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Abstract
This research aimed to test the hypothesis thatessive thinnings mischaracterize the hypsometric

function, and that after some thinnings the avetasight of the plots or of the stanH ) is an unbiased

estimate of the remaining tree height3, @at is,h; = h . The data were obtained from Duraflora S. A.
in Agudos, State of Sdo Paulo. This data set caom the measurement of diameters and respective
heights of 1,100 trees equitably distributed indifferent treatments with ages ranging from 5 to 25
years, and number of thinnings varying betweerefojzand 6. The Stoffels model, previously fitted t
all treatments, was used to observe the behaviaheffollowing factors: coefficient of multiple
determination (R?), standard error of estimate éncent (Syx %), distribution of residuals, and the
significance of the pand B coefficients in each one of the equations. Afésts it was confirmed the
hypothesis that average height is a precise estiwiahi for the oldest treatments with more than 4
thinnings. This means low Syx % and unbiased etggnéhat is, good distribution of residuals.
Keywords:Hypsometric curves; management regimes; plantstRinus oocarpa

Resumo
Efeitos de desbastes sucessivos sobre a funcdonimidca em povoamentos de Pinus oocarpa
ShiedeEsta pesquisa teve como objetivo testar a hip@feselesbastes sucessivos descaracterizam a

funcdo hipsométrica e que apds alguns desbastasa média da parcela ou do povoamerit €

uma boa estimativa das demais altufgy {sto é,h; = h. A base de dados utilizada para testar a
hipotese formulada proveio de plantios Rieus oocarpa pertencentes a empresa Duraflora S.A.,
situada no municipio de Agudos, sudoeste do Eddad84do Paulo. Esta base consistiu da altura e
didmetro de 1100 &rvores distribuidas igualmenteldntratamentos, com variacdo de idades e
namero de desbastes. Visando atingir aos objetiebprimeiramente ajustado o modelo de Stoffels,
separadamente para cada um dos 11 tratamentos) fionde observar a tendéncia dos coeficientes
de determinac&o muiltiplos $Rdo erro padréo da estimativa em porcentagem &y distribuicéo
dos residuos e a significancia dos coeficientdatdesecéo (§) e de inclinacédo (B em cada uma das
equacles. Apos proceder as andlises conclui-sa queglida que se aumenta o nimero de desbastes
0s R2 vdo se tornando cada vez mais baixos , poiByx % foram sempre inferiores a 10%.
Palavras-chaveCurva hipsométrica; regimes de manejo; plantagdiesis oocarpa

INTRODUCTION

Several different species of the gerRiaus have been widely used in high production forest
plantation programs notably from 1966 onwards witle advent of the fiscal incentives law for
reforestation in Brazil. Th@inus elliottii, Pinus taeda, Pinus caribea, Pinascarpaand Pinus patula
stand out amongst other species. These are maitiiyated in the southern states as well as insthée
of Sao Paulo. These programs have somewhat religeegressure on the native forests in addition of
allowing the continuity of the forest-based indiatactivity in such states.
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Along with the increasing utilization of wood yield from planted forests, there is also a
growing need for the enhancement of methods thalerthe quantification of the current existingckto
on a forest stand accurately and at low costs. &Vhitempting to lower the forest inventory costs on
homogeneous stands, it is common to measure theetka at breast height (DBH) of all the trees waithi
the sample plots but failing to measure the heidyjsof all the trees. The set of hDBH pairs is not
only used for estimating the height of the remairtirees through the regression process but alsieeas
second independent variable in volume equations.

The h/ DBH relationship, denominated hypsometric relaship has been modeled through the
regression analysis since Trorey (1932). Since,thendreds of researchers have devoted not ortheto
study of the modeling and the behavior of the hypstoic relationship but also to the factors thdeetf
it. Standing out from the rest of them, the impottand intensive study of Curtis (1967) can be
distinguished.

A rather large number of researches on the hypsmmelationship and the height curve behavior
over diameter have been carried out in Brazil, mmtably from the creation of post graduation cesrs
onwards. Amongst them, the ones carried out byrCetcal (1992), Cardoset al (1989), Machadet al
(1994), Bartoszeckt al (2002), Soarest al (2004), Bartoszeokt al (2004) can be put forward.

Employing the data set described on the methododdglye present research, Barros (2000) has
carried out painstaking studies on the hypsometlationship along with its behavior towards the
function adjustment as well as the effects of agejological position and management regimes. $n hi
research, he inferred that the relationship betweight and diameter weakened as the stands were
submitted to successive thinnings, although he méeepened his studies on this specific aspect.

