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Forest Fire Risk Assessment Model Using Remote Sensing
and GIS Techniques in Northwest Algeria

Abdelkader BENGUERAI — Khéloufi BENABDELI — Abdelkader HARIZIA

Faculty of Nature Sciences and Life, Laboratories for Geo-Environment and Spatial Development (LGESD),
University of Mascara, Mascara, Algeria

Abstract — Algeria loses more than 20,000 hectares of forest to fire every year. The losses are costly
both in terms of life and property damage, which weighs heavily on the environment and the local
economy. Geomatics can complement the conventional methods used in fire hazard prevention and
management. The objective of our study is to use the geographic information system (GIS) and the
Remote Sensing (RS) technology to develop the fire risk assessment map of the forest massif of
Zelamta located in Southeast Mascara province (Northwest Algeria). The methodology employed was
an empirical model involving three parameters that can control fire behaviour: geomorphology,
vegetal cover combustibility, and human activity. The obtained results can help in the decision-making
process as well as provide cartographic support for forest fire prevention and management.

mapping / fire risk model / Zelamta forest / Algeria

Kivonat — Erdétiiz kockazat becslése tavérzékelési és GIS technikak segitségével északnyugat
Algériaban. Minden évben tobb mint 20.000 hektar erdd pusztul el Algéridban. A tiizek jelentds
személyi-, kornyezeti-, anyagi- és gazdasagi karokat okozhatnak. A geométerek kiegészité eszkdzok
lehetnek a tlzveszély megelézésében és kezelésében alkalmazott hagyomanyos modszerekkel.
Célunk, hogy a Foldrajzi Informacios Rendszert (GIS) és a tavérzékelést hasznaljuk egy Zelamta erdei
tizveszElytérkép kifejlesztésére, amely délkeleti Mascara tartomanyban taldlhatdé Algéridban. Az
alkalmazott modszertan egy empirikus modell, amely harom paramétert tartalmaz, amelyek
emberi tevékenységet. A kapott eredmények értékes kartografiai tamogatast jelentenek az erddtiizek
kezelésében és megelézésében, valamint a dontéshozatalban.

térképezés / tiizkockazati modell / Zelamta erdé / Algéria

1 INTRODUCTION

Forest fires have a strong impact in Mediterranean basin countries where the annual fire-
affected area exceeds 700,000 hectares. On average, Mediterranean basin countries
experience 60,000 forest fires annually, with some countries experiencing over 20,000 per
year within their own borders. Though many forest fires can be attributed to the combination
of dry weather conditions and other natural factors such as lightning. Humans remain the
principal cause of most forest fires in the Mediterranean basin, be it unintentionally through

" Corresponding author: abdelkader.benguerai@univ-mascara.dz; DZA-29000 MASCARA, B.P 305, Algeria



https://doi.org/10.2478/aslh-2019-0001

10 Benguerai, A. et al.

negligence (cooking fires, campfires, cigarette butts) or intentionally through purposeful acts
of arson. Regardless of cause, the forest fires destroyed annually up to 700,000 hectares of
forests in Mediterranean countries (C.R.S.T.R.A 2009).

According to the Algerian Directorate General of Forests (DGF), in 2017, forest fires
burnt 13,414 hectares, of which 37.24% are forests; 31.41%, are matorral shrub land; and
31.35% are brushwood. Between June 1 and October 5, 2017, 2803 fires were registered. This
highlights the importance of forest fire mapping, which contributes to the development and
updating of risk prevention plans and is also an essential link for post-crisis management. On
the other hand, forest fire mapping allows for the spatial location of the disaster area. Forest
fire mapping also facilitates the analysis of the various factors involved in the fire process,
and contributing to understanding of the fire behaviour. Whatever means against forest fires
are employed, there is no doubt that the damage these fires cause is usually quite significant
by the time the fire is declared. This is why prevention remains the only effective way to fight
this phenomenon. The variety of factors that control the risk of forest fires means that
prevention by traditional means is still insufficient. This is concretized through interactive
cartography and with modern and rapid means such as GIS and Remote Sensing.

The objective of this study is to evaluate the susceptibility of the areas exposed to fire
risk through a model that spatially integrates multi-source data. Spatial variability mapping of
the main factors in forest fire risk allows for a characterization based on a thematic analysis
through the modelling of the physical and human parameters.

Forests fires are common in Algeria. During period spanning 50 years, from 1962 to
2012, an average of 1,415 fires were reported per year. These fires burned about
30,000 hectares annually (DGF 2012), leading to a total loss of around 1,693,443 hectares.
This figure might not seem significant at first, but it is quite alarming when it is compared to
the total forest area of Algeria, which is only four million hectares (Berrichi et al. 2013). The
forest area destroyed annually by past fires is 35,000 ha (1961 to 2001). Financial losses
related to the sole commercial value of wood (and cork), control operations, and vegetation
restoration are estimated at 2631 million dollars a year (DGF 2007).

2  MATERIALS AND METHODS

2.1 Location of study area

The study area is located in northwest Algeria, forty kilometres southeast of Mascara town
(Figure I); the state forest is about 2 km from the town of Zelamta. The exact coordinates of
the study area are 0.532° east longitude and 35.278° north latitude.

The study area is in the plateau of Tagremaret on the northern slope of the Saida
(province) mountains and extends over an area of 8,719 ha (Table 1).The dominant species
here is Tetraclinis articulata, which dominates by more than an 8/10 ratio. In the 1960s, the
good quality trees grown here provided up to 3,000 tons of firewood through receptacle
operations. The soil is a browned rendzine type with a calcareous crust and a sandy silt
texture. The study area is in a forestry formation belonging to the Barbary red cedar
matorrals; its average floristic composition is as follows:

Holm oak (Quercus rotundifolia Lam.) with a recovery rate of 30%

Barbary thuja (Tetraclinis articulata (Vahl) Mast.) with a recovery rate of 25%
Narrow-leaved mock privet (Phillyrea angustifolia L.) with a recovery rate of 15%
Mastic pistachio (Pistacia lentiscus L.) with a recovery rate of 10%

The area exudes typical Mediterranean climatic factors; it is semi-arid with an average
annual rainfall of 350 mm and a dry period spanning six months from May to October.

Acta Silv. Lign. Hung. 15 (1), 2019
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Figure 1. Localization of the study area

2.2 Land use in the study area

The land use/cover in the study area contains agriculture, forest, rangeland, and urban
agglomerations (7able I). The land use emphasizes the impact of highly flammable litter,
which is the origin of many fires. When fire begins in the litter, it is often difficult to detect.
Fire consumes the litter slowly before spreading to the herbaceous layer, which is of greater
flammability. Wind can also spread fire over large areas, thereby increasing the overall fire risk.

Table 1. Land cover/land use areas in hectares

Land cover Area (ha) Percent
Agriculture 9930.07 41.49
Rangeland 5210.88 21.77
Agglomeration 71.45 0.30
Matorrals 5578 23.31
Forest 3141 13.13

v Legend
é | Forest
B Matorral
Rangeland
Agriculture
Agglomeration
Building
National road
Roads
— Temporary Oued

35,20°N

o Water source
Projection : UTM, Zone 31 North

Datum : WGS-84

i

Figure 2. Occupation and land use mapping of the study area
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The forest stand characteristics such as structure, existence of vertical or horizontal
discontinuities, vegetation cover density, and species composition may have an effect on a
forest stand’s sensitivity to fire. The intensity, frequency, and size of forest fires are related to
the physical (climatic factors) and vegetal environment. The creation and spread of fires
are dependent on the combination of different natural conditions and human activity
(Zaoui 2013).

The material used in the present work is composed of Maplnfo 7.0 and ENVI 4.3
software, vector and Raster-based ASTER (Advanced Space-borne Thermal Emission)-
GDEM (Global Digital Elevation Model); the data are posted on a 1 arc-second
(approximately 30-m at the equator) grid and referenced to the 1984 World Geodetic System
(WGS84)/ 1996 Earth Gravitational Model (EGM96). This paper analyses also the utility of
the vegetation index (NDVI) for mapping the land cover characteristics over the study area.

The set of cards made were imported in "grid" format to be classified according to the
codes assigned to each card by the MapInfo Vertical module equipped with a calculator
allowing for the application of the model formulas used by crossing the obtained maps.

Forest fire risk assessment has been the subject of several research papers
(Dagorne — Castex 1992, Mariel 1995) and several indices of fire risk have been established.
The index that interests us in the present work is designed by (Dagorne et al. 1994) for
Mediterranean forests. The choice of this model is justified by the significant combustibility
of the vegetation found in the Mediterranean basin and the intersection of this vegetation with
the topographical parameters. The possibility of accessing information, which enables it to be
evaluated and taken into consideration, was another justification factor.

The index is given by the following formula:

RI = 5CI + 2MI + 3HI (1)
Where:
RI: Risk index;
CI: Combustibility index;
MI: Topomorphological index;
HI: Land-use index.

Based on the principle of the weighted sum, this index is designed as a model assigning
each parameter a weighting coefficient based on its influence on fire spread. Risk indices are
calculated by mathematical models that set, as input data, the parameters influencing fires and
different weights (Siachalou et al. 2009).

The parameters selected in this study were the moisture of the vegetation type, the slope,
the aspect of the anaglyph, and the distance from roads and settlements
(Chuvieco — Congalton 1989, Jaiswal et al. 2002, Erten et al. 2002).

