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Abstract

In 2006 the soybean moratorium provided the impulse for the installation of a large grain exporting port
in western Parg, and the states of Mato Grosso and Para became references at a national level for grain
production. Topoclimatological zoning for species is a methodological innovation that accounts for
phenological phases based on herbarium registries, and occurrence as described by RADAMBRAZIL
forest inventories. This process also includes climatic data including range of annual precipitation,
quarterly maximum and minimum rainfall, months with total rainfall below 60 mm, ranges of water
stress with soil water holding capacity based on 300 mm, maximum, minimum, and average thermal
regimes, air humidity and vapor pressure deficit, and altitude ranges. The zoning process is finalized by a
panel of specialists who assign importance values to each variable and conduct statistical analyses to
define the variables that best explain the productive potential for each species. This study presents the
results of topoclimatological zoning for the species paricé (Schizolobium amazonicum) and tachi-branco
(Tachigali vulgarisL.F.). Through this method, it is possible to identify areas with high, medium, and low
topo climatic potential for any native species in the Amazon.

Introduction

The Amazon Forest has accumulated approximately 119 + 28 Pg of carbon (C), equivalent to about 1.5
decades of current global C emissions resulting from human activities, and therefore it has an important
role at a large scale in the global climate system'2. The scenarios elaborated in projected that by 2050 of
the 12 principal Amazonian watersheds, 8 would lose about half of their forest cover®. These authors
showed that in all the scenarios, deforestation pressure in the eastern Amazon would be intense
principally due to paving of main highways.

However, harvesting and processing of timber from native forests in the Amazon has made Brazil one of
the most important wood exporters in the world*. The number species harvested annually reached 1,300,
and between 2007 and 2009 25 species accounted for 50% of the total commercialized volume®. With
respect to forest plantations, in 2019, 7.8 million hectares were mapped, which were primarily composed
of Eucalyptus and Pinus species, besides species such as Acacia, Araucaria, Parica, and Teak®.

As demonstrated by Eucalyptus plantation forests, Brazil has great potential to be an important player in
the global market for wood from planted forests of native species in each biome. With respect to the
Amazon biome, policies and actions that promote silviculture of native species represent a strategy to
mitigate pressure on native forests from deforestation and the illegal timber market, thus increasing the
provision of environmental goods and services offered by cultivated native species.

In 2018, a literature review including 3,303 articles published on native Brazilian trees was conducted as

part of the Brazil Coalition for Climate, Agriculture, and Forests’. After analysis based on tacit knowledge
by a panel of 50 specialists from a wide range of institutions, 15 native Amazonian species and 15 from
the Atlantic Forest biome were selected as special focus species based on timber potential, results from
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research studies, and edaphoclimatic conditions, among other variables. However, in order to advance the
development of silviculture of native trees it is necessary to increase technical-scientific knowledge based
on use of existing information available in freely available databases. Among the gaps in knowledge of
the silviculture of native trees are the following thematic areas: i) seeds and seedlings, ii) genetic
improvement, including vegetative propagation, iii) plantation management, iv) wood technology, v)

topoclimatic zoning, vi) forest products market, and vii) forestry policies and legislation’.

It is known that the planting of native trees depends not only on public policy, but above all else on
research results that are able to answer questions about where to plant a specific species. Climatic
zoning, as proposed by for planting of Eucalyptus in Brazil, marked the beginning a new phase of the
planning process for the indication of appropriate areas for planting forest species®. The variables used
in this initial study were altitude, climate type, vegetation, air temperature and average annual rainfall, as
well as the rainfall distribution, and potential for water stress and thermal conditions for freezing events.

Considering deforestation pressure in the Amazon and the need for information to aid in the success of
forest restauration projects, advancements in knowledge of native forest species will promote productive
silvicultural practices for species in the region. Methodological initiatives that have as objective the
expansion of successful silvicultural operations in the Amazon region, such as use of agroforests, were

elaborated on by (2005), whose study introduced the concept of bioclimatic zoning®.

According to'?, bioclimatic zones, similar to those in the study by, were presented for 15 forest species,
which encompassed the territory denominated the “Green Arc”, an area of about 17 million hectares in the
state of Para. It was shown in this study that not all of the 15 recommended species native to the

Amazon were apt for use in the Green Arc region'©.

