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Abstract. The objective of the research is to conduct a multi-temporal analysis of the vegetation cover in the
buffer zone of the Tambopata National Reserve protected natural area for the period 2015-2020. One of the
problems that have been identified is that since 2009, in the buffer zone, a series of mining camps have been
installed, which are causing significant losses of forest areas and have caused the displacement of various
species that are in a state of extension and vulnerable as the species Ateleschamek. For the analysis, the
multispectral bands of Landsat 8 satellite images were used, and the Normalized Difference Vegetation Index
(NDVI) and supervised classification. The results determined that for 2015, 8.18% (10 409.8 ha) of vegetation
cover was recorded as degraded in the buffer zone and 22.48% (28 618.95 ha) for the year 2020. Regarding
the quality of vegetation cover, it was identified that unhealthy vegetation increased by 1.92% and 2.20% in
2015 and 2020, respectively. It is concluded that the application of the supervised classification method
allows us to estimate the area of degraded vegetation cover, obtaining within the study period a total of 18
209, 15 ha, being illegal mining one of the leading causes and threats for the illegal mining is one of the
leading causes and threats to native communities and biodiversity in the Tambopata National Reserve Buffer
Zone.

Keywords: Multitemporal analysis, vegetation cover, vegetation index.

1.Introduction

The two major global environmental problems are the water crisis and climate change; therefore, efforts are
currently being made to promote forests conservation and sustainable use of (1). However, according to
Global Forest Watch, from 2015 to 2020, there was a loss of 153,4 million hectares of tree cover globally,
equivalent to a 3% reduction in tree cover since 2000. In 2020, a loss of 25,8 million hectares was obtained,
with the countries with the highest percentage loss being Russia (21%) and Brazil (13%)(2).

Peru is a megadiverse country due to its incredible natural and cultural diversity. In addition, it has 72 million
hectares of forest covering more than 56% of the national territory, and the National Service of Natural
Protected Areas (SERNANP) conserves 22 129 435.81 hectares or 30.74% of the forested area(3). However,
illegal mining and logging are among the leading causes of the loss of vegetation cover, focusing on the
Peruvian jungle and affecting areas close to Natural Protected Areas (NPA) and Buffer Zones, mainly in the
departments of Madre de Dios and Cusco(4).

Peru's biodiversity capital, Madre de Dios, in 2017 recorded 23 669 hectares deforested, the highest indicator
since 2001 (5),Peru's second most deforested department, followed by Ucayali, the second most deforested
department in the country(6). The Tambopata National Reserve is threatened mainly by illegal mining in the
Manuani, Malinowsky, and La Pampa areas, where degraded vegetation covers endangered and vulnerable
species such as the Ateleschamek (Peruvian spider monkey) have been identified(7)However, sce the
beginning of Operation Mercury in February 2019, there has been a reduction in mining deforestation in La
Pampa, as can be seen in the satellite images(8).

