
Article Not peer-reviewed version

Association of Methodologies for

Assessing Environmental Damage and

Impacts Applied to Mechanized Forest

Harvesting

Camila Porfirio Albuquerque * , Márcia Pereira da Silva Manoel , Jô Vinícius Barrozo Chaves ,

Luiz Henrique Freguglia Aiello , Gislene Sales da Silva , Gerson Araujo Araújo De Medeiros ,

Admilson Irio Ribeiro

Posted Date: 31 May 2024

doi: 10.20944/preprints202405.2114.v1

Keywords: Forestry; Environmental impact of forest harvesting; Interaction networks; Eucalyptus; Forestry

industry

Preprints.org is a free multidiscipline platform providing preprint service that

is dedicated to making early versions of research outputs permanently

available and citable. Preprints posted at Preprints.org appear in Web of

Science, Crossref, Google Scholar, Scilit, Europe PMC.

Copyright: This is an open access article distributed under the Creative Commons

Attribution License which permits unrestricted use, distribution, and reproduction in any

medium, provided the original work is properly cited.

https://sciprofiles.com/profile/3561883
https://sciprofiles.com/profile/3239576


 

Article 
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Abstract: The advancement of mechanization in forestry has increased productivity in the forestry 
sector, bringing positive and negative impacts that require a deeper understanding for sustainable 
forest management. This study aimed to apply a simplified instrument for assessing damage and 
environmental impacts in forest harvesting of commercial eucalyptus plantations, using a 
combination of methodologies. The methodology used combined interaction networks and impact 
assessment matrices, carrying out field surveys, transposing them to interaction networks and 
weighting them through assessment matrices, resulting in environmental indices (ES) for 
prioritizing actions. The study was conducted on a commercial eucalyptus plantation in the 
municipality of São Pedro, São Paulo, Brazil. The mechanized harvesting of the area consists of the 
structure of a module with a mobile unit consisting of a harvester and forwarder. The results 
indicated that wood transport presented the highest ES, both positive and negative. The most 
significant negative impacts (ES) were the depletion of water resources and erosion, while the 
positive impacts included regional development and job creation. The most notable changes, 
positive and negative, were observed in the physical and anthropic environment, with a lesser 
impact on the biotic environment. 

Keywords: forestry; interaction networks; eucalyptus plantation; Mechanized timber harvesting; 
Harvest forest planning; sustainable forest management 

 

1. Introduction 

The production paradigm with a greater emphasis on sustainability is constantly expanding in 
the context of policy development, with the aim of supporting decision-making and promoting 
improvements in the environmental, social and economic performance of processes, products or 
services. Sustainable production in forestry has as its pillars the use of "forests and forest lands in a 
conscious manner, at a rate that maintains their biodiversity, productivity, regeneration capacity, 
vitality and their potential to fulfill, now and in the future, relevant ecological, economic and social 
aspects" [1]. 

The Brazilian forest-based industry plays an important role in the global economy and human 
well-being, being responsible for the production of inputs for more than five thousand by- products 
or services “in forest ecosystems” [2]. 

Planted forests represent an appropriate form of soil management and are less impactful than 
various intensive crops [3,4]. They are especially recommended for degraded regions characterized 
by low fertility or unsuitable for agricultural practices [5,6]. 

The Brazilian planted forest industry carries out planting, harvesting and replanting activities 
on 9.94 million hectares. In addition, it recorded gross revenue of US$51 billion, setting new 
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production records, with remarkable quantities of 25 million tons of pulp, 11 million tons of paper 
and 8.5 million cubic meters of wood panels [7]. 

Currently, the Brazilian forest harvesting scenario is dominated by large companies [8], which 
have more than 500 employees and employ sophisticated forest harvesting technologies aimed at 
reducing costs, high yields and environmental impacts on a smaller scale [9]. 

In the context of environmental impact assessment (EIA) in the forestry sector, various 
methodologies have been integrated into different lines of research. Among these approaches are the 
ad hoc system, checklists, map overlays, interaction networks and simulation models [10,11]. The 
choice, adaptation and development of the EIA method depend on the specific objectives of the 
assessment. Each tool has advantages and disadvantages, focusing specifically on the problems and 
goals previously established. 

The purpose of Environmental Impact Assessment (EIA) is to identify the environmental effects 
resulting from projects in the biotic, physical, social and economic domains [12]. In addition to 
preventing adverse impacts, this methodology provides a basis for strategic decisions in the short 
and long term [13]. 