2.3 The Combustibility Index (CI)

The combustibility index CI was calculated from the formula developed by (Alexandrian
1982). It is expressed in the following form:

Cl =39+ 0.23BV(E1+ E2—7.18) (2)

BV represents the bio-volume of the plant formation obtained by adding the percentages
of recovery of each biological strata; E1 and E2 are the caloric intensity scores (between
1 and 9) of the both dominant high (E1) and low (E2) ligneous plant species. The bio-volume
intervenes differently according to the value of the sum (E1 + E2). If this sum is less than 7.18
(low fuel or low calorific species per unit of low bio-volume), the index remains below 40
(Missoumi et al. 2002). If this is not the case, it will be all the higher as bio-volume is

Acta Silv. Lign. Hung. 15 (1), 2019
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important (Cemagref 1989). In order to have a flammability rating for each plant species, two
elements are needed: the average time of ignition and the frequency of ignition; the notes of
calorie intensity of the main dominant species of Mediterranean vegetation established by
Cemagref from which (E1 and E2) were extracted with the exception of (Tetraclinis
articulata), which has been likened to the (Jumiperus oxycedrus), the closest species.
(E1 =5 for Quercus rotundifolia, E2 = 7 for Tetraclinis articulata, E2 = 5 for Phillyrea
angustifolia and E2 = 4 for Pistacia lentiscus) of the Zelamta State Forest.

2.4 The Topomorphology Index (MI)

Three morphological parameters are involved in the topomorphological model: elevation,
slope, and aspect data. These were extracted from SRTM DEM, which were determined by
remote sensing satellites such as Shuttle Radar Topography Mission with Digital Elevation
Models. At the end of the 2014 year, the United States government released the public
availability of enhanced global SRTM topographic data will greatly benefit international. This
l1-arc second global digital elevation model has a spatial resolution of about 30 meters. It
covers most of the world with an absolute vertical height accuracy of less than 16 m.
The combined effect of these three parameters is expressed by the following equation:

MI=3p+(mxe) (3)

Where:

p is the slope (coded between 1 and 4) (Table 3);

m: represents the morphology of the area (coded 1 to 4) (Table 5) and

e: exposure (coded 0 to 3) (Table 4).

The results of combining and weighting of various topomorphological parameters are
listed in Table 6.

2.4.1 Slope (p)

Slope is a parameter that influences the fire spread rate (Weise et al. 1997). Fire moves more
quickly up aslope and less quickly down a slope (Kushla et al. 1997). Also, the fire spread
rate may rise on steeper slopes due to flames being angled closer to the ground surface, and
the process of heat convection can be enhanced by wind effects due to fire behaviour

(Whelan 1995, Neary et al. 1999, Adab et al. 2012).

2.4.2 Morphological topography index (m)

Topography plays an important and leading role in the behaviour of forest fires by influencing
the morphology and speed of fire spread. In general, topographic influences vary depending
on slope inclination, exposure, and elevation of the soil. Unlike atmospheric agents,
topography is a constant factor from which it is possible to determine and especially predict
the influence of fire spread.

2.4.3 Aspect (e)

Aspect is correlated with the amount of solar energy and the surrounding area receives the
radiations. Vegetation is typically drier and less dense on south-facing slopes than on north-
facing ones (Anderson 1982, Prasad et al. 2008). Drier fuels are more exposed to ignition risk.
In addition, easterly aspects get more ultraviolet and direct sunlight earlier in the day than
westerly aspects do. Consequently, easterly aspects become drier faster (Anderson 1982,
Prasad et al. 2008). In this study, elevation, slope, and aspect elements were obtained from
ASTER-GDEM data, which were determined by remote sensing.

Acta Silv. Lign. Hung. 15 (1), 2019
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2.5 Distance from road and settlement networks

Anthropogenic factors are important variables that influence fire occurrences, as represented
by some elements such as proximity to roads and settlements. It is recognized that human
activities are a basic factor affecting fire occurrences (Adab et al. 2012). The more intense the
human activities, the more fire risk increases. Distance to roads and road density are
potentially important parameters because roads allow people to go into the forested and
grassland areas and cause ignitions (Adab et al. 2012). Also, forested and grassland areas near
settlements are more prone to fire ignition because accidental fires can be caused by residents
inside the forest (Jaiswal et al. 2005).

3 RESULTS AND DISCUSSION

3.1 Map of the combustibility index (CI)

The combustibility index (CI) map was extracted from the vegetation map, the NDVI map,
and the combustibility of each species. Vegetation density, or relative biomass, is considered
a significant factor in the spread of forest fires.

On the other hand, calculating the Normalized Difference Vegetation Index (NDVI)
determines that it was similar to that established by Cemagref (1989) with the exception of the
Barbary thuja (Tetraclinis articulata), which has been assimilated into the
Juniperus oxycedrus, which is the closest species (Missoumi et al. 2002).

The combustibility index values are coded in four classes reflecting, as best as possible,
the fuel distribution in the Zelamta massif in relation to the combustibility of each species.
The results of this treatment are illustrated by the combustibility index map (Figure 3) and
summarized in Table 2.

0,45° E 0,55°E

35,30°N

Legend
B No combustibility
I Moderate combustibility
High combustibility
B Extreme combustibility

3520°N

Projection : UTM, Zone 31 North
Datum : WGS-84

Figure 3. Map of combustibility index of Zelamta forest
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Table 2. Combustibility classes of the study area (CI)

Combustibility classes  Risk zones Note ha Area %
CI<40 No combustibility 1 77.8 0.33
40 <CI< 50 Moderate combustibility 2 13060 54.57
50 <CI<60 High combustibility 3 10040 41.95
60 <CI Extreme combustibility 4 753.6 3.15

Vegetation is characterized by its combustibility, which represents its ability to spread
fire by burning. It therefore reflects its way of burning, releasing more or less significant
amounts of heat. Combustibility depends on the structure and dominant species of the forest.
It is correlated with the amount of fuel biomass associated with the fuel structure and its
composition. More than 41% of the study area present a high combustibility index and only
3.15% has a very high combustibility index (Table 2, Figure 3), while the high and very high
combustibility index are concentrated in the forest. This can be explained by the dominance of
thermophilic species such as Pistacia lentiscus, thermophilous conifers such as
Tetratclinis articulata, and sclerophyllous species such as Quercus rotundifolia. These
species are very susceptible to fire and can increase the spread risk.

3.2 Topomorphology index (MI)

3.2.1 Slope map
Slope modifies the relative flame inclination with respect to the ground during an upward
propagation and the efficiency of heat transfers by radiation and convection; ascending fires
burn more quickly on steep slopes.

On the other hand, a descending foresees its speed considerably slowed down. Four slope
classes were selected based on their incidence, frequency of occurrence, and spatial
distribution (Figure 4, Table 3).

0,48 0.58°

Legend
P<=15%
15 <P <=30%
30 <P <= 60%
Il P > 60%

35,20°

Projection : UTM, Zone 31 North
Datum : WGS-84 0

5

Km

Figure 4. Slope map of the study area
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Table 3. Grading of slope

Area
Grade Slope Classes ha % Slope

1 P<15% 17139.13 71.62  Low slope with no impact on the spread

) 15 <P <30% 5393 2954 Moderatq slope causing a moderate
acceleration of the fire front

3 30 <P < 60% 1378 576 High slope, significant acceleration of
the fire front

4 P> 60% 2127 0.09 Slope with very high risk of turbulence,

jumping fire, conflagration

The slope map shows a strong to very steep slope within the forest, whereas the low to
very low slope class is found in crops and rangelands.

3.2.2 Aspect map

The aspect reflects slope situation with respect to prevailing winds and sunshine. Indeed, it
also plays an indirect role on fire progression. On slopes exposed to winds, spread differs
from those in downwind exposures. In general, the southern and eastern slopes have the most
favourable conditions for fire (Table 4).

Table 4. Exposure Classes

. . Area

Orientation Code ha A
North 0 5245 21.91
West 1 49334 20.62
South 2 6475 27.06
East 3 7278 30.41

Four main classes of aspect were selected, with each exhibition corresponding to a
quarter of 45° centred on the average value of this exhibition. These classes are determined
with respect to the four cardinal points with values expressed in degrees with the north as
their origin (Table 4).

045°E 0,55°E

35,30°N

Legende

I North

West
I South
I East

Projection : UTM, Zone 31 North
Datum : WGS-84

3520°N

Figure 5. Aspect map of the study area
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The aspect map shows only 30.41% of areas with easterly exposures and 27.06% with
southerly exposures, but the adverse exposures are in the east. Sunshine and prevailing winds
(west and north) account for less than 43% of the total area study.

3.2.3 Topomorphological map (m)

The position in the slope or the topomorphology “m” weights the intensity of the fire
according to the position on the relief. The topomorphology was selected according to the
classes of slopes derived from the Digital Elevation Model (DEM).

Table 5. Classes of the topomorphology "m"

Morphology classes Grade Morphology of study area ha Area Y
(]
P<3% 1 Plain (No fire jumps) 1732.25 7.24
3<P<12.5% 2 Lower piedmont (Less fire jumps) 13752 57.46
12.5<P<25% 3 High Piedmont (more fire jump) 6076.5 25.39
P>25% 4 Steep (Jumps fire accentuated) 2370.65 9.91

More than 92% of the studied area comprises mountains and high foothills, while less
than 8% are constituted by plains and foothills.

0,48° 0,58°

35,30°

Legend
P <=3%
3<P<=12.5%
Bl12.5<P<=25% &
P > 25%

35,20°
|

Projection : UTM, Zone 31 North
Datum : WGS-84

Figure 6. Topomorphological map of the study area

Topographic variables that affect fire behaviour include elevation and aspect, which affect
moisture gradients, and topographic features like narrow valleys or steep slopes, which
influence fire spread. Topography also affects vegetation distribution and productivity because
it impacts energy and water balances and, therefore, precipitation, runoff, temperature, wind,
and solar radiation (Alexandre et al. 2015). The forest is crossed by a continuous chain of
mountains, which favours the spread of fires and hinders human intervention.

Acta Silv. Lign. Hung. 15 (1), 2019
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3.2.4 Map of the Topomorphological Index (MI)

The topomorphological index is obtained from the superposition of the slope map, the
exposure map, and the topomorphology. All of these are integrated with the formula (3) of the
topomorphological index in the GIS. The results obtained correspond to the four
topomorphological classes, which are summarized in Table 6 according to their importance.

