  resursu vertiba;

e pievienotas vertibas lielums.

Meza nozares koksnes resursu pliismas sistéma sastav no tris limeniem -

mezistrades, pirmapstrades un p&capstrades Iimena (6. att.)

Koksnes resursi meZa
Wood-pulp resources in
the forest

Eksports
Export

Pirmapstrade: Zagmateriali, Finieri un saplakini,
Kokskaidu un kokskiedru platnes, Celuloze u.c.
Preprocessing: Lumber, Veneers and plywood, Sawdust

and wood-fiber pallets
Eksports Imports
Export Import

Talakapstrade: Galdnieku un namdaru izstradajumi,
Meébeles, Buvizstradajumi u.c.
Further processing: Products manufactured by joiners and
carpenters, Furniture, Construction materials, etc.)

Eksports Imports
Export Import

Patérins
Consumption

6.att. MeZa nozares parstrades Iimeni
Fig. 6. Processing levels for the forest branch
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Katra parstrades Itment tiek razoti resursi, kurus izmanto nakamais
parstrades limenis. Tajos ir iesp&jama resursu razoSana parstradei uznpémumiem,
kuri atrodas ta pasa limena ietvaros, pieméram, finiera un saplaksna razosana.

Starp parstrades Itmeniem atrodas resursu tirgus, kura tiek veikta resursu
importa eksporta apjomu apstrade. Papildus tirgus posma dala no resursiem paliek
gala lietotaju zina. Ta ir resursu dala, kuru izmanto viet€jais un mazais paterétajs
un netiek parstradata meza nozares uznémumos.

Tiklidz ir apzinata sistéma un tas ierobezojumi, var konstruét konceptualo
modeli, identificgjot sektoru atrasanas vietu sist€ma, to sasaisti ar citiem sektoriem
un ierobezojumus. (7.att.)

1
Maksimalais imports
Maximum import

MeZistrade
Timber cutting

Malsimalas import Teemologestwootbpl
Maxcimum import Lietaskoksne & pup

Eksports
timber

Export

Sadale

Eksports
Export ——» Distribution
Pieprasijums Pieprasfjums
Prasyurhs..., " e Demand B e . .
Demand H Pieprasijums
H : Koksnes virposana Demand
: | Drasana, LobiSana (izpemot gulbives) H
i | Chipping, Peeling Turning of the wood H
i (except structures of Tehnologiskas
e horizontal logs) koksnes resursi
Garenzaggfana | _ | | l——m——=""J i
¢ Namdari, Bavgalnieciba,

Lietaskoksnes resursi Galdnieciba.

Timber resources Carpenters, buildrer’s

Finieris Joinery
Veneer Eksport Pieprasijums
Maksimalais imports Sports Demand

. . E: t
Maximum import xpor

Platnu rapnieciba
Pallet industry

Zagmaterialu resursi |
Lumber resources |

Maksimalais imports

Eksf)ons
Maximum import

Export Finiera resursi

H Eksports
Veneer resources |

Export

Pieprasijums
Sadale
AAAAAAAAAAAA reeeee Demand <
Distribution |
Maksimalais imports |

Maximum import
1

Zagmaterialu resursi Platpu resursi
Lumber resources Pallet resources :
Pieprasijums
A Demand
Pieprasijums Mebelu ripnieciba
Demand Furniture industry |

7. att. MeZa nozares eksperimentala modela struktira

Resursu plasma

resource flow
Informacijas plasma

information flow

Fig. 7. Structure of the experimental model for the forest branch
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Kad izveidots sistémas konceptualais modelis, nakamaja soli var izsekot un
veidot sisttmas matematiskas sakaribas, kuras tiek ieklauti visi sistémas
ierobezojumi.

Sakaribas tiek veidotas, lai sistéma ietvertu un aprékinatu:

e  koksnes resursu pliismu;
nozares struktiiru;
atsevisku produktu grupu izmaksu struktiiru;
koksnes pievienotas vertibas veidosanas struktiiru;
saistito pakalpojumu nozaru ietekmes faktorus.

Att. 8. ir att€lota sektoru mijiedarbiba un plismas aprékinu pozicijas. Katra
no pliismas posmiem ieklauti aprékini, kuri regulé plismu un aprékina resursu un
produktu apjomus. Pliisma tiek organizéta ta, ka p&c procesa, kad noteikts resursu
apjoms, aprékina produkciju, kuru sarazos parstrades sektors. Talakaja plusma tiek
atrékinats minimalais eksporta apjoms. P& §1 procesa sarazotie produkti tiek
piedavati nakamajiem parstrades sektoriem un noteikta importa un eksporta
attieciba. Papildus produkcijas pliismai tiek uzradita blakusproduktu pliisma.

Blakuspr.
Prognozétais resursu A=B
parstrades apjoms
Produkts
A=P

A 4

Produkts +

.. . Pieejamais rpsurss
Sarazotals —min exports

Resursa NepiecieSamais resurss___
Min aprekins
exports
A .
Resursa imports/exports
1. TOAILALS
resurss Ja P<0 Ja P>0
NepiecieSamais resurss Imports Exports

8.att. Modela struktura

A - aprékinatais resursa veids; B - blakusprodukts; P - galvenais razo$anas produkts

Fig. 8. The model structure
A- the estimated type of the resource; B- the byproduct; P- the principal product of manufacturing
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Resursu apjomu, kuru sanems parstrades sektors, aprékina, nosakot katrai
parstradei, kura kandid€ uz konkr&to resursu, sadales koeficientu.

Att. 9. attelots sadales princips, kur resursi R tiek sadaliti starp vairakiem
parstrades sektoriem. Katram parstrades sektoram ir noteikts resursu apjomus R,
kuru biitu vélams sanemt, bet realais apjoms tiek noteikts tikai péc sadales starp
konkurgjosiem parstrades sektoriem.

Sadale
distribution

A A

Parstrades Parstrades Parstrades

sektors 1 sektors 2 sektors n

—Ry—» . . —Rpp? ., —RyP .,
Distribution Distribution Distribution

sector 1 sector 2 sector n

9.att. Resursu sadale starp parstrades sektoriem
Fig. 9. The resource distribution in the processing sectors

Katram parstrades sektoram attieciba pret nepiecieSamo resursu apjomu R,

nosaka procentualu attiecibu pret kopgjo sektoru pieprasito summu. So attiecibu
izmanto, lai sadalitu pieejamos resursu, uz kuriem kandidé vairaki parstrades
sektori.

Resursu sadali starp parstrades sektoriem izsaka sekojosa sakariba:

P,=R-P,, (1)

kur: P, - resursu apjoms, kuru sanems parstrades sektors;
R - kopgjais resurss konkurgjosiem sektoriem;
P, - resursu sadales koeficents konkrétam parstrades sektoram.

Sektoriem, kuri kandidé uz konkrétu resursu:

DR =1, @

Resursu sadale taldkaja posma tiek realizéta pasa parstrades sektord. ST
sadale ir nepiecieSama, ja parstrades sektora iepliist vairaki resursi, kuri jasadala
starp vairaku produktu razoSanu.
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Att.10. attelots princips, péc kura modeli tiek veikta resursu sadale
parstrades sektora. Starp parstrades sektoriem Sis sadalijums var atskirties. Ta veids
ir atkarigs no resursu veidiem, kuri iepliist parstrade, un produktu dazadibas.

Parstrades sektors

The processing sector
Resurss, R Produkts, P,
Resource R Product
| Produkts, P,
1 Product
Resurss, R, RyPy
Resource
| Produkts, P3
' Product
Produkts, P,
Product
Resurss, R, R,-Py
Resource

Produkts, P,y
Product

10. att. Vairaku resursu sadale starp parstrades sektora raZojamiem
produktiem (autora veidots attéls)
Fig. 10 Distribution of several resources between the products manufactured in
the processing sector (designed by the author)

Katra parstrades sektora tiek razots produkts ar pievienoto vértibu. Sektoram
parstradajot resursus, veidojas blakusprodukti, kuri talakaja plisma vairs netiek
atteloti. Blakusproduktu apjomu katram sektoram nosaka atskirigi (atkariba no
parstrades tehnologijas). Blakusproduktu koeficientu nosaka nozares eksperti.
Sarazota produkta daudzumu parstrades sektora nosaka sakariba:

P=P, - B, 3)
kur: P - sektora sarazotais produkta apjoms;
B, - blakusprodukta koeficients, B, <1

Modeli ieviesti vairaki ierobezojosie faktori, kuri regulé sektoriem iegtistamo
resursu apjomu. Pirmais ierobezojosais faktors tiek virzits uz pieprasamo resursu
aprékinasanu. Sakotngji katram parstrades sektoram tiek aprékinats resursu apjoms,
kurs nepieciesams, lai nodrosinatu ta pilnvertigu darbibu.

