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Abstract

:

Brazil is one of the largest producers of tropical wood in the world. Much of this wood is extracted from the Amazon region, especially in the state of Pará. Despite empirical knowledge, there is little information in the literature about the selectivity of trade and how this production has been behaving in recent years. Is there any relationship between this legal timber trade and deforestation? In this work, we compile data reports from control agencies and analyze the dynamics of the legal timber market in the state of Pará between 2009 and 2015 in terms of species, volume, and monetary value. We also correlate changes in volume m−3 and value m−3 with deforestation increase in the same period and region. We find that only ten groups of species represent almost 50% of the total timber volume marketed in the State, mainly from the Massaranduba (Manilkara) group. According to our models, the supply of a species of wood on the market is defined by its monetary value and not by its availability or characteristics, which hinders the insertion of new species and increases selectivity. Since 2011 the volume of legally traded logs has been decreasing sharply. Traditional forest regions in the state already demonstrate depletion in forested areas. While others, such as the lower Amazon region, have been increasing production, showing that new forestry operations areas are being used for harvesting in the function of the lower availability in traditional areas. Our models show that the legal reduced impact logging timber volume has an inverse relationship with the deforestation increase. Otherwise, preference for a small group of timber types still predominates, which may lead local woods to the danger of extinction.
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1. Introduction


The Amazon region encompasses a large extension of tropical forest (~6 million km2), and a high diversity of vegetal species (16 thousand tree species), many of which have demonstrated some timber potential (170–300 species) [1,2,3]. From this group, few timber species are known by consumers, focusing the demand on a reduced group (1–70 species), which leads to a decrease or even to a sub-regional demographic collapse of this select population over time [1,4,5].



Brazil is one of the largest producers of neotropical wood in the world, being the state of Pará responsible for more than 50% of the Brazilian Amazon logs production [5,6]. Due to this, mechanisms that assure legal harvesting and control of legally marketed timber are essential for sustainable forest management. In 2006, the Department of Environment and Sustainability of Pará—SEMAS implemented the Forest Products Trade and Transportation System—SISFLORA. Both these systems allow the inflow and outflow of roundwood credits and forest products in the state. At the federal level, the Brazilian Institute of Environment and Renewable Natural Resources—IBAMA requires the Forest Origin Document—DOF. Both of those are necessary tools to minimize deforestation and illegal timber trade, ensuring production in areas with a sustainable forest management plan.



The timber market in Pará has suffered great changes during recent years, both in terms of supervision of harvesting activities and timber demand [7,8]. Several authors have studied logging sustainability in the Brazilian Amazon [4,5,9,10]. Nonetheless, despite the importance for the economy, little is currently known about the dynamics of the timber market across the entire State, such as the insertion and/or exclusion of specific timber into the market during the last few years, and changes in species’ monetary value, which could affect the economic viability of forest management. Moreover, it is important to define what are the most valuable timber species, aiming to replace and increase the number of managed species in the cutting cycle. Changes such as the increase in average pricing for timber combined with the lower supply of this material may influence illegal activities such as deforestation. In Brazil, the mismatch between the legal supplies of timber and the demands of the domestic processing industry has been a major driver of illegal logging for many years [11]. It is important to highlight whether or not the use of tropical wood is related to deforestation in the Amazon region, as this is a widespread prejudgment.



This paper aimed to quantify changes in the trade of legal timber from native forests in the state of Pará, Brazil. Specifically, we summarize a series of data sets from governmental agencies to (i) describe the timber market by micro-regions and cities, (ii) analyze the production dynamics and the pressure on determined groups of species, and measure deforestation increase for (iii) testing if the legal logging trade has been related to deforestation between the years of 2009 and 2015, for the studied regions.




2. Materials and Methods


2.1. Timber Market and Data Collection


Data for timber commercialization were subdivided into six mesoregions of the state of Pará, Brazil: Lower Amazon, Marajó, Metropolitan region of Belém, Northeast, Southeast, and Southern Pará (Figure 1).



We obtained the timber market data through annual reports issued by SISFLORA from the SEMAS [12]. The reports contained information on the extraction and trade of logs, per municipality, between the years 2009 and 2015. Those reports were also used to sum up the information contained in required documents for the transportation of wood logs (GF1), sawn timber (GF2), and final products (GF3) in the state, referred to as “Guia Florestal”.



