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a b s t r a c t 

Amazonian landscapes are socio-ecological systems that provide fundamental ecosystem services for the mainte- 

nance of landscape regulation, biodiversity, and climate regulation. The increasing pressure of population den- 

sity, productive activities over natural resources, infrastructure development, timber exploitation, and illicit crops 

among other determinants have put Amazonian landscapes at risk due to deforestation. This research work aims 

to understand the possible interactions of the determinants of Amazonian deforestation and to describe its com- 

plex behavior with the socio-ecological systems with a supporting vision for future studies. Initially, a rigorous 

analysis the of literature review on the determinants of deforestation in the Amazon was made to be carried out 

a systemic representation based on the dynamics of systems methodology on the behavioral interactions between 

these different determinants. The determinants of deforestation can be classified into determinants by activity, 

by support, by social dynamism, and by political pressure, which converge in these natural areas of the Amazo- 

nian landscape and transform into an urban-agricultural area, this change in the coverage of Amazonian land use 

generating rate environmental problems both locally and globally. By analyzing the causal relationships of the 

determinants of Amazon deforestation in the different scenarios, the proposed hypothesis is that with the large- 

scale increase of productive activities on natural resources, the Amazonian landscapes will not be sustainable 

in urban-agricultural environments. Finally, this research found that Amazon can confront different scenarios 

with diverse futures subject to the socio-ecological actions generated for the conservation and relevance of its 

ecosystem services. 
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. Introduction 

Amazonian landscapes are socioecological systems that provide

cosystem services [1] for the sustenance and regulation of the region

 2 , 3 ]. It contains the most extensive tracts of intact forest in the world

ith unique biodiversity but is at risk of deforestation [4] and forest

res that represent up to 48% of total CO 2 emissions into the atmo-

phere [5] . In addition, the absence of the State in this area causes few

mprovements in the living conditions of the population, and its inhabi-

ants have limited opportunities to guarantee their fundamental subsis-

ence conditions, so little by little forest, its biodiversity, cultural wealth,

he abundance of water and natural resources will be falling and losing

6] . 

Economic activity has a significant impact on the degradation of

mazonian ecosystems due to the increase of one inhabitant per square

ilometer can generate the loss of more than 7% of natural ecosystems,

ecoming a significant concern for climate systems, economies, local

ocieties, the sustainability of ecosystems and human well-being [4] .

onsequently, it is necessary to analyze in detail the variables involved
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hat are part of this problem to provide an adequate description of the

nteractions and their behavior that clarifies and supports future stud-

es regarding the population and migratory dynamics of deforestation

n some states of the basin, as well as the drivers of deforestation that

ay interact differently according to the context of each country that

ntegrates the Amazon rainforest [7] . Deforestation occurs due to differ-

nt determinants that could categorize as (1) determinants of anthropic

ctivity, where, for example, the extension of legal and illegal agricul-

ural activities [3] , the exploitation of hydrocarbons and minerals [8] ,

nd selective logging [9] ; (2) determinants for the support of anthropic

ctivities, such as the expansion of national interconnected systems for

lectricity supply [10] , and the expansion of road infrastructure [ 11 ];

3) determinants of social dynamism, derived from population growth

12] , and land colonization [ 13 , 14 ]; and, finally, (4) determinants of

tate policies, which correspond to the guidelines of local public insti-

utions and government public policies [ 15 ], such as, for example, the

rivatization of land by government subsidies [16] or the change of pro-
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Image 1. Positive and negative causal rela- 

tionships, respectively. 
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The purpose of this article is to analyze the interactions between the

eterminants of Amazon deforestation and describe the complexity of

he prospective behavior of these socio-ecological systems with a focus

o promote future research under three simulation scenarios: Amazonian

andscape, agricultural landscape, and landscape of licit and illicit crops.

The hypothesis is that the Amazonian landscapes are not sustainable

f they are part of the urban-agricultural system environments amid an

ncrease in large-scale production seeking to increase and enhance prof-

tability, food security, and growing connections to global commodity

arkets. 

Systemically represented the determinants of Amazonian deforesta-

ion through 5 interconnected feedback loops: loss of the natural engine,

eeding dynamics, fragmentation dynamics, agricultural profitability,

nd productivity. This representation allowed us to obtain a mathemati-

al model built with the system dynamics methodology, from which was

valuated the prospective behavior of the Amazon Forest. In this way,

t has given us arguments reported in this publication. 

