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Abstract

The present work presents an integrated view of landscape analysis 
through the construction of a signature system for the analysis of 
landscape types. These signatures were based on metrics that informed 
different patterns for each landscape type, which allowed the behavior 
of the landscape to be visually analyzed. The signature system was 
applied through a landscape classification developed through fieldwork 
to gather data on socioenvironmental categories combined with remote 
sensing data. The study site was the border region between Brazil and 
French Guiana. The results of this work showed that in situ landscape 
classification techniques can be supported by the analysis of quantitative 
metrics of landscape analysis, reinforcing the need for integrative and 
systemic studies in landscape geography.
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Landscape Signature as an Integrative View of Landscape Metrics: 
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1 Introduction

Human and physical geography have been consid-
ered to be distinct fields. According to Tadaki et al. 
(2012), this separation occurred after the 1950s and 
1960s, when the quantitative approach in many sci-
entific disciplines and in geography led to growing 
specialization with the consequent separation of hu-
man and physical geography.

One of the results of this separation may is that 
traditional physical geography may have been led 
to a crossroads due to the erosion of some of its 
domains by other geosciences and the aging of its 
competencies and concepts (Kates, 1967). The no-
tion that maps and cartography are the geographer’s 
primary instruments, from the technological, meth-
odological and language perspectives would now be 
questioned (Perkins, 2003). Even with modern com-
puterized mapping, there is now great emphasis on 
the narrative understanding rather than on the car-
tographic understanding of the spatial dimensions 
of socioenvironmental phenomena (Wheeler, 1998).

In the past, the study of the landscape was a ge-
ography-centric topic, and it was seen as a unique 
synthesis of the natural, social and cultural charac-
teristics (Antrop, 2000). As a consequence of the 
distance between physical and human geography, 
the restructuring of academic curricula crystallized 
this division, and regional geography, including the 
study of landscapes, was abolished or marginalized. 
According to Palka (1995), even before regional ge-
ography had also faded from widespread use, it be-
came a focus of North American geographers in such 
a way that the landscape was no longer the basis of 
geography but rather a simple unit of study. There-
fore, this would likely represent a paradigm shift in 
the way geographers are looking at space.

To advance the rapprochement between human 
geography and physical geography, one of the bar-
riers to overcome is the idea that human geography 
approaches are fragile and subjective. The objectiv-
ity of geotechnologies and quantitative analysis are 
defended because they produce stronger evidence 
through the numerical data. A strong landscape anal-
ysis, according to this objectivity, should be based on 
landscape metrics. 

Although the landscape is considered a unifying 
concept, the review by Simensen et al. (2018) of 54 
characterizations of the contemporary landscape in-
dicated that there is a clear division of the scopes 
(1: holistic analyzes; 2 geo-ecological properties re-
lated to land use and 3: biophysical characterization 
of the landscape by static analysis). For the authors, 
it is important to make an effort to integrate the dif-
ferent scopes for better planning and management 
of the landscape.

The objective of the present work was to propose an 
integrated view of landscape analysis and to demon-
strate that landscape zoning produced in the field by 
human geographers is accurate and can be validated 
by the mathematical procedures used in landscape 
ecology. To do so, a graphic signature system was de-
veloped for the analysis of the types of landscapes 
based on metrics: this signature system creates dif-
ferent patterns for each landscape type that allow 
for visual analysis of the behavior of the landscape. 
The hypothesis was that the landscape map result-
ing from the observations and field research would 
present coherence that confirms the legitimacy and 
viability of the same, presenting the landscape as a 
mediator integrating physical geography and human 
geography.

2 Material and methods

2.1 Study area
The majority of the anthropic activities in the re-
gion (approximately 600 km2) are concentrated in 
the study area and specifically on the banks of the 
Oiapoque River; the study area included the urban 
centers of Saint Georges (four thousand inhabitants) 
in French Guiana and Oiapoque (25 thousand inhab-
itants) on the Brazilian side. On both sides of the 
river, most of the activities are linked to agricultural 
production, with the production of cassava associat-
ed with fruit cultivation (orange and banana) carried 
out by family farmers and indigenous people. Thus, 
the economic dynamics and the management of ag-
riculture in the territory are reflected in the diversity 
of landscapes.
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Quantitatively, 90% of the study area was on the 
Brazilian side, where indigenous territories (named 
Uaçá and Juminã) and a rural settlement (delimited 
by Brazilian Agency of Agrarian Reform, or INCRA) 
are found. Although the French Guiana side does 
not have properly designated areas for the indige-
nous populations, it is worth mentioning that the 
Local Urbanism Plan (PLU) organized the land use 
zoning around Saint Georges. In this zoning, indig-
enous people live in urban or peri-urban areas and 
plant cassava in a specific area. Other small groups 
of indigenous people live in small villages beside the 
river.

