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ABSTRACT 

 

 
The Amazon rainforest is recognized as a source of ecological services for both local tribes and 

communities and the rest of the world, being the largest rainforest left in terms of size and diversity. The 

region includes 10% of its territory belonging to Colombia,  comprising 

the departments of Amazonas, Caquetá, Guainía, Guaviare, Putumayo and Vaupés, and covering an 

area of 403,000 km², around 35% of the country’s total territory. In the Department of Putumayo, 

deforestation dates back to the last century, especially from human colonization. The use of remotely 

sensed data and geographic information systems (GIS) has improved identification of land use and land 

cover. This study made use of those tools for mapping changes in land cover in affected areas of Puerto 

Guzmán and Puerto Leguízamo with the use of Landsat 7 ETM+ and Landsat 8 satellite images on a fifteen-

year period. Four supervised classifications were made using the Maximum Likelihood decision rule, two 

for Puerto Guzmán (on an April 2001 image and an August 2016 image) and two for Puerto Leguízamo (on 

an August 2000 image and a March 2016 image). Of these, the supervised classifications of the April and 

August images from Puerto Guzmán had good overall accuracies at 83.15% and 80% respectively. The 

supervised classifications of the August and March images from Puerto Leguízamo also had good overall 

accuracies at 83.45% and 80.18% respectively. The False Color IR band combination showed high 

accuracy for identifying forest and vegetation land cover. However, it is to a certain degree difficult to 

discriminate between other land cover types using that band combination, with its medium resolution, and 

a per-pixel classification. A different band combination and a higher resolution remotely sensed data might 

help to complement the classifications. Puerto Guzmán and Puerto Leguízamo showed different tendencies 

with respect to their land use and land cover changes. There is no single factor driving deforestation, but 

higher rates on the Colombian territory are evident and may be due to higher colonization pressures and 

intensification of illegal coca cultivation affecting the conservation and preservation of forests in these 

areas. Even though solutions against activities have been proposed, urgent actions have to be taken in 

order to generate a significant change in the Department of Putumayo in terms of decreasing 

deforestation. 

 

 

 

 

 

 

 

 

 

 

 

https://en.wikipedia.org/wiki/Departments_of_Colombia
https://en.wikipedia.org/wiki/Amazonas_Department
https://en.wikipedia.org/wiki/Caquet%C3%A1_Department
https://en.wikipedia.org/wiki/Guain%C3%ADa_Department
https://en.wikipedia.org/wiki/Guaviare_Department
https://en.wikipedia.org/wiki/Putumayo_Department
https://en.wikipedia.org/wiki/Vaup%C3%A9s_Department
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INTRODUCTION  

 

Remote sensing is a tool that involves the acquisition of information about an object, area or 

phenomenon by analyzing data acquired through a device that is not in direct contact with the object. 

Sensors aboard satellites and aircrafts record the amount of electromagnetic energy reflected from objects 

on the earth’s surface at various wavelengths. From the spectral response patterns, information about the 

objects is derived (Kumar et al, 2010). This way remote sensing has allowed us to record resources in the 

surface of the Earth in a systematic and repetitive way. Through the analysis of remotely sensed data for 

different periods, land use and land cover mapping has provided a way to improve the study of change 

detection and monitoring of forest areas in less time, at low cost and with better accuracy (Sabins, 1999).  

 

Forest alteration is the second largest global source of anthropogenic carbon dioxide emissions, responsible 

for 10-25% of the emissions worldwide. Therefore, forests play an important role in global carbon cycles, 

and policies that influence the rate of change of forest to other land use, or encourage afforestation and 

reforestation of deforested lands have a large impact on concentrations of atmospheric carbon dioxide 

(Kumar et al, 2010). 

 

Land Use and Land Cover 
 

Land use and land cover are two separate terminologies, the first one describes how a parcel of 

land is used by humans and their habitat, usually with emphasis on the functional role for economic 

activities (such as agriculture, residence or industry). The second one, on the other hand, refers to the 

physical characteristics of the Earth’s surface and describes the materials present on it (such as 

vegetation, rocks or buildings).  The land use/cover pattern of a region is an outcome of natural and socio-

economic factors and their use in time and space (Rawat, 2015). Accurate and recent information on the 

use and land cover is essential for planning activities that meet the increasing demands for basic human 

needs and welfare with an increasing population (Sabins, 1999).  

