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ABSTRACT

Background: Brazil has the largest tropical forest cover in territorial extension, although it is subject 
to different forms of threat. We analyzed a time series of the firewood and charcoal production from 
the extractivism of native forests between the years 2010 and 2020 in Northeast Brazil, in order to 
support future reflections on the impacts of these uses on the sustainability of the production chain of 
exploration and on the conservation of native forests in the region. Considering the time frame from 
2010 to 2020, data on the volume of firewood and charcoal produced from plant extraction in the 
Northeastern, were obtained via the official platform of Brazilian Institute of Geography and Statistics.

Results: The total production of firewood was 157,771,059 m3 and charcoal 4,137,418 t., while the 
states of Bahia (29.3%), Ceará (21.4%) and Maranhão (14.1%) accounted for 74.8% of total firewood 
produced in the Northeastern. As for charcoal production, Maranhão (51.0%), Bahia (20.3%) and Piauí 
(23.8%) accounted for 95.1% of total produced. Production stationarity was found for all states, with 
the exception of Paraíba and Piauí in firewood, and Paraíba and Rio Grande do Norte in charcoal. A 
downward trend was identified in most states, with the exception of Paraíba and Piauí in firewood and 
Paraíba and Rio Grande do Norte in charcoal, both without any type of trend. 

Conclusion: Considering the economic sustainability of the production chain, efforts to encourage 
energy plantations should focus on regions with lower production, using species of fast-growing 
species that can meet demand and conserve native caatinga vegetation.
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HIGHLIGHTS

 Firewood and charcoal production in Northeastern followed an annual cyclical pattern.
There was a downward trend in production in most states in the Northeastern.
The pandemic period in 2020 influenced the downward in states of greater production.
Forestry of fast-growing species as alternative sources in underutilized sites.
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INTRODUCTION

Brazil is the leading producer of woody phytomass 
per unit area of the world, used mainly as sawn wood, 
from planted forests and one of the major producers in 
tropical forests (Stape et al., 2010; Silva et al., 2012; Cunha 
et al., 2021). The tropical climate favors plant growth 
fast than other environments. In addition, Brazil has the 
largest forest cover in territorial extension in the tropical 
zone and the second largest cover in the world (second 
only to Russia in extension) (Roma and Andrade, 2013; 
Chudy and Hagler, 2020).

The area occupied by native vegetation in Brazil 
corresponds to 66.3% of its territorial extension, mostly 
composed of protected areas (terrestrial and marine areas 
in conservation units, legal reserves, indigenous lands, 
quilombolas, and permanent preservation areas) (Brasil 
2006a; Miranda, 2017). A large area of conserved native 
forests and successor formations, in the public or private 
domain, is subjected to exploitation, as in the Caatinga 
and Amazon biomes, for example, provided they are 
submitted to Sustained Forest Management Plans 
(SFMP), approved by the National Environmental System 
(SISNAMA), as established in Decree 5,975 of November 
30, 2006 (Brasil, 2006b). However, historically, practices of 
unsustainable use in natural areas have generated losses 
of productive surfaces. Added to this are the losses of the 
gene pool, observed through the loss of species richness 
and biodiversity; loss of environmental services, and; no 
less relevant, social impacts and economic opportunities 
losses (Zaú, 2014).

Logging in Northeastern of Brazil (NB) has still occurred, 
especially in the Caatinga vegetation, including inappropriately 
firewood and charcoal exploitation without SFMP, which can 
compromise environmental quality and biodiversity, and 
deplete natural stocks of wood caused by cutting speed 
above the vegetation regeneration capacity (Gama, 2021; 
Souza et al., 2018; Tabarelli et al., 2018). For example, firewood 
is used as an energy matrix in calcination for the production of 
gypsum in the Araripe region of Pernambuco, where only 3% 
of consumed firewood is from areas of vegetation submitted 
to SFMP (Gadelha et al., 2015).

