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1 INTRODUCTION

ABSTRACT
The determination of carbon stocks of forests is a major theme of works that deal with climate
change, given that carbon dioxide (CO2) is a major Greenhouse Gas (GHG). The major sources of
these gas emissions into the atmosphere are the burning of fossil fuels (80%) and forest conversion
for agricultural use (20%). The state of Amapá is privileged by its extensive forest cover (80%) in
excellent condition, and in order to maintain this status it needs to build mechanisms to minimize
the impacts of increasing pressures as a result of the implementation of settlement projects, the
mineral exploration and the paving of highways such as BR-156. For the use of forest resources with
sustainable basis, the State Government established the Amapá State Forest of Amapá (Flota do
Amapá). The questions that guided this study are intrinsically linked to the search for new ways to
promote conservation and valuation of forest assets of Amapá, in view of the commitments made
by the Brazilian government to reduce its GHG emissions and contribute to the process of
mitigating these. Through the quantification of carbon stored in forest biomass of the Flota do
Amapá it is possible to measure the importance of forests for the State's development. This
innovative study applied the direct method (destructive) to determine the biomass of a fragment of
dense dryland forest of the Flota do Amapá and adjusted allometric equations for estimating aerial,
root and total biomass of this forest type. In addition, we applied the indirect method to estimate
biomass and carbon stock of the forest. The area sampled for the study is located in the city of Porto
Grande, Amapá. We collected the fresh weight of the aerial part and fresh weight of roots of trees
with DBH ≥ 5 (n = 106) in 10 plots of 100 m². The estimate of total biomass (roots + aerial) totaled
6493.3 t/100m ²: 95.8 ± 1.7% of living biomass and 4.1 ± 1.7% of dead biomass. The largest
contribution to living biomass was aerial, with 72.5 ± 6.9%. Of root biomass, 31.3 ± 2.0% is thin roots
(diameter between 2 mm and 5 cm) and 68.7 ± 2.0% are thick roots (≥ 5 cm diameter). Trees with
DBH ≥ 5 cm accounted for 85.1 ± 2.3% of the biomass, and the trunk compartment that contributed
most to this total (58.5 ± 5.2%). The biomass was divided into: aerial (PA), root (PR) and total (P)
(aerial + roots) and allometric models adjusted for dense dryland forest were: PA
=0,12825*(DAP)2,657183, PR = 0,019489*(DAP)2,661729, P = 0,140072*(DAP)2,67119 .The
adjusted allometric equations were applied using the database of forest inventory (n = 27,764 trees)
of the Flota do Amapá, yielding 720.67 ± 6.79 t/ ha-1 (95% CI) for total biomass and 622 , 75 ± 6.09 t/
ha-1to aerial biomass. For the analysis of carbon stocks we obtained from the weighted average
content of water 41.6% (1.7% uncertainty). The carbon for the Flota do Amapá is 182.10 + 6.02t/C
ha-1. The average cost per tree to collect the total fresh weight was R $ 1883.23 ± 434.14 (95%).
Considering only the aerial part, the average cost per tree was R $ 574.35 ± 173.66 (95%). This work
confirms that a minimum 100 trees are sufficient to maintain the error associated to an average less
than 10%. The estimates of biomass and therefore carbon stocks cited in this study are higher than
other studies using the same methodology to the dense dryland forests in the Amazon.

In recent decades climate change has been the subject of numerous global debates for being
considered the biggest environmental problem mankind faces nowadays, mainly due to large emissions
and concentrations of greenhouse gases released into the atmosphere by human activity. Among the GHGs,
there is carbon dioxide (Co2), playing a key role in changing global climate. CO2 is derived mainly from
burning fossil fuels (80%) and conversion of forests to agricultural use (20%). Its emission represents the
issuing of huge amounts of stored carbon contained in vegetation and soil into the atmosphere every year
(Fearnside, 1996).
The need to detect and predict climate-related changes in the natural environment has become of
primary interest in international conferences on the environment. During the 80's, the scientific evidence
about the possibility of global climate change inspired a series of international conferences that warned of
the urgency for a global treaty to tackle this problem (HIGUCHI et al., 1998, Kerr and Ostrovsky, 2003).
The World Meteorological Organization (WMO) and United Nations Environment Program (UNEP)
established the Intergovernmental Panel on Climate Change (IPCC, acronym in English) in 1988. The main
role of the IPCC is to develop and validate internationally agreed methodologies to estimate and report
national net emissions (emissions - removals) of greenhouse gases. The IPCC also aims to recognize and
encourage the use of methods to mitigate GHG emissions, for example, promoting mechanisms that move
the local and global economy and that value standing forests (IPCC, 2012). These methods should prioritize
the production and marketing of timber and non timber products under the criteria of sustainability and
also define and value the environmental services provided by forest ecosystems.
In a period of approximately 40 years (1961-2000) tropical countries lost more than 500 million hectares of
forest cover, sending millions of tons of carbon into the atmosphere (FAO, 2000). Brazil contributes with 4%
to 5% of total carbon emissions to the atmosphere (WINJUM SCHROEDER, 1995). In the case of the Brazilian
Amazon, this forest faces serious threats.
Despite having great potential for biodiversity conservation, the biome is currently inserted in a
worrying picture of deforestation. While deforestation rates in Brazil have reduced over the last decade, in
March of 2012, the Alert System of Deforestation (SAD), of the Institute of Man and Environment in the
Amazon (Imazon), detected 53 square miles of deforestation in the Legal Amazon, which compromised 3.6
million tonnes of equivalent CO2 (Hayashi et al., 2012).
The State of Amapá has more than 70% of its territory (142,814.58 km2) under some special form of
protection, which adds to 19 Conservation Units (UC) and five (5) Indigenous Lands (DRUMMOND et al.,
2008). In 2011 the rate of deforestation in the state was approximately 50 km2 (INPE, 2012). From 2012 on,
this scenario tends to get worse as a result of increasing mineral exploration, the paving of BR-156 and the
connecting of the state with French Guiana through a bridge over the river Oiapoque. Besides these factors,
the settlement projects of the federal government in the vicinity of the main UCs pose risks to the
conservation of their natural resources, in case compensation policies for the protection of these areas are
not implemented.
Currently, the sustainable use of natural resources is a major challenge for the State Government. In
this context, the Flota do Amapá was established in 2006 with approximately 23,694 km ². As a Conservation
Unit of Sustainable Use, it aims to promote the use of natural resources based on principles oriented
towards environmental, social and economic sustainability.
The questions that guided this study are intrinsically linked to two factors: the first aims to search for
innovative ways to encourage the sustainable use of forest resources in the Flota do Amapá for the welfare
of local populations and forestal GDP growth in the state, and the second, which aims to contribute to the
commitments made by the Brazilian government to reduce GHG emissions originated by the burning of
forests and contribute to the mitigation of them. The results of this study intend to contribute to the
methodologies for measurement of biomass estimates and the determination of carbon stocks of forests of
Amapá, supporting projects that encourage the valuation and payment / compensation for maintenance of
the carbon as one of the mechanisms for conservation of standing forests.