Currently, there are a series of EIA methodologies available in works related to the topic and 
inserted in various lines of research, such as: ad hoc system; checklists, map overlays; interaction 
networks and simulation models [14]. The choice of the EIA, adaptation and development method 
depends on the objectives of the evaluation, since each tool has positive and negative points, and 
specifically analyzes the defined problems and objectives. 

The EIA aims to detect the environmental impacts resulting from the enterprise on the biotic, 
physical, social and economic environment, in addition to allowing strategic decision-making in the 
short and long term [15]. The AIA methodology, in addition to being seen as a tool to prevent adverse 
effects, also to assist and guide decision-making so that when planning the installation of new 
projects it is possible to explore the possibilities of environmental intervention in a sustainable way 
[16]. 

In Brazil, the common applicability of Environmental Impact Assessment (EIA) extends to 
compliance with environmental licensing prerequisites and national legislation. However, there is 
significant potential for using these methodologies as adaptable and simplified tools for monitoring 
work routines in the field. 

Important studies [17] analyze and review recently proposed reforms to the current EIA system 
in Brazil. According to the authors, three proposals for changes to the EIA system have been 
documented, but studies on the efficiency and effectiveness of EIA are still incipient and generally 
retrospective, evaluating changes that have already been implemented. Furthermore, the low 
institutional capacity of government agencies is one of the main barriers, along with the complexity 
of carrying out studies and applying them in a practical way in the day-to-day activities of 
institutions. 

In a bibliographic review study, 131 scientific productions on Brazilian environmental licensing 
based on EIA between 1985 and 2015 were analyzed. The results were grouped into themes such as: 
study of the EIA system, assessment of the quality of these studies and discussions on the 
methodologies applied. Most studies examined highly complex cases, especially hydroelectric plants. 
In contrast, few studies have addressed the methods applied, adaptations for different applicability, 
highlighting deficiencies in the different stages of EIA. Furthermore, analyzes of the consistency of 
Environmental Impact Studies (EIA) revealed recurring deficiencies [18]. 

In the context of the growth of the forestry sector, there is a need to develop and improve 
expedient tools for environmental, social and economic management, with a view to their effective 
application in the dynamic routine of the forestry industry. 

Given the current technological development of forest-based industry, in which forest 
harvesting in many companies is usually mechanized, there is a growing need for tools to monitor 
the positive and negative impacts of the activity, not only in terms of harvesting yields in productive 
areas, but also its interface with conservation areas and the region where the production unit is 
located. The industry lacks expeditious methodologies that provide results for short- and long-term 
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decision-making, as well as covering the different dimensions involved in EIA, i.e. physical, biotic 
and anthropic. 

This study aims to integrate environmental impact assessment methodologies to guide the 
perception of the significance of aspects and impacts and adapt an agile and simplified assessment 
tool. This tool will assist in the development of preventive and mitigating procedures, as well as in 
the management of environmental impacts arising from the forestry production cycle, such as forest 
harvesting. 

2. Materials and Methods 

2.1. Description of the Forest Harvesting Site and Process 

The study was carried out on a farm with commercial plantations of Eucalyptus spp, with a total 
area of 194.37 hectares, located in the municipality of São Pedro, in the state of São Paulo, Brazil 
(coordinates 22°32'55" South and 47°54'50" West, 550m altitude). Forest harvesting takes place 
throughout the year, during 3 uninterrupted shifts (morning, afternoon and evening). The database 
collection period covered the fall and winter seasons (May to August) in 2018 and 2019. Data was 
always collected after forest harvesting activities. 

The soil of the region is classified as yellow-red latosol, with good infiltration capacity, low 
fertility and the area is susceptible to erosion [18]. 

In addition to the eucalyptus planting areas, there are fragments of Atlantic Forest 
(semideciduous seasonal forest) that allow commercial planting, designated as preservation areas 
and legal reserves. 

According to data from the Brazilian Forestry Institute [19], the Atlantic Forest is present in 17 
Brazilian states, stretching from Rio Grande do Sul to Rio Grande do Norte. Each region has specific 
characteristics in terms of vegetation, soil, relief, diversity and richness of fauna, as well as climatic 
variations. However, there are common elements between the different locations, such as high 
rainfall, resulting from the proximity to the sea and the influence of humid winds from the ocean. 
Furthermore, the Atlantic Forest covers a range of climates and microclimates, including the humid 
subtropical climate in the South, areas influenced by a tropical climate and transition regions with 
the caatinga in the Northeast. 