Resursu apjoms, kads nepiecieSams parstrades sektoram, nosaka sekojosa
sakariba:
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R,=((R,, —M,)-K+M,) By, )
kur R, - aprekinatais parstradajamais resursa apjoms;

R

.1 - leprieksgja gada izmantotie resursi (ekspertu sledziens);

M , - paredzamais minimalais resursu apjoms parstrades sektoram;

K - parstrades sektora attistibas koeficients.

Attistibas koeficients sektoriem tiek aprékinats no vairakiem faktoriem,
pieméram, iekartu amortizacijas, darbaspéka izmaksam, patérétas energijas,
izmantoto resursu izmaksam u.c.

Attistibas koeficents nosaka, vai parstrades sektors attieciba pret iepricksgja
gada raditajiem paliks tai pasa Iimeni, vai razoSanas apjomi pieaugs/samazinasies.

Pie nosacijuma:

e K <1 -razolanas apjomi samazinas, salidzinot ar bazes gadu;
e K =1 -razosanas apjoms saglabajas tada pasa Iimeni ka bazes gada;
e K >1 -razolanas apjomi palielinas, salidzinot ar bazes gadu.

Katram parstrades sektoram tiek noteikts minimalais sarazotas produkcijas
eksportgjamais apjoms. Kas automatiski tiek nopemts no kopgjas sarazotas
produkcijas. Katram parstrades sektoram ierobezojumu nosaka atseviski.

Resursu plisma tiek izmantota vilkSanas metode, kur katrs parstrades
sektors pieprasa resursus. Modela darbiba pastav divi resursu pliismas varianti:

e ja piedavatais resurss netiek pieprasits neviena no modela sektoriem,
produkts tiek nosiitits uz eksportu;

e ja pietrikst nepiecieSamie resursi, lai sarazotu aprékinato produktu
apjomu, iztrikstosais resurss tiek importéts.

Papildus ierobezojumi katram parstrades sektoram tiek noteikti uz importa
un eksporta lielumiem, un modelis nepielauj to parkapsanu. Sis ierobeZojums
norada iesp&jamo maksimalo lielumu. Katram parstrades sektoram Sie
ierobezojumi tiek noteikti neatkarigi, kur maksimalo lielumu aprékina atkariba no
scenarija attieciba pret ieprieksgja gada periodu.

Resursu apjomu, kuru izmantos parstrades sektors, nosaka péc sekojosas
sakaribas sisteémas:

ja(R, > P,)
{ja(R,+P, <R))
{R, =P +R
pretej
R,=R,}
pretgji
R, =P}
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kur R, - parstrades sektora maksimalais resursu importgjamais apjoms;

R , - faktiskais resursu apjoms, kuru izmantos parstrades sektors.

Lai atvieglotu rezultatu iegtiSanu p&c uzdotajiem scenarijiem, tiek veidos
simulacijas modelis izmantojot datorprogrammu Extend Industry. Ta savukart ir
veidota uz objektu orienteto sistemu butibas. Simulacijas modelis veidots,
izmantojot datorprogrammas standarta blokus, kuri sava starpa ir savienoti
logiskaja shéma (11.att.).

pieg

l

ondIn

[ B—

lequst
SUMma —l—E legust
72— =
n B En summa
O
q nd % - =

11. att. Simulacijas modela bloka piemérs, kurs attélo resursu sadali
Fig. 11. An example of the model of the simulation block presenting the
resource distribution

Datu ievadei un izvadei tiek izmantota datorprogramma Microsoft Excel.
Modeli tiek ievaditi statiskie dati par bazes gadu un scenarija dati par
aprékinamajiem gadiem. Simulacijas modelis iegiitos rezultatus nosiita uz
Microsoft Excel datu lapa sagatavoto matricu.
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4. PIEPRASTJUMA UN PATERINA ANALIZES MODELA
IZMANTOSANAS METODIKA

Koksnes resursu plismas interaktiva pieprasijjuma un paterina modela
darbiba ir saistita ar vairakiem datu avotiem un parstrades sektoru ekonomisko
modeli (12. att.).

CSP dati
SCP data

Parstrades sektoru
ekonomiskais modelis
The economic model of
the processing sectors

Nozares
ekspertu dati
Data provided
by the branch
specialists

KRP modelis
KRP model

12. att. KRP modelis un ta datu avoti (autora veidots attgls)
Fig. 12 KRP model and data sources (designed by the author)

Koksnes resursu plusmas modelis ir veidots, lai spétu darboties ar
statistiskiem datiem. Tomé&r modela pilnvertigai darbibai nepieciesami dati, kurus
dinamiski sniedz parstrades sektoru ekonomiskais modelis un dati no CSP vai
nozares ekspertiem.

Parstrades sektoru ekonomiska modela aprékinu rezultati nodros§ina KRP
modeli ar dinamiskiem datiem par sektoru parstrades jaudas izmainam attieciba
pret ieprieksgjo analizes gadu.

KRP un parstrades sektoru ekonomiskais modelis izmanto CSP un nozares
ekspertu datus. Sie dati nepiecieSami, lai definétu KRP modela aprekinu bazes
punktu, no kura tiek aprékinati nakoSie analiz&jamie gadi.

4.1. Datu ievades lauki

Nepieciesamie KRP modela dati tiek ievaditi MS Excel datu lapa. SIm
modelim darbojoties, datus automatiski importé modeli. Excel datnes nosaukums
izveidots nemainigs. Ta nosaukumu, ka arT paSas datnes darba lapas nosaukumus,
nedrikst izmaintt, jo tie ciesi saistiti ar KRP modela programmiska koda uzbiivi.
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Parstrades sektoru ekonomiska modela aprékini ir apvienoti ar KRP modela
ieejas datu laukiem. Saja posma notiek sakotngjie aprékini, un sagatavoti dati KRP
modelim.

KRP modela ieejas datu lauku, kuri nepiecieSami modela darbibai, att€loti
1. tabula.

1. tabula
KRP simulacija modela datu ievades lauki

Lauka
Nr.p.k. Aprak

P nosaukums pragsts
. Minimalais razoSanas apjoms, kuru razos parstrades

1. min_raz .

- sektors. Nosaka nozares eksperti.
. Minimalais eksportgjamai joms, k ksporte
2 min_exp port€jamais apjoms, kuru eksportes

parstrades sektors. Nosaka nozares eksperti.

Maksimalais import€jamais apjoms, kurus importes
3. max_imp parstrades sektoram. Tiek aprekinats parstrades sektoru
ekonomiskaja modeli.

Lietderigais iznakums no resursiem, kurus parstradajot

4. liet i . . .
rer_izn tiek razots produkts. Nosaka nozares eksperti.

Produkta cenas izmainas indekss attieciba pret

5. cen_ind Lo g . .
- ieprieksgjo aprékinu periodu. Nosaka nozares eksperti.

Norada parstrades sektoru jaudu attieciba pret
6. K ieprieks€jo gadu. Tiek aprékinats parstrades sektoru
ekonomiskaja modeli.

Parstrades sektora importétais apjoms aprékinu bazes

7. Hp gada. Nosaka nozares eksperti.

Parstrades sektora sarazotais produkcijas apjoms

8. e _ ;
raz aprekinu bazes gada. Nosaka nozares eksperti.

4.2. Statiska informacija un tas avoti

Lietojama statiska informacijas apzinasana, apkopoSana, sagatavo$ana un
piemérosana modela vajadzibam ir loti bitisks posms modela sekmigai darbibai.
Kludas un neprecizitates, kuras tiek pielautas Saja posma, loti bitiski ietekmé gala
rezultatus. KRP modela vajadzibam tiek izmantoti dazadi statiskas informacijas
avoti.