Table 6. Classes of the topomorphological index

MI Code Signification T Area %
MI< 9 1 Unfavourable 18116 75.70
9<MI< 14 2 Moderately favourable 3283 13.72
14<MI<19 3 Favourable 2249.15 9.40
MI> 19 4 Very favourable 283.25 1.18

75.70% of the study area is unfavourable to fire intensification and is far from the forest.
The moderately favourable conditions for fire risk amount to 13.72%. On the other hand
areas, constituted by forest formations, with high (9.40%) and very high values (1.18%) of MI
(Table 6, Figure 7) are very susceptible to fires.

0,45° E 0,55°E
A
T A -
h‘*.‘ 3 \;
z . ‘\\ y 4
| Legend :
MI< 9 Eas > R T 7
SR AL g FA A ER N
9< MI <14 CENS e
14<MI< 19 L F 3 o3
B Vo> 19 £ s N 7
‘ﬂ \r:l:.,_‘
AT X
z vl
g L2
Nn
a
Projection : UTM, Zone 31 North
Datum : WGS-84 Q 2 Km

Figure 7. Map of the Topomorphological Index

3.3 Human Occupation Index (HI)

The HI is compiled according to the formula adopted in the two indices, neighbourhoods, and
human occupations. It is assimilated by buffer surfaces of 100 m, and by other roads and
roadways according to the degree of traffic, and around homes located within or on the edge
of the forest. The human occupation index reflects small areas where the risk of forest fires
begins; this situation is due to the low human densities and the low density of the road
network implanted in the forest.
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3.4 Fire Risk Index Map (RI)

The calculation of the fire risk index is the result applying the formula (1) cited above to the
intersection between layers of the combustibility index, the layer of the topomorphological

index, and the index of human activity:

Table 7. Classes of the Fire Risk Index (RI)

Fire risk classes Signification Area (ha) Percent of area study
RI<6 Low Risk 16718 69.86
6 <RI<9 Moderate Risk 251.4 1.05
9<RI<12 High Risk 6391 26.71
RI>12 Very High Risk 571 2.39

The forest cover spans 8,719 hectares (36.44%) of the study area (Table 1); the high and
very high risk represents successively 26.71% and 2.39%, which generally characterizes the
forest (Table 7, Figure &8).This is explained by the topomorphological conditions
unfavourable to fire outbreaks (steep slopes, exposure to the south and east).In addition, the
forest is dominated by a high combustibility index, which maximizes the risk of fires. This
requires silvicultural work and the creation of an opening to pastures according to periods by
respecting the standards of the pastoral charge per livestock unit.

This conclusion is confirmed by exploiting the statistical data of fires from 1985 to 2006;
we recorded a total burned area of 779,872 ha from 32,354 fires. The average area per

household is 24.10 ha (Arafa 2008).

0.45°E

0.55°E

35.30°N

Legend
I Low Risk
I Moderate Risk
High Risk F
B Very High Risk  _|*

35.20°N
g

Projection UTM zone 31 north WGS 84

Figure 8. Map of the Fire Risk Index
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3.5 Validation of forest fire risk model

Results validation was performed through field trips, Fire Service documents, and interviews
with the forest conservation managers. In this context, it should be noted that no information
card for past fires was available.

The main fires to which our study area has been submitted are presented in a form. These
sheets provide information on the characteristics that make it possible to understand the
natural conditions of combustion and fire propagation. They also provide information
regarding damage, intensity, and fire surface.

4 CONCLUSION

Forest fires have been serious menace in Northern Algeria. During the period from 1985 to
2010, 42,555 fires affecting a forest area of 910,640 hectares were reported. The fires are
concentrated mostly in August (Meddour et al. 2013). The results obtained in the present
research are based on modelling using Geographic Information Systems in fire risk mapping,
which is increasingly used for the study of natural and socio-economic phenomena. This tool
is essential and complementary to decision making and is operational in fire risk management.
The fire risk map made as part of this study can help forest managers and forest agencies
easily locate high risk fire zones and can also help these authorities take preventive policies to
limit the loss of human life, natural resources, and property. Forest fire risk prevention
policies should be oriented toward land use planning and urban planning from a sustainable
development perspective.
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Insulation Panels Made from Thermally Modified Bark
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Abstract — Thermally treated and ground poplar bark was used as the raw material for pressed bark
insulation panels. Bark chips were treated for one, two, and three hours at 180 °C after a slow warming,
drying process. The physical and mechanical properties of the pressed panels were investigated and
compared to each other and to the control panel made of untreated bark chips. Thermal conductivity
showed slight deviations and ranged from 0.064 — 0.067 W-m"-K"'. The MOR and MOE showed a
significant increase of 100%. The internal bond increased by 27% while the water absorption and thickness
swelling decreased by 53.8% and 69.1% respectively. Panel density did not change significantly because
the target density was the same for every panel type. The mechanical and physical properties of thermal
insulation panels made of heat-treated chips increased significantly.

thermal insulation / thermal modification / bark panel

Kivonat — Orolt és hikezelt nyarfa kéregbdl késziiltek hészigetelé panelek. A kéreg apritékot
szaritads céljabol lassan melegitettilk 180 °C-ra, majd ezen a hémérsékleten 1, 2, illetve 3 éran at
hokezeltik. Az elkésziilt panelek egyes fizikai €s mechanikai tulajdonsagait a kontrol, kezeletlen
anyagbol késziil panelek tulajdonsagaival vetettiik 6ssze. A panelek hévezetése kis szorast mutatott:
0,064 — 0,067 W-m™-K™" értékek kozott. A hajlitd szilardsag (MOR) és a rugalmassagi modulusz
(MOE) jelentésen (100%-kal) novekedett. A belsd kotés (IB) 27%-kal ndvekedett, mig a vizfelvétel és
a vastagsagi dagadas 53,8, illetve 69,1%-kal csokkent. A panelek silirlisége nem valtozott
szamottevéen, mivel mindig ugyanaz volt a célsiirliség. Osszességében a fizikai és mechanikai
tulajdonsagok kedvezden valtoztak a hokezelés hatasara.

hdszigetelés / hékezelés / kéreg panel

1 INTRODUCTION

As most researchers have accepted climate change, reducing energy consumption has become
increasingly important. One method for reducing energy demand for buildings is thermal
insulation, and many regulations to improve the insulation of buildings have been passed. The
EU has set a goal for all new building to be nearly-zero energy buildings the end of 2020.
On the one hand, this has led to an increased variety of available building insulation materials.
On the other hand, the importance of natural-based, recyclable materials and solutions is
increasing and is expected to continue growing in the future as environmental aspects become
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more pressing. Therefore, research focusing on natural-based insulation materials 1is
expanding. Several studies on the insulation of natural materials have been completed
including rice husk, sugar cane, coconut fiber, (Panyakaew — Fotios 2008), cotton stalk fibers
(Zhou et al. 2010), various grasses (V¢jelien¢ et al. 2011), papyrus (Tangjuank — Kumfu 2011),
pineapple (Tangjuank 2011), jute (Fadhel 2011), oil palm (Manohar 2012), wool (Zach et al.
2012), wood ashes, cotton, animal hair (Rébék-Nagy — Pasztory 2014), plant stalks, textile waste
and stubble fibers (Binici et al. 2014) and straw (Volf et al. 2015). The thermal conductivity of
insulation made of wood or other plant fibers ranged between 0.037 — 0.065 W-m™ K" and
similar thermal conductivity was measured by other researchers (Hurtado et al. 2016,
Schiavoni et al. 2016, Veitmans — Grinfelds 2016). Bark was also among the investigated
materials (Kain et al. 2013, Pasztory — Ronyecz 2013, Pasztory et al. 2017b).

The thermal modification of wood is well known. With heat treatment, dimensional
stability and resistance against wood degrading organisms increases, while some strength
properties decrease (Seborg et al. 1953, Rowel — Youngs 1981, Hill 2006). Many variables
influence the results achieved during heat treatment including tree species, chamber design,
treatment duration and temperature, closed or open system, medium, etc. (Rapp 2001, Militz
2002, Hill 2006, Esteves — Periera 2009, Navi — Sandberg 2012, Bak — Németh 2012, Horvath
— Csupor 2012, Sandberg — Kutnar 2016).

Boards are heat treated mainly to reduce water uptake and thickness swelling. Lehmann
(1964) treated the chips at 204 °C for 15, 30, and 45 minutes and found that particleboard
dimensional stability increased slightly, but strength properties decreased. Tomek (1966)
studied the heat treatment (1-8 minutes; 230 — 300 °C) of oak chips. The water absorption
(WA) and thickness swelling (TS) of the particleboard made from the treated material was
reduced; the modulus of rupture (MOR) increased. Lee et al. (2017) investigated the physical-
mechanical properties of particleboard made from heat-treated rubber wood (Hevea
brasiliensis (Willd. ex A. Juss.) Miill.Arg.). Four different temperatures (50, 100, 150 and
200 °C) and three different durations (one, two, three hours) in dry and wet conditions were
investigated. The heat treatment of the particles improved the dimensional stability, but
mechanical properties decreased with the duration of the heat treatment. Ohlmeyer —
Lukowsky (2004) investigated single layer pine particleboard. The particles were treated at
240 °C. The modification decreased the EMC, the WA, and the TS. The internal bond (IB),
the MOE, and the MOR of the particleboard decreased as well. Mendes et al. (2013)
compared the effect of thermal pre-treatment of strand type particles on the physical-
mechanical properties of OSB panels produced from Pinus taeda L. The particles were treated
at 200 °C and 240 °C. In relation to control panels, thermal treatment of particles at 200 °C
negatively affected their physical and mechanical properties, while thermal treatment at
240 °C significantly improved their physical properties and weakened their mechanical
properties. Paul et al. (2006) examined the physical and mechanical properties of OSBs made
from Scots pine (Pinus sylvestris L.) chips treated at 220 °C and 240 °C for 30 minutes, which
resulted in decreased thickness swelling and increased dimensional stability. The pre-
treatment left the internal bond strength unaffected and greatly reduced the bending properties
(MOE, MOR). Boonstra et al. (2006) investigated a two-stage steam pre-treatment (with
temperatures below 200 °C) of particleboard made of Norway spruce (Picea abies (L.) H.
Karst.) and Scots pine (Pinus sylvestris L.) chips. The WA and TS decreased, as did the IB.
Kwon — Ayrilmis (2016) investigated the physical and mechanical properties of flakeboard
made of heat-treated flakes (at 150, 170 and 190 °C; 2 hours). The TS, WA, MOR, MOE
decreased as temperature increased, while IB strength increased.