These documents are composed of information about which species were being transported, the municipality of origin, the species’ popular name, its volume in cubic meters, and the commercial value (free of taxes), allowing, therefore, the calculation of the commercialized volume, the value per cubic meter (dividing the total value by total volume commercialized) and which species were marketed during the evaluated period. All information contained in GF1 was filled in by the forest companies and confirmed by the local inspection agency.



In order to better organize the data, the species were grouped accordingly to their popular names. For different species with the same popular name, the species were grouped out by cities and then into their respective mesoregions. In addition, forest essences were not botanically identified, so the scientific names described in it are only for protocol. At the time of data collection, the reports for 2016, 2017, 2018, and 2019 were not yet published.



In addition, the timber monetary value was converted and deflated in dollars, taking as reference the value of the currency on the date of 31 December for each year (2009–2015).




2.2. Empirical Estimation with Econometric Models


To investigate the relationship between deforestation increase and changes in volume m−3 and value m−3 we applied three static panel data estimators [pooled, fixed effect (FE) and random effect (RE)] [13,14] for the two most important timbers species of our study Handroanthus spp. (Yellow Ipê) and Manilkara spp. (Massaranduba). These models contain one or more lagged dependent variables, allowing the model to be a partial adjustment mechanism. Models 1 and 2 relate the increase in deforestation as a function of volume and the marketed value per cubic meter, respectively; while model 3 relates the volume per cubic meter as a function of its marketed value for the timbers of Handroanthus spp. and Manilkara spp. Data used in models were logarithmically transformed to correct bias effects on correlation or regression or to correct the heteroscedasticity effects on model residuals.



The models are shown as follows:


  l n I  D  i t   =  β  i t   +  β 1  l n V o l u m  e  i t   +  ε  i t    



(1)






  l n I  D  i t   =  α  i t   +  α 1  l n V a l  m 3     i t   +  ε  i t    



(2)






  l n V o l u m  e  i t   =  γ  i t   +  γ 1  l n V a l u  e  i t   +  ε  i t    



(3)




where i represents municipality index, t represents the time index, α and β are the parameters to be estimated, IDit represents the increased deforestation, Volumeit represents the volume per cubic meter, Valm3it represents the value per cubic meter (estimate of the value per cubic meter for each species), Valueit represents the marketed value (total value generated in the commercialization of each species), and εit represents the usual error term.



We have assumed that variations in deforestation may be caused by other factors, which were not predicted in the model, thus it was included lagged variables for constructing more efficient estimates using a model of dynamic panel data applying a generalized method of moments (GMM), by each difference (GMM-AB) [15] and System GMM (GMM-BB) [16].



For the selection of the most appropriate static model, we have used Chow, Breusch–Pagan, and Hausman tests [13]. The Chow test was used for analyzing the null hypothesis: is the pooled model preferable to fixed effects? Already, with the Breusch–Pagan test, we analyzed if the pooled model was preferable to the random effect. Lastly, the Hausman test was used to verify if the random effect model is preferable to the use of fixed effects.



To test whether the selected instruments are independent of the error or not, we performed the Sargan test [17]. Finally, to test the hypothesis that all coefficients, except the constant, are equal to zero, we have applied the Wald test [13].



The data used to measure deforestation were obtained by PRODES [18], which uses the deforestation measured increase from one year to the next, to analyze the variation of the affected area. The concept of deforestation, in this case, consists of the complete removal of primary forest cover by clear-cutting in an area above 6.25 hectares, regardless of the future use of these areas. It is important to cite that in the studied area, between 2009–2015, it was deforested a total area of 19,182 km2 [18].



Regarding the database, due to the lack of information in the years of the research, a base was consolidated, taking in accordance with the available data for the variables of interest of the species with the highest volume and the highest marketed value. It is important to note that among these municipalities, there are those that most trade timber.





3. Results and Discussion


The forestry production in the state of Pará, when evaluating the annual volume (m3) of marketed logs, shows us that from 2009 to 2011 the volume of commercialized timber has grown. This increase is about 57%, with a sharp decrease in the following years, as presented in Table 1.