What differentiates the current long log and short log systems is the field processing model, in 
the short log system the wood is extracted and processed into logs (according to the required 
dimensions) at the cutting site; In the long log system, trees are cut and delimbed and then sent to 
the transport site. According to the same author, harvesting modules also differ, for example, for 
short logs the most common is the combination of harvester (cutting and processing) and forwarder 
(loading) and for long logs the skidder is commonly used) and feller-buncher (cutting and delimbing) 
[20]. Harvesting and forest transport can be carried out manually, semi-mechanized and mechanized. 

Mechanized harvesting consisted of harvesting modules with mobile units, 8 to 10 harvesters 
and 3 forwarders, both Komatsu®. The wood remained in the field for 60 to 90 days to dry and was 
then transported by bi-train/tri-train trucks in a month-long logistics operation. 

Each activity of a project can generate positive or negative impacts when interacting with the 
environment. Therefore, the environmental aspect concerns the cause of the environmental impact, 
that is, the activities that are part of the analyzed process or its components. From an on-site visit, the 
environmental impacts visible in the field and in accordance with each aspect were identified, as well 
as the need to classify the aspects (check list methodology): 

The flow of activities is exemplified in Figure 1: 
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Figure 1. Flowchart of the forest harvesting process [21, adapted]. 

2.2. Data Collection 

Data collection consisted of identifying in the field the environmental aspects and impacts 
inherent to forest harvesting operations (post-harvest) - opening and maintaining roads, cutting, 
felling trees, lifting, dismantling and transportation, during on-site visits, as well as such as literature 
reviews. Field visits were carried out before the harvest period and after the harvest period. 

For literature reviews, the Scopus, Web of Science and Scielo databases were consulted for 
articles from the last five years, using the following terms in Portuguese and English: “forest harvest 
and environmental impacts”; “eucalyptus forest harvesting”, “assessment of the impacts of forest 
harvesting”, “forest management” and “impact of forestry operations”. 

Based on an on-site visit, the environmental impacts visible in the field were identified and noted 
according to each environmental aspect, in the physical, biotic and anthropic dimensions, as well as 
the need to classify the aspects, using the checklist methodology. After listing the impacts and aspects 
that were noticeable in the field, five interaction networks were drawn up for each stage of the forest 
harvesting activity. The checklist was applied on site in order to list the main noticeable direct impacts 
and subsequently applied to the network of interactions and weighted in the EIA matrix. 

2.3. Interactions Networks 

The tool integrates relationships relating to an impact in terms of its cause, condition and effect, 
thus resulting in a concise analysis in order to identify impacts and their interrelationships, as well 
as the level of detail of indirect impacts. These networks establish the relationships between the 
activities of an enterprise and the impacts it causes, from the first, second or third order, which varies 
according to the level of detail defined [11,22]. The aspects and impacts surveyed in the interaction 
networks were transposed into the Rapid Impact Assessment Matrix (RIAM) for subsequent 
weighting and calculation of the Impact Indices (ES - Environmental Score). 

2.4. Adaptation of the Environmental Impact Assessment Matrix 

The RIAM Matrix method [23] consists of a systemic analysis of environmental impacts derived 
from an activity that generates a degree of modification in the environment in which it is inserted, 
which evaluates the modifications caused to the environmental components by the impact and its 
effects, as well as being characterized by generating rapid results associating the impacts and their 
effects. The methodology is based on standardized assessment criteria, where the impacts of a 
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project's activities are weighted and assessed. These criteria are divided into A and B (A1 = 
importance, A2 = magnitude, B1 = permanence, B2 = reversibility and B3 = accumulation). 

The RIAM adopts an ES linked to each of the environmental components, which uses five criteria 
to calculate it, divided into two groups (A and B). The criteria in the first group are used to assess the 
importance and magnitude of the change caused by the impact: A1=importance of the change and 
A2= magnitude of the change [24]. The criteria in the second group are associated with the effects 
that the changes have on the population living in the area of direct influence and on the borders of 
the region affected by the environmental damage: B1= permanence of the change, B2= reversibility 
and B3= accumulation. This index makes it possible to qualify and quantify positive and negative 
impacts. 