Nevertheless, Brazil is still a major world producer 
and consumer of firewood and wood for energy production, 
in which the South and Northeastern are the two largest 
producers of firewood in the country, differing in the origin 
of the firewood produced. While the South produces 
primarily from planted forests, the Northeastern production 
is based mainly on the native forests (Moreira, 2011a). 
Thus, although silviculture prevails over plant extraction, 
firewood still stands out as the main extractive product in 
Brazil (Gioda, 2019; Bichel and Telles, 2016), with greater 
emphasis, therefore, in the Northeastern (Moreira, 2011a). 
Therein, more than 95% firewood produced comes from 
plant extraction (Moreira, 2011a), corresponding to 59.8% 
of total produced in the country (Bichel and Telles, 2016).

For understanding purposes, native logging, 
according to the definition of the IBGE (Brasil, 2021a), 
comprises the process of collecting wood in a rational way 

(allowing sustainable production to be obtained over time), 
or in a primitive, itinerant way (generally enabling only a 
single production).

The use of wood resources for energy purposes in 
Brazil has been demanded by the residential sector, which 
represents 28% of total firewood energy offered in the 
country, followed by the industrial sector (23%), agriculture 
(8.9%), and the commercial sector represented by 0.3% 
(Moreira, 2011a). It is noteworthy that, economically, the 
residential use of firewood, for example, is the most viable 
energy strategy because it has a lower purchase price than 
natural gas, which generally becomes incompatible with 
income and demand (Medeiros et al., 2011). In this regard, it 
is important to highlight that the NRB is highly dependent on 
native forest resources for firewood extraction and charcoal 
production (Coelho Júnior et al., 2019). About 25% of the 
energy consumed by industrial and commercial sectors of 
this region comes from forest biomass, generating about 
900,000 direct and indirect jobs (Silva et al., 2021).

Understanding the dynamics of wood energy 
production in its space-time aspect is an important 
diagnosis to support alternatives, mainly socioeconomic 
and environmental, within a perspective of renewable 
energy sources, which in this case can be explained by 
different causes using the time series technique. According 
to Reimbold et al., (2017), time series is a collection of 
observations made sequentially over time, whose order and 
occurrence in uniform intervals are relevant in its analysis. 

On the other hand, the information generated on 
the extraction of wood from native Caatinga vegetation 
in the Northeast region of Brazil, regarding the intensity 
produced at regular intervals throughout the studied 
period, is important in the national timber sector, since 
it can directly impact planted forests, supplementing 
production projections due to inadvertent demands for 
firewood and charcoal. In this context, our goal was to 
analyze a time series of firewood and charcoal production 
from the extractivism of native forests, between the years 
2010 and 2020 in Northeastern of Brazil, in order to support 
future evaluations in terms of environmental, social, and 
economic sustainability.

MATERIAL AND METHODS

Characterization of the study region

The territory of the Northeastern of Brazil (NB) 
occupies an area of 1,552,175.419 km² (18.2% national 
territory) with an estimated population of 57,667,842 in 
habitants (Brasil 2021b; 2021c). It is located east of the 
continent of South America, between the coordinates 1° 
and 18° S and 35° and 47° W, and is formed by nine states: 
Alagoas-AL, Bahia-BA, Ceará-CE, Maranhão-MA, Paraíba-
PB, Pernambuco-PE, Piauí-PI, Rio Grande do Norte-RN, and 
Sergipe-SE (Figure 1).

Belonging to the Neotropical Biogeographical 
Region, designated by typical vegetation with peculiar 
fauna in a given climatic condition (Morrone, 2014; Figueiró, 
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2015), the NRB is predominantly occupied by three Biomes: 
the Cerrado, originally present in 20.8% of NRB occupying 
western parts of Bahia and Piauí and eastern Maranhão 
(Castro and Martins, 1999); the Caatinga covering in an 
original area 53.2% of NRB, with presence in all states, 
except for Maranhão (Brasil, 2009); and the Atlantic Forest, 
occurring in the coastal strip from Rio Grande do Norte to 
the south of Bahia, originally occupying 10.6% of NRB (Rosa, 
2016). In addition, the Amazon Biome occupies 7.2% of NRB 
in the state of Maranhão (Lemos and Silva, 2012).