Section 2 presents the explanation of the methodology based on sys-

em dynamics, together with the causal and Forrester diagrams, which

ave rise to the system’s equations of motion. Section 3 describes the as-

essment results of three simulation scenarios for prospective analysis.

inally, Section 4 presents the discussion of the results, and Section 5 the

onclusions. 

. Methodology 

This section presents the system dynamics-based methodology that

as developed to systematically articulate the different determinants of

eforestation in the Amazon rainforest and prospectively analyze three

ifferent transformation scenarios: Amazon landscape (null transforma-

ion), agricultural landscape, and crop landscape legal and illegal. 

For the mathematical modeling of the problem presented in this ar-

icle, a systemic, deterministic, aggregated, and dynamic representa-

ion has been considered, which is derived from the systems thinking

ethodology known as system dynamics and leads to a system of time-

ependent nonlinear ordinary differential equations called the mathe-
2 
atical model. The preference for this selection considers the following

oints: (1) the dynamics of a system’s behavior are given by its struc-

ure [17] , which is a systemic representation, (2) the references to make

 probabilistic representation between attributes were not available,

hile cause and effect relationships were at hand, (3) a disaggregated

epresentation would have led to a very large set of elements that could

ave enriched the discussion for a much smaller scale than the one se-

ected in this work, but this is not the case, (4) the system represented

s not static and it is its trend behavior that is of particular interest for

his work, which is why the dynamic perspective was selected. 

In this order of ideas, a brief introduction to the methodology of

ystem dynamics is presented below, which will facilitate the reading of

he rest of the paper. 

Let us assume a system (X, R), in which X represents a set of elements

hat interact causally with each other through the relation R. Let A and

 be elements in X. A is said to be a cause of B, if a variation 𝜕 of A

enerates a change 𝜕 on B, that is: 

𝜕𝐵 

𝜕𝐴 

≠ 0 

This inequality can be interpreted through the relation 𝜕 B/ 𝜕 A > 0,

hich expresses that the positive variation of A generates an increase in

, or the relation 𝜕 B/ 𝜕 A < 0, which expresses that the positive variation

f A generates a decrease in B. The first case is called a positive causal

elation, while the second is called a negative causal relation. How these

elationships are expressed in this paper is shown in Image 1 : Positive

nd negative causal relationships, respectively, Image 1 : 

The cause-and-effect relationship between two variables can be ex-

ressed mathematically through the formulation of their functional de-

endence. Again, let A and B be attributes of a system. If A is the cause

f B, then, B = f(A), where f is a function that, for modeling purposes,

ust be piecewise smooth. 

Methodologically, the first step for the construction of a mathemat-

cal systemic model with which it is intended to study a specific issue

rom the dynamics of systems is the identification of all the attributes

f the system, along with the cause-and-effect relationships that ex-

st between them, thus constituting a representation called causal di-
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Image 2. Nomenclature for the interpretation 

of the level-flow diagram. Note that for the pa- 

rameters only the text is incorporated. 
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gram. From this diagram, the attributes are interpreted as levels (state

ariables), flows (reasons for change), auxiliary variables, and parame-

ers, in another representation known as levels and flows diagram. The

omenclature of the attributes in the level-flow diagram is shown in

mage 2 : 

The logic for interpreting an attribute as a level, flow, auxiliary vari-

ble, or parameter is very simple. Attributes that accumulate from an

nitial value and represent the state of the system can be interpreted as

evels. Attributes that cause levels are interpreted as flows, input if the

ausalities are positive, or output if the causalities are negative. The at-

ributes that are not interpreted as levels or flows open two possibilities:

f the attributes have causes, they are considered auxiliary variables, but

f the attributes only have effects, they are considered parameters. 