According to Santana [4], the Brazilian timber market had had an increase of 5% from 2009 to 2011. This is due to the Brazilian Growth Acceleration Program (PAC—acronym in Brazilian Portuguese), which has been emphasizing growths in infrastructure and construction industries. PAC has also increased credit to the poorest part of the population, thus increasing the demand for natural materials, such as timber from native species of managed forests, this reaffirms the results found in our study wherein a peak in timber commercialization was observed in 2011.



The timber trade in the state of Pará has been estimated at an average of 3.1 million cubic meters per year, with a decreasing tendency during the sampling period (Figure 2). The Lower Amazon mesoregion has shown the highest volume of commercialized timber, while the volume of commercialized timber in Southwest and Southeast mesoregions has declined from 2011 to 2015, which indicates a reduction in the forested areas of the cities that compose these mesoregions. The Northeast mesoregion had a high volume of commercialized timber in the years 2010 and 2011, while strongly decreasing from 2013 to 2015. In contrast, the Marajó mesoregion has shown a constant volume of commercialized timber, with an increase in 2012 and a strong decrease in 2015.



On the other hand, we have seen that the Lower Amazon mesoregion has demonstrated an increased tendency in timber production when compared to the other mesoregions. In this mesoregion, there are large areas of public forests that are available for forest concessions, such as the National Forest of Tapajós, the National Forest of Saraca-Taquera, and the area of Mamuru-Arapiuns [8,19]. The most precious woods are becoming increasingly restricted to unlogged old-growth forests in the Northeast and Southeast mesoregions. In the last 45 years, the forest has been explored two or three times, which is exhausting for the environment [2]. The quality of timber of this species is historically attractive for the markets in the state of Pará [19].



The municipalities of Santarém and Prainha, which are part of the Lower Amazon mesoregion, have presented a large growth in marketed timber volumes during the period of evaluation (Table 2), indicating that these municipalities will very likely assume the first position in timber commercialization in the state in a near future, especially because these areas still retain trees with high-valued wood.



During the period of evaluation, we observed 923 species’ names in the guides, which were divided into 640 different groups of timber species based on their popular name (Table 3). In both low-impact and conventional forest management, the species identification is uncertain, manipulable, and difficult to control by the responsible government agencies, especially those of low timber value [20].



Plumptre [21] recommends that timber should be sold by grouping or by lots, rather than individually as it is made nowadays, this would allow multiple uses for more species, including those species of less valuable timber. Richardson and Peres [5], studying forest management in areas under forest concession in the state of Pará, state that the winner companies were authorized by the government, to manage 314 species of 153 different genera. However, the number of harvested species was at most 70, which may lead to a depletion of the Amazon’s timber species in a near future.



The group of Massaranduba species (Manilkara) accounts for 15% of the total volume of the marketed timber in the state of Pará (Table 3), which indicates a strong pressure on this group. The other species add up to 51% of the total value, demonstrating that the introduction of new species in the market is relatively low, despite the diversity of woody forest species with potential uses in the region.



The pressure on specific groups such as Manilkara could result in the local extinction of the species of this genus if no monitoring and harvesting restrictions are applied and strongly supervised [22]. According to Castro and Carvalho [23], the characteristics of Manilkara’s wood make it highly valued, with this species being one of the most used for wooden structures [24], and also because of its high natural durability, lending great technological potential to this group. Future studies that can identify non-traditional timbers with characteristics such as those in Manilkara spp. are essential to reduce the pressure on this group. Using more timber species in addition to reducing pressure on the most valuable ones can increase the value of the overall forest and decrease the need for expansion to other areas [21].



Although Manilkara timber is the most marketed, the species does not possess the highest economic value, which would lead us to species such as Cedar, Yellow Ipê, Freijó, Yellow Itauba, and others (Table 4). Costa et al. [25] explain that Manilkara spp. has a high frequency and is abundant in the Amazon rainforest, increasing its timber supply, thus decreasing the final price.