Four types of climates occur in the NRB: The Humid 
Equatorial Climate (in a part of Maranhão); the Humid Coastal 
Climate (from the coast of Bahia to Rio Grande do Norte); 
the Tropical Climate (including Bahia, Ceará, Maranhão and 
Piauí) and the Tropical Semi-arid Climate present in much 
of the central region of the Northeastern (Silva et al., 2011). 
The semi-arid climate, in particular, corresponds to 64.9% 
of NRB and concentrates around 50% of the population in 
the Northeastern (Brasil, 2017; 2021b).

Rainfall distribution, number of rainy days and 
temperature for the RNB is not uniform, varying significantly 
according to geographic location. Temperatures are lower 
in the rainy period compared to the dry period, with 
average annual variations from 18 °C to 26 °C. Rainfall 

variability ranges from less than 700 mm.year-1 to over 
2,500 mm.year-1 in some regions and municipalities in the 
Northeastern (Silva et al., 2011; Alvares et al., 2013; 2023), 
with differences still varying between states (Table 1).

Regarding soils in NRB, types of Latosol predominate 
distributed in 29.5% of the Northeastern, followed by 
Neosol (24%) and Argisol in 16.7%, which together account 
for 70.2% occupation in this region. They are mostly 
weathered, deep, sandy soils with low natural fertility 
(Marques et al., 2014).

Data collection and analysis

Historical series information was obtained from 
the database available on the official platform of the 
governmental Brazilian Institute of Geography and Statistics 
(IBGE), referring to plant extraction in the last 11 years (2010 
- 2020) in Northeastern of Brazil (Brasil, 2022). With data 
obtained from charcoal production in tons and firewood 
production data in volume (m³) independent of each 
other. In which the volume of firewood used for charcoal 
production, from the carbonization process, does not 
include in the volume of firewood presented.

Figure 1: Location and geographic distribution of the states in Northeastern of Brazil.

AL BA CE MA PB PE PI RN SE
mm.year-1

1096 978 1056 1632 917 875 1042 817 1066

Where: AL = Alagoas, BA = Bahia, CE = Ceará, MA = Maranhão, PB = Paraíba, PE = Pernambuco, PI = Piauí, RN = Rio Grande do Norte e SE = Sergipe.

Table 1: Average annual rainfall for each state in Northeastern of Brazil.
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Subsequently, data were organized and tabulated 
using a Microsoft Office Excel 2010 spreadsheet for 
descriptive statistics, construction of bi-themed graphs and 
self-explanatory tables. For statistical analysis, Action Stat 
3.6® (Action, 2016) was used.

Data were subjected to the non-parametric Mann-
Kendall test (Mann, 1945; Kendall, 1975) to check for an 
upward or downward time trend or data stability in the 
historical series. The Mann-Kendall test does not require 
previous data transformation, since they do not depend on 
normal or non-normal frequency distributions.

Stationary analysis was carried out using the unit 
root test [H0 (|φ| < 1); H1 (φ = 1)] of KPSS (Kwiatkowski-
Phillips-Schmidt-Shin), at 5% probability (Kendall, 1975) 
taking into account the stationarity of the variables under 
study, verifying the level of randomness of firewood and 
charcoal production over the course of time series.

For the KPSS test, the null hypothesis was represented 
by the stationary series, that is, not having a unit root 
(Kwiatkowski, 1992). The test specification assumes two 
defined equations (1 and 2): where rt is the random variable 
and its initial value r0 is fixed and serves as an intercept; and 
μt is a normal and identically distributed distribution (0, σ2).

production was 4,753,958 t. The total average volume of 
firewood and charcoal was 1,816,615.07 m3 and 48,019.78 
t, respectively. The states of Bahia and Ceará are the main 
producers of firewood with 30.7% and 21.5%, respectively, 
followed by Maranhão with 13.7%. Charcoal production 
is concentrated in three States, Maranhão accounted for 
51.6% of total production which, added to the production 
of Bahia (20.1%) and Piauí (23.6%), totaled 95.3% of 
charcoal produced throughout the Northeastern (Table 2).

