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Brazil is known for being a country with continental differences regarding uneven

according to Teixeira et al. (2007), such species and aged heterogeneity existing in this kind of forest, interferes 
applying traditional mathematical mod
literature are found different methods to generate projections in heterogeneous forests, being the Transition 
Matrix, one of the most used methodologies for natural forests. 

The Transition Matrix, also known as Markov Chain or Usher Matrix (VANCLAY, 1994), is appropriated 
to analyze several biological aspects, among them, studies related to forestry dynamics. This technique might be 
considered as a stochastic process, assuming that 
diameter classes (AUSTREGÉSILO 

Using this tool, which aims to interfere data regarding forestry production, is seen as a great alternative, 
since on most cases, data used in the 
The Markov Chain intends to represent processes’ behavior in more complex contexts; it is done using matrix 
probability calculation, from a trustworthy data base (CZELUSNIAK, 2014).

Schneider and Finger (2000) presented some limitations found on applying prognosis process by the 
Transition Matrix, regarding the projection period, being this technique acceptable only on multiple values of 
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A B S T R A C T  
This research aims to project the diameter distribution of a fragment from a Semi
deciduous Seasonal Forest using the Markov chain. The study was performed in 
Caratinga – Minas Gerais (Brazil), in a 256.94 ha area. The climate is classified as AW, 
according to the Köppen classification, the temperature varies from 19.1° C to 28.3°C, 
and the average rainfall is equivalent to 1,373 mm. On the area, 22 permanent plots 
were installed; whose dimensions were 10 m x 50 m, equivalent to 500 m², each. Said 
plots were monitored during 2002, 2007 and 2012. On projections from 2002, 2007 and 
2012 the estimated values underestimate specimens, observed by hectare, number, 
showing a reduction of 12.3%, 16.6% and 18.2% on the specimens number, 
respectively. As for the projections for 2002, 2012 and 2022, there was an higher 
underestimation when comparing said percentages, being equivalent to 21.9% and 
31.8% for 2002 and 2012 projections, respectively. The Transition Matrix method was 
not efficient to identify diameter distributions prognosis on the studied fragment, and 
was not observed by the K-S adherence test.  

INTRODUCTION 

Brazil is known for being a country with continental differences regarding uneven
. (2007), such species and aged heterogeneity existing in this kind of forest, interferes 

applying traditional mathematical models that measure prognosis, and, consequently, limits its use. However, in 
literature are found different methods to generate projections in heterogeneous forests, being the Transition 
Matrix, one of the most used methodologies for natural forests.  

ansition Matrix, also known as Markov Chain or Usher Matrix (VANCLAY, 1994), is appropriated 
to analyze several biological aspects, among them, studies related to forestry dynamics. This technique might be 

, assuming that a tree has a certain probability to remain or migrate to other 
diameter classes (AUSTREGÉSILO et al., 2004). 

Using this tool, which aims to interfere data regarding forestry production, is seen as a great alternative, 
since on most cases, data used in the studies come from collecting samples from permanent and temporary plots. 
The Markov Chain intends to represent processes’ behavior in more complex contexts; it is done using matrix 
probability calculation, from a trustworthy data base (CZELUSNIAK, 2014). 

Schneider and Finger (2000) presented some limitations found on applying prognosis process by the 
Transition Matrix, regarding the projection period, being this technique acceptable only on multiple values of 

256 

 

Rodrigues, IlvanMedeiros Lustosa Junior, Ricardo de Oliveira Gaspar, Juliana Baldan Costa Neves 
Deciduous Seasonal Forest Fragment Using A Markov 

Deciduous Seasonal Forest 

Juliana Baldan Costa Neves Araújo, 2Agostinho 

Caixa Postal 04357, Asa Norte, Brasília, DF 70.910-900, Brazil 

Maisa Isabela Rodrigues, Departamento de Engenharia Florestal, Universidade de Brasília, Caixa Postal 04357, Asa Norte, Brasília, DF 

This research aims to project the diameter distribution of a fragment from a Semi-
deciduous Seasonal Forest using the Markov chain. The study was performed in 