2.2 Methodology
The validation of the landscape zoning produced in 
the field by human geographers was based on met-
rics from landscape ecology. The landscape types 
were first defined visually in situ from a human ge-
ography perspective. The metrics analysis was per-

formed on the land use map for each type of land-
scape, which had been previously identified. Thus, 
the landscape metrics were applied to verify the 
existence of similarities or differences between the 
landscape types. To confirm the limits of the human 
geography perspective, it was expected that each 
landscape type differs in the behavior of the land-
scape metrics. A signature system was developed to 
register the patterns for each landscape type accord-
ing to these landscape metrics, which allowed the 
behavior of the landscape to be visually analyzed.

2.2.1 Mapping coverage and land use

The mapping of land use in the study area was the 
first challenge of this work. The study area was very 
large (600 km2) and the official databases from the 
both countries do not match and complement each 
other. Furthermore, the large amount of clouds and 
shadows of all available images created additional 
difficulties to perform a uniform treatment to both 
countries areas. In addition, in the study area there 
is the presence of secondary vegetation in different 
successional stages, causing greater spectral confu-
sion. 

Figure 1: Location of the study area

Figure 2: Overview of the methodological steps
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Due to this context, the following procedures were 
adopted. First, field work helped to determine the 
most important classes of land use present in differ-
ent types of landscapes at both Brazilian and French 
Guiana sides. Seven classes of land use were deter-
mined: Forest, Urban, Water, Secondary Vegetation, 
Exposed Soil, Annual Agriculture / Pastures fields, 
and Juquira (cultivated areas of cassava abandoned).

Then, we concentrated efforts in the French Guiana 
side to conclude land use map (containing the seven 
classes) due to the reduced area (10% of the total 
area). To determine juquira class, manly, we utilized a 
SPOT 2014 image (scene 603/343, with 20 meters of 
spatial resolution) because there was no official land 
use data for this area and the limited area allowed 
a very focused and localized analysis. The mapping 
of land use with seven classes was performed by an 
unsupervised classification (by segmentation) using 
the ISOSEG method (Bins et al., 1996) available in 
the Spring software (Câmara et al., 1996), followed 
by visual regrouping of the classes with support of 
georeferenced photos obtained in the field.

For the Brazilian side, the situation was different. 
Besides the larger surface area (90% of the total 
area), the large amount of clouds and shadows of 
all available images made it impossible to replicate 
the same methodology on the Brazilian side. Thus, 
it was decided to get the Brazilian official land use 
database, prepared by the National Institute for 
Space Research (INPE - Brazil), known as TerraClass 
(base year 2014). This database is derived from the 
hierarchical classification of Landsat-TM images (30 
meters of spatial resolution), carried out by a spe-
cialized team, with the purpose of generating twelve 
classes of land use with a low degree of ambiguity 
(Almeida et al., 2006). As the official map TerraClass 
follows the official borders drawn by Brazil, and thus 
it is limited to this country area. Thus, we chose to 
reclassify the polygons of the TerraClass base (Brazil-
ian side) by photointerpretation within the scope of 
the seven classes mapped by SPOT (2014) image in 
French Guiana side. 

It is true that the mapping from the SPOT image is 
more detailed, in terms of the spatial scale, but the 
refined techniques used to generate the TerraClass 
base reflect a greater number of classes (twelve), 

which enabled the reclassification of the final land 
cover and land use map in the seven classes. Thus, 
although Turner et al. (1989) alerted about the effect 
of changing scales (grain), we considered that the 
landscape type analysis was uniform in entire area, 
and the differences on resolution and scale was a 
very punctual analysis performed in 10% of the area 
corresponding to the French Guiana side where the 
concentrated presence of juquira determined the 
necessity of a more precise border identification to 
determine landscape type, which didn’t occurred in 
Brazilian side according to field work. And resolution 
difference between the two images (20 to 30 me-
ters) will not be so strong for the purpose.

2.2.2 Delimitation of the landscape types with the 
“field approach”

The mapping of the landscapes in situ was per-
formed through a combination of observations in 
the field, photointerpretation of the satellite images 
available from Google Earth and interviews with lo-
cal people. The landscape type was determined by 
considering the distinct combinations of the cate-
gories of patches (composition) and their configura-
tions (spatial proportion, distribution and arrange-
ment), with attention to in situ overall profile such 
as urban buildings and streets density, existence of 
scattered houses, centrality of cassava cultivation 
areas, language and cultural distinction, presence of 
gardens and fruit trees, detection of deforestation, 
proximity to river, roads etc. This means that land-
scape types were characterized after the production 
of the land cover and land use map of the entire 
study area, and mediated by the ground recognition 
by field trips in 2013 and 2016 within the scope of 
FEDER-OSEGuyamapa Project1. This empirical con-
struction is a result of the integrated view of Human 
and Physical Geography. After the identification of 
landscape types, their delimitation procedures were 
performed by scanning the features of each type 
of landscape on the satellite images available from

Google Earth, integrating knowledge previously ac-
quired in the field.