Even though there are other researches on gengrsbimetric relationship, none of them tackles
the effects of successive thinnings on it. Thelabte data set enabled the development of thisarebe
unheard of in the forestry environment, which akbolwus to make headway on the behavior of the
hypsometric relationship in intensively managee$vistands.

Thereby, the main goal of this research was tathesfollowing hypotheses:

a) Successive thinnings damage the hypsometric fumatioegression terms
b) After a few thinnings, the average height of thetmr stand ) is a good estimate of the other
heights (B, thatis,h = h.

MATERIALS AND METHODS

Study area location and characterization

The data required for this study derived fr@mnus oocarpgplantations belonging to Duraflora
S.A,, located in southwestern S&o Paulo Statédyanrtunicipality of Agudos. According to Golfari al
(1978), this area can be characterized by its geriminfall, dry winters with hydric deficits, anal
precipitation between 1,100 and 1,400 mm, raretdrosverage temperatures ranging between 16 and
19°C, submontane or mild humid subtropical climafée forest covering is made up of Pluvial
Ombrophilous Forest and submontane meadows withdsdtof approximately 900 meters.

Data collection

The diameters (in centimeters) and the respectiighks (in meters) of 100 trees for each of the
11 treatments were measuredPinus oocarpalantations with different ages and submitted thifierent
number of thinnings, according to table 1. The danees were equitably distributed among all the
diameter classes. The management regimes impledhantbe area, as well as the related ages, number
of thinnings and minimum and maximum DBHs and Hedglre shown on table 1, on the results.

The model

In an extensive study about hypsometric relatignshsing this same database, Barros (2000)
tested 14 traditional models for each treatmene $toffels modellgh = by + b;Ind) was employed, in
which h = total height of the tree in meters, diantkter 1,30 meters above the ground in centimdters
= neperian logarithm, bi = parameters to be esgnhat
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This model was chosen due to the fact that itatogically logical, which will hardly ever result
in significative abnormalities or distortion of isated values through the hypsometric equations Thi
statement can be confirmed by the studies of Baf2080), Bartoszeclet al (2004), Cardos@t al
(1989), Machadet al. (1994), among others. Besides, it is a simpledirmodel, and therefore easy to
work with and analyze the behavior of its coeffitiel and h for each treatment.

It is important to mention that on the study cafr@ut by Barros (2000), the 14 models have
been adjusted for each one of the 11 treatmentsngito estimate the regression coefficients amd th
statistics of comparison between the models testkd. Stoffels model outperformed the others, which
reinforces its choosing for the present study.

Adjustment and accuracy statistics

The Stoffels model's goodness of fit was testedomting to the adjusted coefficient of
determination, standard error of estimate in pesgsn and the graphic analysis of residuals per each
treatment. The values of “p” and “t” for the b cfi@knts were also calculated, resulting from the
adjustment of each of the 11 treatments.

Even though all the adjustment estimators are godidators for the choice of the best model,
the graphic analysis of residuals is crucial, foaliows us to detect whether there is or not leiaghe
dependent variable all along the regression lindf, the residuals are independent, or if thereasance
homogeneity.

According to Draper; Smith (1966) the employment tbé residues in the relative form
(percentage), in function of the estimated dependamable, is more suitable for providing a befttra
of both the sub estimates and super estimates'rdiime of the real value and the comparison between
the several models adjusted. As the graphic evaluas merely visual, it may raise doubts, hence th
need to use it jointly with the statistics previlyusited.

RESULTS

Specifications and characteristics of the managemeregimes

Before displaying the more specific analysis, idesrto reach the goal of the present research
work, the minimum, medium and maximum diameter apdjht values per treatment or management
regime implemented in the area of study will besprded, characterized by different ages combinda wi
different numbers of thinnings, as shown in table 1

Table 1. Specifications and characteristics oftlamagement regimes implemented in the study area.
Tabela 1. Caracterizacéo e especificacdo dos regimenanejo implementados na area de estudo.