Pamat statiskas informacijas datu bazi veido Centralas statistikas parvaldes
datu baze un publikaciju statiska informacija. Tiek izmantoti arT citu institiiciju,
organizaciju un nozares ekspertu apkopota un riciba esosa informacija.

KRP simulacijas modela ieejas datiem, lai to rezultati biitu salidzinami,
jabut p&c vienotas mervienibas. Pamat meérvieniba, kura raksturo koksnes resursu
un produktus, ir - m®. Simulacijas modeli nav noteikti ierobezojumi, kas nelautu
izmantot citu mérvienibu.
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Produktu lietderigo iznakumu attieciba pret resursu nosaka procentuala
attieciba, ta lielums ir janosaka procentos.

Koeficenta K lielums, kuru iegiist no parstrades sektoru ekonomiska modela,
ir robezas no 0.1 1idz 1.9 (neitrala vertiba ir 1).

4.3. Datu izvades lauki

Darbibas laika KRP simulacijas modelis nodrosina ar informaciju par
resursu plismu. Simulacijas modelis programmiski ir konstruéts, lai iegltos
rezultatus izvaditu uz MS Excel speciali sagatavotu datu matricu.

legiitas informacijas mérvieniba ir Iidzvertiga ievaditds informacijas
mérvienibai. Pamatinformacija, kuru sniedz KRP simulacijas modelis, ir att€lota
2. tabula

2. tabula
KRP simulacijas modela rezultatu izvades lauki

Lauka
Nr.p.k nosaukums Apraksts
.| Aprékinatais apjoms, kuru parstrades sektors piedava,

L. prod_apj talakai parstradei.

2 res_apj Aprekinatais resursu apjoms, kuru patéré parstrades
sektors

3 prod_min_e | Minimalais produktu apjoms, kuru eksportes

. o

4 prod exp Produktu apjoms, kuru eksporté papildus minimalajam
eksportam

5. exp Produktu minimala un papildus eksportu summa

Papildus pamatinformaciju, no KRP simulacijas modela jebkura darbibas bridi
var iegiit papildus informaciju, kura attiecas uz plisma esoSo sektoru darbibu. Lai
piekliitu Sai informacijai, nepiecieSams KRP simulacijas modela datne un Extend
palaidgj programma. Izmatojot Extend palaid€j programmu, iesp&jams aplikot KRP
simulacijas modela pilnigu struktiiru, ka ari pie darbibas apliikot komponensu
darbibu un tas ieejas un izejas parametrus. Ar §is programmas palidzibu var mainit
simulacijas modela darbibas parametrus, bet nevar izmainit ta struktiiru.

4.4. KRP mode]a lietoSanas metodika

KRP modelis sastav no divam datném - MS Excel un Extend . Sim datn&m ir
jaatrodas vienota direktorija. KRP simulacijas modela datu ievadei un izvadei var
izmantot tikai MS Excel datni. Saja datn@ jaievada ieejas informacija par parstrades
sektoriem, kuri ieklauti KRP simulacijas modela struktiira, un datu izvade raksturo
tikai simulacijas modelt iek]autos moza nozares sektorus.
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Att. 13. paradits ar KRP simulacijas modeli saistitais lictoSanas process.
Pirmais process ir datu ievade Excel datnes darba lapas — ,,Baze” un ,,Gads”.
Saistiba ar to, ka KRP simulacijas modelis spgj analizet informaciju par vairakiem
parskata periodiem, nepiecieSams aizpildit darba lapas ,,Gads; _,”.

Péc visas pamatinformacijas ievadiSanas seko KRP simulacijas modela
darbinasana un iegiito rezultatu analize.

MS Excel datne
MS Excel file

Darba lapa: Baze —» Datu ievade
- imp; 4 Data input
-raz. |
|
|
| A 4
Darba lapa: Gads | Datu apstrade
- min_raz; I Data processing
-min_exp; |
- max_imp; -4
- liet_izn;
- cen_ind, v
- K.
- > Datu izvade
I data output
Darba lapa: Rez :
- prod_apy; |
-res_apj; 1
- prod_min_exp;
- prod_exp;
-exp.

Darba lapa - worksheet

Aprekinu periods:
l.n
The calculation period

Aprekinu periods:
l.n
The calculation period

13. att. KRP simulacijas modela datu ievades, apstrades un
izvades procesu shema

Fig. 13. Diagram of the input, processing and output data of the
KRP simulation model
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5. MODELA PARBAUDE UN PLUSMAS SIMULACIJA

Lai izstradatais modelis varétu pilnvertigi raksturot un aprakstit Latvijas
meza nozari, tas japarbauda. NepiecieSams veikt modela logiskuma parbaudes,
sistémas jutiguma (anglu val. sensitive) un atbilstibas analizi.

Sistémas logiskumu var parbaudit péc vairakiem parametriem. Viens no
veidiem, lai parbauditu sist€mas pareizibu, ir aplikot un analizét skaitlu summas,
ka arT izsekot pliismas sakaribas.

Att. 14. uzskatami parada resursu sadalfjumu starp parstradi, eksportu un
importu. Aplikojot So sadali matematiski, sasummejot $1s pliismas, gala rezultatam
ir jabiit vienadam ar nulli.

g b4
M v [ [

Imports

2979

2=0

14.att. Modela summas parbaude
Fig 14. Verification of the model sum

Modela darbiba ir japarbauda katra parstrades sektora sarazotas produkcijas
apjoms, to salidzinot ar pieprasitas produkcijas apjomu. Parbaude javeic, jo katra
parstrades sektora savienojums modeli tiek konstruéts atseviski.

dras Plat koksnes namdari, hliv- sbel % Eksports +
Modelis mezizstrade | 927" Grasana, | 1Rt | iegegana (e | galdnieciba, | ™SS 9135 | imports |minimalal
z T ~ P T razo$ana elsnorts
guil ) 9 PO
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Attela 15. ir dots piemérs, kur§ parada, ka tiek sadalits lietkoksnes apjoms.
Lai nodrosinatu pieprasijumu péc lietaskoksnes, modelis aprekinajis nepiecieSamo
importa apjomu. Aprékina paradas ari eksporta raditajs. Saja gadijuma tas norada,
ka bazes datos ir noradits minimalais lietaskoksnes eksporta apjoms. Summgjot
visus $os parametrus, kur patérétajs un eksports ir ar "-" zZimi, summai jabut nulles
vertiba.

6.76-7.35-0.53-0.48-0.48+2.76-0.68 =0 (6)

Sis piemérs parada, ka mode]a aprékins ir pareizs.

Viens no modela galvenajiem trikumiem ir, ka ta darbibas regulacija tiek
izmantoti vairaki koeficenti, kurus nosaka eksperti, Iidz ar to padarot $o sistemu
jiitigu un atkarigu no ekspertu viedokla. Sie koeficienti nosaka pliismas virzienu,
blakusproduktu sadali u.c. pliismas parametrus.

Parbaudot simulacijas modeli p&c jutiguma metodes, var secinat, ka modelis
strada stabili. Ta rezultatu izmainas izskaidrojamas saistiba ar ieejas datiem.

Koksnes resursu pliismas modelis ir publicéts starptautiskas publikacijas un
prezentets vairakas starptautiskas konferences. Ka ari MAF fonda finansétu
projektu ietvaros tas prezentets Latvijas meza nozares ekspertiem, kuri noradija uz
simulacijas modela nepilntbam un nepiecieSamibu p&c padzilinatas izpétes.

6. SCENARIJI UN TO REZULTATI

Meza nozares resursu pliismas simulacijas modelis ir veidots elastigs ar
iesp&ju ievietot, korigét un papildinat plismas scenarijus. Simulacijas modeli
iespgjams, jebkura laika ievietot papildus krit€rijus vai ierobezojumus koksnes
resursu pliismas vadiba. Simulacijas modelis ir veidots ar iesp&ju jebkura laika to
papildinat ar nepieciesamam funkcijam un algoritmiem, lai analizétu koksnes
resursu plismu. ST iesp&ja Jauj nepartraukti uzlabot modela darbibu un iegit péc
iespgjas plasaku apstradato informaciju.