Sometimes thermal post-treatment was used, but steam injection and post-treatment only
work with isocyanate, PMUF, MUF, and phenol-formaldehyde adhesives (Boonstra et al.
2006). The swelling of the heat-treated particleboard decreased in tests by Ernst (1967).
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Suchsland — Enlow (1968) reduced the swelling with one to two hours of heat treatment at
218 °C, and the mechanical properties of phenolic bonded particleboard were not adversely
affected. Menezzi — Tomaselli (2006) examined the effect of thermal post-treatment on OSB
dimensional stability. The thermal treatment was effective and reduced the TS, EMC, but did
not affect WA. The longer the treatment, the better the dimensional stability became. Oliveira
et al. (2017) evaluated the effect of post-heat treatment on the physical and mechanical
properties of MDF panels. The dimensional stability of the MDF increased, but all the
thermally treated panels revealed a significant decrease in their MOR and MOE. Ayrilmis et
al. (2009) also examined the thermal post-treatment of MDF. The heat treatment improved the
TS, but WA and linear expansion properties were adversely affected. The MOR and MOE
values decreased with increasing temperature. H’ng et al. (2012) post-heat treated
particleboard made of rubber wood (Hevea brasiliensis (Willd. ex A.Juss.) Miill.Arg.) in a
laboratory press at 100, 150, and 180 °C for 90, 180, and 270 seconds. The thermal treatment
reduced the TS, but the WA was not affected.

Thermal conductivity also decreases with thermal treatment (Kol — Sefil 2011, Korkut et
al. 2013, Pasztory et al. 2017a). Sekino — Yamaguchi (2010) reduced the thermal conductivity
of their insulation panel made of wood shavings by carbonizing the wood material. Similar
processes can occur during heat treatment as the structure and the composition of the wood
and bark are similar, but not the same.

The main goal of this investigation was to improve the mechanical properties and
examine the thermal insulation property changes of insulation panels made of poplar bark.
The secondary goal was to investigate the effect of thermal treatment duration on thermal
conductivity and other parameters.

1.1 Abbreviations and symbols

TS Thickness swelling (%)

WA Water uptake (wt%)

EMC  Equilibrium moisture content (%)
p Density (kg-m™)

A Thermal conductivity (W-m'K™"
MOE  Modulus of elasticity (MPa)
MOR  Modulus of rupture (MPa)

IB Internal bond (MPa)

2  MATERIALS AND METHODS

2.1 Raw material

In Hungary, 88% of harvested timber are broadleaved species, primarily black locust (Robinia
pseudoacacia L.) and poplar (Populus sp.) (NEBIH 2016). We studied the ‘Pannénia’ poplar
clone (Populus * euramericana (Dode) Guinier cv. Pannonia), which is widespread in
Hungarian plantations and favored by the wood industry because of its advantageous
mechanical properties. Bark was collected from a nearby sawmill (TAEG PLC Wood
Processing Plant); the bark originated from the base to the first branches of the harvested
stems. Inner and outer bark was not separated. The collected bark was hammer ground and
dried to 8% moisture content. Particles smaller than 0.5 mm were fractionated from the chips.
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2.2 Pre-heat treatment

A custom-made labor chamber was used for the treatment. Since the chamber interior is not
airtight from the outside, steam escapes from the system during the treatment and oxygen is
present. The system is an open and dry system. The bark chips were heated from room
temperature to 95 °C in one hour, from 95 °C to 130 °C in another two hours, and then to the
peak temperature of 180 °C top in another 30 minutes. Three different treatment durations
(constant temperature) were used which lasted one (T1), two (T2) and three (T3) hours
(Figure 1). During cooling, the thermal inertia of the chamber was exploited; hence, the
specimens were cooled to 25 °C in about 15 hours. Three panels were produced from each type.

Figure 1. Treated raw materials
(C — control; Tl — one hour treatment, T2 — two hours treatment; T3 — three hours treatment)

2.3 Pressing conditions

A laboratory hot press (Siempelkamp) produced panels of 500 mm x 500 mm x 20 mm with
the targeted density of 340 kg'm™. The pressing time was 18 seconds per thickness
millimeter, at 180 °C, with a pressure of 2.86 MPa, which was reduced after 120 seconds to
2.00 MPa and after an additional 120 seconds to 1.15 MPa to release steam pressure inside the
panel.

2.4 Measurements

The physical and mechanical properties of the panels were examined. The thermal
conductivity (A) of all the panels was measured by a hot plate method. The temperature of the
cold side was 5 °C and the hot side was 15 °C, with a mean temperature of 10 °C according to
the standard (MSZ ISO 8301). To ensure parallel heat flow perpendicular to the surface of the
panel, 15 cm of side insulation was used around the specimens. Before the thermal
conductivity measurement, the panel had to reach a steady state, which was determined when
the fluctuation of the last per minute measurement was under 0.002 W-m™-K'. The
measuring equipment made one measurement every minute, and the average of the last
100 measurements was accepted as the measured result of the panel. The averages of the three
data points collected were taken as the results.

Board moisture content and bulk density (p) were calculated from ten samples taken from
the panels. The thickness swelling (TS) and water absorption (WA) after immersion in water
for 2 and 24 hours were calculated according to European standard EN 317 (1993). Ten
50 mm x 50 mm specimens were weighed and their thicknesses measured with an accuracy of
0.01 g and 0.1 mm, respectively. The samples were stored at 20 °C and 65% relative humidity
for seven days before measuring.

Bending strength, modulus of elasticity (MOR, MOE) (EN 310), and internal bond (IB)
(EN 319) were tested using Instron 5506, a universal testing machine. The specimens were
prepared from different areas of the board and cut according to the EN 326-1 (1994) European
standard.
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For color measuring a Konica-Minolta CM-2600d spectrophotometer with an 8 mm
aperture was used SpectraMagic NX software was used to determine the color coordinates
(L*; a*; b*) in the CIELab-system. The positive value range of the a* axis is blue; the
negative range is green; the positive value range of the b* axis is yellow; and the negative
values are blue. The third axis, L*, is perpendicular to the other two, and the lightness values
there were between 0 and 100. Due to the mixed structure of the samples, the measurements
were taken at five points on a mat of 2 cm-thick conditioned chips.

The differences between the panels were evaluated with “Statistica 13” software. To find
means of different treatment that significantly varied from each other, the Tukey-test was run
on the raw data. In this test, the means of every treatment were compared to the means of
every other treatment and the difference between the two means was identified if this
difference was greater than the expected standard error. On the basis of the differences and
the identities of the different variables (MOR, MOE, TS, WA, EMC), the treatments were
grouped to identify the similarities and differences between treatments.

3 RESULTS AND DISCUSSION

The density of the bark panels treated for one, two, and three hours and the control were 336,
349, 352, and 336 kg'm™ respectively. The density of the panels treated for three hours (T3) is
a little higher, which may be caused by the inhomogeneity of the laboratory scale experiment
(Table 1).

The thermal conductivity of the panels was 0.064, 0.065, and 0.067 W-m™'-K
respectively, and the control panels had 0.067 W-m™-K™'. Although the thermal conductivity
of artificial insulating materials is lower (0.015 — 0.045 W-m™-K™"), the environmental impact
of naturally-based insulation is lower. Solid wood’s thermal conductivity is also relatively
low (0.08 — 0.2 W-m™"K™") (Touloukian et al. 1971, Glass — Zelinka 2010), but different
wood-based panels can achieve even better values (0.05 — 0.08 W-m™-K") (TenWolde et al.
1988, Kamke 1989). The thermal conductivity of the panels studied here is located in the
middle of that said range.

The thermal conductivity of wood and wood products is influenced by many factors:
density, moisture content, chemical composition, porosity, grain direction, etc. (MacLean
1941, TenWolde et al. 1988, Ragland et al. 1991, Suleiman et al. 1999). Heat can be
transferred in such panels by heat bridges between the particles and air convection in large
gaps. Because the same weight of treated bark was used to press the panels, there is a similar
amount of air gaps in the panels; only density affects this. Conductivity increases with density
because the amount of solid content increases with density. Parallel to the increasing density
of the studied panels, the thermal conductivity of the panels made of treated bark particles
increased. The T1 panels (one hour treatment) had the lowest thermal conductivity and
density. The control and the T1 panels had a similar density, but the treated panels had lower
thermal conductivity.