For Suchomel et al. [26], the price of timber can be influenced by factors such as the global economic recession, rising oil prices, climate change, and stagnation of the building industry. According to Ribeiro [27], the higher timber price of a species is related to its lower availability in the forest, as in the case of Cedar, Yellow Ipê, and Freijó, demonstrating the high potential of hardwood species in this region. In other studies, conducted by the same author, Ipê and Cumaru are currently highly demanded species in both the construction and furniture industries. ITTO [28] reported a value of USD 147 m−3 for Ipê wood in 2009 and USD 136 m−3 in 2014, those values are in accordance with our results (Table 4).



Econometric Models


For Piketty et al. [7] and Hummel et al. [29], there is a tendency of harvesting activities of native forest areas to decrease, as a consequence of the increasingly governmental forces to combat illegal deforestation and a more rigorous posture on the approval of harvest management plans. However, according to Tollefson [30], deforestation in the Brazilian Amazonia has increased from 2012 to 2016.



To test the hypothesis that there has not been a relationship between deforestation trends and legally harvested timber, we have applied different econometric models. According to the static model, the relationship between the increase in deforestation and the value per cubic meter is significant and inversely proportional to all timbers. However, the same relationship was not observed for the dynamic models, except for the estimated coefficient of the lagged variable in the GMM-BB model for Manilkara spp. (Table 5).



The Chow, Breusch–Pagan, and Hausman tests have demonstrated that the random effect model was the most appropriate for our study. This model shows a negative relationship between the increase in deforestation and the value per cubic meter (Table 5). Thus, the legal timber commerce in the state of Pará does not negatively affect forest preservation. The increment in the value of different timbers turns the forest more attractive for companies [21] to invest in large areas, in order to perform long-term management of existing timber, and thus protect this area from inherent illegal activities, such as land invasion and land grabbing, among others, which will consequently lead to deforestation.



For Darrigo et al. [9] and Pokorny and Pacheco [10], areas of logging management under legal reduced impact can help the fight against forest deforestation and may be a useful tool for forest conservation. Moreover, the same authors state that deforestation occurs primarily for economic reasons and, in the case of forest loss value, the forest will continue to be transformed into other land uses.



The analysis of model 2 (Table 6) reveals that in static models, the observed relationship is not significant, but in dynamic models, it becomes significant at 1% for both species. Tests for adequacy of the use of dynamic models were met, with a non-significant Sargan test and a significant 1% Wald test.



In the GMM-AB and GMM-BB models for Handroanthus spp., the lagged variable shows reasonable temporal dynamics of deforestation influence over time. We observed that the legal reduced impact on logging timber volume has a low impact on increasing deforestation. Moraes et al. [31] and Pinagé et al. [32] have demonstrated that in the process of legal logging, there is minimal vegetation suppression in activities such as road opening and stockpiling, while Schwartz et al. [33] has demonstrated that changes caused by reduced management combined with post-harvest silvicultural treatment have a positive effect on the height and diameter growth rate of all species in managed areas of the Amazon rainforest.



However, it should be noted that in the second cutting cycle most species with cutting volume will not be the same ones as those of the first cycle [22,33]. Thus, it is necessary to characterize the wood of these new species, allowing a more appropriate use and pricing for these species at cutting time.



To analyze the timber harvest market supply (Model 4), we estimated static and dynamic models (Table 7).



Sargan’s test showed us that using dynamic models for Manilkara spp. is compromising and it can be performed by statistical analysis. The random effect model is most suitable for Handroanthus spp. and the fixed effect model for Manilkara, with an elasticity of 0.927, and 0.994, respectively, showing that these variables have a strong relationship. When analyzing the dynamics of the model for Handroanthus spp., the estimated elasticities demonstrated small values, which may indicate that this market is not much influenced by the increase in the traded volume over time.



We also observed that the supply of a particular wood species in the market is defined by its market value and not by its availability or characteristics, with a low impact of other factors. As an example, Steege et al. [34] and Oliveira et al. [35] found that the Eschweilera Mart. ex DC. is one of the most abundant genres in the Amazon Forest of Pará state; however, despite its timber having many different potentials [36,37], its commercialization in the evaluated period was not sufficient to be among the ten most commercialized species, corroborating with the hypothesis which the species is not selected by the criteria of abundance/density in the forest inventory, but mainly in the market demand.