Scenarijus var veidot liela variacija. Tiklidz tiek izmainits kaut vien no
plusmas ietekmgjosiem faktoriem vai koeficients, veidojas jauns scenarijs ar
attiecigiem izejas rezultatiem.

Tika analiz&ti tris meza nozares attistibas scenariji.

e Pirmaja scenarija tika iestradats, ka parstrades sektoru razosanas jauda
paliek nemainiga.

e Otraja scenarija iestradaja, ka parstrades sektoru razosanas jauda ar katru
gadu picaug.

e TreSaja scenarija tika iestradati vairaki kriteriji, kas noteica ierobezojumus
uz lietkoksnes pieejamibu, zagmaterialu raZzoSanas jaudas pieaugumu un
razoS$anas jaudas samazinajumu pargjiem parstrades sektoriem.
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Scenariju analiz€ izmanto meza nozares ekspertu sniegtos datus par
sektoriem, kurus ieklauj resursu plismas modeli. Ta darbibai nepiecieSama
informacija par katru modela sektoru. Ja kada informacija par sektoru
iztrikst - modela darbiba neapstajas. Ta turpina darboties, vienigi no iztriikstosa
sektora atkarigie apaksSsektori vairs netiek analizeti. Par bazes (bazes periodu) gadu
tiek noteikts 2006. gads, p&c kura attiecigi tiek analizéts katrs nakoSais periods .
Par katra analiz€jama gada aprékinu bazes datiem tiek noteikti ieprieksgja gada
rezultati (16 att.).

16.att. Datu plisma
Fig. 16. Data flow

Modela darbibai tiek noteikta sekojosa informacija par bazes gadu. (G1,
G2,...,Gn - aprékinu periodi, R1, R2,...,Rn - aprékinu periodu rezultati)
Scenariju rezultati ir att€loti 17. attéla, kur arT paradas scenarijos ieklauto faktoru
ietekme uz resursu plismu.

2500 1

2000 A e

1 1500 -

LVL

milj

1000 A

500 1

O T T T T 1
2007. 2008. 2009. 2010. 2011.
Gads
17. att. MeZa nozares lielums latos (autora veidots attéls)

—&— 1.scenarijs —=— 2.scenarijs 3.scenarijs

Fig. 17. The largeness of the forest branch in lats (designed by the author)

—&— [st scenarios ~ —#— 2nd scenarios 3rd scenarios
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Pec 17. attéla paraditiem scenariju rezultatiem visoptimalakais ir otrais
scenarijs.

Otraja koksnes resursu pliismas scenarija analiz€ja meza nozaré sarazoto un
eksporteto apjomu pie nosacijumiem, ja:
¢ netiek ierobeZota resursu pieejamiba;
e visi parstrades uznémumi strada ar palielinatu jaudu attieciba
pret ieprieks€jo gadu, K=1.1;
e minimalais eksporta apjoms ir noteikt 0 %.

Ar lejupslides tendenci (skatit 17.att.) ir treSais scenarijs, kuram tika noteikti
sekojosi faktori:

e lictaskoksnes resursi ar katru gadu samazina,s un ta maksimala
importa pieaugums ir 10 %;

e zagmaterialu razoSanas sektora jauda attieciba pret ieprieksgjo
gadu picaug, K=1.1;

e Visiem atlikuSajiem parstrades sektoriem razoSanas jauda
samazinas, K=0.95;

e minimalais eksporta apjoms noteikt 0 %.
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SECINAJUMI UN PRIEKSLIKUMI

Secinajumi

1.

Meza nozares attistibas tendences liecina par to, ka meza resursi, koksnes
produktu razoSana, tirdznieciba un pat€rin$ ir savstarpgji saistiti vienota
funkcionala sisttma, kas izpauzas loti izteikta jOtiguma pret atsevisko
sastavdalu izmainam.

Sistemas darbibas vienojosais elements ir koksnei pievienotas vertibas
veidoSanas visa tas izmantoSanas kede, kas izpauzas atsevisko sektoru
konkurétspgja resursu iegadé. Tadel meza nozares kop&jo tendencu
model&Sanai izmantojama pieprasijuma un patérina simulacija.

Izmantojot interakfivo pieprasijuma un paterina simulacijas modeli, liela
uzmaniba japievers datu, ko izmanto katra sektora raksturo$anai, izvélei un
defing$anai, jo meza nozare ir kompleksa sistema un sektori sava starpa ir
funkcionali saistiti.

Izstradatais interaktivais pieprasijuma un pat€rina simulacijas modelis
nodrosina iesp&u vienlaikus vari€t ar alternativiem resursu pliismas
scenarijiem.

Izmantojot autora piedavato interaktivo pieprasijuma un patérina simulacijas
modeli, var analizét meZa nozares: struktiru un to sektoru savstarpgjo
mijiedarbibu; ieguldijumu Latvijas tautsaimnieciba (pievienotas vértibas
kopgja struktira, IKP, eksporta) un prognozét dazadus attistibas scenarijus.

Darba analizétajiem citas valstis izstradatajiem modeliem piemitt viens biitisks
izmantoSanas ierobezojums - nav iesp&jams izveidot universalu nozares
modeli. MeZza nozaru sistémas pastav Joti daudz faktoru, kuri raksturo
konkr&to valsti, geografisko atraganas vietu un vésturisko attistibas pieredzi.

Statistikas informacija nesniedz pilnu informaciju par meZa nozares sistéma
ieklauto sektoru raditajiem, Iidz ar to padarot So informaciju atkarigu no
ekspertu viedokliem.

Priekslikumi

Izveidotais koksnes resursu pliismas algoritms ir atkarigs no vairakiem

statiskiem datu faktoriem, kuri ietekme plismu. P&tijumi ir jaturpina, lai izveidotu
ietekm@joso faktoru algoritmus, kas lautu padarit So sistemu stabilaku un uz
aprekinu metodeém balstttu.
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INTRODUCTION

The forest is the greatest treasure and one of the resources which
possesses ability to considerably rapidly regenerate.

The forest resources are attributed to the most significant renewable
natural resources in Latvia and fully ensure the local consumption as well as allows
to export the wood resources and their products, makes a great contribution to the
national economy of the country.

Latvia is rich in forests as they occupy 3603 thousand ha or 55.8 % of the
territory of the country, including the forests-3305 thousand ha.

As the comparison, it can be mentioned that in Europe, the forests
averagely occupy 33 % of the terrestrial territory. In Latvia, the total growing stock
of trees has uninterruptedly increased reaching 631 million m® in the year 2006.
Compared to the start of the previous centurgl, it has increased 3.8 times but in the
last decade it has increased on 173 million m’.

In the year 2006, 9.8 million cubic meters of wood is felled of which 4.41
million cubic meters are obtained in the state forests, 5.14 million cubic meters- in
the forests of the private forest owners and 0.25 million-in the forests of the local
authorities.

The yearly amount of timber felling increased until the year 2002
reaching 12.2 million m’ but starting with the year 2003, the volume of timber
felling stands slightly decreased except the year 2005 when due to the eliminating
consequences of the windfall, the volume of timber felling slightly increased.

The forest branch merges the forest resources and manufacturing of the
forest produce, trade and consumption in a unified system where its component
parts are interconnected. It embraces silviculture, timber industry, chemical
processing of wood and non-wood produce.

Several other branches are linked with the forest branch out of which
transport branch has the tightest link with it. Tiny ports, pretreatment and post-
treatment enterprises depend on the transport branch, thus, making it very sensitive
to changes in the branch.

In the country, the reforms in the forest branch and integration into the EU
have positively affected the economic development of Latvia. On the whole, the
forest branch makes an essential contribution to the gross domestic product of
Latvia. Its contribution to the GDP reaches 7.5 %. At least the third part of it is
created in the regions of Latvia where enterprises of the forest branch are the main
source of income. In the year 2006, the total number of enterprises operating in the
branch amounted to 2717 enterprises.

In the processing industry, the increase is not so rapid. In the period from
the year 2004 to the year 2006, the yearly volume of output averagely increased on
6.2 % in the processing industry. For several years, growth is not observed in the
timber industry-in the year 2006, the volume of output even slightly decreased.

Due to the comparatively low costs of raw materials and manpower so far,
the Latvian enterprises have managed to conquer part of the global market of wood
products. Operating in the open economic space, the price leveling takes place.
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Latvia has lost its former preferences and it is necessary to rapidly increase
efficiency to maintain competitiveness.