1 Space Observatory Project of the French Guiana-Brazil border 
- Operational Program Amazônia and Regional Council of French 

Guiana. Partners: IRD, CNES, INPE.
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2.2.3 Calculation and analysis of the landscape 
metrics

The first methodological step for the calculation 
of the landscape metrics was considered to be the 
identification of the land use class with the high-
est percentage coverage. After the definition of the 
matrices for each landscape type, the next step was 
the analysis of the landscape fragments (patches) 
through the use of the landscape metrics. This anal-
ysis corresponded to a quantitative scalar measure 
that summarized the landscape structure (McGarigal 
and Cushman, 2002). The authors of the cited study 
created a method that allowed the quantification of 
the structure of a landscape as they focused on the 
spatial distribution of the patches to find patterns. 
To understand these spatial patterns, several metrics 
have been developed to describe them and can be 
tested with the aid of remote sensing through satel-
lite imagery or aerial photographs (Lafortezza, Corry, 
Sanesi and Brown, 2005).

Following the methodological framework of Cantwell 
and Forman (1993) and Lang and Blaschke (2007), 
the spatial configuration and the composition of the 
landscape elements was analyzed. Therefore, the 
choice of the metrics aligned with the size and com-
plementarity of the relevant metrics in terms of the 
composition and configuration of the fragments or 
the matrix in the landscape. From this analysis, eight 
landscape metrics were chosen (Table 1).

Aiming at the practicality and replication of this 
method, this study applied the use of these eight 
metrics in a free and open source software QGIS. 
This software has the LecoS plug-in, developed by 

users (Jung 2016) that performs all the proposed 
metric calculations, based on land use mapping. This 
plugin generates the metrics chosen from a raster 
base (land use map). The numerical results were ex-
ported and tabulated in an .exl file, where they were 
analyzed and plotted on graphs.

2.2.4 Landscape signatures

Each metric was described and then categorized into 
four classes. This categorization was used to gen-
erate ordering axes that were combined with each 
other to constitute the parameters of a classificato-
ry space. The classificatory space was a conceptual 
model of the interactions of the landscape metrics, 
which were plotted on a graph for each type of land-
scape. These graphs, which are sometimes referred 
to as “landscape signatures” (Laques, 2009; Nieste-
rowicz and Stepinski, 2016). The “landscape signa-
ture” consist of the values of landscapes metrics that 
are independent and together describe of the pat-
tern for all possible patterns in an area Niesterowicz 
and Stepinski, 2016).

Table 1: Types of metrics chosen

Types Metrics
Composition Number of classes

Percentage of vegetation cover
Percentage of patches in the landscape

Total patches (fragmentation)
Diversity index (Shannon-Weaver diversity)

Configuration Patch size
Patch adjacency (distance)

Patch shape (form)

Figure 3: (a) Hypothetical example of a spectral signature (b) Hypothetical example of a “landscape signature”
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For Laques (2009), its construction can resemble 
a “spectral signature” in remote sensing. This ap-
proach considers that each object on the surface 
of the Earth has a spectral signature, which is the 
amount of energy reflected as a function of the 
wavelength, that is unique and that allows it to be 
identified in satellite images - Figure 3(a). In this 
perspective, Bellón et al. (2017), produced a map of 
the different land use systems (in particular, crop-
ping systems) at regional scale (Brazil) based on the 
spectral responses resulting from vegetation index-
es (in this case, NDMI). In the present study, each 
landscape was thus described from a series of varia-
bles that, when combined into a graph, established a 
unique “landscape signature” - Figure 3(b).

3 Theory and calculation of the metrics

Landscapes represent a spatial continuum that is ob-
servable both in the field and from satellite images 
or aerial photographs. To identify landscapes, three 
spatial perspectives should be considered (Bérin-
guier et al., 1999): the landscape element (Élément 
Paysager, in French), patches (Composant Paysager, 
in French), matrix and the landscape itself (Paysage, 
in French). Therefore, each landscape presents a 
unique configuration of the landscape components 
(Béringuier et al., 1999). However, landscapes are 
not only a structural arrangement of visible patches 
since the existence of the landscape does not neces-
sarily imply that it can be visually identified (Bérin-
guier et al., 1999).

For more than a century, the analysis of landscape 
patterns has been considered a helpful tool for 
the description of landscapes (O’Neill et al., 1988; 
Lang and Blaschke, 2007). Troll (1939) pioneered 
the methodological framework of using aerial pho-
tographs to map the patterns and arrangements of 
landscape units.