The remote sensing and Landsat program belonging to the National Aeronautics and Space Administration
(NASA), which has been continuously monitoring the earth since 1972, are valuable tools for multi-temporal
analysis of vegetation cover(9), and that this makes it possible to determine the environmental changes and
impacts, allowing to know the existing interrelationships in the study area(10).
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Therefore, this research aims to conduct a multi-temporal analysis of vegetation cover change in the buffer
zone of the Tambopata National Reserve within the period 2015 - 2020.
2. Review of literature
2.1. Multitemporal analysis
Themultitemporal analysis makes it possible to detect changes between different dates or reference periods,
thus deducing the evolution of the natural environment and even the repercussions of human activity on the
environment. For example, many of the studies showed that multitemporal analysis helps to effectively
understand the change in vegetation cover and determine the effects that have transcended according to the
land uses that occur or have occurred in these.
The present analysis involves the digital crossing of two or more satellite images classified and similar in their
legend, class, area, and cartographic projection. This is done through cartographic information, geological
maps, satellite images, and aerial photographs (11).
2.2. Detection of changes in vegetation cover
The detection of changes in vegetation covers over large areas through remote sensing methods using satellite
images at medium and high spatial and spectral resolution is a fundamental tool for classifying vegetation
cover and detecting its temporal variations.
Among the primary methods for detecting changes in vegetation cover using satellite images are image
difference, image regression, image ratio, differences in vegetation indices, comparison, and analysis of
vectors of change. For this, it is essential to consider atmospheric conditions, angle of solar incidence, soil
humidity, and time of acquisition of satellite images (12).
2.3. Buffer zone
Article 25 of the Natural Protected Areas Law No. 26834 defines Buffer Zones as those areas adjacent to
Natural Protected Areas that by nature and location require special treatment to guarantee the conservation of
the protected area(13). The activities carried out in the Buffer Zones must not jeopardize the fulfillment of the
purposes of the Natural Protected Area; therefore, restrictions are placed on the use of resources or
development measures to improve the conservation value of the area(14).
2.4. Normalized Difference Vegetation Index
The Normalized Difference Vegetation Index (NDVI) is the most widely used. It is based on the radiometric
behavior of vegetation, related to photosynthetic activity and leaf structure of plants, allowing to determine
the quantity, quality, and development of vegetation based on the measurement of the intensity of radiation of
specific bands of the electromagnetic spectrum that foliage emits or reflects(15).The calculation of NDVI
involves using the following documented and predetermined equation with two bars, Near Infrared (NIR) and
Red(16).
NDVI = NIR — RED
" NIR + RED
The values of this index fluctuate between -1 and 1. Several studies and publications indicate that values
above 0.1 indicate the presence of vegetation, and the higher the value of this index, the better the conditions
of vigor. In general terms, it can be mentioned that only from indexes higher than 0.3-0.4 can it be referred to
as active vegetation. Values lower than 0.1 correspond to areas covered with rocks, sand, or snowy zones, and
indexes of 0.2 to 0.3 correspond to lands with shrubs or natural pastures. Values above these levels indicate
temperate and tropical forests containingigorous and dense vegetation (17).
3. Materials and Methods
3.1. Study area
The study area is located in the buffer zone of the Tambopata National Reserve, TambopataRiver Basin,
eastern site of the department of Madre de Dios, Tambopata Province, districts of Inambari, Laberinto, and
Tambopata, which has an approximate area of 127 296 296 hectares, according to the presidential resolution
No. 240-2017-SERNANP of October 2, 2017, which established its new delimitation(18).This buffer zone
seeks to guarantee the conservation of the Tambopata National Reserve, which is home to mainly aquatic
habitats that are used as stopovers for more than 40 species of transcontinental migratory birds and where
important endangered species are protected (19).In addition, it is worth mentioning some of the critical
biophysical characteristics of the study area (Table 1).
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Figure 1.Geographic location and delimitation of the study area "Tambopata National Reserve Buffer Zone."
Table 1. Biophysical characteristics of the Tambopata National Reserve’s Buffer Zone

Biophysical characteristics

Climate

The climate corresponds to the humidor very humid subtropical forest, with an average
annual temperature of 26°C. Maximum temperatures reach 38°C and occur regularly
from September to October. The minimum temperature of 7.1°C was recorded during
the "free" season, which occurs with greater intensity in June and July (3).

Altitudinal
gradient

It is located at an average altitude of 300m, with an altitudinal range between 200 to
400m and slightly rugged physiography, with slopes ranging from 0 to 5%.

Hydrography

The area is home, not in its entirety, to the Tambopata and Heath River basins made up
of large, medium, and small streams (3).

Wild flora

The Master Plan for Tambopata National Reserve (2004-2008) reported 1,255 species
of flora, while the Master Plan (2011-2016) reported 1,713 species belonging to 654
genera and 145 families. According to the DS N° 043 - 2006 AG, 21 species have been
noted under some threat level. On the other hand, according to the IUCN (International
Union for Conservation of Nature), 23 species have been registered, 11 of which are in
some threatened category, and finally, 27 species are considered in the Appendices of
the Convention on International Trade in Endangered Species of Wild Fauna and Flora
(CITES).

Wild fauna

There are 1,260 species of vertebrate fauna, including amphibians (93 species of 31
genera and nine families), birds (648 of 388 genera and 60 families), mammals (108
species of 85 genera and 28 families), and fish (323 species of 205 genera and 39
families). Like the wild flora, Tambopata National Reserve has species with different
levels of threats from the DS N° 034-2004-AG (32 species under some category of
danger), the IUCN (830 are threatened: 57 amphibians, 629 birds, 102 mammals, 16
fish, and 26 reptiles, of which 28 are under some category of major threat (EN, VU or
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NT)) and CITES (88 species are under some danger).

3.2

3.3

3.4.