Management  Age  Number of DBH (cm) - Height (m)

regime (years) thinnings minimum medium maﬁmu minimum  medium  maximum
A 5 0 4.4 17.5 20.4 5.2 9.6 12.7
B 6 0 6.1 13.6 20.3 8.2 12.6 16.3
C 7 0 6.3 14.7 24.1 7.9 13.7 17.8
D 8 1 7.1 14.4 23.1 10.5 16.3 18.8
E 10 2 9.2 17.2 26.2 13.2 16.9 20.9
F 11 2 7.2 14.8 23.1 10.4 16.3 19.8
G 12 3 7.1 15.8 25.4 10.5 16.3 20.5
H 15 4 18 24.3 32.1 19.3 23.8 28.0
| 19 5 20.5 30.2 42.2 23 26.4 28.9
J 22 6 25 33.4 43.5 24 26.4 29.9
L 25 6 27.5 35.9 49 22.8 26.2 28.4
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Tests with the Stoffels equation

The Stoffels model was employed in order to exantimehypothesis that claims the thinnings
deteriorate this relationship. It was individuatigjusted for each treatment, whose results ardagisgp
on table 2. Initially, a steady growth in the edomintercept values gpcan be detected as the treatments
get older. As for the 5-year-old treatment (treattmd), the Ry value was the smallest among all the
adjustments (b= 1.047). However, the highest intercept valuesewieund for the treatments I, J and L
(19, 22 and 25 years); 2.9752, 3.1862 e 2.973%otisply.

As for the straight line inclination coefficienthat is, k a clear trend can be found on the b
decrease associated with the increase in age ngfrgim 0.4964 for treatment A (5 years) to 0.0842
treatment J (22 years). It was found that, fortteatments older than 19, the inclination coeffitéetend
to zero, in other words, the effect of the inclioatcoefficient is null, making the estimate of diati in

function of the respective diameters virtually dams, therefore allowing it to be represented bg th
average height of the forest stand.

Table 2. Stoffels equations adjusted by treatmeitih, respectives R2 and Sxy % and t values.
Tabela 2. Equacdes de Stoffels ajustadas por testi@neom respectivos R2 e Sxy % e valores de t.

Number of

Treatment Age thinnings Equations R a Syx% tvalues for bl
A 5 0 Lnh = 1.047 + 0.4964 Ind 0.663  9.82 14.008**
B 6 0 Lnh =1.429 + 0.4262 Ind 0.697 7.54 15.122*
C 7 0 Lnh = 1.404 + 0.4535 Ind 0.730 6.63 16.408**
D 8 1 Lnh = 1.594 + 0.4136 Ind 0.639 6.65 13.274**
E 10 2 Lnh = 1.903 + 0.3259 Ind 0.619 5.22 12.729*
F 11 2 Lnh =1.775 + 0.3778 Ind 0.708 5.96 15.548*
G 12 3 Lnh = 1.728 + 0.3876 Ind 0.723  6.88 16.128**
H 15 4 Lnh =2.171 + 0.3132 Ind 0.413 5.35 8.402**
| 19 5 Lnh =2.975 + 0.0872 Ind 0.063 5.29 2.765*

J 22 6 Lnh = 3.186 + 0.0242 Ind 0.040 4.95 07625

L 25 6 Lnh =2.974 + 0.0819 Ind 0.047 450 2437

tabulated t value: t (98 - 0.005) = 1.9845 andt{9.01) = 2.62; **significant at 99% confiden@wél; * significant at 95%; n.s. not significant

The R2 values are within the expectations for hypetoic equations for the treatments between
5 and 12 years of age and a maximum of 3 thinnireggging between 0.723 and 0.619 respectively for
the G and E treatments. However, the R2 for thero&hd more thinned stands are extremely low, as
shown on table 2, thus indicating the absencegression between heights and diameters.

It is relevant to point out that the treatmentshwite smallest R2 are also the ones with the
smallest Syx%. This is due to the low simple cotreta(r) between diameters and their respective
heights. As a matter of fact, the undesirable lo2vaRd the desirable low Syx% found in the older or
more thinned treatments is due to the homogenizatiadhe heights, that is, trees with differentrdéers
may have the same heights. This means that theinigis gradually mischaracterize the hypsometric
relationship and that actually in these cases Sienated height resembles the average height. This
statement can be confirmed by analyzing the grdygwing the plotted heights on the corresponding
diameters (Figure 1).

The figure 1 shows a natural tendency to an iner@aseight as the diameters grow, which can
be expressed through the upward curve for mostntesats as expected in the hypsometric relationship.
Notwithstanding, for the older and more thinneditngents (I, J and L) the expected trend failechtoas
significance, with the points scattered aroundaigitt line, parallel to the X-axis, evidencing tigsence
of regression between heights and diameters fdr seatments, the reason why the respective R2 were
so low.

These treatments also show that the dispersiomenfpbints along the straight line is small,
which explains the low Syx%. Due to these graplucfigurations, the inclination coefficients (blear
very low and the intersection coefficients (b0) kigh for these treatments, as shown on table 2.
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The b1l values are highly significant for the younged less thinned treatments, at both the 0.05
and 0.01 significance levels, as shown o table @wvéver, for the ages 22 and 25, the bl (inclination
coefficient) are not significant for both probatyilievels. For the age 19 the “t” test showed thatvalue
of bl is on the limit of significance.