In the early 1990s, Turner (1989) already stated the 
spread of numerous GIS software that performed 
metrics analysis based on land use maps (derived 
from satellite images) to analyze landscape patterns. 
In addition to proprietary software, Turner (1989) 
cited numerous programs developed by users them-
selves to meet specific demands in the analysis of 

the landscape by metrics. Regardless of the software 
and the satellite image, some concepts are impor-
tant to be taken up. 

To do so, when analyzing the arrangement of the 
landscape units, it is important to define the land-
scape matrix. The matrix is understood here as the 
dominant unit in terms of spatial cover; that is, it 
one of the parts of the landscape that covers the 
greatest area (Forman and Godron, 1981). Metzger 
(2001) considered the matrix to be the most impor-
tant element for analyzing and understanding the 
structure of a landscape because it was the domi-
nant unit controlling the dynamics of the landscape 
in most cases.

The landscape element corresponds to the small-
est object recognizable by landscape analysis in the 
field. This object is not always detectable in satellite 
images (e.g., trees, house, and lakes) because is the 
visibility of objects in images is very dependent on 
the image resolution.

Patches are the smallest combinations of elements 
that are recognizable by landscape analysis in the 
field and from images. Similarly, patches (such as 
gardens, grasslands or water bodies) represent piec-
es of a puzzle that need to be assembled to cre-
ate a more compelling large-scale picture. From an 
ecological point of view, this picture represents an 
ecological unit that has distinguishable structures, 
functions, geomorphology and disturbance regimes 
(Forman and Godron, 1986). From a geographic and 
remote sensing point of view, this level corresponds 
to land use classes.

Landscapes are associations of patches, and the 
composition of the patches defines the type of land-
scape. However, landscapes are more than combina-
tions of patches, and the configuration of the patch-
es is important. Two landscapes may have the same 
patches (identical composition) but with a different 
spatial proportions, distributions and arrangements 
(specific configuration). Likewise, two landscapes 
may have different categories of patches (different 
compositions), even though they have similar pro-
portions, distributions and spatial organizations 
(similar configurations). Thus, both the composi-
tion and the configuration of the patches should be 
considered for the elaboration of “landscape signa-
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ture” (Niesterowicz and Stepinski, 2016). The met-
rics chosen (present in the LecoS plugin of the QGIS 
software) for the present work and their classes of 
information are presented below.

3.1 Composition metrics
3.1.1 Number of Classes

The numbers of the classes refer to the number of 
land uses present in each type of landscape. The 
numbers of land use classes ranged from 1 to 7, 
which included water, forest, agriculture/pasture, 
exposed soil, urban area, secondary vegetation and 
juquira (cultivated areas abandoned in the previous 
year; in this case, cassava cultivation systems). The 
heterogeneity of the matrix was indicated by the 
number of classes that were present; the larger the 
number of classes was, the more heterogeneous the 
landscape. For Turner (1989), in ecological process-
es, a greater number of classes is usually related to 
increased fragmentation, which creates more patch-
es, while fewer classes indicated reduced levels of 
landscape fragmentation as some land use classes 
were eliminated.

3.1.2 Percentage of Vegetation Cover

This metric was related to the percentage of natu-
ral vegetation cover of the landscape and helped to 
analyze the degree of human intervention associat-
ed with the intact landscapes (McIntyre and Hobbs, 
1999; Riitters and Costanza, 2018; Riitters et al., 
2002). Pearson et al. (1996) used the percentage of 
vegetation cover to describe four landscape states: 
intact (vegetation cover greater than 90%), varied 
(vegetation cover between 60 and 90%), fragmented 
(vegetation cover between 10 and 60%) and relict-
ual (vegetation cover less than 10%). In the present 
study, a modified analysis of the percentage of land-
scape cover was applied to each 25% of the vegeta-
tion cover intervals to maintain the standardization 
of the landscape signatures. The following land use 
classes were considered vegetation cover: forest, 
juquira and secondary vegetation.

3.1.3 Percentage of patches in the landscape

According to Forman and Godron (1981), for land-
scape analysis, it is essential to determine the num-
ber of patches in at least four categories. In the 

present study, this metric was calculated for each 
landscape type from the accumulated area (in per-
centage) of the patches. The same value is defined 
by excluding the percentage area of the landscape 
matrix. The metric expresses the abundance of frag-
ments of a specific type of landscape.

3.1.4 Total number of patches (fragmentation)

In addition to the number of patches per type of 
landscape, it was also decided to analyze the number 
of patches in relation to the total average number of 
patches of all types in the landscape. Cabral et al. 
(2018) argued that the number of patches indicates 
the extent of anthropogenic impact: higher numbers 
of patches suggests intense deforestation processes. 
In the present work, the number of patches of each 
type of landscape was summed; next, the number of 
patches of all types of landscape was summed. This 
result was divided by the total number of patches in 
all landscape types to obtain the average of the total 
number of patches in the landscape. The final val-
ue was then calculated as a percentage by the mean 
number of fragments of each landscape type in rela-
tion to the total average number of fragments.