Finally, the levels and flows diagram are a very important construct

ecause it facilitates the definition of the equations of motion of the

epresented system, expressed as differential equations. The equations

re constructed under the logic of the following integral equation: 

 𝑖𝑣𝑒𝑙 ( 𝑡 ) = 𝑁 𝑖𝑣𝑒𝑙 ( 0 ) + ∫
𝑡 

0 

( 

𝑚 ∑
𝑖 =1 

𝐹 𝑙𝑢𝑗𝑜 𝑖 

) 

𝑑𝑡 

The System Dynamics methodology is summarized in the formula-

ion of a dynamic hypothesis, the formulation of a simulation model,

esting, and policy-making [17] . This is how the organization of this

ork was carried out, Fig. 2 shows the causal diagram proposed, and

ig. 3 shows the five loops of this diagram. Fig. 4 represents the For-

ester diagram of the drivers of deforestation in the Sustainability of

mazonian landscapes and in Figs. 5 –7 the three simulation scenarios

roposed to prospectively evaluate and analyze the behavior of the cov-

rage of the Amazonian natural area. regarding edge effects, agricultural

roduction, food demand, and selective slash-and-burn. 

.1. Study area 

The study area is the Amazon forest with an approximate extension

f 7,989,004 Km 

2 , made up of nine South American countries, which

n order of surface of the Amazon forest are Brazil with 5,144,000 Km 

2 

64.4%); Peru 774,000 Km 

2 (9.7%); Bolivia with 558,000 Km 

2 (7%);

olombia with 531,000 Km 

2 (6.6%); Venezuela with 473,307 Km 

2 

5.9%); Guyana with 164,997 Km 

2 (2.1%); Suriname with 150,000 Km 

2 

1.9%) and French Guyana with an area of 63,700 Km 

2 (0.8%) [1] (See

ig. 1 ). 

Over the last quarter-century, global rates of tropical deforestation

ave averaged between 10 and 15 million hectares per year, which has

mpacted vast expanses of the fragmented forest [9] . Its most extensive

se has been livestock regardless of illicit crops that cover a smaller area
3 
ut have increased their economic importance since the early 1980s

ave also had an influence [15] . 

.2. Causal diagram 

Fig. 2 , presents the causal relationships between the determinants of

mazonian deforestation, forming the causal diagram through five loops

elated to the actions of the human population, the central loop presents

he main deforestation actions (expansion of agriculture, infrastructure,

nd illegal crops as the driver of natural loss, generating strong changes

n the land, and driving the complete loss of tropical forest [13] . The

oops were named as follows and in the following order: natural loss

river, feeding dynamics, fragmentation dynamics, agricultural produc-

ivity, and profitability. 

.2.1. Natural loss motor 

The first loop was called the "natural loss motor" with positive feed-

ack (see Fig. 3 a). This loop shows how the increase in population and

andowner colonization in a rural area requires an increase in road in-

rastructure and transport networks services to ensure the well-being of

he new settlers, connecting communities, increasing land value and ac-

ess to the forest and markets, making commercial activities on these

ands more profitable [18] , which in turn exposes illegal activities and

orces them to decrease while encouraging the growth of agricultural

ctivities, and their expansion. 

Economic activity has a significant impact on the degradation of nat-

ral ecosystems in these areas initially, due to population growth [8] .

owever, a close relationship has been found between land use and de-

orestation, suggesting that land use is linked to demographic dynamics

7] . The course that population development has projected the advance-

ent of roads at 55 km/year so if this dynamic continues, extensive ar-

as of the Amazon will be subject to considerable anthropogenic changes

19] . Road networks are expanding in tropical countries, increasing hu-

an access to remote forests that are havens for biodiversity and provide

lobally important ecosystem services [20] . 

Likewise, it also found that the transmission lines are next to the

oad network, so it was estimated total length of the power line net-

ork within the legal Amazon is 39,625 km, concentrated mainly in the

outheastern Amazon wherever is found the highest population density

nd the greatest number of existing water dams [21] . 

In the case of the Colombian Amazon, it has been seen that live-

tock is the most extensive use of the land besides illicit crops occupy-

ng a smaller area but has reached economic importance. As a result, the

rowth of deforestation with high guerrilla activity and under govern-

ent control of forbidden crops and selective logging. However, where

here is high road accessibility, there are fewer illegal crops since it
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Fig. 1. Deforestation map in the Amazon 2020 [2] . 

Fig. 2. Causal diagram of the deforestation drivers on the Sustainability of Amazonian landscapes. 