Thermal treatment affected the cell walls by changing the molecular structure and
relationships of the wall. During the heat treatment, mass loss is detectable in the wood; first
the transformation and decomposition of the hemicelluloses takes place. The amount of
hydroxyl and carbonyl groups decreases in the cell wall, which allows it to absorb less water.
Due to weight loss, small cavities and voids form in the cell wall (Stone — Scallan 1965,
Tjeerdsma et al. 1998, Tjeerdsma — Militz 2005, Windeisen et al. 2007, Kocaefe et al. 2008,
Mitsui et al. 2008, Yin et al. 2011, Kekkonen et al. 2014, Gao et al. 2019). These processes
cause a decrease in thermal conductivity. On the other hand, we produced panels of almost the
same density from heat-treated materials. Panels made of heat-treated raw material have lower
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thermal conductivity at the same density (T1), and reach the value of control panels at about
5% higher density (T3). This shows the heat treatment had an effect on the microstructural
and chemical levels, but panel density had a greater impact on the thermal conductivity of the
panel than the heat treatment. By using other heat-resistant adhesives and post-manufacture
heat treatments of the finished panels, panel density and thermal conductivity could be
drastically reduced.

Table 1. The physical and mechanical properties of panels, pre-treated with different
durations (T1-T2-T3=one hour — two hour — three hour) and the control (C)

C T1 T2 T3
Physical properties
p (kg'm™) 336.80 (£22.95) 336.40 (£ 13.53) 349.78 (£20.73) 352.29 (*12.74)
EMC (%) 8.88 (£0.22) 8.33 (£0.22) 8.44 (£0.21) 7.66 (£0.17)
WA (wt%) 217.89 (£48.0) 185.57 (£23.58) 123.19 (£25.93) 100.61 (£34.82)
TS (%) 17.67 (£2.84) 10.68 (£2.49) 7.65 (£1.49) 5.45 (£0.72)
Thermal properties
A (W-m'-K™") 0.067 (£ 0.004) 0.064 (£0.003) 0.065 (£0.005) 0.067 (+ 0.001)
Mechanical properties
MOR (MPa) 0.54 (£0.17) 0.45 (40.09) 0.89 (£0.21) 1.08 (£ 0.22)
MOE (GPa) 0.28 (£0.08) 0.22 (£0.03) 0.41 (£0.13) 0.56 (£ 0.06)
IB (MPa) 0.037 (£0.014) 0.032 (£0.018) 0.039 (£0.009) 0.047 (+0.014)

The equilibrium moisture content (EMC) of the control panel was higher (8.88%) than
all of the treated bark panels. The T3 (7.66%) has the lowest EMC. A Tukey-test was
completed on the data. The T1 and T2 created a group, and the control and the T3 were in
individual groups. As a result of heat treatment, the EMC decreased. With increasing
temperature and/or time, EMC decreased (Akyildiz — Ates 2008, Esteves — Pereira 2009).
Heat reduces equilibrium moisture content by degrading the hemicellulos, which is one of the
major hygroscopic components of wood, and by degrading and volatilizing extractives or
further breaking down other low-molecular weight polymers, and increasing cellulose
crystallinity.

The control panels had higher water uptake (WA) (217.89%) and thickness swelling
(TS) (17.67%), than any treated panels. Both the WA and TS decreased parallel with the
duration of the treatment. The one-hour treatment caused the smallest decrease (WA: 185.57%;
TS: 10.68%), and the three-hour treatment caused the highest (WA: 100.61%; TS: 5.45%). The
control and T1 form a group based on the WA, the T2 and T3 form another group based on
both the WA and the TS. Wood swelling decreased with increasing treatment times and
temperature (Boonstra et al. 2006, Winandy — Smith 2006, Kocaefe et al. 2015). The study of
Xiangquan et al. (1997) illustrated that post-treatment of the particleboard manufactured from
fast growing poplars is effective to improve dimensional stability. Thickness swelling
decreased with increasing time and temperature of the post-heat treatment.

As mentioned above, the chemical structure of the cell walls is modified during the heat
treatment, and equilibrium moisture content (EMC), water uptake (WA), and thickness
swelling (TS) decreased (Tjeerdsma — Militz 2005; Boonstra, 2006, Akyildiz — Ates 2008,
Esteves — Pereira, 2009, Kol — Sefil 2011, Kocaefe et al. 2015, Pelit et al. 2017). As bio-based
(lignocellulose) materials are hygroscopic, they absorb water from the surrounding air. As the
thermal conductivity is higher in water than in wood, there are strong correlations between the
moisture content and thermal conductivity as well as the moisture content and air humidity of
the wood and wood products. Since EMC decreases, the panel will contain less water under
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the same conditions; consequently, its thermal conductivity will be lower (Kol — Sefil 2011,
Palumbo et al. 2016, Pelit et al. 2016, Brischke 2017).

The T1 panels had the lowest MOR and MOE, (0.45 MPa; 0.22 GPa respectively), but
these values are similar to the control panel (0.54 MPa; 0.28 GPa respectively). Parallel to the
increasing treatment duration, both MOR and MOE increased. Based on the Tukey-test, C and
T1 formed one group, and the T2 and T3 formed two other individual groups. In most cases,
panels made of pre-heat treated particles or chips, or panels treated after the manufacturing
have lower mechanical properties (MOE, MOR) than the untreated particles, chips, or panels
(Seborg et al. 1953, Lehmann 1964, Rowel — Youngs 1981, Ohlmeyer — Lukowsky 2004,
Lee et al. 2017, etc.). Tomek (1966) found results similar to ours, but this contradicts the
results of the majority of researchers.

If all the properties are examined together (with a Tukey test), the control panel and T1
are often in the same group. T2 and T3 are similar in many aspects and form a group, but in
other cases they are significantly different. That is, one-hour treatment (T1) caused a
relatively small change in the base material, so it is slightly different from the control, while
the ever-increasing treatments (T2 and T3) show increasing changes (Figure 2).

C T1 T2 T3

EMC
TS
WA
MOR
MOE

Figure 2. Grouping the treated and control panels based on the Tukey test

The L*, a* and b* color coordinates of the untreated chips were 42.46, 13.37 and 36.18
respectively. Parallel with the increasing treatment duration, the lightness obviously
decreased, and the red color showed an increasing tendency. The yellow color first increased,
but after two and three hours of treatment, it dramatically decreased (Table 2).

Wood color change during heating is mainly due to the chemical transformation of the
extracts in the temperature range of 100 — 200 °C. The degree of color change, both in an inert
and oxidative atmosphere, increases dramatically between 160 — 180 °C. The lightness of the
wood decreases considerably, and its color shifts towards the less saturated, reddish ranges
(Németh 1998). As treatment time increases, the rate of change significantly decreases and the
color approaches the limit value for each tree species and treatment time. However, a very long
treatment time yields the color characteristics obtained at higher temperatures (Németh 1998).

Table 2. CIELab color coordinates of the control and the treated chips

a* b* L*
C 13.37 36.12 42.46
T1 16.57 45.26 30.59
T2 20.93 37.30 22.15
T3 23.61 22.33 13.07

In general, insulation boards are not visible in wall construction and there was no purpose
for producing visible insulation in this study. However, the degree of treatment is clearly
visible and predictable from the measured colors; the small particle pieces are heated faster
and more evenly than solid wood.
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4 CONCLUSIONS

Heat-treated poplar bark particles are suitable for insulation panels. As described above, it is
possible to produce a panel of heat-treated bark particles as the UF adhesive is able to form a
bond between the heat treated particles. The effect of heat treatment is hardly perceptible on
the mechanical properties of the panels, and the effect of density is stronger: the MOR and
MOE of the panels with higher density, even treated for longer periods, are higher.

The thermal conductivity (0.067 W-m™-K™") of our poplar bark panels lies in the middle
of the heat conducting range of other wood-based panels (0.05 — 0.08 W-m'-K™). The
thermal conductivity of these insulation panels made of bark can be reduced by heat
treatment. By treating the particles with one hour of heat before the panels are manufactured,
the thermal conductivity of a panel — at the same density — decreased to 0.064 W-m™-K™'. In
fact, after three hours of treatment, the thermal conductivity of a panel with a density of about
5% is the same as that of the control panel (0.067 W-m™-K™). That is, by heat treating the
particles prior to panel production, the thermal insulation properties of the panels can be
improved. A big problem with natural thermal insulation materials is that their moisture
content changes in parallel with atmospheric humidity, which strongly influences heat
conduction. Pre-manufacturing heat treatment of the raw material bark changes its chemical
structure, thus decreasing the water absorption and swelling of the manufactured panels.
A three-hour treatment reduced the water uptake to half, decreased the thickness swelling to
one-third, and pushed the EMC down 10%. The significantly lower moisture sensitivity is an
advantages for practical usage such a treated insulation panel.

The study found that treatment duration affects the changes; the longer treatment at the
same temperature causes greater changes in physical and mechanical properties. Color
coordinates can help separate the differences caused within the heat-treated bark chips.
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Abstract — This paper investigated the existence and participation of public and private real estate credit
lines for timber house funding in Brazil. The analysis was completed through face-to-face interviews with
Brazilian timber housing producers. Semi-structured questionnaires were applied in this survey method to
obtain a sectorial approach of the industry. Accesses to full financing for timber housing and credit for the
acquisition of construction materials were the main two issues studied. About 107 producers were fully
evaluated from all sectors. Half of the studied companies offer full housing finance and, simultaneously,
most loans still come from private banks. Credit directed to raw materials emerges as the most common
method of accessing funding for timber-based construction despite the lower economic value of this form
of credit compared to other, more complete financial options. Public banks disseminate partial credit more
frequently because of lower rates and lower restrictions, such as the absence of insurance requirements
against risks from these construction ventures. Full funding proliferation will stimulate this market.

timber house / construction / real estate funding / incentives / interviewing / sectoral research