To identify areas that have potential for forest plantations using native tree species, it is necessary to
develop and improve methods that are able to reduce implementation time and financial costs through
integration of biophysical variables to establish areas that have high, medium, and low potential for a
specific species. Zoning for forest species in Brazil has been applied to Eucalyptus in the south of

Brazil'!, edaphic zoning for Amazonian species and bioclimatic zoning for indication species to be used

in agroforest systems’2.

Data published by the Brazilian Forest Service in the National System of Forest Information (SNIF) in the

201972 elaborated on thematic areas such as forests and forest resources, forest production, forestry
markets and economy, and forestry teaching and research during the period 2017 and 2018.

The report showed that Brazil is considered to be a leader in forest resources with 498 million hectares of
forests composed of 98% native and 2% planted species, wherein 55% of the forests are located on public
lands and 45% in private areas. The forestry economy in 2018 was responsible for generating a total of
R$20.5 billion, and in 2017 processed wood generated R$109.5 billion. Exported wood and non-wood
forestry products generated R$14.2 billion in 2018, and formal employment in the forestry sector was
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responsible for 1.25% of the total of jobs created in the country. There were 74 undergraduate forestry
courses at universities in Brazil with a total of 1,695 students graduating in 2018, and in the 11 graduate
forestry programs a total of 558 new forestry professionals graduated, which demonstrates the large
potential these programs have to provide professionals to the productive sector '#.

Furthermore, scientific advances have been applied to questions such as whether there was suppression
of a certain percentage of native commercial species inventoried in anthropogenically modified areas in
the RADAMBRAZIL project'. Other questions are: Which species has topoclimatic potential for use in
forest restauration in the Legal Amazon based on analysis of agroclimatic variables? How has the
evolution of scientific knowledge aided the expansion of silviculture of native species in the region? What
is the evidence for success in meeting the demands of the forest production sector? Therefore, the
objective of this study is to present the methods of topoclimatic zoning for native forest species
(ZoNative) and the benefits associated with conservationist processes in anthropogenic areas in the
Legal Amazon.

Results

The Koppen climate classification system is one of the most used to aid in planning, principally with
respect to activities associated with agriculture, cattle ranching, and silviculture'® modified aspects of
this system such as annual average temperature, rainfall of the months with the lowest precipitation, and
total annual rainfall, dividing the values into groups of 500 mm'® identified 10 climatic subtypes (Fig. 1),
with the most represented groups being Amg and Afj, indicating that the totals for monthly rainfall
present transitional conditions in terms of the months with rainfall below (Am3) and above 60 mm (Af5),
although for both groups total annual rainfall varied between 1,500 and 2.000 mm. When observing the
typical vegetation pattern of savannas in the Amazon, the climate pattern clearly falls within the groups
Aws, Aw, and Aw;. Less than 12% of the Amazon has monthly rainfall averages above 60 mm and
annual rainfall above 2,500 mm (classifications Af; and Af,), thus demonstrating the importance of

topoclimatic analyses in planning for native species plantations’”.

Figure 2 shows the occurrences of species inventoried by the RADAMBRAZIL project'4, and those that
were impacted by anthropogenic processes, indicating that there was omission of 47% of the species that
had commercial timber potential. These data corroborate the scenarios established by3, wherein greater
pressure for deforestation exists in the eastern Amazon. The forest loses genetic material, thus requiring

conservationist strategies to fill gaps in knowledge of tropical silviculture'®1°.

In the context of the study area being within the scope of the Unification of Ecological and Economic
Zoning project for the Legal Amazon (UZEE), topoclimatic zoning for tachi-branco (Tachigali vulgaris)
was done?’ verified that 57% of anthropogenic areas have high potential for inclusion of this native
species for energy generation based on biomass, and only 7% of these areas have low potential, with the
remaining 36% having medium potential. Figure 3 identifies the high, medium, and low potential areas
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with respect to inclusion of tachi-branco in forest restauration actions in areas already altered by
anthropogenic actions in the Legal Amazon.

Innovation potential and associated benefits

Based on the results for topoclimatic zoning for paricg?223

low potential for this species in the state of Para the first large scale integrated cultivation system was
installed in the municipality of Uliandpolis. In the first year the rural producer planted soybeans with

which showed areas of high, medium, and

paricd, and in the second year the rotation was parica-corn?*.

The definition of potential areas for plantations of native forest species of commercial value aims to
support decision making with respect to cultivation of timber and non-timber species in the region.
Furthermore, the inclusion of species in areas of high potential, besides supporting compliance with
environmental regulations on rural properties, also provides an opportunity for research to contribute to
mitigation of greenhouse gases (GHG), and to indicate areas that can be certified in programs for carbon
credit and ecosystem services.