The ES is calculated using the following expression: 

(ES) = (A1 x A2) x (B1 + B2 + B3), (1)

where A1, A2, B1, B2 and B3 are the values assigned to the impact assessment criteria (dimensionless), 
as shown in Table 1: 

Table 1. Scale of numeric and alphanumeric values - impact assessment [17]. 

Value Range (ES) Numerical Scale Environmental Impact 
Class 

108 a 72 05 Extremely Positive 
71 a 36 04 Significantly Positive 
35 a 19 03 Moderately Positive 
18 a 10 02 Not very positive 
09 a 01 01 Very Little Positive 
Zero 0 Unchanged 

-01 a - 09 -01 Very Slightly Negative 
-10 a -18 -02 Slightly negative 
-19 a -35 -03 Moderately Negative 
-36 a -71 -04 Significantly Negative 
-72 a -108 -05 Extremely Negative 

According to the method, each criterion in group A is the result of a simple multiplication of the 
scores and, for the criteria in group B, values are added together resulting in a simple sum: 

(a1) x (a2) = aT, (2)
(b1) + (b2) + (b3) = bT (3)

(aT) x (bT) = ES (4)
In which: 
(a1) and (a2) are individual scoring criteria for group (A); 
(b1) to (b3) are the individual criteria scores for group (B); 
aT is the result of multiplying all the scores (A); 
bT is the sum of all scores (B) 
ES is the evaluation score for impact. 
Another point to note is that the criteria in group A have a numerical scale that starts off 

negative, then zero and then positive. In group B, the value zero should be avoided, and the scale 
ranges from 1 to 3, where the value 1 represents a neutral situation. 

Given that the method makes the theoretical definition of several criteria, the 
RIAM establishes that these criteria must satisfy two principles: 

• Universality and importance of the criterion; 
• Characteristic of the criterion that classifies it for group A or B. 

In summary, the Pastakia method [25] operates with five criteria. Group A contains two of these 
five criteria and Group B has three, as described and scored below: 
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2.4.1. Group A Criteria: 

• Geographical extent of affected groups (A1): Weights the measure of importance of the 
geographical scope of the impact, assessed in relation to the spatial boundaries or human 
interests it will affect. 
A1= 4: International; 
A1= 3: National; 
A1= 2: Regional (Basin, State); 
A1= 1: Location (Sub-basin, municipality); 
A1= 0: None/Few. 

• Magnitude of impact (A2): estimates the benefits or severity of the change that has occurred; 
A2= 3: Positive benefits; 
A2= 2: Significant improvement in condition; 
A2= 1: Improvement in condition; 
A2= 0: Null; 
A2= -1: Negative evaluation of the state; 
A2= -2: Considerable negative change in status; 
A2= -3: Significant change in state (negative). 

2.4.2. Group B Criteria: 

• Stability of the impact (B1): delimits whether the impact is permanent or temporary. 
B1= 1: No change; 
B1= 2: Temporary; 
B1= 3: Permanent. 

• Reversibility (B2): defines whether the impacts are reversible and whether there are corrective 
measures capable of reducing, altering or avoiding the problem. 
B2= 1: No possibility; 
B2= 2: Reversible; 
B2= 3: Irreversible. 

• Cumulative (B3): estimates whether the impact will be one-off or cumulative over time, based 
on its effects. 
B3= 1: no change; 
B3= 2: non-cumulative/isolated; 
B3= 3: cumulative/ synergistic. 
The methodology requires specific evaluation parameters, depending on the project to be 

evaluated. Each component was addressed in the three categories of analysis: 
• Physical environment: parameters related to aspects of climate, soils, relief and hydrology. 
• Biotic environment: biological parameters such as flora and fauna. 
• Anthropic environment: analysis involving social aspects such as rural workers and the 

local/regional community, such as occupational health and safety risks, income generation, jobs 
and changes to the landscape for local residents. 

3. Results 

3.1. Interaction Networks 

The networks facilitate links between the activities carried out by the project and the resulting 
direct and indirect environmental impacts. It is also worth noting that the tool makes it easier to 
visualize indirect impacts, as well as to target their respective causes [26,27]. 

Interaction networks were applied with the purpose of evaluating the interaction of 
environmental aspects and impacts in the operation of wind farms. This study demonstrated that the 
aspects interact with other environmental impacts, forming a chain of dependent ideas in the 
operation phase of the enterprise [26]. The network can be built by integrating specific environmental 
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impacts, based on prior knowledge of the environmental effects of certain actions on certain 
environmental systems and the theoretical elaboration of the interaction network by type of project. 
This aims to assist reasoning during studies of environmental aspects and impacts, when the 
interaction network can be adjusted to the specificities of the environment in the area to be affected. 