SUMMARY
PRESENTATION

If on one hand Amapa's Forests have advantages when compared to other regions´forests, for
their abundancy, diversity, accessibility, logistic and preservation state, on the other hand there are
a lot of challenges for this immense potential in tangible wealth for citizens in the form of
employment, income and improvement of quality of life.
Promoting good governance in the Amazon forest is a process that involves the increasing of
the institutional density directed to this sector. Historically, most of the economic incentives are
targeted at enterprises that push and compete with the standing forests, and forestry exploration is
seen as a predatory activity. Hence the false dichotomy between "forest preservation and economic
development." There have not yet been created conditions for the forest sector to perform the
transformation of its assets in wealth through the virtuous (and sustainable) use of its products and
environmental services.
It is in this context, that the Government of the State of Amapá dares to bet on an innovative
field of knowledge, which is environmental services, by investing resources (human and financial) to
diversify the use of their potential forest. It is clear that, because it is a new theme, there are still
many gaps in the quantification, valuation, allocation of benefits and legal treatment given to this
new equation that includes services such as forest carbon stock, water conservation, biodiversity,
scenic beauty, traditional knowledge, among others.
Since the Kyoto Protocol, forest carbon has become an international "commodity' moving
significant amounts of resources between countries and especially within the framework of private
actions seeking corporate responsibility in their sustainability programs. We believe that
mechanisms such as REDD + can (and should) be used to benefit those who bet on the conservation
of tropical forests as a necessary investment for the balance of global climate, for the inclusion and
appreciation of the knowledge of traditional and indigenous populations and finally to settle the
great social debt existing in Amazonian cities that require investments in infrastructure and
opportunities for green jobs.
It is in this spirit that we present this publication as a first step in generating knowledge that
may open new perspectives of investment in the forestry sector of Amapá. It is the result of a joint
work of various individuals and institutions that believe it is necessary to diversify the alternative use
and valuation of forests.
We hope that these results contribute to building a comprehensive policy that includes the
environmental services provided by tropical forests as a priority within a new development model
oriented towards a green economy.

Ana Euler
President-Director
Instituto Estadual de Florestas do Amapá
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2 - MATERIAL AND METHODS
2.1

Table 1. Total areas of cities, distribution of Flota by municipality and the percentage of cities
occupied by the Flota.

Area Location and Characterization

The Flota do Amapá is located in the Amapá State, it has four modules that comprise a land
area of 23,694 km ² discontinuous. It has the following geographic boundaries: the Uaçá Indian
Reservation to the north, the Sustainable Development Reserve of the River Iratapuru and the
Maracá Agro-extractivism settlement to the south, the BR 156 to the east, and the Tumucumaque
Mountains National Park and the Amapá National Forest to the west.

The area sampled for the study is located in Module II of the Flota, which has approximately
3,420 km2 and covers the territory of the municipalities of Pedra Branca and Porto Grande. Its
relevant natural limit is the Vila Nova River, which runs along the whole inside of the area. The means
of access to Module II are mainly the BR-210 and the Amapá Railway.
The places for the gathering of sampling data for the study are found in the city of Porto
Grande, in the community of São Miguel, located on the left bank of the river Cupixi (00 ° 34'55, 7 "N
and 52 ° 03'54, 9" W , Figure 2).

Figure 1. Location of the Flota do Amapá.
Source: Amazon Protection System (SIPAM).

Figure 2. Locations of data collection sites in Module II of the Flota do Amapá; Below the location of the Flota.
Source: Amazon Protection System (SIPAM).
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The vegetation of the Flota is characterized by the predominance of dense dryland forest
(Leite et al., 1974). This typology is characterized by particular conditions, above all the diversity of
species, high density per unit area and extreme competition for solar energy (ZEE, 2008). In Module
II the Flota is Dense Submontane Forest and a small portion of Dense Low Plateau, with relatively
open woodland, many vines, few palm trees and trees that reach over 20 meters of commercial
height and chest level diameter (DBH) greater than 180 cm (INAM, 2010)(Figure 3). In these forests
there is the occurrence of: timber essences such as acapu (U.S. Vouacapoua Aubl.); Resins such as
breus (Protium sp.) and jatoba (Hymenaea courbaril L.) oil such as copaiba (Copaifera multijuga
Hayne), bacaba (Oenocarpus bacaba) and ferrules (Virola sp.); latex such as sorvas (Couma
macrocarpa Barb. Rodr), fibrous like cipó-titica (Heteropsis Jenmani) medicinal like amapá doce
(Brosimum parinaroides Ducke), and fruit as piquiá (Caryocar villosum (Aubl.) Pers), açai (Euterpe
oleracea), plum (Spondias lutea), Brazil nut (Bertholletia excelsa) and peach palm (Bactris gasipaes
Kunth) (Leite et al., 1974).