4 
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Fig. 3. Loops analyzed in the causal diagram (Causal relationships between the determinants of Amazonian deforestation). 

d  

p  

d

 

t  

r  

d  

c  

e

2

 

(  

A  

f  

a  

e  

s  

e

 

w  

g  

m  

b

 

d  

g  

t  

a  

c

 

v  

b  

s  

[

2

 

t  

b  

f  

a  

a  

i  

t  

 

c  

T  

t  

m  

a  

 

c  

t  

i  

w  

e  

i

 

i  

b  
oes not expand in this area but rather in municipalities with a high

ercentage of natural cover. It represents another obstacle to reducing

eforestation and the creation of conservation strategies [6] . 

In this sense, for decades, it has been visible through satellite images

hat pastures have eliminated Amazonian forests due to the excessive

equirements demanded by agricultural activities, forming a triangle of

eforestation associated with the increase in population as well as with

rossroads and main roads [14] , putting the sustainability of this socio-

cological system at risk. 

.2.2. Food dynamics 

The second loop shows the "food dynamics" as negative feedback

 Fig. 3 b). In this loop, you can see how the population increase in this

mazonian area increases the demand for food a fact that can decrease

ood security while the population continues to grow. While population

nd migration are a key part of the demographic dimension of defor-

station in the Amazon, land use variables, as well as contextual factors

uch as development policies in the area or the border area, also influ-

nce land cover change [ 7 , 22 ]. 

The agricultural landscapes in this Amazonian area change markedly

ith their land transformation impacts due to the high food demand

enerated by the intensity of land use [23] . However, these expanding

arket pressures through damaging impacts on agriculture could extend

eyond the tropics [24] . 

As evidence, empirical model studies have indicated that tropical

eforestation influences on many scales at the local, regional, and even

lobal climate levels, with consequences reflected in the food security

hrough water availability, climate scarcity such as temperatures high

nd low, extreme rainfall that could have grave implications for agri-

ultural production systems in the implicated and nearby region [24] . 
5 
There is an expanded zone of protected areas in the Amazon to pre-

ent up to a third of the projected forest loss. However, this is not enough

ecause the conservation of private land is essential to reinforce food

ecurity in the Amazon region, which has resulted in high urbanization

10] . 

.2.3. Fragmentation dynamics 

The third loop, fragmentation dynamics, was represented with posi-

ive feedback, see Fig. 3 c. In this loop, the increase in population is visi-

le, demanding an increase in road infrastructure and service networks

or access to these areas, forcing a decrease in illegal crops because this

ctivity takes place far from populated areas. These activities encourage

n increase in the areas affected by logging and selective burning, caus-

ng an increase in the edge effects that disrupt the habitat and increase

he impact on biodiversity, and afterward, the decrease in productivity.

The conservation of the Amazon and its wildlife communities are

hallenged by human-dominated landscapes, as depicted in Fig. 3 c.

hrough population growth (locals, colonizers or landowners), infras-

ructure expansion has been generated, and different activities that pro-

ote selective logging and burning cause more and more deforestation

nd fragmentation of the Amazonian habitat of many living beings [25] .

The expansion of infrastructure facilitates the colonization and

hange in land use toward urbanization. In addition, the economic ac-

ivities in the region, and the illicit crops are far from the roads of urban-

zed areas causing deforestation in remote areas. This rapid degradation

ears down ecosystem functions, increasing their vulnerability to edge

ffects, aggravating habitat loss, fragmentation, and alteration impact-

ng biodiversity [6] . 

Likewise, if future agricultural production in the tropics continues

ncreasing due to the search for high profitability in this area there will

e a risk of causing an increase in average temperature induced by de-
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orestation, impacting extreme heat associated with the rainfall from the

requency of rains [24] . 

.2.4. Agriculture productivity 

The fourth loop represents “agricultural productivity ” with negative

eedback ( Fig. 3 d). The third loop, begins with population growth (lo-

als, colonizers, or landowners), showing an increase in road infrastruc-

ure and service networks in that area, as mentioned, has an impact on

educing the productivity of illegal crops. However, these activities in-

rease selective logging and burning that impacts habitat conservation,

nd it also causes a decrease in productivity because ecosystem services

re also altered during high agricultural production, affecting its prof-

tability and the food security of the population. 