The forest harvesting stage has various aspects and direct and indirect impacts. Thus, the most 
significant environmental aspect in the interaction networks is related to heavy machinery traffic, 
with a focus on road opening and maintenance activities and logging. Each of these primary impacts 
is also related to secondary and tertiary impacts, demonstrating that this activity presents a greater 
complexity of variables to be monitored within the forest harvesting process. 

Figure 2 shows an example of one of the interaction networks developed in the study: 

 

Figure 2. Interaction networks developed in the study (2019). 

The largest share of impacts on the physical environment was in the network of interactions 
designed for road opening and maintenance. The timber loading network had the highest percentage 
of impacts on the biotic environment and the timber storage and drying network had the highest 
percentage of impacts on the anthropic environment (Figures 3–5). 

Although the harvesting phases are mechanized, manpower is used to control machines such as 
harvesters and forwarders, as well as trucks and tractors, as well as OHS teams and harvesting 
supervisors present in the forestry module (Figure 2). 

The hiring of labor is lower compared to semi-mechanized or manual harvesting, and this 
characteristic is reflected in the impact assessment matrices when scoring the scale and magnitude of 
the beneficial impact. Figures 3–5 show the distribution of impacts in each environment according to 
each of the five networks developed: 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 31 May 2024                   doi:10.20944/preprints202405.2114.v1

https://doi.org/10.20944/preprints202405.2114.v1


 8 

 

  
Figure 3. Classification of impacts for networks of interactions for road opening and maintenance and 
logging activities. 

  
Figure 4. Classification of impacts for networks of interactions for timber storage and drying and 
timber loading activities. 

 
Figure 5. Classification of impacts for the interaction network for timber transportation activities. 
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Some environmental impacts are present in more than one interaction network, but what 
differentiates them is the scale, intensity and magnitude of occurrence for each operation, as well as 
the level of change they will cause in the physical, biotic or anthropic environment. 

In all phases it was possible to observe that the percentage of negative impacts is greater than 
the positive ones. Loading and transport activities had the highest impact rates, both negative and 
positive. The ES of negative impacts for forestry loading was 5% greater than for forestry transport, 
however, the ES of moderately negative impacts (of larger scale and magnitude of negative change) 
was greater for forestry transport. Although forest loading and transport activities occur 
concomitantly and are complementary, forest transport has greater potential for changes in the 
physical, biotic and anthropic environments. 

Both harvest phases presented similar percentages (slightly variable) regarding the ES of 
positive impacts, except for storage and drying of wood in the field. This is because other activities 
involve hiring labor and purchasing inputs. 

3.2. RIAM Matrices 

According to the weighting applied to the matrices for each phase of forest harvesting, it was 
possible to distinguish and identify positive and negative impacts and damages according to the 
changes that each stage causes in the physical, biotic or anthropic environment. 

The impacts identified in the interaction networks, resulting from each activity/operation, which 
were transposed into the RIAM matrices were: 
• Road maintenance: improved road quality, less susceptibility to erosion, protection of the soil 

structure, siltation, erosion, changes in physical properties, damage to conservation areas for 
flora and fauna, opening of clearings, soil compaction, accidents, health problems, absence or 
death, regional development, income generation, soil, water and air pollution, waste generation, 
job creation and regional development. 

• Logging: location and disorientation in the local landscape, relationship with the local 
community, supply of organic matter, damage to conservation areas, opening of clearings, soil 
compaction, siltation, erosion, accidents, greenhouse effect, health problems, absence or death, 
regional development, income generation, soil, water and air pollution, waste generation, job 
creation, regional development. 

• Storing and drying wood: location and disorientation, hiding places for dangerous animals, 
accidents, soil compaction, silting up, health problems, absence or death, job creation and 
regional development. 

• Wood loading: damage to rural roads, soil compaction, siltation, damage to conservation areas 
(flora and fauna), opening of clearings, greenhouse effect, accidents, health problems, absence 
or death, regional development, income generation, soil, water and air pollution, waste 
generation and job creation. 