4. Conclusions


Our paper shows that the supply of legal timber decreased after 2011, and this has no relationship with the deforestation index in the Amazon rainforest. Moreover, this consequently leads to an increase in average prices of traditional timbers, highlighting the Cedar group. Overall, the timber market was still restricted to a small group of timbers, especially Manilkara spp., even with the introduction and use of new species. The Lower Amazon mesoregion, including the municipality of Santarém, emerged as a new center of timber commercialization in the State.



Furthermore, we have seen that between 2009 and 2015 the modus operandi of forest management in the region remains restrictive to the entry of new species, this increases the pressure on groups such as Manilkara spp. From these results, we propose the replacement of the most harvested species, and that government agencies come up with actions for controlling and enforcing the currently most productive areas, such as the Lower Amazon, and also urging forest recovery actions in areas that have been depleted.



Lastly, our analysis shows that the use of legal timber from the Amazon has an inverse relationship to deforestation in the region, and enforcement actions should focus on illegal logging from the Amazon rainforest.
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Figure 1. Mesoregions of state of Pará. 
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Figure 2. Volume of native wood of each mesoregion in relation to the total volume marketed in the state of Pará between the years 2009 and 2015. 
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Table 1. Volume and annual rates of increase and decrease in wood marketed in the state of Pará.
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Year

	
Volume

	
Annual Rate




	
(m3)

	
(%)

	
(%)






	
2009

	
2,662,679.3

	
12

	
-




	
2010

	
3,725,647.5

	
17

	
40




	
2011

	
4,370,883.8

	
20

	
17




	
2012

	
3,395,182.8

	
15

	
−22




	
2013

	
2,913,447.3

	
13

	
−14




	
2014

	
2,946,764.5

	
13

	
1




	
2015

	
1,947,652.6

	
9

	
−33




	
Average

	
3,137,465.4

	
100%

	
-








Source: SISFLORA, adapted by the author.
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Table 2. Volume of log (1000 m3) marketed in the ten most productive municipalities—SISFLORA-PA.
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Municipality

	
Volume (m3 × 103) Year−1




	
2009

	
2010

	
2011

	
2012

	
2013

	
2014

	
2015






	
Portel

	
318.4

	
456.2

	
475.5

	
406.9

	
321.2

	
226.3

	
176.7




	
Paragominas

	
179.5

	
307.7

	
312.1

	
239.6

	
318.6

	
298.4

	
205.2




	
Santarém

	
136.9

	
201.7

	
296.3

	
227.8

	
249.6

	
266.2

	
266.1




	
Almeirim

	
103.3

	
211.6

	
284.5

	
214.8

	
218.9

	
280.9

	
91.6




	
Pacajá

	
281.6

	
286.2

	
454.9

	
91.0

	
56.8

	
28.0

	
40.2




	
Anapu

	
226.3

	
278.2

	
305.8

	
170.2

	
67.9

	
123.0

	
36.5




	
Tomé-Açu

	
168.5

	
280.3

	
320.1

	
156.9

	
138.8

	
55.7

	
53.9




	
Prainha

	
97.0

	
42.6

	
93.3

	
81.2

	
209.4

	
254.1

	
162.0




	
Rondon

	
125.6

	
122.2

	
134.3

	
143.9

	
100.4

	
92.6

	
46.5




	
Ipixuna

	
96.4

	
204.6

	
109.3

	
70.6

	
130.4

	
94.4

	
54.5
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Table 3. List of the most marketed species in the state between 2009 and 2015.
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Group

	
Genus

	
Total Volume

	
Total Value




	
Cubic Meter

	
%

	
(USD) *

	
%






	
Massaranduba/Iron wood

	
Manilkara

	
3,376,471.80

	
15%

	
270,948,071.88

	
16%




	
Jatoba/Tiger wood

	
Hymenaea

	
1,152,297.30

	
5%

	
90,625,791.26

	
6%




	
Guajara

	
Chrysophyllum, Micropholis and Pouteria

	
1,023,178.30

	
5%

	
65,211,073.01

	
4%




	
Cupiuba

	
Goupia and Eschweilera

	
987,720.40

	
4%

	
64,339,353.81

	
4%




	
Angelim

	
Andira, Dimorphandra Dinizia, Hymenolobium, Marmaroxylon, Parkia, Sweetia, Vatairea and Vataireopsis