 

Land use and land cover each depend on and change according to the other. Changes in land use caused 

by social activities result in land cover changes that often affect biodiversity and processes that affect the 

climate and biosphere. However, it does not necessarily imply degradation of the land. These changes, 

mainly driven by natural phenomena and anthropogenic activities, are part of a widespread and 

accelerating process that impacts the natural ecosystem. Categories of use and land cover are 

represented in maps at scales and resolutions both global and local (Rawat, 2015). For this reason, 

passive sensors, including Landsat satellites, are used in forestry applications. These applications include 

charting types of vegetation, deforestation, desertification, forest boundaries, soil erosion and forest fires. 

(Markowitz, 2009).  
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Deforestation in Colombia 
 

Half of Colombia’s forests are in territories inhabited by indigenous or Afro-Colombian 

communities. Legally, these communities have the right to manage their own natural resources; however, 

weak governance and policies, and the internal conflicts of the country have displaced the communities. 

Consequently, their cultural practices and traditional systems of sustainable cultivation and use of natural  

resources are often abandoned, and therefore unsustainable practices such as deforestation, illegal 

logging, monocultures, and illicit crops have replaced them. In addition, poor communities are also 

powerless to defend their territories against road building, mining, oil and gas industries, and other 

infrastructure expansion (“Colombia”, 2016). 

 

Although the rate of expansion of agricultural lands has slowed since 1960, rapid deforestation still 

occurs in many tropical countries, including Indonesia, Nigeria, Philippines and Colombia. However, the 

location and extent of deforestation and associated ecological impacts within tropical countries is often 

not well known (Etter et al., 2006). Satellite change detection analysis has shown that the annual rates 

of deforestation are considerably higher on the Colombian side of the border with Ecuador, and that the 

loss of forest cover on the Colombian side is higher than on the Ecuadorian side (Viña et al, 2004). 

 

Deforestation in the department of Putumayo dates back to the last century, especially from the 60 ’s 

(fronts of colonization and extraction of timber) and increased in the 80’s with the arrival of illicit crops, 

ranching and the construction of roads. Human colonization has resulted in extensive deforestation since 

it is a normal activity for farmers and settlers on their land to plant crops and pastures. Therefore, joint 

actions among institutions are required and private companies and communities need to agree on 

strategies for reduction of deforestation and conservation of biodiversity in the department (Ceballos, 

2016). Using remote sensing techniques and geographic information systems (GIS) allow us to identify 

land use/cover in the affected areas of Puerto Leguízamo and Puerto Guzmán and establish changes 

that have occurred in these to quantify the deforestation. By comparing the distribution of the land 

use/cover, as well as deforestation, between both areas may help us to recognize the biophysical and 

socioeconomic factors that explain these changes within the context of an environmental conflict. 

 

The goal of this project is to emphasize the changes in the land use and cover in the department of 

Putumayo, which has been heavily affected by human activities that have caused deforestation 

concentrated in areas of great importance for the country's biodiversity. This study uses Landsat satellite 

data to document the rates and patterns of land cover change along a portion of the Colombia-Ecuador 

border during a 15-year period. The results of this study may help us take action against activities such 

as logging, illegal mining, conversion to agricultural crops or forest fires, which are affecting the 

conservation of forests in these areas. 
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STUDY AREA 

 

 The study areas are located in two municipalities in the department of Putumayo, and have been 

strongly affected by human activity. Puerto Guzmán is one of the youngest municipalities in the 

department. It is located at 55 km from the departmental capital, Mocoa, with a total population of 23,699 

inhabitants (4692 inhabitants in urban areas), a total area of 4565 km2 and with coordinates 0°57′49″N -

76°24′31″W. Puerto Leguízamo is a border town which is located at 400 kilometers from Puerto Asís, with 

a total population of 15,445 inhabitants (9029 in urban areas), a total area of 11640 km2 and with 

coordinates 0°11′38″S - 74°46′50″W. 

 

Puerto Guzmán 
 

The municipality of Puerto Guzmán is located in the northwest of the department of Putumayo 

(Fig. 1), with an altitudinal range between 218 and 550 m.s.l and having an average temperature of 24°C 

and a precipitation average of 364.7 mm/month; the area is classified as a Tropical Rainforest. 

 

 

Figure 1 Location map of the study area – Puerto Guzmán 

 

The municipality includes outcrops of sedimentary rocks from the Neogene, Paleogene and Quaternary. 