Kivonat — A fahazak finanszirozasi mddszerei Brazilidban. A tanulmany a fahazak finan-
szirozasara szolgal6 allami és magan ingatlanhitelek meglétét és részesedését vizsgalja Braziliaban.
Az elemzés a braziliai fahaz-gyartokkal folytatott személyes interjuk alapjan késziilt. A felmérési
modszerben félig strukturalt kérdéiveket alkalmaztunk az dgazat szektoralis megkozelitése érdekében.
A vizsgalat két fo kérdését a fahdzak teljes finanszirozasdhoz vald hozzaférés és az épitdanyagok
megszerzéséhez nyujtott hitelek képezték. Koriilbeliil 107 gyartot értékeltiink ki minden agazatbol.
A vizsgalt vallalatok fele teljes lakdsfinanszirozast kinal, és egyidejlileg a legtobb hitel még mindig
maganbankokbdl szdrmazik. A faanyagu épitmények finanszirozasanak leggyakoribb modjat a
nyersanyagokra vonatkozoé hitelek jelentik, annak ellenére, hogy ennek a hitelformdnak alacsonyabb
a gazdasagi értéke mas, teljesebb pénziigyi lehetéségekhez képest. Az allami bankok gyakrabban
nyujtanak részleges hitelt az alacsonyabb kamatlabak ¢és a kevesebb megszoritd tényez6 miatt, mint
amilyen példaul az épitési vallalkozasok kockazataira vonatkozd biztositasi kovetelmények
mell6zése. A teljes finanszirozas elésegitésével a piac stimulalhato.

fahaz / épitkezés / ingatlanfinanszirozas / 0sztonzok / személyes interju / agazati kutatas

" Corr. a: victor@usp.br / engim.victor@yahoo.de; BR-18409-010 ITAPEVA (SP), 519 Geraldo Alckmin, Brazil
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1 INTRODUCTION

Among its main evaluation components, the Brazilian housing shortage includes improvised
homes, rustic houses, and dwellings with excessive densification, cohabitation, and excessive
rent burdens. These dwellings may be singular or combined. (IBGE 2013, FIESP 2016, IBGE
2017). The housing shortage also correlates to dwellings that must be built to replace those
homes lacking safe conditions or to ensure adequate housing for families without residences
(Genevois — Costa 2001).

Housing was a private sector industry in Brazil until the 1930s. No policies to solve
housing deficits existed before then, and initial measures to address the issue of housing for
low-income people only arose later (Pinto 2015). The number of families residing in
precarious housing decreased by about 740,000 (-2.8%) between 2010 and 2014, but
6.2 million families still reside in poor housing conditions, which is a significant number
(FIESP 2016, IBGE 2017). The most effective way to reduce this number is to expand low
interest credit lines to fund both social housing and larger homes for those from more
advantaged social classes.

Federal government programs played a key role in the expansion of housing funding in
Brazil in the past decade (Pinto 2015). As a result, brick masonry has been the most popular
construction method in this Latin American country.

Masonry houses — which have deep roots in Brazilian culture — will prevail in the popular
“My Home, My Life” (Minha Casa, Minha Vida) housing program over the next few years.
This will narrow the field of prefabricated housing systems significantly (Santos 2009).

Despite a restrained beginning, this Brazilian program for social housing development
has provided the insertion of industrialized techniques such as light-woodframe and
steelframe its criteria for acceptable forms of construction. Nevertheless, many restrictions for
other and frequently less popular construction methods exists.

The main Brazilian organization for public funding — Caixa Econdmica Federal —
estimated a 30% increase in popular funding, amounting to R$ 225,000 for the Brazilian
housing program “My Home, My Life” from 2015 to 2016. Local governments continue to
bet on growth and job creation on this program, and has adopted important measures such as
readjustments in the income profile of beneficiary families to increase all people served;
increases in the maximum property value; and reorganization of obstacles present in this
program for the public bidding and hiring of construction companies (Brazil 2017). Due to
these limitations, this paper aimed to study the funding solutions for timber houses in Brazil.
Thereby, this approach justification is also supported by Zani (2013), who demonstrated the
timber housing market has persisted in Brazil since the end of the nineteenth century.

1.1 Theoretical Background

In the early 2010s, Banco do Brasil bank regulations for the “My Home, My Life” social
housing program did not permit funding for wood-based residences (Banco do Brasil 2012).
From 2012, rare initiatives were established in the terms of light-woodframe building
utilization for popular housing. Ferreira (2013) and Brasil (2015) declared that the target
public for such initiatives exclusively includes those families with a monthly income of R$
1,600.00. Ferreira (2013) referred the “Residencial Haragano” as the first light-woodframe
enterprise for the Brazilian “My Home, My Life” housing program, which is situated in
Pelotas, Rio Grande do Sul state, and has 280 units based on 45m*-houses. Platform light-
woodframe technique was also applied to other house allotments as mentioned by Brazil
(2015), who drew attention to “Moradias Nilo” project that included the construction of 66
light-woodframe houses in Curitiba, Parana state. However, other timber houses based on
similar prefabrication were not applied further in this program.
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No timber-based construction systems could attain housing funding for programs that
allow its large-scale application (Kiss 2009). A lack of technical references and standard
documents has persisted over the last decade. Thereby, Brazil (1998) created the Brazilian
Housing Construction Quality and Productivity Program (PBQP-H), whose objective is to
support local efforts to modernize and promote basic attributes from the housing sector, and to
increase service and goods competitiveness. Brazil (2007) created the Technical Evaluation of
Modern Products and Conventional Systems (SiNAT) to prescribe and harmonize
requirements, criteria, and methods for the technical evaluation of traditional or modern
products, processes, and systems in the National System. In addition, Kiss (2009) cited
accredited institutions such as the Technological Research Institute (IPT) and Falcao Bauer
Institute as being responsible for granting the Technical Evaluation Document (DATec) for
housing building system testing, while SINAT rules on evaluation guidelines to stimulate the
modernization in civil construction.

Platform light-woodframe insertion as a new housing technique was allowed in the
Brazilian program “My Home, My Life” and occurred by its accreditation and approval.
Thus, the SINAT 005 guideline to allow light-woodframe technical evaluation as regulated by
PBQP-H (2017) was established for construction systems made with light parts based on
lumber or panel finishing. According to Falcao Bauer (2015), the DATec 020-A typified the
first official two-year-valid document whose focus approves light-woodframe as a
construction technique based on timber for the production of low cost housing.

Although timely, this strategy still restricts wooden house production for the “My Home,
My Life” social program in that only larger companies can present real conditions to charge
high investments to perform all the stages from this evaluation.

Against this direction, whose focus was based on modern application, the Brazilian
Government also authorized wood for housing on simplified construction techniques such as
stilt houses (palafitas) for people living in northern regions in the same “My Home, My Life”
social program (Alves 2014). No SiNAT guideline was openly shared to regulate these stilt
houses, and no DATec was issued to any local company, thereby permitting the production of
this specific low quality wooden construction. This drastic situation sets the precedent for the
production of stilt houses without the support of any technical studies, which proves the real
disadvantages of this example of precarious housing. This situation is really unclear. Over the
years, Blanco Junior (2006), S4 (2009) and Menegassi — Silveira (2015) have detailed that the
Brazilian government had formerly performed a key role in the eradication of stilt houses as
they were considered substandard solutions.

Due to stilt houses utilization in the northern regions, this public strategy can
unfortunately cause the dissemination of an erroneous culture of wooden residences with low
technological and production qualities, prejudicing the market of other timber houses based
on modern techniques. The stimulus towards the use of advanced timber-based house
techniques could eradicate this governmental problem and reduce the housing shortage with
those higher added-value examples.

Some credit lines for wood-based houses in Brazil are available with interest rates
comparable to funding for masonry. This, despite limitations on the number of financial
organizations suitable for this purpose, as well as many restrictions on the type of material
used for houses (Santiago 2012). This convenience has been offered by private banks with
strategic purposes to provide housing finance for medium to high income people. Evidence
that public banking institutions have also provided such funding for timber housing exists, but
this information has not been officially disclosed and is not available to everyone. Thus, if
public housing policies allow timber house producers greater access to the “My Home, My
Life” social program, different timber building techniques could improve their market share,
including those populations with better social conditions.
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This paper aimed to verify the conditions of public and private funding for timber
housing in Brazil through an interview survey conducted with timber house producers. Two
hypotheses were emphasized: few producers offer public timber housing finances to their
clients; and, credit lines for raw material acquisition have been the main financial solutions
for wooden houses.

2  MATERIALS AND METHODS

2.1 Survey method and materials

Earlier, De Araujo (2017) completed extensive research into the Brazilian timber housing
sector to check and characterize its current condition, aspects, and other unprecedented views
related to producers, manufacturers, and products. The goal was to assist sector development.
As suggested by De Araujo et al. (2018 a, b, ¢, 2019), this present study utilized timber
housing producers, standard questionnaires, and bibliographic documents to share data and
support the process.

This study was formulated to verify funding for timber houses in Brazil. For this purpose,
the methodology was supported with a survey based on personal interviews and a structured
questionnaire given to wood-based housing developers in Brazil. This method was fully
detailed by De Araujo et al. (2018 a, b, ¢, 2019). The face-to-face interviewing process was
supported by two qualitative queries, with response details for affirmative replies.

The first question was: “Does your company have full wooden house funding for your
clients?”. Trichotomous responses “yes”, “no” or “not informed” were indicated; then, in an
affirmative statement, multiple open answers were asked to detail such options between
private and/or public financial institutions and banks available to fully fund wooden housing
produced in each evaluated producer.

The second question was: “Does your company have a credit agreement for raw material
acquisition for wooden housing?”” As in first question, trichotomous responses “yes”, “no” or
“not informed” were indicated; but in the case of an affirmative statement, two multiple
answers were declared, that is, Construcard and/or BB Construgdo. This open-hybrid step
allowed for the insertion by interviewees of other unlisted responses.

With respect to declarations to add detail the answers, multiple answers were allowed;
that is, for both queries, an evaluated company could present two or more answering
possibilities to detail each response. Thus, qualitative answers were converted into a
percentage and, according to the “Raosoft Sample Size Calculator” (Raosoft, 2004), a margin
of error was identified for this surveying, similar to the approaches contained in De Araujo et
al. (2018 a, b, c, 2019).