	
893,742.40

	
4%

	
70,121,593.46

	
4%




	
Yellow Ipê

	
Handroanthus and Macrolobium

	
749,902.80

	
3%

	
135,612,950.95

	
8%




	
Tauari

	
Allantoma, Cariniana, Coupeia and Couratari

	
731,728.00

	
3%

	
48,172,273.47

	
3%




	
Red Angelim

	
Andira and Dinizia

	
664,321.00

	
3%

	
54,352,780.99

	
3%




	
Timborana

	
Enterolobium

	
648,751.50

	
3%

	
42,192,851.33

	
3%




	
Faveira

	
Albizia, Andira, Dimorphandra, Dinizia, Enterolobium, Hymenolobium, Parkia, Piptadenia, Pithecellobium, Samanea, Schizolobium, Stryphnodendron, Tipuana, Vatairea, Vaitereopsis, Vochysia

	
567,240.90

	
3%

	
37,139,678.96

	
2%




	
Others (630)

	
-

	
11,166,903.51

	
51%

	
765,050,358.14

	
47%




	
Total

	

	
21,962,257.90

	
100%

	
1,643,766,777.27

	
100%








* Updated monetary value with Historical Exchange rate for 2009 (BRL 1 = 0.5741 USD), 2010 (0.6018), 2011 (0.5367), 2012 (0.4887), 2013 (0.4236), 2014 (0.3756) and 2015 (0.2533).
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Table 4. Ten species with highest commercial value in the state of Pará.
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Species

	
Scientific Name

	
USD m−3 *




	
2009

	
2010

	
2011

	
2012

	
2013

	
2014

	
2015






	
Cedar

	
Cedrela spp.

	
249.3

	
261.3

	
233.1

	
212.2

	
183.9

	
163.1

	
110.0




	
Yellow Ipê

	
Handroanthus spp.

	
205.4

	
215.3

	
192.0

	
174.8

	
151.5

	
134.4

	
90.6




	
Freijó

	
Cordia spp.

	
172.2

	
180.5

	
161.0

	
146.6

	
127.1

	
112.7

	
76.0




	
Purple Ipê

	
Handroanthus spp.

	
48.1

	
50.4

	
45.0

	
41.0

	
35.5

	
31.5

	
21.2




	
Tatajuba

	
Bagassa spp.

	
107.1

	
112.2

	
100.1

	
91.1

	
79.0

	
70.0

	
47.2




	
Angelim

	
Hymenolobium spp.

	
-

	
-

	
82.9

	
75.5

	
65.4

	
58.0

	
39.1




	
Cumaru

	
Dipteryx spp.

	
86.4

	
90.6

	
80.8

	
73.5

	
63.7

	
56.5

	
38.1




	
Yellow Itauba

	
Mezilaurus spp.

	
143.5

	
150.5

	
134.2

	
122.2

	
105.9

	
93.9

	
63.3




	
Paraju

	
Manilkara spp.

	
-

	
111.2

	
116.6

	
104.0

	
94.7

	
-

	
-




	
Massaranduba

	
Manilkara spp.

	
88.9

	
93.2

	
83.1

	
75.7

	
65.1

	
57.7

	
38.9








* Updated monetary value with Historical Exchange rate for 2009 (BRL 1 = 0.5741 USD), 2010 (0.6018), 2011 (0.5367), 2012 (0.4887), 2013 (0.4236), 2014 (0.3756) and 2015 (0.2533).
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Table 5. Results of panel models of the increase in deforestation in relation to the value per m3 for Handroanthus spp. and Manilkara spp. in the municipalities of Pará, from 2009 to 2015.
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Dependent Variable

	
Increasing Deforestation




	

	
Handroanthus spp. (Yellow Ipê)

	
Manilkara spp. (Massaranduba)




	
Variables

	
Pooled

	
FE

	
RE

	
GMM-AB

	
GMM-BB

	
Pooled

	
FE

	
RE

	
GMM-AB

	
GMM-BB






	
ID(t−1)

	
-

	
-

	
-

	
0.121 ***

	
0.499 ***

	
-

	
-

	
-

	
0.057

	
0.434 ***




	

	
-

	
-

	
-

	
(0.036)

	
(0.009)