The Neogene and Paleogene rocks are clayey silt rocks belonging to the Orito Group, which are 

characterized by a thick sequence of claystones and siltstones rich in iron oxides, giving a reddish 

appearance to the residual soil. On the other hand, the quaternary rocks are the result of the erosion of 

older rocks located in the higher parts of the Colombian Massif, which then were carried by rivers and 

http://tools.wmflabs.org/geohack/geohack.php?language=es&pagename=Puerto_Guzm%C3%A1n&params=0.96361111111111_N_-76.408611111111_E_type:city
http://tools.wmflabs.org/geohack/geohack.php?language=es&pagename=Puerto_Guzm%C3%A1n&params=0.96361111111111_N_-76.408611111111_E_type:city
http://tools.wmflabs.org/geohack/geohack.php?language=es&pagename=Puerto_Legu%C3%ADzamo&params=-0.19388888888889_N_-74.780555555556_E_type:city
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streams and deposited in the lower parts of the Caquetá River basin. Because of the strong processes of 

erosion, transport and deposition, there are foothill fans, which have been eroded by major drainages. 

The erosion of the fans forms the terraces that occur in most of the area in the main bodies of water such 

as the Caquetá River, Mandúr and Yurilla (“Plan Básico De Ordenamiento Territorial” , 2008). 

 

Puerto Leguízamo 
 

Leguízamo municipality, is located in the sub-region of Bajo Putumayo to the northwest 

Amazonia, in the southern part of Colombia (Fig. 2). 

 

 

Figure 2 Location map of the study area – Puerto Leguízamo 

 

The study area has a Precambrian petrotectonic set subjected to processes such as faulting and 

migmatization, and later faulting and erosion that resulted in deposits of Precambrian sedimentary bodies 

accompanied by new fractures and a final stage of metamorphism that affected the sedimentary bodies 

and the rocks of the Guiana Shield. The quaternary rocks present in the region are characterized by 

unconsolidated clayey and sandy deposits, which can be found mainly along streams and rivers 

(Montoya, 2000). 
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Seasonality 
 

Due to their location on the equatorial line, the climate of the southern region of the Colombian 

Amazon is influenced by major systems of atmospheric circulation, including the tropical fringe of the 

northeast and southeast trade winds, or Intertropical Convergence Zone (ITCZ), and the equatorial fringe 

where the two previous ones converge. The presence of rainfall is constant throughout the year, 

nevertheless “ecological summer" seasons can be defined in which the monthly rainfall is below average. 

On the other hand, it is also observed a period in which the volume of rains is higher than the monthly 

average, determining an "ecological winter" season. For the rest of the month’s precipitation volumes are 

located within the average range. Likewise, for temperatures it is possible to determine an "ecologically 

cold" period and an "ecologically warm" period ("Clima", 2016). Seasonality is important since it affects the 

land cover/use patterns of an area, so it must be considered as an influencing factor in both areas of study. 

 

Even though Puerto Guzmán does not present a defined dry period, since the rains are never inferior to the 

monthly average. From Figure 3 it is observed that the month with less precipitation rates correspond to 

January and the highest precipitation rates occur in June. The average annual temperature regime is 

isothermal (the difference between the average temperature of the warmer and colder months is less than 

5°C) but is affected by the phenomenon of frost, which results from the penetration of a mass of Antarctic 

cold air that occurs during the winter in the southern hemisphere known as “Heladas del Brasil” (“Plan 

Básico De Ordenamiento Territorial”, 2008). Puerto Guzmán is also influenced by its closeness to the 

western flank of the Eastern Cordillera, consequently, orographic precipitation affects the region.  

 

Unlike Puerto Guzmán, Puerto Leguízamo is influenced by 

convective precipitation. Monthly precipitation (Fig. 3) shows 

that the rainiest months are April, May, June and July, and a 

decrease of rainfall in the months of December, January and 

February with a slight decrease in precipitation in the month 

of August. Less rainy periods occur when this area of the 

Amazon region is under the influence of the trade winds 

during the months of December to March, when the ITCZ is 

on the Amazon trapeze. In Leguízamo, as in the whole 

equatorial zone, the temperature shows daily fluctuations 

while temperature fluctuations during the year are 

insignificant. Monthly temperature averages show that the 

months with the highest temperatures are December, 

January and February, coinciding with the period of reduced 

rainfall. June and July show the lowest temperatures 

(Montoya, 2000).  

Figure 3 Diagrams showing monthly mean precipitation 

in Puerto Leguízamo (upper) and Puerto Guzmán 

(lower) (Climate Data, 2016) 
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MATERIALS AND METHODS 

 

 
Remote sensing satellites observe the Earth in wavelengths ranging from visible to microwave, 

with spatial resolutions ranging from less than a meter to several kilometers, and temporal frequencies 

ranging from 30 minutes to weeks or months. The files provide time-series data for a specific time period. 

For fine spatial resolution (10-30 meters), the data from the Landsat and SPOT sensors can be combined 

to provide regional observations (Tejawasi, 2007). 