The zoning methodology (ZoNative) could be applied to the?* forest species identified by’ for the
Amazon and Atlantic Forest biomes, with the short-term goal of identifying potential areas for
investments in silviculture of native species with a higher percentage of success in terms of
environmental adaptation and production of specific species. With respect to the establishment of a
forest plantation, the indication of a species is just one step in the process, because plantations depend
on the availability of quality seed to meet the demand of silviculture's.

Discussion

Research on genetic improvement and research on planted native species in long-term experiments, such
as the 40-year-old research plots in Belterra, Para, are fundamental to the implantation process of native
species plantations. Nevertheless, as a result of reductions in research funds, these plots are threatened
by encroaching anthropogenic pressure due to lack of resources for site and fence maintenance and
safeguarding of the integrity of the borders of the research area. This represents a loss of an opportunity
to conduct research on native species plantations in the Amazon.

It is thought that the inclusion of Amazonian native species in integrated production systems will amplify
the participation of rural producers in the world market for tropical woods. Silviculture using native
species?® has the potential to meet the growing demand for tropical sawn woods and to generate other
benefits, principally related to a reduction in deforestation and forest degradation. Plantation forests have
high potential to aggregate value for rural producers in programs that pay for ecosystem services such as
biodiversity conservation, thermal regulation, removal of millions of tons of carbon from the atmosphere,
beside creating thousands of ‘green’ jobs and increasing the income of rural communities, with the
support of public and private financing.
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Removing native tropical forests as the primary source of wood, which is almost entirely illegally
extracted or harvested without technical criteria and substituting them for sustainably managed native
forests of plantation forests of native species in the near future will require public policies and
investments to combat illegality and promote research, development, and innovation (RD&I) using native
species for reforestation. A program for strengthening integrated production systems will support
research incorporating ZoNative for more species with high potential to contribute to the GDP of Brazil,
while adhering to the sustainable development objectives (SDO).

The entire world questions deforestation in the Amazon, and this is one of the largest preoccupations of
researchers whose work is focused on the use of conservationist techniques in anthropogenic areas, as
well as the preservation of areas that require great care in terms of management such as springs, hilltops,
and areas that are considered ecological sanctuaries. Data available from the MapBiomas project show
that it is possible to identify the evolution of forcing processes of environmental change between 1985
and 2019. This project also identified effects associated with the new Brazilian Forest Code?®, using 2008
as the baseline to evaluate deforestation and the approval of the Code in 2012 as another baseline, with
analysis through 2019. Among the analyses done by this project is the National Inventory of Emissions
between 1994 and 2002, 2000 and 2010, and 2010 to 2019.

The analyses in this study will aid in the indication of areas that need forest restauration and the native
species that can be used. The development of technologies that can mechanize the entire process of
plantation establishment will require collaboration between teaching, research, and extension activities
and the rural producer. The identification of new wood and non-wood bioproducts represents a
opportunity to conserve the biodiversity that is typical of tropical environments with multiple uses. Brazil,
and specifically the Amazon, need development of actions rooted in technical-scientific partnerships that
aggregate private enterprise and research institutions. Forest plantations using native species will tend to
gain in terms of scale through the indication of areas that are deemed adequate for their installation.

Methods

Using as a base the data from the RADAMBRAZIL', a spatial diagnosis was done of the occurrence of
native species inventoried in the Government Amazon Integration Program?®. Surveys were conducted in
herbariums in order to obtain information related to collection periods and the expression of flowers and
fruits of species during their collection. Analysis using ZoNative of agroclimatic variables, topographic
conditions, hydrological networks, delimitation of anthropogenic areas using a baseline of the year 2008,
statistical analyses, and the use of a panel of specialists to define the criteria used in the weighting
matrix for topoclimatic zoning of native species. This method was then presented at national and
international scientific events'®2/28_Subsequently, new research was conducted to amplify and validate
previous field findings?3282°_ Principal component analysis was applied to identify variables used in the
construction of maps considering the limiting conditions for high, medium, and low topoclimatic
potential for each species analyzed in the zoning. Computational advances and the availability of

Page 6/15



geospatial tools made important contributions to this analysis and allowed for more complex and robust

analyses?*.