Current production trends and increasing habitat settlements are

ubject to agricultural expansion, which is estimated to eliminate about

0% of Amazonian forests by encouraging slash-and-burn, releasing

268 Pg of carbon into the atmosphere. As a result, productivity, prof-

tability, and food security will decrease prospectively [10] . An example

as been the case of agriculture in the Brazilian Amazon, where mecha-

ized monoculture has been widely used, especially for soybean produc-

ion, which has been responsible for almost 70% of the total deforested

rea in this region [26] . Increasing connections with global commodity

arkets [27] . 

.2.5. Agricultural profitability 

In the fifth loop, find the representation of the "profitability of agri-

ulture" with positive feedback ( Fig. 3 e). Amid the quest to increase

rofitability through growth in agricultural production and increased

ood security, there is research reporting the use of macro-level pro-

esses that more directly influence land use and land cover change.

his can drive population or landowner growth in the area, increas-

ng road infrastructure and service networks, and exerting a decrease in

llegal crop activity, which in turn could increase agricultural produc-

ion [7] . The widespread socioeconomic stratification of the rural Ama-

onian population is compounded by subdivision and consolidation of

wnership, both complicated by the emergence of a second generation

f rural residents despite predictions that these settler agricultural sys-

ems would be unsustainable from the point of view of an ecological and

nancial point of view [27] . 

Policy interventions that highlight the genuine value of standing

orests are needed to curb deforestation and fragmentation in this

apidly changing ecosystem landscape to protect the Amazon and its

iodiversity [6] . As seen in the fifth loop of Fig. 3 e, the profitability of

ivestock and agriculture is focused on its expansion to generate high

gricultural production, promoting the infrastructure expansion in the

mazon rainforest [5] . In this way, they increase their yields and fa-

or the establishment of population settlements, attracting migrants and

hus facilitating other activities that determine deforestation, such as the

xploitation of mineral hydrocarbons, which, although it generates a so-

ioeconomic stimulus, unleashes effects that can further deteriorate the

ocio-ecological system and expose their ecosystem services to risk [28] .

.3. Forrester diagram 

From the causal diagram, the levels and flows diagram were created,

lso known as the Forrester diagram presented in Fig. 4 . 

The levels (state variables) were the five areas of interest: the Ama-

on area, an agricultural area, illicit crop coverage, population, and pro-

uctivity. The flows (reasons of change) were agricultural expansion,

llegal crop generation, illegal crop reduction, net population increase,

ogging, and burning. 

Within the model evaluation tests were considered for this type of

odel: (1) empirical tests of confirmation of structure and empirical

onfirmation of parameters; (2) theoretical tests for confirmation of

tructure and theoretical confirmation of parameters; (3) dimensional

onsistency test; (4) extreme value tests; (5) sensitivity analysis of the
6 
ystem to the variation of parameters; and (6) tests of the relationship

etween phases [29] . 

Comparison tests with time series did not carry out due to the data

eing insufficient for most of the indicators, and state variables were

ontemplated in this modeling and simulation work. 

. Results 

In this section, we find the results obtained from the diagrams made

y applying them to a simulation set of different scenarios to analyze its

ehavior over time. The outlines considered were the landscape of the

mazon area, agricultural landscape, and landscape of licit and illicit

rops with their variables involved. 

.1. Scenario 1: landscape of the Amazon area 

This first scenario represented the absence of agricultural systems.

his simulation considers the values of the expansion of the agrarian sec-

or at zero. As a result, the natural area of the Amazon remains constant,

he population initially tends to descend but then remains constant, and

roductivity decreases in the absence of these farming systems. 

Simulations of this scenario showed a constant amount of Amazonian

atural area, with no activity, remaining intact (see Fig. 5 ). Whereas

oncerning edge effects and selective logging showed a representative

rop initially and then remained constant. Agricultural production pre-

ented a continuous fall, and illicit crops were absent. 

.2. Scenario 2: agricultural landscape 

This scenario represented a landscape with natural areas and socioe-

onomic dynamics rotating around agricultural production, but without

he existence of illicit crops, so its coverage values for this type of crop

ere simulated as zero. 

If there is no generation of illicit crops, there is an expansion in

he agricultural area, while the coverage of the Amazon area decreases

arkedly. The effect on agricultural production has an impact of rapid

rowth and then falls until it disappears since it is an area not suitable

or these activities, the same thing happens for logging and selective

urning, which according to the intensity of each action, will eventu-

lly tend to fall, as they will do not find a more natural area to cut

own (See Fig. 6 ). 