• Road transportation: improvement in road quality, soil compaction, silting, damage to 
conservation areas, erosion, greenhouse effect, accidents, health problems, absence or death, 
regional development, income generation, soil, water and air pollution, waste generation, job 
creation, regional development and depletion of water resources. 
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Table 2. Example RIAM Matrix fragment for road transportation activity. 
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Wood 
transportation

Truck 
traffic 

Improved road 
quality Anthropic 1 2 2 2 3 14 2 Not very 

positive 

Soil compaction Physical 1 -2 3 2 3 -16 -2 Slightly 
negative 

Siltation Physical 1 -3 3 2 3 -24 -3 Moderately 
Negative 

Damage to 
conservation 

areas (> number of 
flora species) 

Biotic 1 -3 3 2 3 -24 -3 Moderately 
Negative 

The ES within each forest harvesting activity is detailed below (Figures 6 to Figure 10): 

 

Figure 6. ES for road opening and maintenance evaluation matrix. Note: The colors of the 
environmental impacts relate to the following environmental aspects: brown - extraction of soil for 
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road construction; blue: movement of machinery; yellow - acquisition of inputs and green - hiring of 
labor. 

 

Figure 7. ES for logging evaluation matrix. 

 
Figure 8. ES for wood stock and drying evaluation matrix. 
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Figure 9. ES for wood loading evaluation matrix. Note: The colors of the environmental impacts relate 
to the following environmental aspects: yellow - purchasing inputs and blue - hiring labor. 

 
Figure 10. ES for wood stock and drying evaluation matrix. Note: The colors of the environmental 
impacts relate to the following environmental aspects: green - purchasing inputs and red - hiring 
labor. 
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According to the impact indices obtained (ES) and based on the results achieved in each of the 
five stages of forest harvesting, the following are guidelines for managing the most prominent 
(moderately negative) impacts: 

Table 3. Guidelines for managing the most significant impacts. 

Activity or operation 
Environmental 

aspect 
Environmental

Impact 
Guideline for impact management 

Road opening and 
maintenance/wood 

transportation 

Soil extraction for 
road 

construction/Truck 
traffic 

Siltation 

Carry out a survey of the technologies 
available for micro-planning forest harvesting 
operations (be they mathematical models, 
drones, geoprocessing, etc.), map sites 
susceptible to erosion (both pre-harvest and 
post-harvest), carry out a periodic assessment 
of environmental aspects and impacts, draw up 
and update field operating procedures, and 
constantly train rural workers. Create a panel 
with the environmental aspects and impacts 
inherent in the operations and keep it visible at 
support points in the field. 

Road opening and 
maintenance/Timber 

transportation 

Soil extraction for 
road 

construction/Truck 
traffic 

Erosions 

Road opening and 
maintenance Machine handling 

Soil 
compaction 

Road opening and 
maintenance/wood 

transportation 

Soil extraction for 
road 

construction/Truck 
traffic 

Damage to 
conservation 

areas (> 
number of 

flora species) 

Map the native vegetation preservation areas 
directly affected by harvesting operations, 
carry out the assessment of environmental 
aspects and impacts periodically, include the 
care and location of these areas in operating 
procedures and in the training of field teams. In 
addition, keep flora inventories of preservation 
areas up to date, in order to ensure that 
important species are not suppressed. Create a 
panel with the environmental aspects and 
impacts inherent to the operations and keep it 
visible at the support points in the field. 

Road opening and 
maintenance 

Soil extraction for 
road construction 

Opening 
clearings 

Road opening and 
maintenance 

OHS risks 
Dismissal or 

death Train field crews in all harvesting operating 
procedures. Create a panel with the OHS 
aspects and impacts inherent in the operations 
and keep it visible at the support points in the 
field. 

Cutting and 
harvesting/ Loading 

timber 
OHS risks Dismissal or 

death 

Wood transportation OHS risks Accidents 

Road opening and 
maintenance 

Purchasing inputs 
Soil, water and 

air pollution 

Periodically carry out analyses to monitor the 
quality of water bodies, soil and air, in order to 
ensure that they are not contaminated or 
exceed the limits permitted by Brazilian 
legislation. 

Wood transportation Wet roads 
Depletion of 

water 
resources 

Plan the amount of water resources needed to 
maintain rural roads and monitor/record the 
amount used in each operation. 