In the year 2006, export of wood and wooden products formed
approximately the fourth part of the total export in the country. As a positive trend
should be marked that export of lumber with low added value has decreased-from
37 % in the year 2000 to 22 % in the year 2006 while in the export proportion of
plywood, sawdust pallets and of various wooden products as well as of lumber
with a higher added value has increased.

During the last five years, the output manufacturing with a high added
value has rapidly developed as shown by increase of the proportion of the
processing sectors in the timber industry. With the development, range of the
assortment has increased- furniture and its parts, carpenter and joinery ware,
prefabricated wooden building structures, garden furniture and equipment, wooden
toys, etc., are manufactured and they are demanded in the market.

In the recent years, a rapid concentration of the sawing capacities and,
wherewith, decrease of the number of enterprises is observed in Latvia. It is
explained by the considerable increase of competitiveness in utilization of the
forest resources as well as costs of manpower and energy resources have increased.

Increase in the production costs has become one of the most aggravating
problems in manufacturing. The development of the Latvian forest branch is
strongly affected by the availability and costs which rapidly drop for the reason of
immigration and development of construction. It leads to the cost increase in
enterprises and to the need for investments in technologies and raising efficiency as
well as to seeking new niches and designs. As a heavy issue is to be mentioned the
extremely rapid change of employees as well which averagely reaches 22 % per
year.

A rational utilization of the forest resources ad their processing in
woodworking enterprises could allow this manufacturing branch to become the
most effective among other manufacturing branches. With the increase of
utilization of the wood resources, a fundamental question arises- how usefully and
effectively wooden resources are utilized and how the waste wood is brought into
effect.

To respond to the questions asked in the branch, how to analyze the entire
forest branch and to examine its prospective scenarios of development, it is
necessary to have the analysis instrument for the forest branch.

The forest branch is a rather complicated system based on activities. In
the branch, many attainable targets exist which can be successfully solved together.
Likewise, in the system many components and elements exist which additionally
operate defining trends of its development. The flow of resources is determined by
several affecting factors which are found both inside the branch and outside it.

In relation to the forest branch, many planning and development models
are designed. A unified data basis is created where the samples and algorithms of
the worked out models are piled in relation with the entire forest branch or every
involved sector separately.

However, one essential restricting factor of utilization is connected with
these models-it is impossible to work out a universal model.
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In the system of the forest branch, very many factors exist which
characterize a definite country or location. These factors can be attributed to the
state or the political, economic, the physical or indices of other types of the
resources.

Most of the worked out models of the forest branch are based on the
analysis of a definite sector, for instance, on the analysis of the economic issues or
on forecasting the resource increase.

However, from the examined sources of models it has to be found that
models are not worked out which analyze the entire forest branch including the
flow of resources in all the involved processing sectors. Several authors have
mentioned modeling of the added value chain. For instance, the author Anders
Baudin has analyzed the demand for the lumber and round-wood from the
construction aspect and has included analysis of the added value increase.

However, these models do not show the sectors which process the wood
resources and their competitiveness or demand for other wood resources. Likewise,
they do not show connection of the processing sectors with increase chain of the
added value.

The carry out analysis of the flow of wood resources in Latvia, the aim is
set to work out algorithm for calculations which describes the entire forest branch
at large.

Applying the calculation algorithm for a full analysis of the forest branch,
it is necessary to work out an interactive model for the demand and consumption. It
should embrace all the branch sectors which are connected or affect the flow of
resources.

The aim of the promotion paper is by investigating the forest branch and
its sectors at large, to work out methods for the analysis of the demand and
consumption of wood resources based on the simulation model.

To attain the aim of the research, the following research assignments are
moved forward:

e recognizing and describing the consumption sector of wood resources;
e study of the world experience in modeling processes in the forest

branch;

e study of the affecting factors of the flow of wood resources and their
interaction;

e working out the algorithm for the analysis of the flow of wood
resources;

e working out methods for the analysis of the interactive demand and
consumption of the flow of wood resources;

Methods of the research and the scientific novelty

The research, according to the set aim and the assignments arising out of
it, is carried out by the methods of the mathematical calculation and computer
modeling and data analysis. The methods are based on the analysis of the forest
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branch and its sectors, working out the algorithm for the mathematical calculations
and working out the simulation model based on it by the aid of which the flow of
wood resources is analyzed.

The visual modeling computer programs MS Visio, the simulation
computer program Extend Industry and the data processing program MS Excel are
used in the research.

The scientific novelty of the promotion paper is as follows:

e the algorithm for the analysis of the flow of wood resources is
worked out which is based on the information obtained from the
processing sectors;

e the interactive demand and consumption model for the flow of wood
resources is worked out based on the worked out algorithm of the
analysis of the flow of resources;

e the research methods and the worked out interactive model of the
demand and consumption can be used for the analysis of the forest
branch and flow of wood resources in Latvia;

e the given algorithm of the flow of resources and the interactive model
of the demand and consumption allows to analyze the system of the
forest branch where all the processing sectors are included in the
system.

The practical value of the research in the development of the forest branch.

Applying the worked out algorithm of the flow of wood resources in the
forest branch it is possible to

e analyze the structure of the forest branch;

e analyze the structure of costs for separate groups of products;

e analyze the development structure of the added value for wood;

e analyze the effect factors of the connected service branches.

The promotion paper has been worked out at the Wood Processing
department of the Forest Faculty of LUA, at the Forest and Wood product
Research and Development Institute and with the support of the Latvian Forest
Industry Federation.

The aim of the scientific work: to work out the methodology of the
analysis of wood resources demand and consumption, based on the simulation
model.

The following tasks have been set to achieve the aim of the work:

e identifying and characterizing the wood resources consumption
sectors;

e research on world experience in the modeling of processes of forest
sector;
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research on the influencing factors of the flow of wood resources and
their interaction;

elaboration of the algorithm of the analysis of the flow of wood
resources;

elaboration of the methodology of the analysis of the interactive
demand and consumption of the flow of wood resources;

The paper has been structured into five chapters:

Chapter 1:

Chapter 2:

Chapter 3:

Chapter 4:

Chapter 5:

Chapter 6:

presents the review of the bibliography on the Latvian forest sector,
its description and trends of development as well as the influence of
the related sectors;

contains research on the models of world forest sectors, their
structure and principles of operation;

deals with the results of research pertaining to the algorithm of the
analysis of the flow of wood resources, elaborating an interactive
demand and consumption model;

presents the methodology of the use of demand and consumption
analysis model;

deals with the checking of the interactive demand and consumption
model, analyzing it according to the correctness of logics,
correspondence of coefficients and sensitivity response;

presents the results of the research using the interactive demand and
consumption model, analyzing three flow scenarios.

The paper contains 108 pages, 58 figures and 18 tables.
Bibliography contains 68 sources.
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1. ANALYSIS OF THE SITUATION AND TRENDS OF
DEVELOPMENT

The forest branch embraces in itself both enterprises closely connected
with wood processing and enterprises providing services for this branch. The
branch merges the forest resources and manufacturing of forest produce in a
unified system where its component parts are interconnected. It embraces
silviculture, timber industry and the chemical processing of wood and non-wood
produce.

The Latvian forest branch is divided into three main groups- timber
cutting, woodworking and furniture manufacturing. In turn, the woodworking
industry is additionally divided in processing groups- round-wood, lumber, wood
panel, woodchip and shaves, waste wood and firewood ones.

The growth of the branch and its tempo of development is mainly ensured
by the stable inland demand. Since regaining the independence, the outer volume
of trade with the EU countries has increased and in the year 2007, 75 % of the
Latvian export and import is connected with the EU.

In Latvia, timber industry is the only branch with a positive export and
import balance. In turn, the proportion of silviculture as the main basis of raw
materials for wood processing in the total added value forms approximately 1.5 %
and in the last decade, its average tempo of growth was near 10 %.

On the whole, the forest branch makes an essential contribution to the
gross domestic product. The forest branch contribution to the GDP reaches 7.5 %.

In Latvia, the aggregate growing stock has uninterruptedly increased in
the year 2006 reaching 631 million m®. Compared to the start of the last century, it
has increased 8.4 times, within the last decade it has increased on 84 million m’
(see figure 1).