In addition to generating conversion in agricultural and urban areas,

here is a change in coverage with other activities such as the expansion

f infrastructure, selective logging and burning, and the exploitation of

ydrocarbons, among others, causing the loss of natural areas due to

heir time causing an impact on reducing biodiversity and agricultural

roductivity over time, thus showing a dynamic due to this socioeco-

omic situation of the inhabitant population. 

The social situation in this scenario shows, when there is an increase

n agricultural production depending on the amount of capital involved

n search of better profitability, initially tends to increase quickly but

hen falls and disappears, indicating that the Amazon area is not sustain-

ble in the future in an urban-agricultural environment [22] ( Fig. 6 ). 

.3. Scenario 3: landscape of licit and illicit crops 

In this scenario, a landscape has been described with natural ar-

as whose dynamics and socioeconomic context depend on agricultural

roduction and illicit crops. It is noted that, although illegal crops can

xceed agricultural activity during a given period with the increase in

opulation, the agricultural activity becomes the main activity, so the

xpansion of infrastructure grows and, on the contrary, coverage of il-

icit crops tends to disappear or instead move to remote but conserved

ocations causing further deforestation [30] . 

Although illegal crops that arise from the armed conflict are not the

ain determinant of deforestation, the relationship exists and may vary
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Fig. 4. Forrester diagram to study the deforestation drivers and sustainability in the Amazonian landscapes. 
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ver time, it is noteworthy in this scenario that the presence of crops

rom illicit activities in the Amazonian landscape increases the popula-

ion in these areas in a significant way where there has been controlled

y different armed groups for decades. This has caused potential im-

acts not only at the social and economic level due to the phenomena

f violence but also for the conservation of the Amazon, as in the case of

olombia, which has had incalculable impacts related to irreversible al-

erations of the natural environment, due to the agrochemicals used for

he maintenance, extraction, and refinement of this type of crop [31] . As

 result, the natural areas are transformed into an Amazonian landscape

ransformed into an urban-agricultural pasture area ( Fig. 7 ). 

. Discussion of results 

According to the results obtained through the System dynamics

ethodology, with the simulation of the three scenarios, the proposed

ypothesis was corroborated, Amazonian landscapes will not be sustain-
7 
ble if it forms part of the urban-agricultural system environments amid

n increase in large-scale production [22] seeking increase and improve

ts profitability and food security, growing connections to global com-

odity markets without compensating for the value of ecosystem ser-

ices with a prospective analysis of the behavior of the different driving

ariables of deforestation in the Amazon rainforest showing variations

n the behavior and interaction of these agents involved to support fu-

ure research and actions for the conservation of the Amazon. 

Finally, scenario 3, was represented a landscape with natural areas

ith socioeconomic dynamics depending on agricultural production and

llicit crops where there is a temporal relationship, observing that al-

hough illicit crops can surpass agricultural activity during a certain pe-

iod, with the increase in population, the agricultural activity becomes

he main activity, which encourages the expansion of infrastructure,

ausing illicit crops to disappear in this sector or instead move to re-

ote but conserved locations causing further deforestation ( Fig. 7 ).The

resent research analyzed the interaction of the behavior of different
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Fig. 5. Landscape scenario of the Amazonian area and its behavior of the coverage of the Amazonian natural area concerning edge effects, agricultural production, 

food demand, and selective logging and burning. 

Fig. 6. Agricultural landscape and its behavior in the coverage of the Amazo- 

nian natural area about edge effects, agricultural production, food demand, and 

selective logging and burning. 
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Fig. 7. Landscape of licit and illicit crops and its behavior in the coverage of 

the Amazonian natural area about edge effects, agricultural production, food 

demand, and selective logging and burning. 

c  

t

 

a  
rivers of deforestation in the Amazon supported by previous research,

hich has also emphasized the direct impacts of human interventions

n natural forests and their ecosystem services, highlighting the eco-

omic interests caused by a constantly growing extractive industry, the

xpansion of the agricultural frontier, timber extraction and road con-

truction, among others. According to scenarios 2 and 3, if deforestation
8 
ontinues in this manner, it will leave little or no habitat available for

he existence of life [ 25 , 32 ]. 