The variation in production over the time series 
pointed to higher firewood production in 2010 in the states of 
Alagoas, Maranhão, and Sergipe. In 2011, there was greater 
production in the states of Bahia and Ceará, followed by 
Pernambuco. In 2012, there was greater production in Rio 
Grande do Norte and Piauí. Finally, in Paraíba, it occurred 
in 2020. Regarding charcoal, the states of Alagoas, Bahia, 
Paraíba, Piauí, and Sergipe had the highest production peak 
in 2010. The states of Pernambuco, Maranhão, Ceará, Piauí, 
and Rio Grande do Norte had peaks, respectively, in the 
years of 2011, 2012, 2013, 2015 and 2019. 

In general production, Bahia was the largest producer 
in firewood in the entire historical series, followed by Ceará. 
Whereas for charcoal production Maranhão, followed by 
Piauí and Bahia were the main producers (Figure 2).

Considering the difference in production between 
the first (2010) and last year (2020), there was a sharp drop 
of just over 69% in the case of charcoal, and approximately 
50% for firewood (Table 3). Only the state of Rio Grande 
do Norte presented an increase of 22.2% in charcoal 
production, and the states of Paraíba (with 5%) and Piauí 
(with 3.5%), increases in terms of firewood production.

Trend for firewood production and charcoal from 
2010 to 2020 in Northeastern of Brazil

The KPSS test between the totals of each year for each 
state indicated non-stationarity production in the states in the 
time series, with exception only for the states of Paraíba and 
Piauí in firewood production, and Paraíba and Rio Grande do 
Norte, in terms of charcoal production (Table 4).

Considering the 2010-2020 series, regarding to the 
firewood production, stability was identified in Piauí and 
Paraíba (Mann-Kendall; p > 0.05), Table 5.

For charcoal production, stability was found for the 
states of Paraíba and Rio Grande do Norte (Mann-Kendall; 
p > 0.05), Table 6.

According to the trend line, a downward trend was 
identified for all states in relation to firewood and charcoal 
production, except for the states of Piauí and Paraíba for 
firewood production (Figure 3), and Paraíba and Rio Grande 
do Norte, for charcoal production, remaining stabilized, 
according to the Mann-Kendall test (Figure 4).

DISCUSSION

Behavior of firewood production and charcoal from 
2010 to 2020 in Northeastern of Brazil

Data on the total production rate and average total 
production of firewood (179,844,892 m³ and 1,816,615.07 

(1)

(2)

The adaptation of the model was verified using Mean 
Absolute Deviation (MAD) errors, which represent the sum 
of absolute deviations of the periods, divided by the number 
of periods, according to Moreira (2011b) and Mean Absolute 
Percentage Error (MAPE), which evaluates the mean absolute 
percentage deviation in error calculation, according to 
Lustosa et al., (2008), represented by equations 3 and 4:

(3)

(4)

where Dt is the actual value; Ft = predicted value; n = 
number of periods.

RESULTS

Behavior of firewood production and charcoal from 
2010 to 2020 in Northeastern of Brazil

In NRB the total general volume of firewood 
production was 179,844,892 m³ and of charcoal 
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m³, respectively) and charcoal (4,753,958 t and 48,019.78 t) 
in the 11 years of the analyzed time series in Northeastern 
of Brazil (NB), show a high energy capacity available in the 
region for phytomass production through plant extraction.

Regarding the states with the highest productions, 
Bahia and Maranhão stood out whit in great potential. 
Economically, this can contribute to greater employment 
generation capacity in these states for this sector, potentially 
expanding and diversifying industries and other uses of 
biomass with greater added value and future perspectives 
of locals biorefineries implementation future perspectives 
(Antar et al., 2021; Chandel et al., 2021).

In terms of type of vegetation, although the origin 
of these woods is not known, it is possible that a large 
part comes from the Caatinga vegetation, followed by the 
Cerrado vegetation, since 100% Ceará and a large part of 
the territory of the states of Bahia and Piauí are occupied 
by these biomes. Coelho Junior et al. (2019) corroborate 
this conception, since approximately 80% of total volume 
of charcoal and firewood produced in the Northeastern 
comes from the Caatinga.

Also considering that planted forests play a key role 
in offsetting the pressure and negative impacts on natural 
forests exploitation, until 2015, the annualized rates showed 
a 1.2% drop in planted forest areas, which is concerning, 
since an increase rate of 2.4% is required to meet the world’s 
future wood and fiber demands and offset the impacts of 
deforestation (Payn et al., 2015).