According to Köppenś classification, the dominant climate in the region is type Am (tropical,
rainy, with monsoon rains). The rainy season is from January to May, with annual rainfall of 1,700
mm (Gomes Sobrinho, 2008). Average annual temperatures range from 23 º C to 35 ° C. The relative
humidity is high, with values between 80% and 86%. The hydrography is composed of the river
Cupixi and its tributaries, and small creeks and streams that usually dry during the drought period
(Peres et al., 1974).
The geology of the area is from Grupo Vila Nova (Ackermann, 1948); a set of pre-cambian
rock intercalated in the main complex, which present themselves as disturbed, folded and in
subvertical position.
The soil is dystrophic Red Yellow Latosol with low natural fertility (Peres et al., 1974). This type
of soil comes predominantly from crystalline rocks of the Pre-cambrian period and also sediments
from the Tertiary (ZEE, 2008). It is connected to wide variations of relief, but with predominant
occurrence in the wavy class, although it is present even in mountainous regions. The topography
reveals itself as ranging from flat to smooth slopes.
The fauna of the Amapá State Forest is still relatively unknown, but from the knowledge
accumulated by work carried out in neighboring areas (SILVA, 2008), within their areas
(ECOTUMUCUMAQUE 2008; ECOTUMUCUMAQUE, 2010), in the immediate surroundings
(ECOTUMUCUMAQUE, 2009) and the collection of the Wildlife Collection of Amapá there is a high
diversity of mammals with the presence of rare species which are habitat specialists and
endangered species. Among these we find species restricted to open habitats such as grasslands,
where we can find rodents such as the Zygodontomys brevicauda and Sigmodon alstoni, the canid
Cerdocyon thous and the cingulata Euphractus sexcinctus . And species associated to areas of
dryland forest such as Ateles paniscus and Makalata didelphoides, the environment of greater
extent in the state of Amapá. Among the species found in the area, rare species and species
threatened with extinction as Panthera onca, Myrmecophaga tetradacty la and Speothos venaticus,

2.2

INVENTORY OF BIOMASS

For this study we considered the forest biomass categories according to IPCC (2003):

Figure 3. Characterization of vegetation of module II of Flota doAmapá.
Source: Amazon Protection System (SIPAM).
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a) Living biomass above the soil (PA). Also called aerial biomass, including trunks,
branches,
seeds, fruit, and leaves of trees with DBH ≥ 5 cm. In this study, the branches of these trees were
separated into thin (≤ 2 cm Ø <5 cm) and thick (Ø ≥ 5 cm). The aerial part of the saplings (trees with
DBH <5 cm), as well as vines, and palm trees, were also recorded.
b) Living biomass below ground level (PR). Also called root biomass. In this study they were
separated into thin roots or less thick roots (2 mm <Ø <5 cm) and thick roots (Ø ≥ 5 cm). The weight
of the roots of saplings, vines, palms, and other trees with roots within the plot, were also accounted
for.
c) Dead biomass or necromass (dead wood biomass). Also called litterfall, includes all non-living
wood biomass, whether standing or on the soil. In this study, litterfall was collected from the ground
into subunits;
d) Total biomass (P). It consists of the sum of aerial and root biomass. For the collection of aerial
biomass we used the direct (destructive) method described by Higuchi et al. (1998). The field work
was carried out by IEF / AP and the Amazon Nature Institute (INAM, 2010), under the guidance of
the National Institute for Amazonian Research (INPA).
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2.2.1 Inventory of forest biomass plots
For the inventory, 10 fixed portions of 10 x 10 m (Figure 4a) were established, arranged in
the form of fish bone, at a distance of 50 m from each other, a total area of about 1.5 h (Figure

a)

b)

Figure 4. a) Appearance of vegetation in permanent plots of 10 x 10 m with all categories of
biomass; and b) Distribution of the 10 sampling units.
In the plots, trees with DBH ≥ 5 cm, were inventoried and were registered under the common
name, the DBH at 1.30 m above the soil or 30 cm above the buttresses, the crown diameter (m) and
the state tree (dead or alive).
Individuals with DBH <5 cm were considered saplings and have not been inventoried. Vines
and palm trees were also recorded.
2.2.2 Estimation of biomass
Forest biomass or biomass is the amount, expressed in unit mass of wood material contained
in a unit area of forest (Araújo et al., 1999; SANQUETTA, 2002). The biomass in tropical forests is
composed primarily of water, accounting for approximately 40%, and carbon that can vary from 46
to 53% of the total biomass (HIGUCHI and Carvalho Jr., 1994). In the forestry context, there are
several structural parameters that can be measured quantitatively and can provide important
information on forest biomass. Among these parameters, the most important are: diameter at
breast height (DBH), total and commercial height and crown diameter (Asner et al., 2002;
COUTERON et al., 2005).
To quantify the biomass, two types of methods are cited in literature: a) the direct method,
which consists of tipping and weighing all the trees that occur in fixed plots (Brown et al. 1989): and
b) the indirect method, which consists in correlating the biomass with a variable easily accessible for
the application of mathematical models or the use of remote sensing, not requiring destruction of
the plant material (Higuchi et al., 1994). This study applied the direct method to determine the
biomass of a Dense Dryland Forest and adjust allometric equations to estimate aerial biomass, roots
and all of this forest type, and the indirect method to estimate biomass and carbon stock of the
forest existing in the area of the Flota/AP.
Litterfall was collected in five sampling subplots of 1 x 1 m randomly selected within each
plot of 10 x 10 m (Figure 5). After being weighed, the material was discarded.
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Figure 5. Example of the layout and demonstration photo of the subplots of litterfall collection. All the saplings,
palms and vines found in sampling plots were removed and weighed separately.