In recent years, a rapid concentration of the sawing capacity and decrease
in the number of enterprises can be observed. It can be explained by a considerable
increase of competitiveness in the use of the wood resources as well as by the
increasing costs of labor force and energy resources.

In the last five years, manufacturing the output with a high added value
has rapidly increased as shown by increase of the proportion of this sector in the
wood industry. With the development , the range of assortment has increased-
furniture and its parts, carpenters’ and joiners’ goods, prefabricated wooden
building structures, garden furniture and equipment, wooden toys and other
market- demanded output is manufactured.

The main analysis of the wood resource flow is carried out by the Forest
Policy Department under the Ministry of Agriculture. Using the statistic
information provided by the State Forest Service and the Central Statistic
Department, the wood resource flow in the country is described and analyzed . The
applied methods of analysis face essential restrictions. The methods are based on
the statistical data without delving into the specificity of the processing sector.
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2. EXPERIENCE IN CREATING MODELS FOR THE
FOREST BRANCH ANALYSIS

The forest branch is rather complicated system based on activities. It embraces
lots of attainable targets which can be successfully attained together. Similarly, the
system embraces many components and elements which operate additionally
determining tendencies of its development. It shows that the forest science is an
example of a problem based on several criteria and the human choice.

In relation to the forest branch, lots of planning and development models
are designed. A unified data basis is created (http:// www.eau.ee/-mbaas), where
the developed samples and algorithms of the models are stored in relation to the
entire forest branch or every involved sector separately.

However, one essential restrictive fact is related to the given models-it is
impossible to develop a universal model. In the system of the forest branch, lots of
factors exist which describe a definite country or its location.

Majority of the developed models for the forest branch are based on the
analysis of one definite sector, for instance, on the analysis of the ecological issue
or on forecasting the resource increase.

Models are developed which unite several sectors, for instance,
determining the place of obtaining the resources in relation to the sawmill location
or analysis and planning of the resource delivery and continuity guarantee for the
processing.

The European Forest Information Scenario Model is a large-scale matrix
model which batches information on the forest resources in Europe and shows the
prospective development of the resources in the future within the period of 50-60
years. The forest inventory data are used in the given model. Inventory data for all
the European countries and different regions of Russia are processed by this model
(see figure 2).

However, from the examined models it is to be concluded that models are
not created which analyze the entire forest branch including flow of the resources
in all the involved processing sectors. Several authors have referred to the chain
modeling of the added value. For instance, the author Anders Baudin has analyzed
demand for the saw-timber and round timber wood from the construction-based
aspect and has included increase analysis of the added value (see figure 3).

However, these models do not present sectors processing the lumber
resources and their competitiveness or demand for other wood resources. They do
not present link of the processing sectors and the increase chain of the added value
for the entire system of the forest branch.

The Department of Forest Resources under the Ministry of Science has
participated in developing models of the forest branch and depicting the resource
flow. Their attention is more directed to following the statistic information and its
depicting in sectors. This model does not give opportunity to make experiments
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with data and to create scenarios for the analysis. The given example developed by
the Department of Forest Resources under the Latvian Ministry of Science depicts
one essential problem of data analysis. Full information is not available about the
sectors of the forest branch. Wherewith, quality of the missing data depends on the
opinion given by the experts.

3. FOREST BRANCH MODEL

The construction method of the model offers two modeling opportunities
in every phase (see figure 4). The first step is exploration of the environment under
modeling itself and its description as a unified system. As only afterwards when
the system and its operation principles are clear, a further decision can be taken on
the possible direction to experiment and analyze it. Depending on the degree of the
largeness and complexity of the system, it is possible to carry out the experiment
with the system of physical interference. However, in the event that due to
economic reasons it is impossible to carry out the experiment with the present
system of physical interference, the experimental model of the system is created.

The experimental system model can be constructed in two ways-by
creating it physically or mathematically. The physical model depicts the real
system in a diminished format or only as part of the entire system. However, the
mathematical model describes the system by mathematical coherencies. Using such
type of models, attention should be concentrated on its verification and validation.
The physical model provides data on the system under the research without
additional analysis. However, data of the mathematical model are to be analyzed.

For analysis of the mathematical model, the analytical solution can be
applied where in relation to the input data using the mathematical coherencies, data
are obtained on the functioning of the system. However, if the system is
complicated and based on several criteria it is possible to use simulation methods.
The simulation method allows to analyze the system by examining the obtained
results, changing the input parameters.

The system of the forest branch consists of many sectors which
themselves can exist independently. However, only in their entirety they can
describe this system.

The system of the forest branch is constructed and all the sectors are
included in it by the aid of which it could be possible to analyze competitiveness of
the branch output in the international context and to develop scenarios for
development of the produce. To obtain data on the flow of the added value for the
branch, a full section of the resource flow should be included in the system.

The forest branch system embraces the following processing sectors:
timber cutting;

manufacturing of the sawed output;

chipping, scalping;

wood granulation;
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pallet industry;

OSB production;

wood turning (except structures of horizontal logs);
carpenters, builder’s joinery, joinery;

furniture industry;

tare manufacturing.

The forest branch is rather complicated and it is a system based on a
simultaneous flow of several products. Every processing sector of the branch is
creating a new produce for further processing and manufacturing of a new product
with higher added value.

The initial or the base point for the wood resource flow is set as the
timber cutting sector. The timber cutting sector offers a number of products for the
wood market processed at the preprocessing sector level. The preprocessing sector
processes wood resources round in their shape, for instance, timber wood and
technological wood. Further, depending on the technological process, a product
with the added value is manufactured. The products used by the post-processing
sectors are referred to as their resources. This point indicates that every processing
level depends on a higher level.

Likewise, as it is in the enterprises of the preprocessing level, at the post-
processing level products can be manufactured which are further repeatedly used in
the post-processing. Wherewith, additional added value is created. One of such
processing sectors is manufacturing of wood briquettes and granules. In this sector,
the resources can flow in from all the processing levels.

Operation of the forest branch system is created according to the structure
that the resources are demanded from the primary processing sector. This tendency
shows that the processing sectors depend on a processing sector which ranks
higher.

An exception is the timber cutting sector with the operational principle
based on the method-the produce is pushed in the market but all the other sectors
according to the principle-the resources are pulled from the market. This method is
simplified in Figure 5.

The timber cutting sector floods in the market of the wood resources a
definite amount which can be forecasted. However, the processing sectors are
trying to acquire as large as possible amounts of the resources offered by the wood
market creating competition in the branch. The processing sectors indicate to the
pulling method trying to acquire resources at their disposal required for the
processing process. However, the timber cutting sector indicates to the pushing
methods as it offers to the wood market only the amount which is available in the
timber cutting ( Figure 5).

In the physical flow of the wood resources as the basic unit is used-m’. In
the further model m’ is substituted by the name-unit equal one to one. The
exception is the plywood where value of one unit is equal to one square meter (m?).

Every sector of processing in receiving the resource (unit), processes it
into a produce creating the added value. Additionally to the manufactured produce,
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a byproduct is created in every sector which predominantly is directed to the power
flow. The productive output from one cubic meter of the resource is determined
separately for every processing sector as it depends on the technology of the
applied processing.

The system embraces two types of flow-the physical flow of the resources
and information flow of the resources. For identification of the flow of the wood
resources and for every cubic meter (unit) in the system, information is added
describing the additional resources. This information characterizes location of the
resources in the system, type of the produce, its added value. For every unit,
located in the system and which flows from one processing sector to the next, the
added information can change as well as its value and unit of measurement can
change.

In order to follow the flow of the resources, several channels of the
information flow are added to the system of the forest branch. At any place of the
system, any of these information channels can commence and end as well. Round
timber wood assortment can be mentioned as an example which after the
preprocessing is changed into another assortment. In some processing sectors, the
unit of measurement is changed, for instance, the resources are received with the
unit of measurement (m’) but the product is manufactured with the unit of
measurement (m?).

As the information flow channels can be mentioned the following
examples:
species of trees;
assortment/produce;
geographical location;
resource value;
rate of the added value

The system of the flow of the wood resources consists of three levels-
timber cutting, preprocessing and post-processing levels (Figures 6).