4. Discussion 

The activity of opening and maintaining roads stands out in terms of its positive impacts on the 
anthropic environment due to the use of tractors, a greater number of workers and trucks, as well as 
its negative impacts on the physical and biotic environment due to the opening of quarries for soil 
extraction, which are sometimes close to conservation areas. These soil extraction sites require 
authorization from municipal environmental agencies. 
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The positive impacts with the highest ES were improved road quality (ES=21, physical 
environment), less susceptibility to erosion (ES=21, physical environment), regional development 
(ES=24, anthropic environment), income generation (ES=24, anthropic environment) and regional 
development (ES=24, anthropic environment). The negative impacts with the highest ES were 
damage to conservation areas related to flora (ES= -32, biotic environment), the opening of clearings 
(ES= -32, biotic environment) and loss of life or death (ES = -27, anthropic environment). 

A bibliographic review was conducted of sustainability impact assessment in forestry 
operations, analyzing 109 studies and their focal themes [1]. Most of the studies focused on 
environmental aspects; the most used sustainability indicators were greenhouse gas emissions, 
carbon stock, and global warming potential; followed by energy use and cumulative energy demand. 
In addition to these issues, fewer studies addressed topics such as accidents, health and safety and 
potential human toxicity, which belong to the social pillar of sustainability. 

Forestry work, especially logging and extraction operations, is associated with a high risk of 
death or accidents, so safety, health and risk assessments seem to be the most popular among the 
social aspects of forestry operations. However, few studies address this topic, perhaps due to a lack 
of data, which may be an indicator of the growing relevance of social aspects [1,28–31]. 

The activity of felling and extracting timber (Figure 7) stands out in terms of positive impacts on 
the anthropic environment due to the fact that machines (harvesters) are used which require 
operators and safety and management teams, as well as negative impacts on the physical 
environment due to the traffic of heavy machinery and the consumption of fossil fuels and the 
anthropic environment due to the risk of accidents when working with large machines. The negative 
impacts with the highest ES were absence or death (ES= -24, anthropic environment), greenhouse 
effect (ES= -18, physical environment) and regional development (ES=24, anthropic environment) as 
for positive impacts. 

The activity of stockpiling and drying timber has a low level of modification of the environment, 
the highlight being negative impacts in terms of soil compaction due to the deposition of timber piles, 
often close to conservation areas, as well as siltation due to the rolling of logs into water bodies or 
inside reserve areas. The negative impacts with the highest ES were soil compaction (ES= -7, physical 
environment), siltation (ES= -7, physical environment), and removals or deaths (ES= -6, anthropic 
environment). 

The activity of loading wood (Figure 9) stands out in terms of the level of modification of the 
environment by heavy machinery traffic and the positive impacts on the anthropic environment. The 
negative impacts with the highest ES were displacement or death (ES= -21, anthropic environment) 
and greenhouse effect (ES= -18, physical environment). The positive impact with the highest ES was 
regional development. 

The timber transportation activity (Figure 10) stands out in terms of positive impacts on the 
anthropic environment due to the hiring of truck drivers and security teams, as transportation, as 
well as logging, takes place continuously throughout the week. As for the negative impacts, they are 
due to the aspects that can cause changes to the physical and biotic environments. The negative 
impacts with the highest ES were depletion of water resources (ES= -28, physical environment) and 
erosion (ES= -18, physical environment). The positive impacts with the highest ES were regional 
development (ES= 36, anthropic environment) and job creation (ES= 24, anthropic environment). 
Furthermore, among the activities that make up forest harvesting, transportation is the one that takes 
the most time and planning, mainly due to logistical costs in Brazil (transportation is by road) [31,32]. 

In general, comparing all the harvesting stages and their harmful and beneficial impacts, it is 
clear that the ES and the number of negative impacts is the majority. However, most of the physical, 
biotic and anthropic impacts are related to the good management and operational practices carried 
out by the farm's employees, i.e. managing aspects and impacts can prevent environmental, social 
and economic problems. 

Research carried out in the last decade on mechanized wood harvesting in natural forests in the 
Amazon, with adequate planning, concludes that a rigorously planned and executed forest 
harvesting with rigorous technical criteria not only minimizes environmental impacts in the physical, 
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biotic and anthropic environments, but also significantly reduces the total costs of wood harvesting 
[32,33]. 