In this way, this methodology presents innovations that can aid in planning for establishment of
plantations of a specific native species, taking into account a range of variables including natural
occurrence, period of expression of phenological phases, climatic data including range of annual
precipitation, quarterly maximum and minimum rainfall, average annual temperature, temperature
extremes (maximum and minimum), months with total rainfall in months with under 100 mm, total
rainfall in quarters with under 60 mm, total annual rainfall divided into groups of 500 mm, thermal
amplitudes during the period of expression of phenological phases, annual air humidity and vapor
pressure deficit. The objective of this analysis is to describe the response of species to the conditions
prevalent in their original environment, which considers processes of exchange, transfer, and conversion
of matter and energy?®.

It is important to emphasize that there is little information on phenological responses of species that can
be used to conduct topoclimatic analyses, and therefore this process is similar to mining for information,
since in herbariums and in the older bibliographic references, collection points were not georeferenced.
The collection points referenced in these materials are therefore all that is available to insert in the
geographic information system (GIS) tools to subsequently generate the topoclimatic zoning. Studies
related to climatic gradients can be applied in diverse manners, especially to explain species
distribution39 climatic prediction3', as well as to optimize silvicultural treatments of native species?3, by
including species from areas with high potential in production arrangements32.

Using this method, commercial species were selected from the state of Para that could be used to expand
areas of forest plantations, such as parica (Schizolobium amazonicum). Areas with high, medium, and
low potential were identified in Para that have high potential and topoclimatic conditions that can
minimize the risks associated with species adaptation?*. These areas would promote a reduction in the
time needed for the species to express its full development?4, thus reducing the need to implement long-
term silvicultural experiments which incur large costs associated with installation, monitoring, field work,
and data collection. Species selection was based on its ecological and economic importance for the
region. It is therefore important to emphasize that due to limitations posed by data availability for each
species, registries in herbariums aided in the identification of the period of flowering and fruiting based
on the month and year of field collections, analyzed as a function of climate time series data. The panel
of specialists aided in the definition of the weighting matrix for elaboration of the zoning. To validate the
topoclimatic zones, the points of occurrence for each species, as registered in the RADAMBRAZIL
project’4, were subsequently evaluated to establish. the number of occurrences in zones of high, medium,
and low topoclimatic potential

It is important to emphasize that, in general, investments in forest areas are made based on demand with
the goal of aggregating value to rural properties, principally in areas undergoing degradation in the
region. The process of forest restauration depends on the availability of seeds, seedling production,
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silvicultural treatments, inputs, forest products generated (wood and non-wood), and market
opportunities. In contrast, topoclimatic zoning aims to subsidize decision making processes that seek to
establish forest plantations of native Amazonian species. Information from herbariums aided in the
evaluations of phenological responses of species associated with climate conditions in the collection
areas. In this way, the catalog registries deposited in the herbariums acquire a greater importance to the
generation of information used in this research. Considering that there are gaps in the meteorological
monitoring network in the Legal Amazon and that the scientific and technological advances that provide
spatial information in the form of interoperable databases, it has been possible to amplify the scalability
of climatic information. The use of time series data as well as data from climate normals3334, has aided
in the use of interpolated data such as those of the World clim model®®, discussed by'”2%. Figure 4
shows a schematic design of the geodatabase used in the elaboration of methodological Innovation
(ZoNative).
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Figures

CLIMATE TYPOLOGY OF THE LEGAL AMAZON
Method Képpen adapted by Martorano et al., 1993
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Figure 1

Climate typology of the Legal Amazon, modified from the Kdppen classification system and proposed
by 51720,
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TROPICAL TREE SPECIES IN THE LEGAL AMAZON
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Figure 2

Areas with occurrence of native species with their respective percentages of suppression through

anthropogenic processes in the Legal Amazon.
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TOPCLIMATE ZONING IN THE ANTHROPIC AREA FROM
ENERGY SPECIES TACHI-BRANCO (Tachigali vulgaris L.F.)
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Figure 3

Topoclimatic zoning in anthropogenic areas for the biomass energy species tachi-branco (Tachigali
vulgaris), indicating areas with high, medium, and low potential in the Legal Amazon.
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GEODATABASE

Figure 4

Schematic design of the database and information used (Hydrographic basins, Native species of
silvicultural interest, data from the literature; climate database, anthropic areas, data from field
experiments, Herbarium data, RADAMBRASIL data and hypsometric data) in ZoNative for species from
the Brazilian Amazon.
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