The value of bl being not significant for the oldexatments is a strong indication that the
equations for these treatments can be summarizedhas Lnb0, b0 being equal to the natural logamith
of the average height, which means that the avdraight of the plot or the stand is an unbiaseiinesé
of all the trees there, that is,= h . This argument endorses the behavior of the grapHgyure 1, where
a positive relationship between height and DBH tloe treatments A to H and the inexistence of
relationship between these two variables for thattnents I, J and L can be observed.
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Figure 1. Graphs of height against diameter disperfer all treatments.
Figura 1. Graficos de disperséo da altura sobmaeti® para todos os tratamentos.

Hypothesis test

In accordance with the goals, the hypothesis wasulated that successive thinnings in forest stands
mischaracterize their hypsometric relationshipndéians that over successive thinnings, the forasti’st natural
structure gradually loses its features due to timeam intervention, more notably when selectiverihigs from
below were carried out. Such interventions corfistliminating all of the trees within the suppestsand
dominated classes, only remaining the dominarg aied some of the slightly shorter codominant ones.

In fact, the low correlation and the smallest efoomd in the older and more thinned treatments
is due to the height homogenization, in other wptees with different diameters may certainly héhe
same height. That is to say, that the thinningslgmlly mischaracterize their hypsometric relatiopsh
and that in fact, in these cases, the estimateghtis similar to the average height. This staténsan be
confirmed by analyzing the graphs showing the ptbthieights on the corresponding diameters for each
different treatment (Figure 1), where it's possitieobserve trends of the height over diametereufs
for the older and more thinned stands the expectadl failed to show significance, with the points
scattered around a straight line, parallel to thaxks.

In order to further investigate the statement whilztims that, on the treatments with more than
four thinnings, the estimated height is equal ®akierage height, the following hypothesis wastbfir
the H, I, J and L treatments:

hi=h
h; = estimated height (in meters) of the tree
h = average height of all the trees within the sanfjpl meters)

In practice, due to the operational costs, it isnewn in forest inventories to measure the
diameters of all the trees within the sample whitgtasuring the height of only some of them. Wit th
height subsample in hands, it is then possible uidd the hypsometric relationship or calculate the
average height for cases in which the forest stasdalready undergone thinnings and there areréas t
left per sample, when there is no longer a relatigmbetween diameter and height. Besides
calculating the standard error of estimate in paage as a way to evaluate the adjustments’ quality
residual distribution graphs were also used in fioncof the DBH (Figure 2).

It was possible to note that, for the treatmerthie,modehi = h showed a standard error of estimate
of 7.02%, thus acceptable, however, on the occadidts graphic residual distribution analysis, ttsal
inadequacy was found. The treatment H was solelyded on figure 2 to stress thiat hdoesn’t apply to it,
as shown of the graph on figure 1, referring te tigatment as well as all the other younger ones.
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Note that on figure 2 the straight line originated (zero) in fact represents the average height
of the respective treatments. The residuals (dewig) in percentage shown on figure 2 were caledlat
from the following expression:

Where: h= heights observed
h = average height (in this case equal to the egtignaeight ofii

Residual$o = [hi—

*100

For the treatments |, J and L the = h estimate showed a rather good performance, with
unbiased residual graphs and a small amplitudehendaita close to the average, and yet satisfactory
errors, all inferior to 5.5%. For the treatments] land L the Syx % were 5.47%; 4.94% and 4.60%,
respectively. The standard error of estimate ic@atage for this hypothesis was estimated from:

Syx

n-1

Zz]
* 100

%:[

h

Where: Syx % = standard error of estimate in pesggnt
h; = total height of the i tree (in meters)
h = average total height of the trees (in meters)
n = number of measured tree heights.

Note that on this formul® (h - h)2 was applied, instead &F (h - h)2 considering thah in this
case is the estimate of h

Therefore, these adjustments are indicators thatpifevious statement is true, that is, the
thinnings indeed mischaracterize the hypsomettiatiomship and for these cases the estimate height
shows great resemblance to the average height.

It was observed that the treatments over 15 yedtsmore than 4 thinnings, the coefficients of
determination were very low. According to Machadal (1994) this fact can be explained based on the
high data homogeneity, generated by the low varatn height, as illustrated in figure 1. This low
variation on older and more heavily thinned staisd$ue to the low natural correlation between digme
and height in the remaining trees.
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Figure 2. Graphs of residual dispersion in % on OBiHhe treatments H, I, J and L.
Figura 2. Graficos de disperséo de residuos em %tiegdo do DAP para os tratamentos H, |, J e L.
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The R tends to decrease as the age increases and npstantly, the number of thinnings
interventions. Nevertheless, the residual stanéeardr tends to gradually decrease as the number of
thinnings is intensified.