2.2.3 Compartments of aerial and root biomass of trees (DBH ≥ 5 cm).
All the trees inventoried were tipped in accordance with the security procedures, starting
from the one with the smaller diameter (Figure 6a). The plant material was collected for later
taxonomic identification in the herbarium of the Emilio Goeldi Museum (MPEG) (Figure 6b).

a)

b)

Figure 6. a) Tipping of inventoried trees; and b) Collection of plant material for identification.
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With the trees on the floor, measurements were made of the commercial height (HC) and
total height (HT) as well as the scaling of the volume by the Smalian method combined with the
Hohenald method (measuring the diameter at the bottom and the top of each section).
All parts (compartments) of tipped trees (trunk, branches, leaves and roots) were fully
weighed and divided into smaller pieces as needed. The resulting sawdust was also collected and
weighed, adding this value to the weight of the corresponding compartment (Figure 7). Samples
from each compartment were collected for determination of moisture content.

After collecting and weighing the plant material of all the aerial part, we began the excavation
for the removal of roots, according to the methodology described by Silva (2007) (Figure 9a). The
roots of all trees and vines in the plot and all trees inventoried were taken (Figure 9b), which were
separated into thick and thin roots. Samples were taken from the roots of the inventoried trees for
analysis of the moisture content.

a)

b)

Figure 9. a) Excavation of the plot; and b) Removing roots of inventoried trees.

Figure 7. Scheme of the material collection method in the destructive
form for trees with DBH ≥ 5 cm..
The weighing of the major parts of the trees was performed on a platform scale with a
capacity of 250 kg. Whenever possible, the weighing was direct (trunk, thin branches, thick branches
and thick roots), that is, the material was placed on the platform of the scale (Figure 8a). The sawdust
from each piece (compartment) of the trunk of the inventoried tree was collected and weighed. For
smaller, lighter trees (sawdust, leaves and thin roots), the weighing was indirect. That is, the material
was placed in a canvas, which was carried by a man, and it was weighed. Then, subtracted the weight
of the man and canvas weight to give the total weight of the material (Figure 8b).

Samples of all trees inventoried were weighed on a mechanical scale with a capacity of 10
kg. From each major part of the tree (trunk, thick branches and thick roots) a disc was cut out. Of the
leaves, twigs and thin roots were collected 1 kg (Figure 10a) of each compartment (modified
methodology of Silva, 2007). These samples were transported weekly to the Institute for Scientific
and Technological Research of the State of Amapá (IEPA) to be dried at 65 ° C and better stored.
After drying, the samples were packed in paper bags for transport to the Laboratory of Wood
Chemistry Research Center for Forest Products / CPPF, INPA, in Manaus-AM (Figure 10b), which
were ground for analysis of moisture content.

a)
b)

a)

Figure 8. a) Direct weighing of trunks; and b) Indirect weighing of leaves.
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b)

Figure 10. a) Samples prepared in the field for transport to the laboratory at the IEPA; and b)
Dry samples prepared for grinding and moisture analysis.
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2.3 BIOMASS EQUATIONS
For the adjustment of the biomass equations six mathematical models were tested,
selected from the work of Santos (1996), Higuchi et al. (1998) and Silva (2007):
β

P = β0 (DAP) +ε
β
β
P = β0 (DAP) (Hc) +ε
β
β
P = β0 (DAP) (Ht) +ε
1

1

2

1

2

(1)
(2)
(3)

lnP = β0 + β1 ln(DAP) +ε
lnP = β0 + β1 ln(DAP) + β2 ln(Hc) +ε
lnP = β0 + β1 ln(DAP) + β2 ln(Ht) +ε

(4)
(5)
(6)

Where: Syxr%= standard error of estimate recalculated in (m3), Y = observed volume; Yest =
volume estimated by the adjusted model, n = number of sample trees, k = number of model
parameters; Yreal= arithmetic average of the actual volume.

2.4 FOREST INVENTORY
Where: P = weight of fresh mass of each tree (kg); DAP (DBH) = diameter at 1.30 m from ground level (cm)
Ht = total tree height (m) = Hc commercial height (m); β1 , β2, β3 = regression coefficients, ln = natural
logarithm.
For the selection of these models the following criteria were considered: a) presentation of DAP
(DBH) as an independent variable, which is desirable because it is an easily measured variable, and b)
evidence at other sites and therefore there is a high probability of having good performance in the studied
sites.
In each model tested, analysis of variance and test for significance of the coefficients were applied
(DRAPER and SMITH, 1966; NETER and WASSERMAN, 1974, Weiss and Hassett, 1982) using the
statistical package SYSTAT (Version 10.2).