A study carried out in 2017 assessed the impacts associated with timber harvesting and 
transportation in the state of Tennessee, using life cycle assessment. The work compared the impacts 
with those assessed for forest harvesting in studies carried out for other regions of the USA. Negative 
impacts such as changes in soil suitability for different crops, water quantity and quality and air 
pollution were identified, as well as positive impacts such as the potential energy benefit obtained 
from wood (20,107 MJ / dry ton) when compared to that of fossil energy (1052 MJ / dry ton) [34] 

The first cradle-to-grave life cycle assessment study on forestry operations in Iran provides 
comprehensive regionalized life cycle inventory (LCI) data on the Iranian forestry sector. In this 
work, the results show that forest transportation is the main critical point in most of the intermediate 
environmental impact categories, such as global warming, or in the final categories, such as human 
health [35]. 

Another study, also on the life cycle, quantitatively assessed current forest management 
practices for wood production in the USA. As a result of this study, it was found that the greatest 
greenhouse gas (GHG) emissions are related to fuel consumption for the harvesting and loading 
processes. These stages of the timber production process contributed more to total GHG emissions 
than harvesting and processing within the boundaries of the system [36]. 

In a study conducted in southern Finland, the impacts of timber loading on the physical 
properties of forest soils were investigated. The results indicate that forest harvesting activities can 
cause damage and disturbance to the soil, such as compaction, furrow formation and soil mixing. 
These effects have repercussions on the structure and functions of the soil, thereby compromising 
forest productivity [37]. 

Research has analyzed the environmental effects associated with forest harvesting operations 
using different levels of mechanization. It was noted that the fully mechanized system, known as 
short logs or "cut to length", stood out for its superior performance in the final stages of felling, 
showing lower adverse environmental impacts [38]. 

The short log harvesting method (cut-to-length) consists of sectioning the tree into logs during 
harvesting and before transportation, while the full tree method consists of just harvesting and 
transporting them without sectioning them. The short log harvesting method, when carried out in a 
fully mechanized system, generally results in timber products of better quality and consistency than 
the whole tree method in a more environmentally conscious, versatile and safe way [20,39–41]. 

According to the literature, the majority of works published in the last 15 years deal with the 
assessment of environmental impacts in a specific manner, analyzing variables individually. These 
studies address soil compaction, impacts on air, soil and water quality, ergonomic issues, the 
relationship between the local community and forestry production activities and, mainly, the 
operational performance of the machines used in forestry operations. However, there is a lack of 
studies focused on the comprehensive management of environmental impacts, considering 
integrated planning and monitoring that consider the complexity of anthropic, biotic and abiotic 
variables [1,4,15,17,25]. 

A multidisciplinary approach is needed to deal with the complex problems associated with 
machine/soil/plant interactions. Certain relationships between mitigation techniques and their 
performance can only be fully understood through holistic projects and forest planning actions 
focused on impact mitigation [42–46]. 

Publications in recent years demonstrate the interest of the community and researchers in 
aggregating knowledge and outlining strategies in order to support scientifically based changes, as 
well as developing tools to solve environmental problems arising from productive activities [25]. On 
the other hand, there is a lack of greater research related to forest harvesting and its impacts beyond 
the production scope. 

5. Conclusions 
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It was concluded that, according to the methodology applied, the most significant changes were 
observed in the physical and anthropic environments, with wood transport presenting the highest 
rates of environmental impact. The combination of methodologies allowed the adaptation of an 
integrated planning tool for the environmental management of forest harvesting. This adaptation 
made it possible to qualify the most significant environmental impacts, both positive and negative. 
Furthermore, the study contributes to the practical application in real time, with field data, of an agile 
management tool, applicable to day-to-day forestry operations and adaptable to different forestry 
models and productivity conditions. 

However, the integration of environmental impact assessment methods still requires greater 
systematization and research to follow technological developments in harvesting and large-scale 
productivity. In addition to the existing gap in practical methodologies for environmental 
monitoring, prevention and mitigation, there is a need for more case studies for the development of 
low-cost tools. There are great opportunities to develop work to assess environmental impacts and 
damages from an economic point of view in the medium and long term, evaluating the interaction 
with ecosystem services and the subjectivity of weightings in environmental impact assessments with 
regard to methodologies that depend on quantifications. 

Supplementary Materials: The following supporting information can be downloaded at the website of this 
paper posted on Preprints.org, Figure 1. Flowchart of the forest harvesting process; Figure 2. Interaction 
networks developed in the study; Figure 6. ES for road opening and maintenance evaluation matrix; Figure 7. 
ES for logging evaluation matrix; Figure 8. ES for wood stock and drying evaluation matrix; Figure 9. ES for 
wood loading evaluation matrix and Figure 10. ES for wood stock and drying evaluation matrix. 
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