Over the years and the consequent thinnings intéiores, a logical shortening on the length of
the height curve over diameter was observed. Tdis dan be explained by the thinning’s very own
nature, which promotes the removal of the treediwithe smaller diameter classes in favor of the
development of the remaining ones, the reason Wy tend to have their overall dimensions increased
then moving upwards toward the larger diameterselas

DISCUSSION

Cardoscet al (1989), usindPinus taedadata from the State of Parana found low coeffisiari
determination (R= 0.12) for the Stoffels equation for the age 6fy2ars. Notwithstanding, they found
for the same age, low values for the estimateddst@herror (Syx% = 5%). These authors justified the
fact by stating that the remaining trees belongeth¢ dominant and codominant classes, therefath, w
low variation in height. This fact can be obseratdhe present study with much loweT\Rlues for the
older and more heavily thinned stands. However, $y&% values for these older stands are also
compatible with the ones found by Cardesal. (1989).

Another aspect found by Cardoso al (1989) is that the hypsometric curves tend to enov
upwards and to the right, becoming increasingly enflattened as the stands become older. This
particular fact was quite well evidenced at thespre study, with pvalues increasingly higher and
inclination coefficient values (pincreasingly lower as shown on table 2. In thesaig which the pstart
becoming non-significant, the estimated heightecomes equal toobthis coefficient being equal to the
average height as highlighted in this article.

After adjusting several hypsometric models for veatstands oMimosa scabrella known as
bracatinga - ranging between 3 and 18 years of Bgepszeclet al (2002) found a slight trend of the
effect of age over the adjustment and accuracyxiglewith F%’adj ranging between 0.2 and 0.7, although
showing oscillations concerning age. The Syx% alsctdated around 10 and 16 %, regardless of age.
Nonetheless, these authors have found that theohmgtsic curve moves upwards and to the right,
becoming increasingly more flattened (lowey &s the stand grows older.

These facts corroborate the results found at tasgmt work as can be seen on figure 1 as well as
on table 2, although more strikingly due to theatiimgs. The research of both Cardesal (1989) and
mainly Bartoszeclet al (2002) show that not only the thinnings, but alse age is responsible for the
hypsometric curve dynamics.

Caldeiraet al (2002), after adjusting 19 hypsometric modelsAoacia mearnsii known as
Acécia negra - stands in southeastern Rio GrandBullavith ages between 2 and 8 years and different
spacings found Rvarying between 0.1 and 0.84 and Syx% around 15% Rfalues found by Caldeira
et al (2002) are compatible with the ones found in #tisdy. Batistaet al (2001), after adjusting the
hypsometric relationship for two forest typologisind R superior to 0.55 only for planted forests,
while for native forests the Rvalues were always inferior to 0.4 for the severmidels tested. That
implies that the hypsometric relationship is natwv&rong, as this present study has also shown.

Testing 13 hypsometric models foAraucaria angustifélia in a fragment of Mixed
Ombrophylous Forest in Curitiba, Machadbal (2008) found extremely low ®alues, ranging from
0.17 to 0.19 for total height and 0.12 to 0.14 tfunk height. These low Rvalues can be explained,
according to these authors, to the low variatioheight in relation to the diameters amplitude.sTaict
is also confirmed by this study for the older anorenthinned stands.

Although a specific study on the effect of thinréngver the hypsometric relationship hasn’t
been found, there are strong indicators that tleeessive thinnings homogenize the heights within a
diameter amplitude that is a little larger, flattepthe curves, with the points observed arounttaght
line parallel to the Y axis as shown in figure dr, the older ages and a larger number of thinnihgs.
possible that part of the effect of age over thpslynetric relationship found by Cardastoal (1989) is
due to the fact that the database of older forastx] by the author, derives from thinned stands.
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CONCLUSIONS

Based on the analysis, it is possible to conclindé $uccessive thinnings in forest plantations
mischaracterize the hypsometric relationship, ttardirming the hypothesis formulated in the objeesi.

« The multiple determination coefficients JRwere low for the older and more thinned treatrsent
showing a low contribution of the diameter in thegdit estimation model, allowing us to conclude
that, in these cases there is no regression betthedmwo variables.

< Another conclusion reached was that in more thiravedi older forest stands, the hypothesis that the
average height is an accurate and unbiased estoh#te other heightshi = h), is true, regardless
of the DBH.
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