Where: Raj2 = adjusted coefficient of determination, K = number of coefficients of the
equation, n = number of observations; SQresíduo = residual sum of squared residuals; SQtotal =
sum of squares of the total.
The standard error of estimate demonstrates the accuracy of the model. To scale the exact
accuracy of the model, this error has to be calculated in relation to the average of the dependent
variable as follows:

Where: EPE (%) = standard error of estimate in percentage, n = number of
samples, y average of observed weight.
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The forest inventory of the Flota do Amapá was carried out through sampling of systematic
type in two conglomerate stages of conglomerate. We randomly selected 30 primary units (PU) of
1.6 ha randomly distributed in an area of 23.694 km ², covering the forest types: Dense Dryland
Forest Low Plateaus (FTFDBP), Dense Dryland Forest Submontana (FTFDSm) Savannah and
Transition forest (TCF).
We measured the DBH (cm) and commercial height (HC) of all trees with DBH ≥ 10 cm. The details of
the methodology used to collect forest inventory data is described in INAM (2010).

2.5 ESTIMATE OF FRESH BIOMASS IN THE FLOTA DO AMAPÁ
The aerial, root and total biomass of the Flota do Amapá was estimated with the help of
biostatistical models of single entry developed by this study.
The chosen models were applied to the data set of the Forest Inventory (n = 27,764 trees). With this
information we estimated the fresh aerial, root and total biomass of the Flota. The analysis was also
performed using the same equations for each one of the four modules (I, II, III and IV) of the Flota,
generating a biomass estimate for each one.

2.6 CARBON STOCK IN THE FLOTA DO AMAPÁ
The calculation of carbon stock was performed by determining the moisture content of the
forest biomass and multiplying the resulting value by the carbon content.
2.6.1 Moisture content
The samples were identified in the field and immediately weighed to obtain the fresh weight.
After the grinding, 1g sample of each of the compartments of all 106 scheduled trees was
homogenized, totaling six samples (trunk, thin branches, thick branches, leaves, thin roots and thick
roots) of each tree for analysis.
Sugestion: This material was ground, and then 1 g sample of each of the compartments of all
106 scheduled trees was homogenized, totaling six samples (trunk, thin branches, thick branches,
leaves, thin roots and thick roots) of each tree for analysis. 1g of fresh material was weighted on an
analytical scale, thus obtaining the wet weight of the samples. Then the material was taken to an
oven at 103 ± 2 ° C to constant weight to determine the dry weight (Klock et al., 2005) (Figure 11).
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Table 2. Size of the tertiary units (plots) analyzed by levels.

The analysis was made for the total area of Flota do Amapá and for the four modules,
generating an estimated carbon stock for each of the modules I, II, III and IV.

2.7 COSTS OF FIELD DATA COLLECTION FOR THE QUANTIFICATION OF
BIOMASS

Figure 11. Samples being weighed on an analytical scale. The moisture content was determined by
the equation: U (%) = (Pu-PS / SP) x 100 Where: PU = wet weight of sample (g) PS = dry weight
of sample (g).
2.6.2 Carbon content
The carbon content adopted for the calculation of carbon stock was 48.5%, found by Silva
(2007) in studies for Dense Dryland Forest in the State of Amazonas.

In order to estimate the costs of data collection for estimating aerial, root and total biomass
we recorded the time taken for the implementation of the plots, forest inventory of the area, tipping
trees and excavation of plots fixed.
The collection of field data was performed by INAM hired by IEF. Thus, the costs accounted for:

3 RESULTS AND DISCUSSION
3.1 INVENTORY OF BIOMASS
In total 106 trees in 10 plots (10 x 10 m) were identified, tipped and weighed.
3.1.1 Inventory of forest biomass plots

2.6.3 Carbon stock
To determine the aerial, root and total biomass, the DBH data of trees with DBH ≥ 10 cm
was used in the equations of selected biomass for each forest compartment (aerial, root and
total), measured in forest inventory described by Inam (in 2010). For the calculation of the
vegetation carbon stock the following equation was used:
Ctot = (PStot) x 0,485
Where: Ctot = amount of carbon (t/C.ha-1); PStot = total dry weight (t)

The calculations were made respecting the three sampling levels because of the difference in
the size of sample units (Table 2).

The research identified 44 species in 33 genera belonging to 23 botanical families. The most
abundant species were Rinorea sp. and Eschweilera coriacea (A. DC.) Mori, with 13 and 8
individuals, respectively. Among the less abundant species are the Acapu (U.S. Vouacapoua Aubl.)
Acariquara (Minquartia guianensis Aubl.) Amaparana (Thyrsodium Guyanese Sagot ex March),
Carapanaúba (Aspidosperma excelsum Benth), Cupiúba (Goupia Aubl glabra.) Guajará Branco
(Micropholis venulosa (Mart. & Eichler) and Sucupira (Diplotropis nitida Benth), which had only one
individual (Table 3). The average DBH of the trees surveyed was 13.43 ± 2.06 cm. Of all individuals
inventoried in 10 plots, only two had more than 50 cm DBH, a Cupiúba (Goupia Aubl glabra.) with
DBH of 74.55 cm and an Acapu (U.S. Vouacapoua Aubl.) with 61.82 cm (Table 3 .)
The average commercial height (HC) was 8.96 ± 0.83 m. The average of the total height (HT)
was 14.63 ± 1.28 m. The species that presented both the highest values of commercial height and
total height were Dried bark (Licania paraensis Prance.) Sucupira Tento (Diplotropis nitida Benth.)
and Acapu (Vouacapoua Americana Aubl.) (Table 3).
The average crown diameter was 2.49 ± 0.34 m. The species which presented average crown
values equal to or greater than 5 m were the Cupiúba (Goupia glabra Aubla.), Acapu (Vouacapoua
Americana Aubl.), Breu Manga (Protium guacayanum Cuatric), Pau de Rego (Centrosema
virginianum (L.) Benth.), Tachi Vermelho (Sclerolobium melanocarpum Ducke), Pintadinho
(Chrysophyllum oppsitum) and Sucupira Tento (Diplotropis nitida Benth.) (Table 3).
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Table 3. Flower composition, number of individuals (N IND), values of the diameter breast height
(DBH), commercial height (HC), height (HT) and diameter (Ø CROWN) of the 10 plots used for the
inventory of Dense Dryland Forest biomass of the Flota do Amapá.
COMMON
NAME