We can infer that is possible from the Amazon is also 
supplying this material, due to the large volume of firewood 
and charcoal produced by Maranhão, a state in which 34% of 
its territory is occupied by tropical forests (Lemos and Silva, 
2012). Still in this respect, we cannot exclude the possibility 
that part of the Atlantic Forest is being used as a possible 
source of woody material for firewood and charcoal.

Trend for firewood production and charcoal from 
2010 to 2020 in Northeastern of Brazil

It is observed that the downward trend of this historical 
series is still a recent process, as over the last few decades, 
vegetation cover, especially in the Cerrado and Caatinga, has 

Firewood production (m³ x 1000)
States Total (m³) Relative (%) Min. (m³) Avg. (m³) Max. (m³) CV (%)

AL 452.41 0.30 18.99 41.13 73.28 52.20
BA 55274.30 30.70 1683.89 5024.94 9263.51 55.10
CE 38595.80 21.50 2856.90 3508.71 4809.24 18.50
MA 24660.08 13.70 1603.28 2241.83 2796.13 20.90
PB 5869.50 3.30 470.70 533.59 618.33 10.10
PE 21688.89 12.10 1835.91 1971.72 2170.14 5.20
PI 21642.29 12.00 1839.86 1967.48 2167.33 5.00
RN 10900.60 6.10 732.76 990.96 1222.06 20.80
SE 761.02 0.40 7.73 69.18 323.65 149.30

Total 179844.90 100.00 1816.62 
Charcoal production (t x 1000)

States Total (t) Relative (%) Min. (t) Avg. (t) Max. (t) CV (%) 
AL 0.38 0.00 5.00 34.36 79.00 88.30
BA 956.18 20.10 45.66 86.93 131.16 36.10
CE 105.65 2.20 6.97 9.60 11.33 20.70
MA 2450.93 51.60 97.78 222.81 346.28 47.00
PB 9.73 0.20 0.74 0.89 1.16 14.80
PE 86.61 1.80 6.80 7.87 9.02 10.00
PI 1121.21 23.60 40.42 101.93 181.83 48.90
RN 21.43 0.50 1.74 1.95 2.59 14.40
SE 1.83 0.00 0.02 0.17 0.81 156.20

Total 4753.96 100.00 48.02

AL = Alagoas; BA = Bahia; CE = Ceará; MA = Maranhão; PB = Paraíba; PE = Pernambuco; PI = Piauí; RN = Rio Grande do Norte; SE = Sergipe; t = 
tons; m3 = volume in cubic meters; Max. = maximum values; Min. = minimum values; Avg. = average values; SD = standard deviation of the mean; CV 
= coefficient of variation.

Table 2: Statistical summary of firewood and charcoal production of the time series 2010 - 2020 in Northeastern of 
Brazil.
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suffered constant reduction, with net loss rates of around 
0.35% of area per year in the Cerrado, and 0.25% per year in 
the Caatinga (Beuchle et al., 2015). Possibly because the supply 
of firewood and charcoal production from forest cultivation 
it wouldn’t have been sufficient to satisfy demand in Brazil 

(Simioni et al., 2017). Reason why, according to Moreira (2011a) 
and Simioni et al. (2017), it must have stimulated a greater 
demand for firewood and charcoal for energy purposes 
extracted from native forests, leading to an increase in pressure 
for these products and increasing deforestation.

Figure 2: Behavior of firewood production in cubic meters (m³) and charcoal in tons (t) during the time series from 2010 
to 2020 in Northeastern of Brazil.
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Firewood production
Linear model Accuracy Mann-Kendall test

States Intercept Student t MAPE MAD MSD Statistics P-Value
AL 78.44 -6.22 16.97 4.43 31.95 -0.92 9.92-5

BA 9.90 -812.76 14.50 520.43 36.80 -1.00 2.62-5

CE 4.57 -177.06 6.16 220.59 69.50 -0.85 0.001
MA 3.07 138.75 3.44 76.80 7.279 -0.96 5.16-5

PB 490.44 7.19 7.89 42.15 2.149 0.30 0.210
PE 2.13 -25.63 2.24 45.13 3.19 -0.70 0.003
PI 1.99 -3.54 3.57 71.18 8.629 -0.16 0.530
RN 1.34 -57.95 7.00 65.93 5.189 -0.71 0.003
SE 213.30 -24.02 239.80 51.64 3.939 -0.82 0.001

MAPE = Mean Absolute Percentage Error; MAD = Mean Absolute Deviation; MSD = Mean Squared Deviation; AL = Alagoas; BA = Bahia; CE = Ceará; 
MA = Maranhão; PB = Paraíba; PE = Pernambuco; PI = Piauí; RN = Rio Grande do Norte; SE = Sergipe.