(Brazil), in a 256.94 ha area. The climate is classified as AW, 
according to the Köppen classification, the temperature varies from 19.1° C to 28.3°C, 
and the average rainfall is equivalent to 1,373 mm. On the area, 22 permanent plots 

e dimensions were 10 m x 50 m, equivalent to 500 m², each. Said 
plots were monitored during 2002, 2007 and 2012. On projections from 2002, 2007 and 
2012 the estimated values underestimate specimens, observed by hectare, number, 

, 16.6% and 18.2% on the specimens number, 
respectively. As for the projections for 2002, 2012 and 2022, there was an higher 
underestimation when comparing said percentages, being equivalent to 21.9% and 

he Transition Matrix method was 
not efficient to identify diameter distributions prognosis on the studied fragment, and 

Brazil is known for being a country with continental differences regarding uneven- aged forests, and, 
. (2007), such species and aged heterogeneity existing in this kind of forest, interferes 

els that measure prognosis, and, consequently, limits its use. However, in 
literature are found different methods to generate projections in heterogeneous forests, being the Transition 

ansition Matrix, also known as Markov Chain or Usher Matrix (VANCLAY, 1994), is appropriated 
to analyze several biological aspects, among them, studies related to forestry dynamics. This technique might be 

a tree has a certain probability to remain or migrate to other 

Using this tool, which aims to interfere data regarding forestry production, is seen as a great alternative, 
studies come from collecting samples from permanent and temporary plots. 

The Markov Chain intends to represent processes’ behavior in more complex contexts; it is done using matrix 

Schneider and Finger (2000) presented some limitations found on applying prognosis process by the 
Transition Matrix, regarding the projection period, being this technique acceptable only on multiple values of 



252                                                             Maisa Isabela Rodrigues et al, 2016 
Australian Journal of Basic and Applied Sciences, 10(10) June 2016, Pages: 251-256 

 

the used periods. Besides, projections depend on the situation in which the forest is presented while collecting 
data that will be used on projections models, being defined by Markovian Proprieties.  

Propriety from said model, named season transition, in which several researchers discuss that projection, 
should not be done for a long period, because that period summing observed on plots measuring would be the 
same in the future.  

Considering these aspects, this study aims to project the diameter distribution of a fragment using the 
Markov chain in a Semi-deciduous Seasonal Forest.  

 
MATERIALS AND METHODS 

 
The study was performed in an Atlantic Forest fragment measuring 256.94 ha, in Caratinga – Minas Gerais 

(Brazil), said area is characterized as Semi-deciduous Seasonal Forest. The climate is classified as AW, by the 
Köppen classification, the temperature varies from 19.1°C to 28.3°C, and annual rainfall average rates is equals 
to 1,373 mm. On said area, 22 permanent plots were installed, measuring 10 m x 50 m, which is equivalent to 
500 m² each, they were monitored in 2002, 2007 and 2012.  

Sampled specimens were set in diametric classes. Since is an Atlantic Forest area, a 5 cm range was 
adopted, being each class represented by its central value, according to recommendations from the Permanent 
Plots Installation and Measuring Manual on Atlantic Forest and Pampa Biomes (SANQUETTA, 2008). 

The Markov chain method was used to diameter projections calculations. For said method, forest’s original 
structure was used, considering the years 2002, 2007 and 2012, the specimens were measured considering the 
circumference reaching chest’s height (CAP to 1.3m from the soil), higher or equal to 15cm. Also, recruitments 
and mortality rates were registered on the same period.   

Aspects regarding mortality and recruitment rates were not modeled for projection by the Markov chain 
method. Specimens that were not included during the first evaluation year (t instant) were considered as 
recruitment, due the lack of CAP higher or equal to 15 cm, but during later evaluations they already had 
minimum dimensions for measuring. Specimens that were on the first inventory (t instant) and abasement on the 
second (t+1 instant) were put under the mortality rate.  