DBH

14,72
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Of the total trees inventoried 93% present diameter inferior to 30 cm(Table 4), and the
remainder was in the classes of DAP 30 <40, 60 <70 and 70 <80. There were no individuals found in

Table 6. Contribution (in %) of the estimated Living Biomass (V) and Dead (M) to total (living +
dead), in fixed plots of the Dense Dryland of the Forest Flota do Amapá.

Table 4. Frequency Distribution of the observed data (n = 106).

Trees with DBH ≥ 5 cm accounted for more than 85% of the aerial biomass, with an
average of 4502 ± 78 kg/100 m², while the saplings (trees with DBH <5 cm) had only a small
contribution (5%) for the total of this biomass (Table 7).

3.1.2 Estimation of biomass
To Sanquetta (2002) biomass is one of the most important variables in studies of carbon
fixation, which must be determined and estimated reliably, otherwise there will be no consistency in
the quantification of the carbon fixed in forest ecosystems.
The total biomass amounted to 6493.3 t/100 m² (Table 5). Of this total, approximately 95% is living
biomass and only 5% are dead biomass (Table 6). In studies by Silva (2007), the total weight of the
vegetation in fixed plots are 97.1 ± 1.5% of living biomass and 2.9 ± 1.5% are dead biomass. This
demonstrates that the data obtained in this study are similar to other results found in Amazonian
forests. In this study the highest contribution for living biomass was aerial, with 72%.

Table 5. Estimates (in kg) of root biomass (PR), Parts Above Ground (PA), Living Biomass (V)
Dead Biomass (M) and Total Biomass (T).

In studies in the Amazon, Higuchi et al. (1998) analyzing a fixed plot of 2000 m2, found
that the fresh biomass is distributed as follows in relation to the total weight: trees with DAP ≥ 5
cm contribute to 86.9%, saplings, with 2.4% and vines, 1.3%. Silva (2007), in turn, found as
composition of the living biomass above ground level on fixed plots: 93.7 ± 2.7% of trees with
DBH ≥ 5 cm, 2.8 ± 2.1% of tree saplings with DBH <5 cm, 2.3 ± 1.7% of palm trees, and 1.8 ±
1.0% of vines.
Table 7. Average estimates (in kg/100 m²) of biomass from the Palm Trees (R), Vines (C) Trees
with DBH <5 cm (saplings), trees with DBH ≥ 5 cm, roots of trees with DBH ≥ 5 cm, Roots of the
Plot, in fixed plots of Dense Dryland Forest of the Flota / AP.

DBH
DBH

In this study it was found that, because they are characteristic of the region, the vines
contributed with approximately 10% of the aerial biomass (Figure 12), whereas in studies for the
primary forest of the Amazon (HIGUCHI et al., 1998; SILVA, 2007) their contribution was much
lower, because they are not so frequent.
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0.20
9.65
5.03

Palmes
Vines
Trees DBH < 5cm
Trees DBH > 5cm

The thick roots contributed with 68.6 ± 3.9%, while the fine roots contributed only with 31.3
± 3.9% of root biomass. Silva (2007) was the first to use the direct method to analyze the root
biomass, dividing them into thick and thin roots, which had, respectively, 58 ± 8% and 42 ± 8%. The
thick roots of Flota do Amapá contributed significantly to the root biomass.
3.2 BIOMASS EQUATIONS
The equations were determined from the total biomass of 106 individuals, estimated on the
basis of the distribution of diameters of trees inventoried. The individuals that make up the sample
displayed a maximum of 74.5 cm DBH (Table 8). The highest fresh weight of the aerial parts of the
trees with a DBH ≥ 5 was 12,867 kg.
Table 8. Maximum and minimum values of the variables used for the adjustment
of equations (n = 106).

85.13

Figure 12. Contribution (%) of palm trees, vines, saplings (trees with DBH < 5 cm) and trees with
DBH ≥ 5cm for living biomass above the ground level in Flota do Amapá.

3.1.3 Compartments of the aerial and root biomass of trees (DBH ≥ 5 cm)
The trunks of trees with DBH ≥ 5 cm contributed significantly to the aerial biomass
(accounted for 58.5 ± 5.2%), while the leaves contributed only with 3.1 ± 0.6%. The thick and thin
branches contributed with approximately 37% of this biomass (Figure 13).

Six equations (two single and four double-entries) were adjusted to estimate the total fresh
aerial and root biomass in Dense Ombrophilous Dryland forest. All adjusted equations were
evaluated in regard to the coefficient of determination (Raj2), standard error of estimate (Syx),
standard error of estimate (Syx%), distribution of residue, and distribution of deviations from an axis
of 45 °. The correlation coefficients ranged from 0.94 to 0.99 to estimate total biomass (Table 9),
0.93 to 0.99 to estimate aerial biomass (Table 10), and 0.92 to 0.97 for root biomass (Table 11).