3.1.5 Shannon-Weaver Diversity (H’) Index

The diversity was calculated with the Shannon-Weav-
er diversity index (H’). This is one of the most used 
indexes for measuring the diversity of categorical 
data; it was developed by Shannon and Weaver 
(1949) and is usually used for the measurement of 
species diversity. In the context of landscape anal-
ysis, this index expresses the degree to which the 
land use classes are equally represented on the map 
(McGarigal and Marks, 1995), as the following (Eq 
1):

Shannon-Weaver Index (H’)=—∑          Pi ln Pi             (1)

Where Pi represents the fraction of a study area oc-
cupied by class i and m the total number of classes.

The higher the index (H’= 1) was, the more diverse 
the landscape. Thus, the maximum diversity is 
achieved when all land use classes of are represent-
ed in equal proportions. In the present work, the val-
ues refer to average values of diversity of the set of 
sampling points for the respective landscape types.

(i=1)
m
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3.2 Configuration Metrics
3.2.1 Patch size

The size of the patches is a fundamental attribute 
that is used for characterization (McGarigal, 2014). 
Since the types of landscapes are not the same size 
and the number of fragments is variable, the sim-
ple calculation of the average size of the fragment 
for each type of landscape can be incongruous. This 
way, to establish an ordering scale (patches: small, 
medium to large) for a set of landscape types, it was 
necessary to relate to the average size of the frag-
ments of the total landscape. Thus, first, to calculate 
the patch size, the sum of the mean patch areas of 
the fragments of each type of landscape were calcu-
lated, excluding the matrix class. Next, the number 
of patches was summed, and the sum of the aver-
age landscape type area was divided by the sum of 
the number of fragments of each type. These values 
were summed for all landscape types and then di-
vided by the total landscape number. The final result 
was then calculated as a percentage by dividing the 
mean size of the fragments of each type of landscape 
in relation to the total average number of patches of 
the landscape, which was calculated previously.

3.2.2 Patch adjacency (distance)

There are several ways to calculate the distance be-
tween the fragments in a GIS environment (Euclid-
ean distance, average distance, etc.). In the LecoS 
plugin, the function that refers to the distance is 
called Like adjacency. This metric provides informa-
tion on the degree of aggregation of the fragments 
that compose the land use classes in the landscape 
(McGarigal and Marks, 1995) as the following (Eq 2):

LikeAdjacency=(              )*(100)                                     ( 2)

Where gij is the number of adjacencies between cells 
of class i and gik is the number of adjacencies be-
tween cells of class i and k.

Thus, this metric can be useful to assess the frag-
mentation of the landscape in terms of distance, that 
is, the more aggregated the fragments the smaller 
the distance and vice versa. This metric is calculat-
ed from the adjacency matrix, which shows the fre-
quency with which different pairs of patch types (of 
the same class) appear side-by-side on the map. For 
this index, the degree of adjacency of the fragments 
ranged from 0 to 100. Values close to 0 indicated 
that a fragment did not have contact with another 
fragment of the same class (they were distant), and 
values close to 100 indicate the maximum level of 
contact between fragments of the same class (they 
were in close proximity).

3.2.3 Patch shape Index (form)

The complexity of the shape is related to the geom-
etry of the patches; they can be simple and com-
pact or irregular and curled. To calculate the shape 
metric, the fractal dimension index (McGarigal and 
Marks 1995) was used as the following (Eq 3).

Fractal Dimension Index=                                           (3)

Where pij is perimeter (m) of patch ij and aij is the 
area (m2) of patch ij.

The calculation of this metric is based on the pe-
rimeter-area ratio, which quantifies the degree of 
complexity of the shapes. The importance of this 

gij
m∑k=1    ikg

2 ln(0.25*pij)
ln*aij

Table 2: Categorization (four classes) of the chosen metrics

Metrics Class 1 Class 2 Class 3 Class 4

Number of classes 1 and 2 3 and 4 5 and 6 7

Vegetation cover (%) (0 to 25] (25 to 50] (50 to 75] (75 to 100]

Patches in the landscape (%) (0 to 25] (25 to 50] (50 to 75] (75 to 100]

Total patches (%) (0 to 25] (25 to 50] (50 to 75] >75

Diversity index (%) (0 to 0,25] (0,25 to 0,50] (0,50 to 0,75] (0,75 to 1]

Patch sizes (%) (0 to 25] (25 to 50] (50 to 75] >75

Patch adjacency (%) (0 to 25] (25 to 50] (50 to 75] (75 to 100]

Patch shapes Index (%) (1 to 1,25] (1,25 to 1,50] (1,50 to 1,75] (1,75 to 2]
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variable to environmental analysis was described 
by Diamond (1975). In the present study, the index 
was averaged for all patches of all classes except for 
the matrix. The index value ranged from 1 to 2, and 
whenever the values were closer to 1, the complexi-
ty of the fragment was lower.

