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Uplatnenie vysledkov projektu

Vysledky vyskumu projektu SilvaMod uplatni v praxi rieSitelské organizacia Narodné
lesnicke centrum (NLC), ktora je su€asne odberatelom vysledkov vyskumu. NLC je
metodicky garant hospodarskej Upravy lesov na Slovensku.

Vysledky vyskumu sa uplatnia pri implementacii prirode blizkeho hospodarenia v lesoch v
zmysle novely zakona 326/2005 Z.z. o lesoch z roka 2020, a novely vyhlasky 435/2006 Z.z.
o hospodarskej uprave a ochrane lesov.

Projekt ma dva hlavné aplikacné vysledky vyskumu: 1) Modely cielového stavu zakladnych
typov prirode blizkych lesov Slovenska, 2) Softvérovy produkt SilvMod.

1) Modely cielového stavu zakladnych typov prirode blizkych lesov Slovenska obsahuju
Udaje o optimalnej zasobe, optimalnom rozdeleni pocetnosti podfa hrubkovych stupriov a
drevin, a optimalnej decenalnej tazbe podla hrubkovych stupriov a drevin pre prirode blizky
1) dubovy les, 2) bukovy les, 3) smrekovo-jedlovo-bukovy les. Osobitnym spésobom je
spracovany 4) rekonstrukény model prebudovy pre nepévodny smrekovy les. Modely
obsahuju atributy, ktoré predpisuje nova legislativa prijata v rokoch 2020 a 2022 pre novy
typ ,lesa hrubkovych tried“ naviazaného na prirode blizke hospodarenie v lesoch. Modely su
ekonomicky optimalizované, t.j. nastavené na udrzatefny maximalny vynos z lesa merany
Cistou su¢asnou hodnotou (NPV), ktory je diferencovany podfla zakladnych typov stanovist
(3 stanovistia pre kazdy typ lesa) a podla roznej vahy na ekonomicky vynos (tri irovne
urokovej miery).

2) Softvérovy produkt SilvaMod je naprogramovany v prostredi R, a zaznamenava zavislosti
zakladnych ekologickych, (dorast, prirastok, mortalita stromov) a ekonomickych (cena
dreva, naklady na tazbu, naklady na zalesnovanie) faktorov od vybranych stromovych,
porastovych a stanoviStnych charakteristik. V aktualnej podobe je zostaveny a
parametrizovany na obdobie posledného desatrocia, je vSak adaptivny, pripraveny pre
reparametrizaciu po kazdom novom cykle Narodnej inventarizacie a monitoringu lesov
(NIML SR), a/alebo po kazdom zasadnom pohybe trhov. UmozZiiuje teda adaptivnu
aktualizaciu modelov cielového stavu lesa na zaklade zmien vstupnych ekologickych a
ekonomickych udajov.

Suhrn vysledkov rieSenia projektu a naplnenia cielov projektu v slovenskom jazyku
(max. 20 riadkov)

Ciel 1: Analyza vysledkov vyskumu pralesov a priprava podkladov pre odvodenie
zakladnych modelov ich dynamiky.

V ramci tohto ciela sa spracovali rozsiahle databazy existujucich merani, a preukazalo sa
ZlepSovanie prirastku a znizovanie mortality buka, premietajuce sa do trendu prirodzeného
zvySovania zastupenia tejto dreviny na ukor ostatnych drevin za poslednych 50 rokov.
Podiel smreka pocas sledovaného obdobia postupne klesal. Pripisujeme tieto javy zmene
klimy. Z porovnania hrubkovych Struktur pralesov s ciefavedomou transformaciu hrubkovych
Struktur pri prebudove na mozaikovy prirode blizky les vyplynulo, Ze hrabkovu Strukturu lesa
je mozné uspesne transformovat cielenou tazbou.

Ciel 2: Odvodenie maticovych modelov dynamiky prirode blizkych lesov s vyuzitim
poznatkov z vyskumu pralesov a udajov Narodnej inventarizacie a monitoringu lesov SR.
Na zaklade analyzy udajov z pralesov sa navrhli nasledovné regresné funkcie Ciastkovych
modelov ekologickej ¢asti maticového modelu: Pre dorast Weilbullova funkcia so zaCiatkom
s nulovou hodnotou y pri kruhovej zakladni porastu x = 0. Pre funkciu prechodu do vy$Sieho
hrubkového stupna (prirastok) multinomicka logisticka regresia, umoznujuca decenalny
prechod do vysS$ieho, aj do dalSieho hrubkového stupria. Pre pravdepodobnost mortality
binomicka logisticka regresia s pridanim kvadratickej zlozky pre su¢asné zachytenie
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kompeti¢nej mortality v najnizSich, a fyziologickej mortality v najvySSich hrubkovych
stupfioch. Finalne maticové modely sa v tejto podobe parametrizovali idajmi dvoch cyklov
NIML SR pre tri prirodzené zakladné typy lesa Slovenska. Stvrty model model prebudovy
nepévodnej smreciny bol parametrizovany udajmi NIML a dalSich dvoch projektov na uzemi
Zapadnych Beskyd.