From the literature review, it was possible to see that the Amazon has

lready undergone a considerable transformation to urbanization. Now,
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t must be recognized for its ecosystem services, and its importance for

limate change, so its conservation can be studied through the analysis

f the drivers of deforestation. The researchers reviewed did not analyze

he perspective of the behavioral interactions of these determinants for

uture studies and decision-making in the conservation of the Amazon

ainforest [3] . 

The findings of this research reinforce previous studies that have

eported the determinants of Amazon deforestation, such as population

rowth, which is represented in one inhabitant per kilometer, which can

enerate the loss of more than 7% of natural ecosystems [4] . Through

he proposed scenarios, it was analyzed that when there is an increase

n population, the effect on agricultural productivity has a rapid growth

mpact, as well as its profitability, to become the main activity that then

ncourages the expansion of infrastructure. Population identification of

and cover change in the Amazon can vary by country, each with its

wn historical and political economic variables [7] . 

However, just as in some research, population growth is the main

eterminant of deforestation in the Amazon [33] , in other studies, the

river of population density did not play a significant role in explaining

eforestation which may be a result of rural to urban migrations ob-

erved in recent decades [ 18 , 34 ], other studies have linked forest clear-

ng and the establishment of agricultural activities by specific groups or

olonizers and not by the migrant or growing population [6] . Deforesta-

ion in the Amazon reflects many processes that occur, such as domestic

and use, local population changes, regional economic change, national

evelopment policies, and responding to national and external political

nd economic circumstances, resulting in a high scale of land change

hat varies depending on the amount of capital involved by landlords,

ettlers or companies [ 7 , 22 ]. The changing conditions of an Amazonian

esource base are depleting. An alternative scenario is the continued at-

rition of the rural population and accelerating concentration of land

wnership, posing a future of increased rural poverty and urban growth

27] . 

To conclude, supporting that the most influential variables are those

elated to forest access [18] . In the present study, these variables were

ocused on the first loop called natural loss driver, which was also re-

ated to the five loops represented and in the three proposed scenarios.

ith this loop it is possible to analyze the main dynamics drivers of

mazon deforestation as a central element of this study since it has the

ollowing deforestation drivers: Population growth, Infrastructure ex-

ansion, Agricultural activities and their expansion, and Illegal crops. 

. Conclusions 

The modeling approach presented in this identified study based on

ystem dynamics systematically articulated the different determinants of

eforestation in the Amazon rainforest to analyze its behavior prospec-

ively under three different transformation scenarios: Amazon landscape

no transformation); agricultural landscape; and, a landscape of legal

nd illegal crops (complete transformation) with which it could be fi-

ally found, that the Amazon can face different scenarios with diverse

utures subject to the socio-ecological actions generated for the conser-

ation and relevance of its ecosystem services by being part of the urban-

gricultural system environments, and the socio-political and economic

ontext of each country that forms the Amazon, and the socio-political

nd economic context of each country that makes up the Amazon. No

ingle and unified theory of the expansion of borders adequately ex-

lains the various nuances of reality that are observed in countries de-

eloping. 

The risks of deforestation and its drivers are documented through

ifferent research in different periods, registering an alarming increase

n recent decades, urgently requiring key local and global actions for

ts conservation and to curb climate change. To this end, Amazon de-

orestation can be analyzed through the behavior of the interaction of

ts drivers, such as the use of the land that, according to the capital
9 
nvolved, generates large-scale agricultural expansion and contextual

actors such as border development policies [27] . 

This study helps to clarify and contribute to new related studies such

s the analysis of variables with access to the forest because they are

mong those that can most influence deforestation, i.e., those that fall

nto the category of determinants for the support of anthropogenic ac-

ivities, which although not directly related to population growth, can

ake commercial activities on these lands more profitable and increase

he value of the land. Similarly, the expansion of interconnected na-

ional systems for the supply of electricity requires both the growth of

oad infrastructure and transportation network services to ensure the

elfare of new settlers and connecting communities. 

Finally, the results of this research indicate that the drivers of defor-

station are dynamic in time and space as well as their influence and

ntensity may vary from region and country, so it is advisable to ana-

yze future studies of this dynamism in terms of location, intensity and

istorical records to support not only future studies but also to support

he implementation of impact actions on the territory and rural commu-

ities that currently inhabit areas with higher rates of deforestation. 
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