4 Results

Nine types of landscapes were identified after the 
field surveys in 2013 and 2016. Figure 4 and Table 
3 show the types of landscape with brief descrip-
tions. The analysis of the land use map in each type 
of landscape revealed the patch presence and distri-
bution, and the definition of the matrix for each type 
of landscape (defined as the land use class with the 
highest percentage). Table 3 also presents the class-

es that were considered matrices for each type of 
landscape. In this work, it the remaining elements 
after the exclusion of the landscape were defined as 
patches. 

The landscape signatures were generated accord-
ing to the metrics for each type of landscape (Table 
4 and Figure 5). The signatures in blue indicate the 
types of landscape that occurred in French Guiana 
and those in green indicate landscape types on the 
Brazilian side. These landscape signatures reflect the 
behaviors of the set of metrics for each landscape 
type. The visual analysis of the signatures (Figure 5) 
generally showed that the landscapes are different. 
This supports, for the first time, the delimitation of 
the landscape types performed with the geographic 
approach.

Figure 4: Types of landscape in the study area
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Type Name Descriptions Matrix
1 Urban Paved streets in a dense urban center. Typically includes fenced houses 

with small gardens.
Urbanized area

2 Peri-urban 
indigenous area

Cassava planting in a rotation system conducted by indigenous people who 
generally live in the urban areas of Saint Georges.

Agriculture and Pasture

3 Crioulos garden Farmhouses used for recreation and small-scale fruit production. Forests
4 Peri-urban Unpaved streets; houses are more distant from each other. Agriculture and Pasture
5 Rural 

settlement
Large land plots for settled families; presence of forests, areas of 
agriculture and fruit trees.

Forests

6 Pastures and 
agriculture

Large deforested areas (for pasture and agriculture), near to roads. Usually 
in a geometric format.

Forests

7 Indigenous 
village

Village with houses and unpaved streets. Cassava is planted in a rotation 
system around the village.

Forests

8 Indigenous 
riverside

Small indigenous villages where the houses are scattered near the 
Oiapoque River.

Forests

9 Small forestry 
openings

Deforested areas, generally in a geometric format, for planting cassava. 
When the areas are large, deforested areas are designated as pasture.

Forests

Class Vegetation Cover Patches Fragmentation Diversity Size Distance Form
Types (polygon) / categorization nº Categ. % Categ. % Categ. Index Categ. Index Categ. % Categ. % Categ. Index Categ.
Urban - Fr. Guiana 7 4 9,46% 1 13,80% 1 16,43% 1 0,28 2 7,17% 1 90,75% 1 1,18 1
Urban - Brazil 4 2 6,47% 1 10,37% 1 16,11% 1 0,31 2 2,49% 1 96,78% 1 1,09 1
Peri-urban Indig. area - Fr. Guiana 7 4 17,18% 1 53,83% 3 21,26% 1 0,74 3 0,02% 1 93,90% 1 1,13 1
Creoles Garden - Fr. Guiana 6 3 59,01% 3 65,32% 3 74,42% 3 0,79 4 6,85% 1 97,62% 1 1,12 1
Peri-urban - Brazil 4 2 16,77% 1 41,13% 2 5,15% 1 0,75 4 329,04% 4 99,05% 1 1,08 1
Peri-urban - Fr. Guiana 5 3 40,66% 2 59,49% 3 9,02% 1 0,72 2 90,74% 3 98,09% 1 1,08 1
Rural Settlement - Brazil 6 3 88,44% 4 20,37% 2 29,64% 2 0,42 2 6,30% 1 92,14% 1 1,10 1
Pasture 7 4 58,86% 3 53,60% 3 144,64% 4 0,58 3 0,11% 1 82,77% 1 1,19 1
Indig. Riverside - Brazil 5 3 93,71% 4 10,54% 1 15,14% 1 0,29 2 620,32% 4 96,68% 1 1,08 1
Indig. Riverside - Fr. Guiana (A) 4 2 83,14% 4 46,61% 2 5,80% 1 0,73 3 35,30% 2 97,98% 1 1,08 1
Indig. Riverside - Fr. Guiana (B) 4 2 80,47% 4 37,95% 2 5,48% 1 0,69 3 198,28% 4 98,62% 1 1,06 1
Small Forestry opening - Fr. Guiana 7 4 80,02% 4 30,21% 2 250,95 4 0,56 3 0,04% 1 90,79% 1 1,12 1
Small Forestry opening - Brazil (A) 7 4 87,73% 4 16,80% 1 123,70% 4 0,35 2 0,05% 1 85,95% 1 1,14 1
Small Forestry opening - Brazil (B) 7 4 26,76% 4 13,83% 1 25,00% 4 0,28 2 0,03% 1 98,32% 2 1,15 1