3.16
21.14

Trunk
Thin branches

Table 9. Coefficient of Regression and Determination (Raj2), Standard Error of Estimate Syx) of
the Statistics Equations tested to estimate the Total Biomass (P) of standing trees.
DBH
DBH

Thick branches

DBH
DBH

Leaves

16.68
58.51

Figure 13. Contribution (%) of parts of trees with DBH ≥ 5 cm for the living biomass above the
ground level in the Flota do Amapá.
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Table 10. Coefficient of Regression and Determination, Standard Error of Estimate of the Statistics
Equations tested to estimate the Aerial Biomass (PA) of standing trees.

DBH

Residual

*The residual standard error was recalculated for the equations whose dependent variables
underwent linearization.

Residual

DBH

DBH(cm)

DBH(cm)

Table 11. Coefficient of Regression and Determination, Standard Error of Estimate of the Statistics
Equations tested to estimate the Aerial Biomass (PA) of standing trees.
DBH

DBH

.DBH

Residual

*The residual standard error was recalculated for the equations whose dependent variables
underwent linearization.

Residual

DBH

DBH(cm)

DBH(cm)

The nonlinear and of single input models were chosen for the determination of the biomass
estimates (Table 12), because they had a good performance as the coefficient of determination
(0.97), Syx% (less than 10), Good Distribution of residue (Figure 14, Figure 15, Figure 16) and good
Distribution of deviations to an axis of 45 ° (Figure 17, Figure 18, Figure 19). The three models
chosen were:

Residual

Residual

Table 12. Table of selected equations to estimate total, aerial and root biomass.

DBH

DBH

DBH(cm)

DBH(cm)

DBH
DBH
DBH
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Figure 14. Distribution of residuals of the models of single and double entry of estimation of total
biomass studied in the Amapá State Forest.
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DBH

Residual

Residual

DBH

DBH(cm)

DBH(cm)

DBH

Residual

Residual

DBH

DBH(cm)

DBH(cm)

DBH

Residual

Residual

DBH

DBH(cm)

DBH(cm)

b

LnPR=a+b.LnDBH

Residual

Residual

PR=a+DBH

DBH(cm)
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DBH

All the models tested obtained rates that can be used for estimation of fresh biomass.
Although the double-entry models, which consider the height of trees, present a better precision,
we chose the single entry ones, since the difference in accuracy is very small (only 2%) to justify the
increased effort and costs required for its use .

Observed

Observed

DBH

3.3 FOREST INVENTORY
Estimated

Estimated

DBH

27,764 individuals were inventoried in 587 plots. The average DBH of the trees inventoried
was 40.65 ± 0.03 cm whereas DBH ≥ 10 cm. For the State of Amazonas, in 16 sites surveyed,
according to Lima (2010), the average diameter of trees considering DBH ≥ 10 cm was 21.9 ± 0.40
cm (95%).

Observed

Observed

DBH

Estimated

Estimated

The average DBH of the trees of this study is higher than that of studies of the Amazon. The
analysis of this variable is very important because it is used in equations that estimate carbon stocks.
Of the trees inventoried, more than 50% presented DBH inferior to 40cm and only 3% presented
DBH above 90 cm. The Distribution of Frequency by diameter class of the observed data is found in
Table 13.
Table 13. Distribution of frequency of inventoried trees (n = 27.729).

DBH

Observed

Observed

DBH

Estimated

Estimated

b

PR=a+DBH

Observed

Observed

LnPR=a+b.LnDBH

Estimated

3.4 ESTIMATE OF FRESH BIOMASS IN THE FLOTA DO AMAPÁ

Estimated

According to Ketterings et al. (2001), the use of models to extrapolate the biomass estimates
are the most reliable methods and are essential for studies of global carbon balance. Because the
allometric models tested showed high reliability, the indirect method was used to estimate
biomass.
The allometric equations chosen were applied to the Forest Inventory database. For Flota do
Amapá, the estimates of fresh aerial biomass account for nearly all of the total biomass of trees with
DBH> 10 (Table 14).
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Table 14. Estimates of total fresh biomass (P), aerial (PA) and root (PR) for the Flota do Amapá.

3.5 CARBON STOCK IN THE FLOTA DO AMAPÁ
For the analysis of carbon stocks, moisture content and carbon content were obtained.
3.5.1 Water content

For Higuchi and Carvalho Jr. (1994), estimates based on direct methods provide very
controversial information, being able to overestimate or underestimate the results, so we use the
Confidence Interval to give greater truthfulness to the information. According to Brown et al. (1989)
identifying the biomass by direct method is heavy and monotonous, thus, the researcher tends to
choose the most representative plots, and may overestimate the data.
Klinge and Rodrigues (1973), pioneers in these analysis, studying a portion of 0.2 ha, reported
that the biomass above ground level is 645 t / ha. Fearnside (1987), analyzing the work of forest
inventories published for the Amazon, has proposed an estimate of 254.5 t / ha. Brown and Lugo
(1992) presented estimates for tropical forest biomass in the Brazilian Amazon ranging from 330 to
550 t / ha. Higuchi and Chapman, Jr. (1994) estimated a weight of the total biomass of 436 t / ha.
These studies presented visibly lower results compared to the estimates of this work.
The module III showed the highest average of total fresh aerial and root biomass (Table 15).
The module I had the lowest average of these biomasses. The confidence intervals of the variables
total biomass, aerial biomass and root biomass were high in modules I and II of the Flota.