In every processing level, resources are manufactured which are used by
the next processing level. At the processing levels, it is possible to manufacture
resources for processing in enterprises which are within the same level, for
instance, veneer and plywood manufacturing.

Between the processing levels, there is the resource market where the
import and export amount of the resources is processed. Additionally, in the market
phase, part of the resources remain at the disposal of the users. It is the part of the
resources used by the small local consumer and is not processed by the enterprises
of the forest branch.

As soon as the system and its restrictions are studied, it is possible to
construct the conceptual model by identifying location of the sectors in the system,
their link with other sectors and restrictions.
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In the next step when the conceptual model of the system is created, it is
possible to follow and to create the mathematical coherencies of the system. In the
mathematical coherencies, all the system restrictions are included.

The coherencies are created to be included in the system and to be
estimated:
wood resource flow;
branch structure;
cost structure for separate groups of the produce;
structure of the wood added value creating;

e factors affecting the related service branches.

In Figure 8, correlation between the sectors and positions of the flow
calculation are presented. In every of the flow phases , calculations are included
which regulate the flow and amounts of calculation resources and products. The
flow is organized so that after the process when the amount of the resources is
defined, the output is calculated which will be manufactured by the processing
sector. In the further flow, the minimum export amount is calculated. After this
process, the manufactured produce is offered to the next processing sectors and the
proportion between import and export is determined. Additionally to the output
flow, the byproduct flow is shown.

The amount of the resources which will be received by the processing
sector is estimated by stating the distribution rate for every processing which
stands as a candidate for a definite resource.

In Figure 9 the distribution model is presented where the resources R are
distributed among several processing sectors. For every processing sector, a
definite resource amount Rn is set which would be desirable to receive but the
actual amount is defined only after distribution among the competing processing
sectors.

For every processing sector in relation to the required resource amount
Rn, the percentage proportion is determined against the total sum demanded by the
sectors See figure 9.). This proportion is used to distribute the available resources
for which several processing sectors stand as candidates.

Distribution of the resources in the processing sectors is expressed by the
following coherency:

P, =R-P, €))
where P, -the resource amount which will be received by the processing sectors;
R -the total resource for the competing sectors;
P, - the resource distribution rate for a definite processing sector.

The sectors which stand as candidates for a definite resource:

2 h=1 @
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In the further phase, distribution of the resources is performed in the
processing sector itself. This distribution is required if several resources flow in the
processing sector which have to be distributed among manufacturing of several
products.

In Figure 10 the principle is presented by which in the model distribution
of the resources is carried out in the processing sector. Among the processing
sectors, this distribution can differ. The type of this distribution depends on the
type of the resources which flow into the processing and on the variety of the
produce.

In every processing sector, a product with the added value is
manufactured. In the sector of processing the resources, byproducts are found
which are not presented in the further flow any more. In every sector the byproduct
amount is estimated differently (depending on the processing technology). The
byproduct rate is determined by the branch specialists. The amount of the
manufactured produce in the processing sector is calculated by the coherency:

P=P,-B, 3)

where P - the the product amount manufactured in the sector;
B, - the byproduct rate, Bk<1

In the model, the restricting factors are introduced which regulate the
resource amount to be obtained by the sectors. The first restricting factor is
directed to the demanded resource calculation. Initially, the resource amount is
calculated for every sector of processing which is required to provide its adequate
operation.

The resource amount required for the processing sector is determined by
the following coherency:

R,=((R,,—M,)-K+M,) By 4)

where R, - the estimated amount of the resources to be processed;
R -

specialists);

- resources used in the previous year (conclusion of the

M . - the forecasted minimum amount of the resources for the

processing sector;
K - the development rate for the processing sector.

The development rate for the sectors is calculated taking into account

several factors, for instance, depreciation of the equipment, manpower costs,
consumed energy, consumed resource costs, etc..
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The development rate determines whether the processing sector in relation
to the indices of the previous year will remain at the same level or the volume of
the output will increase/decrease.

On the condition:

e K<I-the volume of output decreases compared to the base year;

e K=I- the volume of output remains at the same level as in the
base year;

e K<I-the volume of output increases compared to the base year;

The minimum export amount of the manufactured output is determined
for every processing sector. This amount is automatically removed from the total
manufactured output. The restriction is set for every processing sector separately.

In the resource flow, the pulling method is used where every processing
sector demands the resources. Two flow variants of the resources exist in the
operation of the model:

o if'the offered resource is not demanded in any of the model
sectors, the produce is sent for export;

e if the required resources are short to manufacture the calculated
amount of the product, the wanted resource is imported.

Additional restrictions are set in every processing sector for import and
export volume, and the model does not allow to violate them. This restriction
indicates the possible maximum volume. Foe every processing sector, these
restrictions are set independently where depending on the scenario in relation to the
period of the previous year , this maximum volume is calculated.

The resource amount to be used by the processing sector is determined
according to the following coherency system:

If(R, > FPy)
{If(R, + P, <R))
{ Rp =P, +R,
Else
Rp =R,}
Else
Rp =P}

where R, - the maximum volume of the resources to be imported for
the processing sector;
R , - the actual resource amount which will be used by the

processing sector.
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To facilitate obtaining the results according to the given scenarios, the
simulation model is designed. The simulation model is designed by using the
computer program Extend Industry. The computer program is designed on object-
based systems. The simulation model is designed using standard blocks linked by a
logical scheme of the computer program (see figure 11).

For input and output of the data, the computer program Microsoft Exel is
used. The statistical data about the base year and the scenario fed in the model for
the years to be calculated. The obtained data are sent by the simulation model to
the matrix of the prepared data sheet in Microsoft Exel.

4. APPLICATION METHODS FOR THE ANALYSIS MODEL
ON THE DEMAND AND SUPPLY

Operation of the interactive model for the demand and supply of the
wood-pulp resource flow is linked with several data sources and the economic
model of the processing sectors (see figure 12).

The flow model for the wood-pulp resources is designed to be capable to
operate with statistic data. However, for an adequate operation of the model, data
are required which are dynamically presented by the economic model of the
processing sectors and the CSP data or the branch specialists.

The estimation results of the economic model for the processing sectors
are provided by the KRP model with the dynamic data about the capacity changes
in relation to the analysis the previous year.

The economic model of the KRP and the processing sectors use data
provided by the CSP and the branch specialists. These data are required to define
the calculation basis point for the KRP model from which the following years
under the analysis are estimated.

4.1. Fields of data entry

The required data of the KRP model are entered in the MS Excel data
sheet. By the simulation model, the data are automatically imported into the model.
The name of the Excel file is constant. Its name as well as names of the file
worksheet itself cannot be changed as they are closely linked with structure of the
program code for the KRP model.

Calculations of the economic model for the processing sectors are linked
with the input data fields of the KRP model. In this phase, the initial calculations
are done and data for the KRP model are prepared.

The input data fields for the KRP model required for operation of
the model are presented in table 1.
45



Table 1
The data input fields for the KRP simulation model

No. ]t\lfzaen}ieeloc]l( Description
1 min-raz The minimum volume of output to be manufactured by the
’ processing sector
) min-exp The minimum volume of export to be exported by the
) processing sector. Determined by the branch specialists.
max-imp | The minimum volume of import to be imported for the
3. processing sector. It is calculated in the economic model of the
processing sectors.
4 liet-izn The productive result from the resources when the product is
) obtained by processing them.
cen-ind The index of price changes for the product in relation to the
5. previous calculation period. Determined by the branch
specialists.
K It indicates capacity of the processing sectors in relation to
6. the previous year. It is calculated in the economic model of the
processing sectors.
7 imp The imported volume of the processing sector in the base year
) of calculations. Determined by the branch specialists.
g | 1% The manufactured volume of production in the base year of
) calculations. Determined by the branch specialists.

4.2. The statistic information and its sources

Studying, batching, preparation and application of the statistic information
for the needs of the model is an essential phase for successful operation of the
model. Errors and inaccuracy allowed in this phase, essentially affect the final
results. For the needs of the KRP model, different statistical information sources
are applied.

The basic data basis of the statistical information is created using the data
basis of the Central Statistical Department and the statistic information of
publications. Information batched and disposed by experts of other institutions and
organizations and branch specialists is used .