Table 4: Landscape metrics for each landscape type

Table 3: Descriptions of the landscape types

Figure 5. Signatures of the landscape types
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Figure 5. Signatures of the landscape types
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5 Discussion

The discrimination of the different landscape units 
at the landscape scale requires the identification 
of the boundaries of the different landscape types 
from a geographical view based on the interrelation-
ships between the anthropic uses and the environ-
ment (Guillaumet et al., 2013). Concerns about the 
structural aspects of the landscape elements and 
their limits cannot, however, obscure the analysis 
of the functions of the landscape. It is necessary to 
maintain a holistic perspective (Saito, 1998) to avoid 
misuse of landscape indices that hinders the estab-
lishment of relationship between patterns and pro-
cesses (Li and Wu, 2004). Therefore, it is important 
to know how to interpret the land use indicators in 

the landscape through knowledge of history of the 
main dynamics of a specific land use type. In doing 
so, it is helpful to understand the role of geophys-
ics and ecology on these dynamics and leads to the 
establishment of spatial patterns in different land-
scapes, which helps to map each of the landscapes 
(Laques, 2009).

An important step is the identification and quanti-
fication of the spatial patterns present in the land-
scape structure (Turner, 1989), with attention to the 
interactions, flows, and transfers among the land-
scape units. As a result of the composition of pat-
terns (Risser et al., 1984), the shapes and boundaries 
of the units need to be investigated and compared.

Most studies that relate the behavior of metrics to 
one type of landscape make use of statistical tests 

Figure 5. Signatures of the landscape types
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and a wide variety of existing metrics. In the study of 
Neel, McGarigal and Cushman (2004), for example, 
which examined the nonlinear behavior exhibited by 
many metrics in different landscape types, the au-
thors envisioned the use of several metrics distrib-
uted into behavioral groups to characterize one type 
of landscape. Similarly, Peng et al. (2010) reported 
that it was important to evaluate the complexity of 
the various components of the spatial patterns, as in 
the present study, rather than analyzing the metrics 
separately. The present proposal of the joint analysis 
of a set of landscape metrics allows this integrative 
perspective (Figure 5).

In the types 1 (urban), 4 (peri-urban), 8 (indigenous 
riverside) and 9 (small forestry openings) more than 
one curve was generated to represent the landscape 
signature; one signature was generated for each 
existing polygon. For the urban landscape type, for 
example, only one metric (number of classes) was 
inconsistent between the polygons.

As for the peri-urban and the indigenous riverside 
landscape types, it is important to note that they pre-
sented the smallest areas among all landscape types 
delimited in this work. Study by Liu et al. (2016) and 
Gustafson (1998) indicated that the landscape met-
rics were very sensitive to the variations in spatial 
scale, either through the resolution of land use and 
coverage map or in the extent of the area that was 
analyzed. This made the analysis of the metrics more 
sensitive to variations in the composition and con-
figuration of the landscape fragments. How Kupfer 
(2012) explain, the spatial scale poses a problem to 
analyze landscape metrics because their values are 
based on static classifications of land-cover data that 
are provided at scales that may be different or inap-
propriate. Therefore, these variations in the signa-
tures were expected. 

In the specific case of the peri-urban type, Gonçalves 
et al. (2017) emphasized that peri-urban areas do 
not have clear boundaries, either geographically 
or conceptually. The authors pointed out that this 
type of landscape is intrinsically variable and com-
plex, which makes it difficult to characterize since 
it includes several patterns of settlements in the in-
termediate space between urban and rural areas. 
This variability was seen in situ, and it was verified 
that the peri-urban type was difficult to delimit due 

to, above all, the similarity of the urban streets and 
houses. However, peri-urban areas have sparser 
houses with larger plots of land, where small gar-
dens are grown in backyards. Thus, the landscape 
signatures confirmed the need to separate the ur-
ban and peri-urban types.

Despite the effectiveness of the proposed method, 
it was necessary to consider the limitations of this 
analysis. As reported by Satterfield et al. (2013), the 
measurements and extents of landscape data are 
complex and involve ecological and social dynamics 
but are generally reduced to static measures. Sim-
ilarly, Naveh (2000, p.24) stated “present methods 
for the categorization of organized landscape com-
plexity are based chiefly on simple regularities of 
Euclidean Geometry for the description of formal 
structures and their mechanistic interpretation”. It 
can be said that this form of analysis was applied 
in the present analysis; the landscape signatures 
showed a static image and did not incorporate the 
cultural or historical contexts and their evolutions.