States
Firewood production (m³) Charcoal production (t)

Statistics P-value Statistics P-value
AL 1.0693 0.01 1.0603 0.01
BA 1.0585 0.01 0.9840 0.01
CE 0.9395 0.01 0.9307 0.01
MA 1.1091 0.01 1.0945 0.01
PB 0.4436 0.06 0.2970 0.10
PE 0.8710 0.01 0.9123 0.01
PI 0.1570 0.10 0.8721 0.01
RN 1.0487 0.01 0.3785 0.09
SE 0.7115 0.01 0.7123 0.01

AL = Alagoas; BA = Bahia; CE = Ceará; MA = Maranhão; PB = Paraíba; PE = Pernambuco; PI = Piauí; RN = Rio Grande do Norte; SE = Sergipe; t = 
tons; m3 = volume in cubic meters.

States
Firewood production 

(m3 x 1000)
Charcoal production

 (t x 1000)
2010 2020 Relative (%) 2010 2020 Relative (%)

AL 73.28 19.80 -73.00 0.08 0.01 -93.70
BA 9263.51 1683.89 -81.80 131.16 45.66 -65.20
CE 4525.07 2938.75 -35.10 11.11 6.97 -37.30
MA 2796.13 1603.28 -42.70 335.98 103.13 -69.30
PE 2003.16 1868.29 -6.70 8.90 6.80 -23.60
PB 589.08 618.33 5.00 1.16 0.97 -16.90
PI 2093.23 2167.33 3.50 181.83 40.42 -77.80
RN 1209.79 775.08 -35.90 1.96 2.39 22.20
SE 323.65 11.16 -96.60 0.81 0.02 -97.40

TOTAL 22876.89 11685.90 -48.90 672.99 206.35 -69.30

AL = Alagoas; BA = Bahia; CE = Ceará; MA = Maranhão; PB = Paraíba; PE = Pernambuco; PI = Piauí; RN = Rio Grande do Norte; SE = Sergipe; t = 
tons; m3 = volume in cubic meters.

Table 3: Rate of change between the 2010 and 2020 totals of firewood and charcoal production in the time series 
studied in Northeastern of Brazil.

Table 4: Stationary analysis by the KPSS test (p-value < 0.05) for the annual total production of firewood and charcoal 
in the time series between 2010 and 2020 in Northeastern of Brazil.

Table 5: Results of the trend analysis test (p < 0.05) for the annual totals of firewood production in the time series 
between 2010 and 2020 in Northeastern of Brazil. 
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In a general way, the drop in charcoal production, 
greater than in firewood production, can be explained by the 
economic disincentive of the market (Simioni et al., 2017). This 
is because, in places where production is not yet significant, 
price increases become less competitive, which enables 
smaller demand (Simioni et al., 2017). That is, this process 
generates, in a way, a balance between supply and demand, 
which results in a relative decrease in prices and, consequently, 
in lower production. On the other hand, the constant demand 
for firewood as an energy source is more attractive in terms of 
logistical cost, although less remunerated because there is no 
added value (Lima-Júnior et al., 2015).

This reduction in firewood and charcoal production in 
the Northeastern may also be related to new, more convenient 
sources of energy such as gas or electricity or a consequence of 
the reduction in native vegetation itself (Sanquetta et al., 2019).

Furthermore, the demand for firewood and/or 
charcoal from extractivism would also occur as a result 
of the increase in the price of wood from planted forests, 
caused by demand for this wood for other purposes, 
reducing its quantity offered for energy. In addition, the 
supply of wood from planted forests is relatively inflexible 
in the short term (Moreira, 2011a), extending the impacts on 
the groups depending on such biomass.