The input data for the KRP simulation model so as the results are
compared have to be in the same units of measurement. The basic unit of
measurement characterizing wood resources and products is-m’. There are no
definite restrictions in the simulation model which could prevent using another unit
of measurement.

The productive result of the products in relation to the resource is
determined by the percentage, it is to be defined in per cents.
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The coefficient K which is obtained from the economic model of the
processing sector is within the limits of 0.1 to 1.9 (the neutral value is 1).

4.3. The data output fields

The KRP simulation model provides information about the resource flow
within its operation time. The simulation model is programmatically constructed so
as to send the obtained results to a specially prepared data matrix in MS Excel.

The unit of measurement of the obtained information is equal to the unit
of measurement of the entered information. The basic information given by the
KRP simulation model is presented in table 2.

Table 2
The output fields for results of the KRP simulation model
No. ]t\lfztzn}ieeloc{ Description

1 prod-apj The computed amount offered by the processing sector for
) further processing.

5 | res- apj The computed resource amount consumed by the
’ processing sector.

3 prod-min- The minimum product amount to be exported

exp

4 prod-exp The product amount to be exported to the minimum export
) in addition

5 | exp The minimum and additional sum of export for the
) products

In addition to the basic information from the KRP simulation model at
any moment of operation, it is possible to obtain additional information which
relates to the sector operation being part of the flow. To have access to this
information, it is needed to have the file of the KRP model and the Extend running
program. Using the Extend running program it is possible to see a full structure of
the KRP simulation model as well as to see operation of the components at work
and its input and output parameters. By the aid of this program, it is possible to
change operational parameters of the simulation model but it is impossible to
change its structure.

4.4. Methods of using the KRP model

The KRP model consists of two files-MS Excel and Extend. These files
have to stay in a united directory. For the input and output of the data of the KRP
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simulation model, only the MS Excel data should be used. The input information is
to be entered in this file about the processing sectors which are included in the
structure of the KRP simulation model and the data input describes only the forest
branch sectors included in the simulation model.

Figure 13 presents the application process which is linked with the KRP
simulation model. The initial process is the data input in the Excel file worksheets -

“Base” and “Year”. In relation to this that the KRP simulation model is
capable to analyze information for several periods of accounting. It is necessary to
complete the worksheet “ Year I....n".

After input of the whole information , operation of the KRP simulation
model and analysis of the obtained results are followed (see figure 13).

5. VERIFICATION OF THE MODEL
AND FLOW SIMULATION

For an adequate characterization and description of the Latvian forest
branch, the developed model is to be verified. It is necessary to carry out a logical
control of the model, analysis of the system sensitivity and relevance.

Logical control of the system can be verified by several parameters. One
of the ways to verify correctness of the system is to study and analyze the figure
sums as well as to follow the flow coherencies.

Figure 14 clearly depicts distribution of the resources among processing,
export and import. Examining this distribution mathematically, summing these
flows, it is to be stated that the final result should be equal to zero.

In the operation of the model, the amount of the manufactured output in
every sector of the processing is to be verified comparing it with the amount of the
demanded output. The verification is to be done as connection of every processing
sector in the model is constructed separately.

In the figure (see figure 15), an example is given showing how the timber
amount is distributed. To provide the demand for the timber, the required amount
of import is computed by the model. In the computation, the export index is given
as well. In this instance it shows that in the base data, the minimum amount of the
timber export is indicated. Summing all these parameters where the consumer and
export is with the “-“ sign, the sum has to be with the zero value.

6.76-7.35-0.53-0.48-0.48+2.76-0.68=0 (6)

This example indicates that the model calculation is correct.

One of the main drawbacks of the model is that several coefficients are
used for regulation of its operation which are set by the specialists . Wherewith,
this system is made sensitive and depending on the opinion of specialists. These
coefficients determine the flow direction, distribution of the byproducts and other
flow parameters.
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Verifying the simulation model by the sensitivity method, it can be
concluded that the model is stable in its operation. Changes in the results can be
explained in connection with the input data.

The flow model of the wood resources is published in international
publications and is presented in several international conferences. As well as
within the framework of the projects financed by the MAF funding, it is presented
to the specialists of the Latvian forest branch who pointed out to the
incompleteness of the simulation model and the need for a deeper research.

6. SCENARIOS AND THEIR RESULTS

The simulation model of the resource flow for the forest branch is
designed with the possibility to insert and supplement the flow scenarios. In the
simulation model it is possible to insert additional criteria or restrictions for
management of the wood-pulp resource flow at any time. The simulation model is
designed with the possibility to supplement it with the required functions and
algorithms in order to analyze the flow of wood resources. This opportunity
enables to improve operation of the model on an ongoing basis and to obtain as
wide processed information as possible.

The scenarios can be designed in wide variations. When even one of the
flow-affecting factors or a coefficient are affected, a new scenario is designed and
with corresponding output results.

Three scenarios for the development of the forest branch were analyzed:

e in the initial scenario, it was introduced that the production capacity

of the processing sectors remains constant;

e in the second scenario, it was introduced that the production capacity
of the processing sectors increases with every year;

e in the third scenario, several criteria were introduced which set
restrictions to the availability of timber, increase of the production
capacity for the lumber and decrease of the production capacity in the
other processing sectors.

In the analysis of the scenarios, data about the sectors provided by the
specialists of the forest branch which are included in the model of the resource
flow. For its operation, information is required for every sector of the model. If any
information about the sector is missing- operation of the model is not stopped. It
continuous to operate, only from the missing sector, the dependent sub-sectors are
not analyzed any more. The base year (base period) is set to be the year 2006
according to which every next period is correspondingly analyzed. The base data
for every year under analysis are results of the previous year (see figure 16.).

For operation of the model, the following information is set for the base
year. (G1, G2, Gn- calculation periods, R1, R2.....Rn- results of the calculation
periods).
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The results of the scenario are presented in Figure 17 where the effect of the
factors included in the scenario on the resource flow is shown.

According to the outcomes of the scenarios presented in Figure 17, the
most optimum is the second one. In the second scenario of the flow of wood
resources, the manufactured and exported volumes in the forest branch were
analyzed on the condition if:

e the access to the resources is not restricted;

o all the processing enterprises operate with an increased capacity compared
to the previous year, K=1.1;

e the minimum volume of export is to determine 0 %.

With the recession tendency (see Figure 17) is the third scenario, for
which the following factors were determined:

e timber wood resources are decreasing year by year and the increase of its
maximum import is 10 %;

e  capacity of the lumber manufacturing sector is increasing compared to
the previous year, K=1.1;

e in all the remaining processing sectors, the production capacity is
decreasing, K=0.95;

e the minimum volume of export is to determine 0 %.
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CONCLUSIONS AND PROPOSALS

Development tendencies for the forest branch give evidence that the forest
resources, manufacturing the wood products, trade and consumption are
mutually linked in a unified system which is manifested in a pronounced
sensitivity to the changes in separate components.

The unifying element of the system operation is formation of the added
value for the wood in its whole application chain which is manifested by
the competitiveness of separate sectors in purchasing resources.
Therefore, for modeling the common tendencies in the forest branch, the
demand and consumption simulation is applicable.

Applying the interactive demand and consumption simulation method,
great attention is to be paid to the data used for describing every sector,
selection and defining as the forest branch is a complicated system and the
sectors are functionally linked with each other.

The designed interactive simulation model of the demand and
consumption provides opportunity to simultaneously vary with the
alternative scenarios of the resource flow.

Using the interactive demand and consumption model offered by the
author , it is possible to analyze the forest branches: the structure and
mutual interaction of its sectors; investment in the Latvian national
economy ( in the total structure of the added value, IKP, export) and to
forecast various scenarios of development.

Other models developed in other countries that are analyzed in the
research gave one essential restriction in application-it is impossible to
develop a universal model for the branch. In the systems of the forest
branches, very many factors exist which describe a definite country, the
geographic location and the historical experience of development.

The statistic information does not give a full information of the branch
indices included in the system of the forest branch. Wherewith, this
information is made dependent on the opinion of specialists.

Proposals

The designed algorithm for the flow of wood resources depends on several
statistical data factors which affect the flow. The research is to be continued to
design algorithms for the affecting factors which could make this system more
stable and based on calculation methods.
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