Data regarding 2002 were adopted as being the initial period (t instant). Aiming to verify whether the 
breaks adopted for projections were adequate, different projections periods were established, being 5 and 10 
years. Therefore, projections were done for 2007 and 2012, and later for 2012 and 2022, respectively.  

An absolute frequency table was developed with the occurred transitions during the established break 
period (2002-2007 and 2007-2012), in order to construct each transition matrix. Transition matrix consists in 
evaluate, whether, according to the pre-determinate break, was any specimens modification to higher diameter 
classes, due diameter increasing, if the specimens stayed on the same diameter class, and to evaluate recruitment 
and mortality rates inside the diameter classes. Figure 1 consists on matrix matricidal representation for 
transition probability. 

 
Fig. 1: Probability representation of a Transition Matrix (G). 

 
In which:G = Transition probability matrix; ��, ��e ��: probability for specimens to say on the same 

diameter class, moving to the immediately higher class and move to an even higher class, respectively; ��� = 
specimens mortality probability.  

 From the G matrix, the transition probability for each measuring break was obtained like this:  
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� =
��	



 

In which: P = Transition probability; ��	 = Number of trees that moved from diameter class; N = Number of 
trees in the class.  

Therefore, the diameter distribution of population to be projected attributing the diametric structure during t 
time to the moving probability determined by the G matrix from t time to t+1 is determined by the t time situation 
and by entrances occurred during the breaks. The entrances for the projected periods were estimated from the 
following entrance equation:  
��� = ������.�� 

In which: ��� = Entrance for t and t+1 period; e = Nepean logarithm inverse; ����� = Equation parameters; 
�� = Base area during the t period.  

To estimate specimens’ number for the following period, the G probability matrix was multiplied by the 
column vector Yt0 that represents specimens number during the t number, added the entrance results, as seen on 
Figure 2.  

 
Fig. 2: Specimens number by diameter class estimates representation. 

 
In which: Yt+1 = projected specimens by diameter class number on the column vector during the t+1 time; G 

Matrix = transition probability matrix; Y = specimens number by diameter class column vector during the t 
period and I = entrance vector.  

After obtaining observed data for 2007 and 2012, the prognosis was done for the same validations periods. 
To analyze projections accuracy during each period, the Kolmogorov-Smirnov (K-S) adherence test in a 5% 
significance level was performed, aiming to verify the difference between specimens’ number distribution, 
regarding what was observed and estimated. The adherence test corroborates with part of the methodology used 
by Lana et al. (2015), being said test the comparison between the maximum accumulated frequencies observed 
and the accumulated estimate frequency.  

 
Results: 

It is observed on projections from 2002, 2007 and 2012 (Table 1) that estimated values underestimate the 
number of specimens observed by hectare, reducing specimens number in 12.3%, 16.6% and 18.2%, 
respectively.  

 
Table 1: Specimens number observed and estimated by diameter class for 2002, 2007 and 2012. 

Diameter 
Class 

Specimens Number 
2002 2007 2012 
Observed Estimated Observed Estimated Observed Estimated 

7.5 1285 955 1229 875 1199 816.25 
12.5 494 556 561 557 548 545.92 
17.5 125 145 146 165 158 179.99 
22.5 41 43 43 47 47 52.05 
27.5 13 14 14 15 21 16.07 
32.5 6 6 6 6 5 6.69 
37.5 8 6 6 5 7 5.11 
42.5 1 3 3 2 4 1.97 
47.5 2 1 1 1 1 0.25 
52.5 0 2 2 4 0 2.50 
57.5 3 2 2 1 1 0.89 
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62.5 2 3 3 4 5 4.11 
Total 1980 1736 2016 1681.10 1996 1631.78 

 
As for the projections for 2002, 2012 and 2022 (Table 2), there was an underestimation more visible to 

compare with said percentage, being that equivalent to 21.9% and 31.8% for projections regarding 2002 and 
2012, respectively. 

 
Table 2:Specimens number observed and estimated by diameter class for 2002, 2012 and 2022. 