 

Sources  
 

The sources that were used to obtain the satellite images required for this analysis include the 

Earth Science Data Interface (ESDI) and the U.S. Geological Survey (USGS). Satellite data covering the 

study area can be obtained from Global Land Cover Facility (GLCF) and the Earth Explorer Site. These 

data cover the period from 2000 to 2016, obtained from the Landsat 7 and Landsat 8 satellites. The first 

one uses the Enhanced Thematic Mapper Plus (ETM+) sensor and the second uses two sensors: The 

Operational Land Imager (OLI) and the Thermal Infrared Sensor (TIRS).  

 

However, not all images that are available can be used for analysis mainly due to cloud coverage. These 

data sets need be imported to a satellite image processing software, such as PCI Geomatics. PCI 

Geomatics is a software package used to process Earth observation remote sensing data. It is mainly 

aimed at processing data faster and allows users to upload satellite and aerial imagery, where you can 

perform the analysis. In addition, the remote sensing software ERDAS Imagine will be used since it has 

editing capabilities for raster graphics, directed mainly to raster geospatial data processing. This allows 

us to prepare, display and enhance digital images for use in geographic information systems (GIS). It is 

a tool that allows mathematical operations on an image and generates responses to specific geographic 

questions. By manipulating the images, it is possible to see the features that normally would not be visible, 

such as gloss or reflectance level of the surfaces in the image which can be useful for analyzing vegetation 

land cover. 
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Landsat 7 & 8 Satellites 

 

 

Figure 4 Landsat 7 ETM+ and Landsat 8 OLI-TIRS bands comparison on the electromagnetic spectrum (Landsat 

Science, 2016) 

 
On Landsat 7, the Enhanced Thematic Mapper Plus (ETM+), replicates the capabilities of the Thematic 

Mapper instruments on Landsat 4 and 5. However, ETM+ includes additional features that make it a 

versatile and efficient instrument for global change studies, land cover monitoring and assessment, and 

large area mapping. It operates at an altitude of 705 km with a polar, sun-synchronous orbit. The major 

benefits of Landsat 7 are its mission continuity with a repeat coverage every 16 days, and that it is a global 

survey mission that provides affordable data products. Landsat 7 ETM+ images consist of eight spectral 

bands (see Table 1) with a spatial resolution of 30 meters for Bands 1 to 7. The resolution for Band 8, the 

panchromatic, is 15 meters. The approximate scene size is 170 Km north-south by 185 Km east-west 

(Landsat Science, 2016). 

 

L
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D
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A

T
 7

 E
T

M
+

 

BAND WAVELENGHT (µm) RESOLUTION (m) 

Band 1 (Blue) 0.45-0.52 30 

Band 2 (Green) 0.52-0.60 30 

Band 3 (Red) 0.63-0.69 30 

Band 4 (Near Infrared) 0.77-0.90 30 

Band 5 (Shortwave Infrared I) 1.55-1.75 30 

Band 6 (Thermal IR) 10.40-12.50 60 

Band 7 (Shortwave Infrared II) 2.09-2.35 30 

Band 8 (Panchromatic) 0.59-0.90 15 

Table 1 Band designations for the Landsat 7 ETM + satellite 

 

http://landsat.gsfc.nasa.gov/?p=3225
http://landsat.gsfc.nasa.gov/?p=3225
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In remote sensing, panchromatic is a sensor or film sensitive to light of all wavelengths in the visible 

spectrum, generally displayed as shades of gray on an image. Its higher spatial resolution is associated 

with its wide wavelength range that indicates low spectral resolution. 

 

Landsat 8 carries two instruments: the Operational Land Imager (OLI) sensor and a Quality Assessment 

band that provides numeric information regarding conditions (clouds, water or snow) that may affect the 

accuracy and usability of a given pixel. The Thermal Infrared Sensor (TIRS) provides two thermal bands. 

These sensors both provide improved signal-to-noise (SNR) radiometric performance, a general measure 

of the image quality that enable a better characterization of land cover state and conditions. Landsat 8 

images consist of nine spectral bands (see Table 2) with a spatial resolution of 30 meters for Bands 1 to 

7 and Band 9. Band 1, is a new ultra-blue band which is useful for coastal and aerosol studies. And Band 

9 is useful for cirrus cloud detection. The resolution for Band 8, panchromatic, is 15 meters. Thermal 

bands 10 and 11 are useful for providing accurate surface temperatures and have a spatial resolution of 

100 meters. The scene size is approximately 170 Km north-south by 185 Km east-west, with an altitude 

of 705 km and a sun-synchronous orbit (Landsat Science, 2016). 
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BAND WAVELENGHT (µm) RESOLUTION (m) 