	
-

	
-

	
-

	
(0.057)

	
(0.034)




	
Value m−3

	
−0.589 **

	
−0.368 **

	
−0.390 ***

	
−0.061

	
−0.029

	
−0.590 **

	
−0.633 ***

	
−0.628 ***

	
0.068

	
−0.209 **




	

	
(0.261)

	
(0.131)

	
(0.145)

	
(0.046)

	
(0.048)

	
(0.283)

	
(0.185)

	
(0.156)

	
(0.200)

	
(0.092)




	
Constant

	
7.521 ***

	
6.057 ***

	
6.202 ***

	
−0.056 ***

	
1.974 ***

	
6.544 ***

	
6.795 ***

	
6.769 ***

	
−0.130 ***

	
3.000 ***




	

	
(1.711)

	
(0.872)

	
(0.983)

	
(0.016)

	
(0.253)

	
(1.621)

	
(1.075)

	
(0.930)

	
(0.035)

	
(0.604)




	
Obs. numbers

	
147

	
147

	
147

	
105

	
126

	
224

	
224

	
224

	
160

	
192




	
Mun. numbers

	
21

	
21

	
21

	
21

	
21

	
32

	
32

	
32

	
32

	
32




	
Specification Tests

	
-

	
-

	
-

	
-

	
-

	
-

	
-

	
-

	
-

	
-




	
Chow

	
16.178 ***

	
-

	
-

	
-

	
-

	
18.949 ***

	
-

	
-

	
-

	
-




	
Breusch–Pagan

	
197.437 ***

	
-

	
-

	
-

	
-

	
342.228 ***

	
-

	
-

	
-

	
-




	
Hausman

	
0.532

	
-

	
-

	
-

	
-

	
0.014

	
-

	
-

	
-

	
-




	
Sargan

	
-

	
-

	
-

	
15.784

	
18.935

	
-

	
-

	
-

	
22.221 *

	
23.999




	
Wald

	
-

	
-

	
-

	
16.244 ***

	
14,918.8 ***

	
-

	
-

	
-

	
1.010

	
414.94 ***




	
Instruments

	
-

	
-

	
-

	
17

	
22

	
-

	
-

	
-

	
17

	
22








Note: Values in parentheses are robust standard errors. *** p < 0.01, ** p < 0.05, * p < 0.1.
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Table 6. Results of panel models of deforestation increase in relation to volume (m3) for Handroanthus spp. and Manilkara spp. in the municipalities of Pará, from 2009 to 2015.
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Dependent Variable

	
Increasing Deforestation




	

	
Handroanthus spp. (Yellow Ipê)

	
Manilkara spp. (Massaranduba)




	
Variables

	
Pooled

	
FE

	
RE

	
GMM-AB

	
GMM-BB

	
Pooled

	
FE

	
RE

	
GMM-AB

	
GMM-BB






	
ID(t−1)

	
-

	
-

	
-

	
0.198 ***

	
0.462 ***

	
-

	
-

	
-

	
0.030

	
0.435 ***




	

	
-

	
-

	
-

	
(0.037)

	
(0.015)

	
-

	
-

	
-

	
(0.068)

	
(0.030)




	
Volume

	
0.136

	
0.04

	
0.053

	
0.111 ***

	
0.084 ***

	
0.088

	
0.095

	
0.094

	
0.121 ***

	
0.064 ***




	

	
(0.116)

	
(0.051)

	
(0.051)

	
(0.037)

	
(0.016)

	
(0.101)

	
(0.067)

	
(0.067)

	
(0.026)

	
(0.026)




	
Constant

	
2.605 **

	
3.320 ***

	
3.223 ***

	
−0.018

	
1.262 ***

	
2.384 **

	
2.325 ***

	
2.333 ***

	
−0.113 ***

	
1.234 ***




	

	
(0.993)

	
(0.380)

	
(0.463)

	
(0.023)

	
(0.146)

	
(0.973)

	
(0.566)

	
(0.625)

	
(0.025)

	
(0.213)