3 RESULTS AND DISCUSSION

3.1 Sectoral estimation and survey

Population estimates from a search of producer websites as well as prescribed and performed
sampling amounts are listed in 7able I The margin of error was +3.325%, which is acceptably
within 10% standard and close to 5% ideal level as prescribed by Pinheiro et al. (2011). Thus,
the survey can be classified as reliable. More than half of the entire sector was evaluated (n =
107 producers). The overall listing contains 210 producers as suggested by the extensive
research by De Araujo (2017) and its related approaches were referenced as “*” while
statistical sampling values prescribed by the literature were referenced as “**” in Table 1.
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Table 1. Analysis of sectoral population and survey sampling results.

Result Company (Unit) Margin of Error (%)
Overall Sectoral Population* 210 —
Prescribed Acceptable Sampling™* 66 10.00
Prescribed Ideal Sampling™** 136 5.00
Interviewees’ Sampling™* 107 6.65

* Values from this study and De Araujo et al. (2018 a, b, ¢, 2019); ** Values according to Pinheiro et al. (2011)

3.2 Housing Funding Modalities for Timber Houses in Brazil

Two housing credit categories were considered: full real estate finance for properties (Figure la),
and partial funding as exclusive credit for the acquisition of raw materials (Figure 1b).

With full funding for timber housing in Brazil, half of sampled entrepreneurs declared the
offering of such financial options in their product lines, that is, timber-based houses (Figure /a).

No  Yes mNot Informed No  Yes mNot Informed

0.93% 0.93% 2430

<o,
49.53 __ _49.53
% %
74.77 __
%
(a) (b)

Figure 1. Available funding options to clients of timber housing:
(a) full funding, and (b) credit to material purchase (n = 107 interviewees)

Few producers provided this full funding through public organizations (Figure 2), because
around 13% of producers shared this financial operation through federal banks (Caixa Economica
Federal and Banco do Brasil) and about 7% in state institutions (Banrisul). Caixa Economica
Federal emerges as a rare public bank offering credit lines for timber houses. The mutual interests
for these credit lines are applied without tax incentives or reduced interest rates such as those
present in popular funding. This situation is the opposite of the European scenario as revealed by
Kuzman — Sandberg (2017) who noted that several nations from this continent have encouraged
the use of timber in construction through low-interest loans or subsidies.

Other Private Institutions 22.43%
Other Private Banks 19.63%
Barigui Financeira 2.80%
Losango Financeira 5.61%
Banco Santander 3.74%
Banco Itat 8.41%
Banco Banrisul 7.48%
Banco do Brasil 6.54%
Caixa Econdmica Federal 11.21%

Figure 2. Available organizations: full timber housing funding (n = 107 interviewees).
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Full loans are the main preferred public strategy for social housing because they satisfy a
broader economic profile of residents, rather than the affluent exclusively (Makachia 2015).
However, this strategy could be extended to other social levels and other construction projects
such as those built from timber.

In contrast to the public banking approach (Figure 2), several sampled producers offer
full financing for timber housing through private organizations, whereas around 31% is from
banks (/tau, Santander, BM Sua Casa, Pan, etc.) and almost 30% is from financial institutions
(Barigui, Losango, Sicredi, Credipar, Cresol, Visa, etc.), which do not have a main banking
function.

Punhagui (2014) indicated that only two organizations supplied funding for full timber
housing. In contrast, this present research verified that — despite the low offering in the
producers studied here (Figure 2) — at least 13 institutions and banks share this financial
payment modality for local clients.

However, the low offering of public funding is related to a current Brazilian government
restriction in the expansion of this financial operation for wood-based residences, despite the
local presence of these types of housing, which, according to Zani (2013) and De Araujo
(2016 a), originated in the nineteenth century. Santiago (2012) suggested that few insurers are
able to secure timber houses in Brazil, which limits the market for these housing solutions
because funded houses demand insurance against physical damages and against the consumer
losses and deaths. In her approach, Punhagui (2014) verified that three insurers offer this
insurance service; however, two of these carry some restrictions.

The scenario was quite different regarding the specific credits to acquire raw materials for
construction (Figure 1b) whereby only about a quarter of studied companies still had not
offered this possibility. The results demonstrated an inverse situation to full funding because
public credits for material purchases exhibited greater offering to the producers at the
detriment of private credits for the same objective (Figure 3). Both main public banks Banco
do Brasil and Caixa Economica Federal enable BB Constru¢do and Construcard as small
public credit lines, respectively; these are exclusive cards for the acquisition of raw materials
for construction. The funded amounts are limited because the narrow focus prevents them
from being utilized for labor payment and/or other construction objectives.

This situation has demonstrated that these special credits for raw materials have emerged
as more convenient options to supply the full funding shortage for timber housing, especially
since such modalities do not require insurance and are unhindered by restrictions concerning
timber application. This limitation of full real estate funding for wooden houses in Brazil
(Figure la) resulted in the creation and proliferation of exclusive partial credits for raw
materials, which have lower restrictions and lower values shared by the financial
organizations.

This alternative became popular in the studied companies due to the free acquisition of
raw materials, allowing for the use of timber and its engineered composites (beams and
panels). This directed credit, which has a low economic value, has been widely used as an
efficient alternative to credit access by the clients of wooden houses (Figures 1b and 3). The
greater popularity these credits from public banks is justified by the generally lower interest
rates. This chronic situation is similar to Punhagui (2014), whose credit for material
acquisition has become the main way to commercialize houses from this sector, whereas
companies sampled in her study declared the inexistence of funding for prefabricated wooden
houses.
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Banricompras (Banrisul) 7.48%
ConstruShop (Itat) 10.28%
BB Construgao (Banco do Brasil) 18.69%
Construcard (Caixa Economica Federal) 74.77%

Figure 3. Available organizations: credit to raw material purchase (n = 107 interviewees).

The importance of this present evaluation goes in favor to the current global trend
regarding sustainable construction projects as well as those based on materials from
renewable sources. Timber application and its better utilization for construction has been a
persistent topic in several studies including Kniffen — Glassie (1966), Charles (1984), Gold —
Rubik (2009), Roos et al. (2010), Kuzman — Groselj (2012), Zani (2013), Punhagui (2014),
Wang et al. (2014), Hurmekoski et al. (2015), Leite — Lahr (2015), De Araujo et al. (2016 a, b,
2018 c, 2019), Koppelhuber et al. (2017), Kuzman — Sandberg (2017), Ramage et al. (2017),
Viluma (2017), Franzini et al. (2018), and Sotsek — Santos (2018), etc.

A significant and visible example was identified by De Araujo et al. (2016 a, b), which
claimed that timber houses could reach all economic and social classes due to their interesting
attributes of innovation, lightness, competitive costs, as well as efficient levels of
sustainability, site cleaning, assembly time, low water usage, and material rationalization.
Several features are within the main pillars for housing sustainability as defined by Makachia
(2015), under which the houses are developed with consideration for the physical, social and
economic environment. In this case, timber-based construction emerges as an efficient and
healthy housing solution for nearly everyone.

Furthermore, strong industrialization of wooden housing prefabrication could be a focal
point in the near future, consonant to housing shortages in underdeveloped and developing
countries (De Araujo et al. 2016 b). Financial organizations must note and consider the agility
resulting from this industrialization in construction. According to Punhagui (2014), funding
for construction payment must be made available within shorter application and granting
periods because prefabricated house construction is a rapid and efficient construction method
in terms of assembly and production. The faster the work can be completed, the smaller the
weekly site overhead cost for producers is (Powell 2012). This would also lead to lower
interest payments (Renner-Smith 1981). Bureaucracy in the housing funding processes, be it
public or private in nature, must be in accordance with efficient assembly times of timber
housing techniques, which De Araujo (2017) assessed in his research. In this case, slowness
in loan payments could generate financial problems for timber housing producers and
respective suppliers because the sector has more compact economic, production, and
machinery dimensions than the traditional masonry construction sector in Brazil does, as
suggested in De Araujo et al. (2018 a, b, ¢, 2019).

These facts should be considered and serve as basis for diffusion of modern funding lines
for wood-based housing, especially by public feature. This proposal must diffuse these
examples in all of Brazil, as well as expand it to other Latin American countries through
networks to mitigate local housing shortages, which could be supplied through modern and
accessible houses.
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4 CONCLUSIONS

Despite the low diffusion and popularity of housing funding for timber housing in Brazil, two
modalities are readily available: full funding with an integral cost, and partial credit lines for
raw material acquisition. This analysis also proved there are financial operations for these
buildings in this South American nation despite some restrictions and obstacles.

Full funding is restricted and still depends on other financial institutions like insurers to
ensure fluid operation. This has limited the program and directed most clients to private
banks. Despite the advances in credit access to clients considering wooden housing, Brazil’s
housing funding system for timber solutions are not as accessible, consolidated, and plural as
funding systems in developed countries. In addition, full resources also do not serve all social
classes. As a result of these obstacles, credits for raw materials acquisition emerged as the
main source of subsidized financial resources for housing in Brazil, by means of public and
private institutions.

In Brazil, few wood-based housing producers have full funding for public class programs.
The public only has access to timber houses through line credits to raw material purchase. Private
banks still dominate this financial market under full funding for timber houses despite their
unsubsidized rates. This essentially impedes those from the lower social classes from accessing
such loans. These predictions were supported by a wide sampling process including more than
half of whole timber construction sector. In addition, this discovery was statistically validated by
the almost ideal margin of error, which ensured greater reliability of the survey.