Type and design of research

The research is quantitative with a descriptive approach and non-experimental design, where a multi-temporal
analysis of the vegetation cover of the Buffer Zone of the Tambopata National Reserve was conducted, taking
into account the factors of the ecosystem and productive use areas, especially mining activity, as it is mainly
developed in the province of Tambopata. Likewise, the estimation of surface variation of vegetation cover,
description of the characteristics that occurred in 2015 - 2020, and identifying areas where there was a change
or loss of vegetation cover and the possible causes of the same were identified.

Unit of analysis and study population

The unit of analysis for this research is vegetation cover, as this refers to the different elements that constitute
the visual biophysical expression of the earth's surface. Mining activities within the Tambopata National
Reserve's buffer zone were considered a population. The sample size was defined according to the study area,
which includes the Pampa and Alto Malinowski zones.

Working procedure

For the research development, remote sensing was used, which is the science and technology by which the
characteristics of the objects of interest can be identified, measured or analyzed without direct contact using
satellite images (20).

The Earth Explorer program allowed obtaining a set of geospatial data, navigating through an interactive map
or text search to get images. The investigation was done through the interactive map by entering the shapefile
of the boundary of the geographic area under study; this collection was made from the database generated for
Landsat 8 satellites, for the zone path: 3, row: 69, as shown in Figure 2.
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4. Search Results

If you selected more than one data set to search, use the
dropdown to see the search results for each specific data sef.

Note: You must be logged in to download and order
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Figure 2. Satellite view of the Buffer Zone of Tambopata National Reserve (Path:3, R

1D: LCOS_L1TP_003069_20190808_20190820_01_T1
Acquisition Date: 2013-08-08

Path: 3

Row: 68

0 y

ow:69).

The Earth Explorer program allowed obtaining a set of geospatial data, navigating through an interactive map
or text search to get images.

The search was done through the interactive map by entering the shapefile of the boundary of the geographic
area under study; this collection was made from the database generated for Landsat 8 satellites, for the zone
path: 3, row: 69, as shown in Figure 2.
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Figure 3. Calculation of the NDVI of the Tambopata Buffer Zone
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To calculate the NDVI, the ENVI software was used, specializing in the processing and analysis of geospatial
images, and allows obtaining information easily and quickly through simple workflows. In work, the first step
is to open the satellite image and the shapefile of the study area to proceed with calculating this index. In the
ENVI Toolbox window, we look for the NDVI tool, select the first option, click on Spatial subset, then click
on ROI to determine the delimited region of your study area (the shapefile of the buffer zone). In the end, we
indicate the spectral bands (band 4 and 5) and the location and the name of the generated file, as shown in

figure 3.
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Figure 5. NDVI, obtained with ENVI 5.3

Figure 4 and 5 shoy the result NDVI (Landsat 8) = (BS - B4) / (B5 + B4)obtained in ENVI
is shown graphically in Figures 4 and 5.

4. Results

4.1. Environmental impacts affecting vegetative cover in the Tambopata National Reserve's buffer zone
The following impacts generated by illegal mining on the vegetative cover of our study area were identified.

Table 2.Impacts of illegal mining on vegetation cover in Tambopata's buffer zone

ENVIRONMENT

IMPACT
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Alteration of ground and surface water quality.

PHYSICAL lincreasedwaterturbidity.
ENVIRONMENT Soildegradation and erosion.
Alteration of air quality.
Habitatdestruction and degradation
BIOLOGICAL Alteration of the aquatic ecosystem.
ENVIRONMENT Loss of biodiversity.
Displacement of fauna.
SOCIAL Altration inculture and way of
ENVIRONMENT . '
Conflictsoverland use.
4.2. Area of vegetative cover affected in the buffer zone of Tambopata National Reserve

The study area has an area of 127,296.74 ha. It was identified that over time the extent of degraded vegetation
cover has increased; in 2015, it was 8.18%, and in 2020, it was 22.48%, mainly due to illegal mining activity.
It was also observed that the percentage of vegetative cover in 2015 was 89.18%, and in 2020, it will be
74.17% due to different problems and impacts suffered by Tambopata National Reserve.

Variation in degraded vegetation cover
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Figure 6. Variation of degraded vegetation cover in the buffer zone of Tambopata National Reserve
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Figure 7. Variation map of vegetation cover degrades the buffer zone of the Tambopata National Reserve
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4.3. Quality of vegetation cover in the buffer zone of Tambopata National Reserve.

The quality of cover was determined according to the normalized vegetation index (NDVI); this index is done
in the ENVI program and for its classification is taken to the ArcGIS software with which we make the
classification of these and the area of each one, has registered specific values to indicate very healthy
vegetation, healthy vegetation and unhealthy vegetation (See Table N°2).