	
Obs. numbers

	
147

	
147

	
147

	
105

	
126

	
224

	
224

	
224

	
160

	
192




	
Mun. numbers

	
21

	
21

	
21

	
21

	
21

	
32

	
32

	
32

	
32

	
32




	
Specification tests

	
-

	
-

	
-

	
-

	
-

	
-

	
-

	
-

	
-

	
-




	
Chow

	
15.786 ***

	
-

	
-

	
-

	
-

	
18.142 ***

	
-

	
-

	
-

	
-




	
Breusch–Pagan

	
192.735 ***

	
-

	
-

	
-

	
-

	
333.23 ***

	
-

	
-

	
-

	
-




	
Hausman

	
0.717

	
-

	
-

	
-

	
-

	
0.005

	
-

	
-

	
-

	
-




	
Sargan

	
-

	
-

	
-

	
18.838

	
19.752

	
-

	
-

	
-

	
21.008

	
23.618




	
Wald

	
-

	
-

	
-

	
33.058 ***

	
886.616 ***

	
-

	
-

	
-

	
22.492 ***

	
291.84 ***




	
Instruments

	
-

	
-

	
-

	
17

	
22

	
-

	
-

	
-

	
17

	
22








Note: Values in parentheses are robust standard errors. *** p < 0.01, ** p < 0.05.
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Table 7. Results of the volume panel models (m3) in relation to the value (BRL) for Handroanthus spp. and Manilkara spp. in the municipalities of Pará, from 2009 to 2015.
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Dependent Variable

	
Volume (m3)




	

	
Handroanthus spp. (Yellow Ipê)

	
Manilkara spp. (Massaranduba)




	
Variables

	
Pooled

	
FE

	
RE

	
GMM-AB

	
GMM-BB

	
Pooled

	
FE

	
RE

	
GMM-AB

	
GMM-BB






	
Volume(t−1)

	
-

	
-

	
-

	
0.032 **

	
0.098***

	
-

	
-

	
-

	
0.053 ***

	
0.227 ***




	

	
-

	
-

	
-

	
(0.008)

	
(0.008)

	
-

	
-

	
-

	
(0.014)

	
(0.011)




	
Value

	
0.922 ***

	
0.932 ***

	
0.927 ***

	
0.899 ***

	
0.871***

	
0.938 ***

	
0.994 ***

	
0.971 ***

	
0.991 ***

	
0.836 ***




	

	
(0.033)

	
(0.030)

	
(0.027)

	
(0.013)

	
(0.003)

	
(0.036)

	
(0.034)

	
(0.025)

	
(0.006)

	
(0.013)




	
Constant

	
−5.526 ***

	
95.667 ***

	
95.606 ***

	
90.142 ***

	
95.566***

	
94.918 ***

	
95.718 ***

	
95.397 ***

	
90.150 ***

	
95.381 ***




	

	
(0.509)

	
(0.423)

	
(0.389)

	
(0.004)

	
(0.050)

	
(0.55)

	
(0.486)

	
(0.385)

	
(0.003)

	
(0.127)




	
Obs. numbers

	
147

	
147

	
147

	
105

	
126

	
224

	
224

	
224

	
160

	
192




	
Mun. numbers

	
21

	
21

	
21

	
21

	
21

	
32

	
32

	
32

	
32

	
32




	
Specification Tests

	
-

	
-

	
-

	
-

	
-

	
-

	
-

	
-

	
-

	
-




	
Chow

	
4.152 ***

	
-

	
-

	
-

	
-

	
6.084 ***

	
-

	
-

	
-

	
-




	
Breusch–Pagan

	
39.279 ***

	
-

	
-

	
-

	
-

	
101.953 ***

	
-

	
-

	
-

	
-




	
Hausman

	
0.071

	
-

	
-

	
-

	
-

	
4.464 **

	
-

	
-

	
-

	
-




	
Sargan

	
-

	
-

	
-

	
17.758

	
20.754

	
-

	
-

	
-

	
22.054 *

	
31.456 **




	
Wald

	
-

	
-

	
-

	
4558.99 ***

	
49,495.7 ***

	
-

	
-

	
-

	
144,905 ***

	
14,990.8 ***




	
Instrumentos

	
-

	
-

	
-

	
17

	
22

	
-

	
-

	
-

	
17

	
22








Note: Values in parentheses are robust standard errors. *** p < 0.01, ** p < 0.05, * p < 0.1.
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