In this sense, it is important to stick to the histori-
cal and cultural contexts that exist beyond the (ir)
regularities of the landscape metrics (Naveh, 2000). 
This confirms the importance of the integration of 
the geographical (field) perspective in the analysis of 
the landscape signatures.

Thus, Palang et al. (2017) highlighted as both inter-
disciplinary and transdisciplinary methods as key 
tools for an integrative approach to landscape ana-
lyze. Stephenson (2008) and Naveh (2000) reported 
the need for science to establish new methods for 
analyzing the landscape more holistically and as a 
dynamic system. In this context, the effectiveness 
and simplicity of the presented methodology is em-
phasized since the signatures for the analysis of the 
landscape types included a set of metrics distributed 
on a graph, which allowed the behavior of the land-
scape signature to be analyzed visually.

The methodological strategy of differentiating 
among the types of landscapes with the signatures 
of the landscape metrics has also indicated to be a 
useful method for analyzing the landscape, in ad-
dition to validating the geographic in situ analysis. 
In this case, using the landscape metrics and com-
posing the signatures of the metrics for each type of 
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landscape a posteriori can be a valid procedure for 
confirming the in situ data or slightly adjusting to its 
delimitations.

Therefore, the present work had similar concerns to 
those of Antrop and Van Eetvelde (2000), who asked 
whether maps of landscape metrics, which are pre-
sumed to reveal spatial patterns, correspond to 
the landscape units defined by holistic approaches 
based on human perception. However, the present 
work differs from the work of Antrop and Van Eet-
velde (2000) in the application of the metrics to the 
landscape units defined in situ and then evaluating 
the level of differentiation between the two data-
sets, whereas Antrop and Van Eetvelde (2000) used 
a holistic approach by adopting their own metrics as 
a starting point for defining the landscape units and 
compared their boundaries with those derived from 
the visual interpretation of the images.

Thus, the present work aligned with that of Burnett 
and Blaschke (2003), who defended the survey the 
whole picture (holistic), which is precisely the con-
cept of a landscape. As in Messerli and Rey (2012), 
we also argued in favor of the study of regional 
landscapes as the location and scale are suitable for 
enacting the necessary integration of human geog-
raphy and physical geography. During the approx-
imation process, the concept of a landscape was 
reexamined, stimulated by George Bertrand, who 
contributed to reshaping the conceptual basis of 
landscapes for “reconciliation” between the natural 
sciences and the social sciences for socioenviron-
mental issues (Bertrand, 1978). This physical geog-
raphy-human geography rapprochement movement 
basically sought an integrated and interdisciplinary 
approach for determining the notion of complexity. 
This is in accordance with the work of Burnett and 
Blaschke (2003), and the present work aligns with 
this epistemological objective.

Additionally, when discussing the search for new 
approaches, it is pertinent to mention Brown et al. 
(2014), who presented a set of “social metrics” ca-
pable of measuring both the composition and con-
figuration of the human perceptions of landscapes 
using empirical data based on participatory GIS. 
For future work, the possibility of integrating these 
data, which are considered subjective, to landscape 
signatures is suggested. It is possible that they will 

be more sensitive to sociocultural issues, making the 
landscape signatures more robust. On the possibility 
of integrating “subjective” data with the digital data 
obtained by GIS, the work of Sahraoui et al. (2016) 
concluded that each of the two approaches could 
contribute with its own information that was com-
plementary and not redundant.

Finally, we discussed not only the validity of the sig-
natures or the limitations of the methodology for 
analyzing the types of landscapes but, above all, the 
necessity of integrating the geographical perspec-
tive with technical knowledge. In the present study, 
the landscape signatures were effective since the 
delimitations of the types of landscape used were 
not built from the Cartesian or formal points of view 
but mainly from fieldwork grounded on historical 
and cultural knowledge.

6 Conclusion

It is important to point out that the results of the 
signatures indicated that, on one hand, the metrics 
could point to the adjustment of the methodology 
for the identification of the types of landscapes with 
a geographical view in situ. On the other hand, the 
signatures also revealed that these metrics alone 
were capable only of capturing the structure of the 
landscapes at the times that the remote sensing in-
struments allowed a classification of the land use 
and land cover.

The fact that the landcover classification and use of 
the ground based only on the images obtained by the 
remote sensing instruments represented an instan-
taneous picture also indicates that in this classifica-
tion, cultural and historical aspects may be absent 
from the remote sensing data. The geographic in situ 
view can represent a valid methodological path for 
promoting the understanding of the landscape as a 
whole, in a holistic way, through combination of the 
structural and sociocultural aspects.

Thus, the present work concluded that land-
scape-scale analysis and the integration concept is 
valuable and has been revitalized, which was sup-
ported by metrics. Additionally, the landscape should 
be highlighted because it can produce an integrative 
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view that unifies the field of geography and oppos-
es both methodologically and epistemologically the 
artificial division established between physical geog-
raphy and human geography.
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