Table 3. Quality of vegetation cover with the NDVI index

NDVI values Vegetationquality

<-0,33 Veryhealthyvegetation
Regarding the quality of 0,33 —0,66 Healthyvegetation the vegetation cover, it
was  identified  that > (66 Unhealthyvegetation unhealthy vegetation was
increasing in the period 2015 to 2020, from

1.92% and 2.20% respectively. Therefore, there was a decrease in the surface of very healthy vegetation, due
to the presence of cloudiness the quality of the vegetation was varying when the NDVI was used.

Quality of vegetation cover

I mmm————  110,429.37
2020 5,894.55
M 2,806.19

I mmmmmmmm————— 114,726.42

2015 4,861.19
BN 2,447.19
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Figure 8. Quality of vegetation cover in the buffer zone of the Tambopata National Reserve.
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Figure 1.Map of the quality of the vegetation cover of the buffer zone of the Tambopata National Reserve

4.4. Rate of vegetation cover affected in the buffer zone of the Tambopata National Reserve in the period

2015 - 2020.

The net loss rate of vegetation cover decreased by 3 641.83 hectares in the 2015-2020 period, as shown in the

following  table, mainly a product of the growth of informal gold mining.
Table2.Rate of vegetation cover in the period 2015 - 2020

Years Vegetationcover(ha) Degradedarea(ha) Rate (ha/year)
2015 113526.34 10409.80 3 641.83
2020 94418.07 28618.95 ’

5.Discussion of results

Based on the research of Gonzales Alarcoén Gilmer (2016) "Multitemporal Analysis of Deforestation and Loss
of Forest Cover in the Province of Manu, 2000 - 2016", whose main objective is to analyze the frequency of
deforestation and changes in forest cover in the province of Manu, through the multitemporal analysis of
LANDSAT satellite images of the years 2000, 2008 and 2016. To know the acceleration of the loss of forest
cover and contribute to a proposal for environmental management, in our study work, we analyzed that as
time progresses, degraded vegetation cover has increased, with 8.18% for the year 2015 22.48% for the year
2020.

In reference with our research, a national antecedent of Subia Tito (2020) his thesis, "Multitemporal analysis
of vegetation cover and land-use change in the BahuajaSonene National Park and its buffer zone," aims to
determine through multitemporal analysis the extent of the areas that presented changes in vegetation cover
and land use in the BahuajaSonene National Park and its buffer zone between the period 1984- 2018. For the
mentioned research, the analysis of multispectral bands of Landsat 4, 5, 7, and 8 satellite images was used,
and NDVI, NDWI, EVI2, CAI indices were. As a result, from 1984 to 2018,the vegetation cover area
presented changes of 1.45% of the total territory. On the other hand, the extension of agricultural soils found
in the southern part of the PNBS has a growth rate of 13 ha/year and an extension of 1 091 416 ha. of it 1.47%
(15 807 ha) presented changes. Furthermore, our research identified that the unhealthy vegetation was
increasing in 2020 by 2.20%, respectively. Therefore, there was a decrease in the area of very healthy
vegetation.

6.Conclusions
Among the impacts indicated, deforestation could be considered the main impact due to all the indirect
impacts it generates; as well as another significant impact is the contamination of mercury that was used in
the various processes for gold mining, according to bibliographic references in the physical environment are
the alteration of the quality of surface and groundwater, In the biological environment there is also habitat
destruction and degradation, loss of biodiversity and alteration of the landscape. Finally, in the social
environment, the most relevant impact is on human health.
The study area has a total surface area of 127 296.74 ha, an increase in the area of degraded vegetation cover
was identified for the year 2015, 10 409 ha was recorded, equivalent to 8.18%, and for the year 2020, 28 618
ha was recorded, representing 22.48%.
The use of NDVI allowed estimating the health of the vegetation, which was classified into four categories:
very healthy vegetation, healthy foliage, unhealthy greenery, and inanimate material. For the years studied,
the year with the highest healthy vegetation was in 2015 with 90.12 % of the total area, and the year with the
lowest healthy vegetation was 2020 with 86.74% of the entireregion. The healthy foliage for the period from
2015 to 2020 has a slight increase to 5 894.55 ha. However, there is an increase over the years for unhealthy
vegetation for the year 2020 of 2 806 ha representing 2.20%.
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