For the total living biomass of a tree with DBH ≥ 5 cm, the moisture content is 47.9 ±
1.7%, that is, the dry weight (in greenhouse) corresponds to 52.1 ± 2.0% of estimated fresh
weight. Higuchi and Carvalho Jr. (1994) found water content of 40% for trees of the Amazon.
Silva (2007) in his studies to the primary forests of the Amazon, found for the total biomass
(aerial + root) of a tree a water content of 41.6 ± 1.3%, that is, the dry weight (in greenhouse)
corresponds to 58.4% of the fresh weight estimated. This means that the results are similar and
that there is a considerable amount of water in the vegetation of the Amazon.
The largest average moisture content analyzed in trees with DBH ≥ 5 cm refers to the
trunk (Table 16). The leaves have very low medium moisture content (Figure 20). In the analysis
of the water in the roots, the thick ones contribute with more than 60% of average moisture
content.
Table 16. The average moisture content (average ± 95%), in %, of each part of a tree (ARV tree, T - trunk, GG - thick branch, GF – thin branch, F - leaves, RG - RF and thick roots - thin
roots).

LEAVES
THIN BRANCHES
THICK BRANCHES
TRUNK

Figure 20. Contribution (%) of parts of trees with DBH ≥ 5 cm for living biomass above the ground
level in the Flota do Amapá.
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3.5.2 Carbon content
The Intergovernmental Panel on Climate Change (IPCC, in English) adopts a content of 50%
to convert dry weight (in greenhouse) into carbon (IPCC, 2003). For this study we analyzed data from
inventories of biomass of the Amazon region in order to adapt the information for the forest type
most similar to the sampled area. Thus, we adopted the content found by Silva (2007) in studies for
the primary forest in the state of Amazonas , in which a carbon content of 48.5 ± 0.9% (95 %
reasoned by the parts of the trees was obtained. The concentratio
n of carbon in vegetation obtained by Higuchi and Carvalho Jr. (1994) was around 48%.

Table 18. Number of trees sampled, collection time and average costs (average ± 95% CI) for
the execution of the inventory of biomass in dense Ombrophilous Dryland forest in Flota do
Amapá.

3.5.3 Carbon stock
The determination of carbon stocks in forests is the main theme of works that address
climate changes, however, the lack of allometric models to estimate the amount of carbon over
large areas is still the main barrier. Some models tested by Santos (1996) and Higuchi et al. (1998)
were retested by Araújo et al. (1999) and Silva et al. (2007), this information serves as reference for
studies on biomass and carbon stocks in areas of the Amazon rainforest.
For the Flota do Amapá, the estimated total carbon stock for trees with DBH> 10 is 182.10 +
6.02 t/C ha-1. Carbon stocks above ground level (CABG) and total (Ctot) at 16 sites studied in the
State of Amazonas are, respectively, 138.81 ± 9.89 t/C ha-1 and 160.34 ± 11.25 t/C ha-1 (95%)
(LIMA, In 2010).

In studies by Silva (2007) the average cost of collection per plot in primary forest in the
state of Amazonas was R $ 9,600.00 ± 1762.00 (confidence interval (CI) of 95%), considering the
total biomass (above ground and roots). The average cost per tree was R $ 805.00 ± 310.00
(95%). The low costs in the study of Silva (2007) are attributed to the contribution for the
activities of students in the field – post-graduate students who work in research at the LMF /
INPA.

The module I and III of the Flota stood out for having the lowest and highest carbon stock,
respectively ( Table 17).

Table 17. Estimates of total carbon stock (t/ha ± IC 95%) for the modules of Flota do Amapá.

The results show that the Dense Dryland Forest of the state of Amapá has substantial potential
regarding the carbon stock if it is protected.

3.6 COSTS OF FIELD DATA COLLECTION FOR THE QUANTIFICATION OF
BIOMASS
The total cost for the inventory of biomass for the Dense Ombrophilous Dryland Forest was of
R $ 188,454.10. Approximately 70% of this relates to the collection of the roots biomass (Table 18).
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4 CONCLUSIONS
The estimates of biomass and carbon stocks in Dense Dryland Forest of the state of Amapá
were performed according to methods that are consistent with the IPCC Guide (2006). The
methodology used in this study for field collection, and allometric estimates of biomass and carbon
stocks of vegetation can be replicated to other dense dryland forests of the state, because the
samples were taken for this typology.
About the sampling intensity, it was concluded that 10 plots of 10 x 10 m are sufficient to
maintain the maximum error of less than 10%. Each square had an average of 10.6 trees with DBH ≥
5 cm.
The fixed plots were used to ensure the systematic collection of data for allometry, to facilitate
the calculation of some relationships between living and dead biomass and the contribution of the
saplings, vines and palm trees. However, it was confirmed that about 100 trees are sufficient to
maintain the maximum error of less than 10%.
The total biomass of Dense Dryland Forest can be estimated using the adjusted equations of
simple input (DBH as an independent variable) and double-entry (DBH and Ht). The single entry
produced coefficient of determination (R2%) equal to 97% and the standard error of estimate (Syx
in%) equal to 6.79%. For the double-entry, these indicators were R2 = 99% and Syx% = 2.92%%. The
variable total height added little to the accuracy and reliability to the simple input equations. The
performance of single input equation shows that with only the measurement of the diameter it is
possible to estimate the biomass and calculate the carbon stock of this type.
The total cost for the inventory of biomass for the Dense Ombrophilous Dryland Forest was R $
188,454.10. Approximately 70% of these relate to the evaluation of root biomass. Considering that
the root biomass represents about 27% of the total biomass, this study indicates that evaluation of
the aerial part is cost-effective for projects that require the estimation of forest carbon.
The estimates of biomass and therefore carbon stocks obtained in this study are higher than
those of other studies (using the same methodology) for the Dense Dryland Forest in Amazon.
Information on sampling intensity, costs and uncertainties should be used as a reference to improve
this methodology until we reach a standard method for the Amazon.
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