Diameter 
Class 

Specimens Number 
2002 2012 2022 
Observed Estimated Observed Estimated Observed Estimated 

7.5 1285 770 1199 628.08 - 545.22 
12.5 494 529 548 447.63 - 374.17 
17.5 125 157 158 176.67 - 171.80 
22.5 41 46 47 53.61 - 60.24 
27.5 13 21 21 27.86 - 34.06 
32.5 6 5 5 6.51 - 8.60 
37.5 8 7 7 7.03 - 8.26 
42.5 1 4 4 3.46 - 3.72 
47.5 2 1 1 0.50 - 0.25 
52.5 0 0 0 0.00 - 0.00 
57.5 3 1 1 0.33 - 0.11 
62.5 2 5 5 9.67 - 13.35 
Total 1980 1546 1996 1361.36 - 1219.79 

 
Figure 3 presents specimens distribution, observed and estimated, by diameter class for different projections 

periods. 
 

 
Fig. 3: Specimens’ distribution by diameter class in projections for 2002-2012 (a) and 2002-2022 (b). 

Analyzing Figure 3, it might be observed that projections follow the same distribution pattern on the 
observed specimens, presenting an inverted-J form, recurring in natural forests. Therefore, there is a greater 
number of specimens in smaller diameter classes and a low concentration of specimens in grater diameter 
classes.  

The difference between specimens observed and estimated was greater in the projection for a 10-years 
period, considering that for both breaks tested, such difference tended to increase through projections. 
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Therefore, the greater the projections number, the greater will be the difference between what was estimated and 
what was observed. 

On both projections, the K-S test was significant for the analyzed periods. Therefore, the hypothesis 
regarding adherence between distributions’ specimens observed and estimated is rejected. Lana et al. (2015) 
observed the K-S test adherence for three out of the four projected diameter distribution. The same result 
corroborated with Austregésiloet al. (2004), in which similarity between observed and estimated distributions 
was not found, which proved that the method was not efficient to perform such analysis.  

 
Discussion: 

Austregésiloet al. (2004), while analyzing specimens projection using a transition matrix, found 
percentages lower than what was presented in this study, corresponding to a 6.05% reduction for projection with 
a two years break and increasing in 0.55% in a four years break projection.  

Transition matrixes main diagonal for 2002-2007-2012 and 2002-2012-2022 projections presented a 
diameter class modification probability equal to zero for 42.5 cm and 52.5 cm classes, reaching an absorbing 
stage. According to Stepkaet al. (2010), the absorbing stage is a liability for the method, because, while 
projecting the diameter structure, there is no transition on the studied classes for the following classes.  

Except the projection performed for 2022 that do not have data to be observed, it is noted an 
underestimation regarding specimens number on the initial diameter classes. The same results were observed by 
Stepkaet al. (2010), Austregésiloet al. (2004) and Pulzet al. (1999). Lana et al. (2015) attributed the fact to the 
dynamic environment inside this diameter classes.  

According to Nappoet al. (2005), when it comes to natural regeneration studies in areas under intense 
transformations due disturbances, the study of diameter structure dynamics and prognosis must be performed 
carefully, in which small-term breaks should be adopted for inventories, and small-term projections for the 
future, as well. However, it is not the case in this research, since, the studied area is in an excellent conservation 
state, but, results found on other researches corroborate to what was stated previously, and suggest not 
performing diameter distribution prognosis for long periods.  

According to Austregésiloet al. (2004), not considering increasing and mortality in the modeling might be a 
limiting factor for the projection, since the forestry structure will be represented precisely in all classes if these 
factors are added. 

 
Conclusions: 

• The Transition Matrix Method was not efficient to determine the studied fragment diameter distribution 
prognosis, and was not observed any adherence by the K-S test;  

• An underestimation of prominent prognosis for smaller diameter classes and in long-term periods was 
observed; probably, due the elevated dynamics observed for these classes, since the fragment is under natural 
succession secondary stage.   

• Considering the observed results, it is recommended applying smaller time-breaks for fragments in 
initial and average natural succession stated, as strategy to decrease dynamics effects on diameter classes’ 
density.  
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