Nevertheless, Brazil still requires greater local and governmental efforts to expand full
funding for timber-based housing in order to increase the accessibility of sustainable and rapid
residences for all families. A proliferation of these integral funding schemes for populations from
lower and middle classes could stimulate Brazilian wood chains — which are dependent on public
policies for their expansion — due to market limitation, which is restricted to few people.
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author.
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Abstract — Thinning experiments in black locust (Robinia pseudoacacia L.) stands have been
conducted in Hungary for many years. Black locust is an economically important tree species
supplying the domestic timber industry. This paper evaluates two effects of thinnings: the effect on
yield and the effect on stand value. The case study has proved thinnings in black locust stands do not
increase periodic total production, but do increase the stem-quality index by 11-24%.

Robinia pseudoacacia / tending cuts / periodical total production / stand value

Kivonat — A gyéritések hatiasa az akacallomanyok (Robinia pseudoacacia L.) fatermés- és
értékvaltozasara: esettanulmany. Az akacallomanyok (Robinia pseudoacacia L.) gyéritésével
kapcsolatos magyarorszagi kisérletek hosszi id6szakra nytlnak vissza. Ezen allomanyalkot6 fafajnak
meghatarozo gazdasagi jelent6sége van az orszag faanyag ellatasaban. Jelen dolgozat a gyéritések
hatasat két aspektusbol, a fatermés és a mindség vonatkozasaban elemzi. Az esettanulmany azt
igazolja, hogy akacallomanyokban gyéritésekkel a korszaki Osszes fatermés nem, a térzsmindséget
kifejez0 jelzoszam viszont 11-24%-al is ndvelhetd.

Robinia pseudoacacia / nevelovagasok / korszaki dsszes fatermés / faallomany érték

1 INTRODUCTION

Thinning is the removal of a proportion of the trees in a stand. It is usually implemented to
provide more growing space for the remaining trees, to increase the total yield of usable
timber over the life of the stand, and to provide wood from thinnings. Thinning affects stand
growth and yield, diameter distribution, quality, and stability. In forestry practice, the effect of
thinning on the average tree size or future crop trees is more important than its effect on stand
growth and yield, particularly for species like black locust. Obviously, total production is only
one factor influencing stand value. Volume distribution in different size classes is often of
much greater importance because stem size and number influences harvesting costs and the
markets to which the timber assortments can be sold.
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Thinning should be a central part of any mitigation strategy implemented to reduce the
impact of future climate change. There are three main reasons for this. First, wood products
from stands that are thinned and pruned are more likely to be used in long-term end uses.
Second, thinning helps maintain healthy, resilient forests able to sequestrate carbon from the
atmosphere and store it as woody biomass. Finally, material produced in thinning can be used
as fuelwood, which is a source of renewable energy, to help reduce fossil emissions.

Over the years, many studies have addressed the question of whether forest growth or
yield can be increased or decreased through thinnings. Testing Wiedemann’s hypothesis helps
provide an answer to this question. The hypothesis states that volume growth is constant
among a wide range of stand densities (Wiedemann 1943). This relationship varies among
species, but also depends on stand age and site conditions (Pardé 1965, Assmann 1970,
Persson, 1986, Kuiper — Schoenmarkers 1990, Pretzsch, 2009), so quantifying it for each
forest species is necessary.

Most of the relevant publications in Hungary declare that thinnings cannot increase total
stand production with various tree species; however, in many cases, thinnings can increase
stand value (Majer 1969, Béky 1983, Halupa 1987, Béky — Solymos 1991, Rédei — Meilby
2009).

The following will present a thinning experiment, namely the effects of thinnings on
black locust stand yield and value. The paper also verifies and confirms the above-mentioned
statements in the case of black locust.

2  MATERIALS AND METHODS

The experiment was established at NEFAG Nagykunsag State Forest Company (Szolnok),
Pusztavacs forest estate, in the forest subcompartment Pusztavacs 201 E (N 471017,
E 193004) (Figure I). The site type was a free-draining humus sand soil in the forest-steppe
climate zone (annual precipitation is normally less than 550 mm). The yield class of the
particular black locust stand was III (Rédei 1984). Three thinning treatments were executed
when the stand age was 22 years. We used a one-factor experimental design with two thinning
grades without replicates. Each plot area was 2500 m”. Treatment 1 is the control plot
(N =770 stems-ha™) with no thinning. In treatment 2, the usual density in the Hungarian
black locust management (N = 550 stems-ha™) was applied (EMI 1984). In treatment 3, it is
supposed that the growing space is more favorably used by an individual tree at a lower
density (N = 400 stems-ha™).

The following parameters were measured at the ages of 22, 27, 32 and 36: stem number,
diameter at breast height, and tree height. The calculated parameters were the following: basal
area, stem volume, volume of dead trees, stand volume (living stock), total production, mean
annual increment, and stem-quality index (SQI). Stem volume was calculated using the
volume function based on the volume table for black locust (Sopp - Kolozs 2000):

dZ.hpo+l
V:m'(l?l'd'h+P2'd+P3'h+P4)

where
d is the diameter at breast height (cm),
h is tree height (m),
Po =4, pi=-0.6326,
p2 =20.23, p3=0.00 and
pa=3034.
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Figure 1. Location of the trial

Living stock (V) has been determined by means of a computer program developed by the
Hungarian Forest Research Institute (HFRI) for calculating wood volume; the volume of the
average tree (vp) is computed according to the relation:

V= VN

where N = number of stems per hectare.

The stem quality classes at the age of 36 are as follows (for calculating the stem-quality
index):

e (x;) Straight, cylindrical, healthy stems. Crooks are tolerated in one dimension only.

® (xy) The stem is straight, forks are tolerated. Crooks are tolerated in one dimension only.

e (x3) The stem is crooked and leaning. Minor crookedness in a second dimension is

tolerated.
e (x4) Very crooked in more than one dimension. Forked trees with stem defects.

The stem-quality index (SQI) was determined based on the following formula:

_ X7 xon, +Xns + x,n,

SQI
n +n,+n,+n,

where

X1, X2, X3, X4 = tree quality classes,
ni, ny, n3, ng = tree numbers belonging to the single tree quality classes.

3 RESULTS AND DISCUSSION

Table 1 contains the most important yield and stem-quality data. The table was compiled
using data obtained from the stand surveys conducted between 22 and 36 years.
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Table 1. Yield and stem-quality data at the age of 22—36 years
(subcompartment Pusztavacs 201 E) Yield Class: Ill. (Based on Rédei, 1954)

Number of treatment

Factors L
(control) I1. 1.
1. Initial wood stock before carrying the thinning (m*ha™) 182.1 2443 219.4
— in percentage of the control (%) 100.0 134.2 120.5
2. Volume removed during the thinning (m*ha™) 0.0 64.0 77.6
3. Wood or living stock after thinning (m’ha™) 177.9 180.3 141.8
4. 14 years later:
— living stock (m’ha™) 276.4 260.2 226.9
— in percentage of the control (%) 100.0 94.1 82.1
— mortality (m’ha™) 11.1 12.3 6.3
—wood stock (living stock + mortality) (m’ha™) 287.5 272.5 233.2
— in percentage of the control (%) 100.0 94.8 81.1
5. Change in living stock 14 years later (m’ha™") 98.5 79.9 85.1
— in percentage of the control (%) 100.0 81.1 86.4
6. Periodic total volume (m’*ha™) 287.5 336.5 310.8
— in percentage of the control (%) 100.0 117.0 108.1
7. Mean ann. incr. of the periodic total vol. (m*-ha™-yr™) 7.5 6.6 6.5
— in percentage of the control (%) 100.0 88.0 86.7
8. Stem-quality index (SQI) at the age of 36 years 2.15 1.92 1.63
— in ratio of the control 1.00 0.89 0.76

The following conclusions may be drawn from the data in the Table I:

e Based on the black locust thinning experiment presented above, no increase of the
periodic total production increment due to the thinnings could be observed. The
thinnings with different intensities did not increase the amount of total production in
absolute terms as compared to the control plot. The percentage relations of the initial
volumes to the control plot before thinning (row 1 in Table I) are always higher than
those after thinning (row 3 in Table 1).

e According to the experiment, thinnings had no effect on the periodic volume change.
The periodic volume change ratio related to the control was dependent on the factors
mentioned in the previous paragraph. More investigations are needed to give a more
precise description of the changes.

e The periodic total production increment values also clearly indicate the thinnings do
not have an increasing effect on the periodic increment of the total production. It is
unlikely total production can be increased significantly (exceeding 5%) with thinnings
in any regime; intensity and frequency in the case of black locust managed with
relatively low average rotation ages. This does not exclude different results with
different species and circumstances.

e In black locust stands, the stand quality can be improved with thinnings based on
careful individual selection. In the present study, the related stand quality indicator
exceeded the indicator of the control stand by 11-24%. Thus, the effect of the
thinnings manifests primarily in improving stand quality and increasing stand value.
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Two figures are presented to show the effects mentioned above. Figure 2 presents the
volume change 14 years after the thinning as a percentage of the control plot (100%), and
Figure 3 shows the increase in stand quality indicator as a percentage of the control plot value.
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Figure 2. Living stock change 14 years after thinnings were completed in percent
(subcompartment Pusztavacs 201 E)
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Figure 3. The percentage of stem-quality index change in comparison to the control
(subcompartment Pusztavacs 201 E)

4 CONCLUSIONS

Thinning is a silvicultural operation where the main objective is to reduce tree density in a
stand, improve the quality and growth of the remaining trees, and produce a marketable
product. Thinning can also achieve other objectives such as changing stand species
composition, improving the health of the remaining trees, or disturbing an established ground
vegetation to enhance opportunities for natural regeneration.
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The tree growth rate in a stand depends on the species cultivated, the environmental
circumstances of the site on which a stand is established, and the applied silvicultural
practices. Provided the site is fully occupied, with a reasonably intact canopy, where by trees
can fully utilize the available resources, a stand will produce approximately the same amount
of wood/yield at various stocking densities.

According to the investigations presented in this paper, stand volume growth varied
slightly among the treatments. It was also verified that thinnings do not increase total
production in black locust stands, but can improve stand value.
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