Ciel 3: Integracia optimalizatora tazby do maticovych modelov a odvodenie ekonomicky
optimalneho ciefového stavu zakladnych typov manazZovaného prirode blizkeho lesa.
Algoritmus pre programové rieSenie maticovej optimalizacie pozostava 1) zo sustavy
regresnych rovnic pre dorast, prirastok a mortalitu odvodenych v ramciciela 2, a 2) z
integrovaného optimalizatora Subplex nastaveného na iterativnu maximalizaciu Cistej
sucasnej hodnoty lesa (NPV) réznym rezimom tazby a zalesfiovania, generujucim rézne
Cisté financné toky (NCF) v Case, pri réznej urokovej miere. Simulacie boli s prihliadnutim na
dosiahnutie rovnovazneho stavu zasoby, prirastku a tazby, a na vypoctovy vykon,
nastavené na simula¢nu dobu 400 rokov a simulaénu periédu 10 rokov.

Ciel 4: Vytvorenie programového rieSenia pre automatizovanu aktualizaciu modelov
cielového stavu lesa pri zmene vstupov maticového modelu.

Zdrojovy kod softvéru SilvaMod je napisany v prostredi R. Vstupnymi adajmi su 1)
vychodiskovy stav lesa, t. j. poCetnosti stromov po hribkovych stuprioch, 2) koeficienty
regresnych rovnic, 3) ceny dreva na pni podfa kvality kmena a hrabkovych stupriov, 4)
vySka urokovej miery v %, 5) kéd indikujuci zapojenie alebo nezapojenie optimalizatora
tazieb a optimalizatora zalesrfiovania. Vystup je tabulka uloZzena vo formate csv, ktora
obsahuje udaje o pocte, kruhovej zakladni, objeme a cene Zivych, vytazenych a odumretych
stromov po hrubkovych stuprioch osobitne pre kazdu simulacnu periodu. Z tychto udajov sa
pocitaju parametre modelov cielového stavu lesa.

Suhrn vysledkov rieSenia projektu a naplnenia ciel'ov projektu v anglickom jazyku
(max. 20 riadkov)

Objective 1: Analysis of the results of research on primeval forests and preparation of
documents for the derivation of basic models of their dynamics.

As part of this goal, extensive databases of existing measurements were processed, and the
improvement of growth and reduction of beech mortality was demonstrated, reflected in the
trend of natural increase in the representation of this tree species at the expense of other
trees over the last 50 years. The share of spruce gradually decreased during the monitored
period. We attribute these phenomena to climate change. From the comparison of the
diameter distribution of primeval forests with the aimed transformation of the diameter
structure during conversion to a mosaic close to nature forest, it emerged that the diameter
distribution can be successfully transformed by targeted logging.

Objective 2: Derivation of matrix models of the dynamics of close to nature forests using
knowledge from research on primeval forests and data from the National Inventory and
Monitoring of Forests SR.

Based on the analysis of the data from the primeval forests, the following regression
functions of the sub-models of the ecological part of the matrix model were proposed: For
the ingrowth, a Weilbull function starting with the zero value y at the basal area of the stand
x = 0. For the transition to a higher diameter class (increment), multinomial logistic
regression, enabling a decade-long transition to a higher, even to the next diameter class.
For the probability of mortality, binomial logistic regression with the addition of a quadratic
component for the simultaneous expression of competitive mortality in the lowest and
physiological mortality in the highest diameter classes. In this form, the final matrix models
were parameterized with the data of two NIML SR cycles for the three natural basic forest
types of Slovakia. The fourth model, the model of reconstruction of non-native spruce, was
parameterized by NIML data and two other projects in the territory of the Western Beskydy
Mts.

Objective 3: Integration of the harvest optimizer into matrix models and derivation of the
economically optimal target state of the basic types of managed forest close to nature.

The algorithm for the matrix optimization solution consists of 1) a set of regression equations
for ingrowth, increment, and mortality derived under objective 2, and 2) an integrated
Subplex optimizer set to iteratively maximize the forest's net present value (NPV) by
different harvest and afforestation regimes, generating different net financial flows (NCF)
over time, at different interest rates. The simulations were set for a simulation period of 400
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years and a simulation period of 10 years, taking into account the achievement of the
equilibrium state of stock, growth and harvest, and computing power.

Objective 4: Creation of a software solution for the automated updating of models of the
target state of the forest when the inputs of the matrix model are changed.

The source code of the SilvaMod software is written in the R environment. The input data
are 1) the initial state of the forest, i.e. j. number of trees by diameter classes, 2) coefficients
of regression equations, 3) prices of wood per stump according to trunk quality and diameter
classes, 4) interest rate in %, 5) code indicating engagement or non-engagement of the
harvest optimizer and the afforestation optimizer. The output is a table saved in csv format,
which contains data on the number, basal area, volume and price of live, harvested and
dead trees by diameter class, separately for each simulation period. The parameters of the
models of the target state of the forest are calculated from these data.
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