However, the results show that over the time series the 
production of firewood and charcoal tended to fall sharply. 
However, it is necessary to mention that the time series end 
(mainly, 2020) may have  been  heavily influenced by the 
COVID-19 pandemic period, since many services and work 
fronts were interrupted during this period. As observed in a 
recent study published in 2020 (Chudy and Hagler, 2020), the 
recession in the world timber market between 1995 to 2017, 
with a large drop in demand and the consequent devaluation, 
has indirectly affected logging in Brazil, in addition to the 
national recession. It is worth highlighting that, although Brazil 
does not export this type of biomass (firewood and charcoal), 
the pandemic period possibly interfered in a similar way in the 
production of these inputs, since this event interfered with the 
entire global market as a whole.

Charcoal, in relative terms, showed a greater 
drop than the production of firewood, with a 20% 
greater percentage difference compared to the volume 
of firewood. Considering the coefficient of variation of 
the states with the highest production of firewood and 
charcoal, Bahia and Piauí had the highest values, 55.1% and 
48.9%, respectively, which indicates the occurrence of high 
variability in production (Gomes, 1990), providing irregular 
characteristics to the volumes during the time series. 

Based on the stationarity observed in the states of 
Paraíba and Piauí for firewood production, and Paraíba and 
Rio Grande do Norte for charcoal production, the behavior 
of the oscillations may imply randomness in production 
throughout the time series, following a constant average 
pattern and cyclical, sometimes high, sometimes low, year 
after year. And even when non-stationary, as seen in other 
states, there is an equilibrium relationship between the 
variables in the long run with integration (Silveira et al., 2016).

The downward trend observed in NRB, mainly 
in those States with high production of firewood (Bahia, 
Ceará, and Maranhão) and charcoal (Maranhão, Bahia, 
and Piauí) was also reported by Bichel and Telles (2021), 
on the spatial dynamics of extractive production in Brazil 
between 1998 and 2017. The authors also highlighted that 
the greatest reduction occurred mainly in the Northeastern, 
with emphasis on vegetation from Caatinga. It is also 
worth remembering that all studies that use time series 
data performed currently and, in the future, must carefully 
analyze the period between 2020 and 2022 since the effects 
of the COVID-19 pandemic may show a tendency towards a 
decrease in production outside of normality.

Regarding the few trends for stability, it can be 
understood, according to Penereiro and Meschiatti (2018), 
as a sequential occurrence of values independently, always 
maintaining the same probability distribution. Furthermore, 
the probability for some kind of trending behavior is pre-
setting the statistical significance of the test. In this sense, 
Yevjevich (1972) explains that a time series trend is an 
ordered and successive change of a given sample, with the 
exception of periodic or quasi-periodic changes.

Charcoal production
Linear model Accuracy Mann-Kendall test

States Intercept Student t MAPE MAD MSD Statistics P-Value
AL 86.67 -8.72 73.53 7.31 77.07 -0.95 6.82-5

BA 139.75 -8.80 11.48 8615.33 1.199 -0.92 9.92-5

CE 12.74 -523.48 8.52 807.03 857.55 -0.69 0.003
MA 405.05 -30.37 13.30 24241.10 7.398 -0.85 0.001
PB 940.66 -9.29 12.11 105.74 14.62 -0.02 1,000
PE 9.13 -210.04 3.60 273.71 121.76 -0.71 0.003
PI 180.92 -13.16 17.99 18547.94 5.28 -0.75 0.001
RN 1,704.58 40.74 9.80 195.90 55.00 -0.16 0.530
SE 529.42 -60.51 276.53 127.95 24,74 -1.00 2.62-5

MAPE = Mean Absolute Percentage Error; MAD = Mean Absolute Deviation; MSD = Mean Squared Deviation; AL = Alagoas; BA = Bahia; CE = Ceará; 
MA = Maranhão; PB = Paraíba; PE = Pernambuco; PI = Piauí; RN = Rio Grande do Norte; SE = Sergipe.

Table 6: Results of the trend analysis test (p < 0.05) for the annual totals of charcoal production in the time series 
between 2010 and 2020 in Northeastern of Brazil.
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Figure 3: Trend analysis for firewood production based on the time series between 2010 and 2020 in Northeastern of 
Brazil.

Studying the production and consumption of 
wood in an Atlantic Forest region in the municipality of 
Igarassu, state of Pernambuco, Medeiros et al. (2011) found 

that the use of wood as firewood for energy purposes 
was the most demanded locally, representing 92% of 
annual consumption of wood. Bichel and Telles (2021) 
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understood that the dynamics of firewood and charcoal 
production may be a result of changes in public policies, 
especially by institutions responsible for regulating the use 
of forest resources. Further, the increase in inspections and 
monitoring performed by environmental agencies, valuing 

sustainability in the production processes of Brazilian 
industries, can potentialize a rational use of renewable 
energy sources. Besides, this inspection and control process 
are essential, since, in theory, a large part of the volume of 
wood produced is illegally and improperly extracted. 

Figure 4: Trend analysis for charcoal production based on the time series between 2010 and 2020 in Northeastern of Brazil.
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This fall may be related to the expansion of planting 
of fast-growing species in recent decades, especially 
Eucalyptus species (Almeida et al. 2008; Oliveira et al. 2020; 
Rodrigues et al. 2021; Cruz et al. 2023). Where from 2004 
to 2018, considering only in this period the states with the 
greatest expansion of Eucalyptus planting (Mato Grosso, 
Mato Grosso do Sul, Paraná, Santa Catarina, Maranhão, 
Rio Grande do Sul, and Goiás), there was an increase of 
1,511.4% in plantings in Brazil, with Maranhão participating 
in 337.4% of the increase, going from 75,852 ha to 253,043 
ha of planted area (Rodrigues et al. 2021). This generated a 
greater supply of planted wood throughout the period of 
study what has possibly caused a low production of native 
wood in the Caatinga.

The fall in the production of firewood and charcoal, 
based on plant extractivism, is largely positive, from an 
environmental point of view, by reducing the impact on 
native forests, environmental goods, and services, as well 
as inhibiting the processes of climate change. However, 
according to Moreira (2011a), it can also result in serious 
social consequences in the future, both in the generation of 
employment in industrial activities that depend on firewood 
as a source of energy and for domestic consumption. It is 
also noted that this temporal reduction in the production of 
firewood and charcoal may be associated with the reduction 
of areas of caatinga vegetation, according to Travassos and 
Souza (2014), and Santos et al. (2023), which makes it a very 
worrying environmental problem.

Thus, the incentive the planting of wood within the 
norms, especially using already degraded areas, would 
be an important alternative to supply the demands for 
firewood and charcoal, avoiding economic losses and 
environmental destruction. Moreover, energy alternatives 
from other renewable sources must be adopted to fill 
the gap left by non-sustainable extractive sources. In this 
sense, Araújo et al. (2017) emphasize the development of 
assertive public policies aiming at the implementation of 
planted forests of exotic and native species together with 
the certified management of native forests, which will 
stimulate the scale production of renewable raw materials 
in a sustainable way (Beuchle et al. 2015). Finally, we can 
also reflect on the aspect that, in Brazil, there is no export or 
import of firewood, insofar as domestic production is equal 
to its consumption (Moreira, 2011a).

CONCLUSIONS

The analysis of the time series (2010-2020) on 
the production of firewood and charcoal in Northeastern 
of Brazil (NB) made it possible to understand a dynamic 
behavior over the years. The stationarity allowed to infer 
that there is a behavior of production along the time series, 
following a constant average and cyclic pattern of repetition 
in the production year after year.

There was a downward trend for most states in the 
Northeastern, mainly in states with greater production 
of firewood and charcoal, influenced, in 2020, by the 
pandemic period.

As future actions, efforts must be made to 
encourage energy plantations focusing on regions that 
are currently underused or even degraded and based on 
the use of fast-growing species that can meet demand and 
conserve native caatinga vegetation.

All studies that use time series data performed 
currently and, in the future, must carefully analyze the 
period between 2020 and 2022 since the effects of the 
COVID-19 pandemic may show a tendency towards a 
decrease in production outside of normality.
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