Band 1 (Ultra-blue) 0.43 - 0.45 30 

Band 2 (Blue) 0.45-0.51 30 

Band 3 (Green) 0.53 - 0.59 30 

Band 4 (Red) 0.64 - 0.67 30 

Band 5 (Near Infrared) 0.85 - 0.88 30 

Band 6 (Shortwave Infrared I) 1.57 - 1.65 30 

Band 7 (Shortwave Infrared II) 2.11 - 2.29 30 

Band 8 (Panchromatic) 0.50 - 0.68 15 

Band 9 (Cirrus) 1.36 - 1.38 30 

Band 10 (Thermal IR I) 10.60 - 11.19 100 

Band 11 (Thermal IR II) 11.50 - 12.51 100 

Table 2 Band designations for the Landsat 8 satellite 

A comparison between Landsat 7 ETM+ and Landsat 8 OLI-TIRS bands on the electromagnetic spectrum 

can be appreciated in Figure 4. 

 

 

 

 

http://landsat.usgs.gov/ldcm_vs_previous.php
http://landsat.usgs.gov/L8_QA_band.php
http://landsat.usgs.gov/L8_QA_band.php
http://landsat.usgs.gov/ldcm_vs_previous.php
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Vegetation Spectral Response 

 

 
When sunlight reach objects on the ground, certain wavelengths of the spectrum are absorbed and 

other are reflected. Leaf cells scatter solar radiation in the near infrared region, wavelengths from 0.7 to 1.1 

μm, and appear relatively bright in the near infrared band (NIR) and darker in the bands with visible light. 

This happens because the chlorophyll in plants absorbs light with wavelengths from 0.4 to 0.7 μm for use 

as an electron donor in photosynthesis. On the other hand, other land cover units tend to be bright in the 

red, as well as other visible wavelengths and rather dark in the near-infrared (NASA, 2007). The reflectance 

from vegetation measured by a remote sensing device depends on the presence of absorbing pigments, 

such as chlorophyll, in the visible part of the spectrum, and by various internal reflections in the leaves of 

the plants in the near infrared part of the spectrum (Fig. 5). Healthy vegetation, then produces a typical high 

reflectance in the near infrared band (Stabursvik, 2007). 

 

 

 

Figure 5 Spectral signatures of soil, vegetation and water, and spectral bands of LANDSAT 7. (Siegmund, Menz 

2005) 
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Image Selection 

 

 
For the first period, Landsat 7 satellite images, launched on April 15 of 1999, were used. And 

since Landsat 8 was not launched until February 11 of 2013, the images that are used for the second 

period correspond to this satellite. 

In tables 3 and 4 below, features of the selected Landsat satellite images for both locations are shown. 

These features were obtained directly from the Earth Explorer data of each image. 

DATE PATH/ROW 
LANDSAT 

SATELLITE 
CLOUD 

COVERAGE 
IMAGE 

QUALITY 
LANDSAT 
SENSOR 

August 30 
2000 

008/060 Landsat 7 0.04 9 ETM+ 

March 11 
2016 

008/060 Landsat 8 3.06 9 OLI and TIRS 

Table 3 Features of the Landsat 7 and 8 images of Puerto Leguízamo 

 

DATE PATH/ROW 
LANDSAT 

SATELLITE 
CLOUD 

COVERAGE 
IMAGE 

QUALITY 
LANDSAT 
SENSOR 

April 18 
2001 

009/059 Landsat 7 33.45 9 ETM+ 

August 09 
2016 

009/059 Landsat 8 39.12 9 OLI and TIRS 

Table 4 Features of the Landsat 7 and 8 images of Puerto Guzmán 

 

The image quality is based on the number and distribution of bad scans in a scene, with values that can 

range from 0 to 9.  A value of -1 means that the image quality has not been calculated or assessed, a 

value of 0 indicates that more than 33% of the scene is bad, and a 9 indicates a perfect scene with no 

errors detected (U.S. Geological Survey, 2016). 

A bad scan generally is related to the amount of noise present on the scan. Noise is any unwanted 

disturbance affecting a measurement that degrades the quality of the data of interest.   It determines the 

precision with which a radiometric measurement can be made and includes systematic or random 

sources. Systematic noise is constant with time and reduces the ability to extract information from images; 

it includes coherent noise and others. Coherent Noise appears as a repeating pattern in satellite imagery. 

Although it can be corrected, this correction often degrades other parts of the image. Background noise is 

the unwanted disturbance within a useful frequency band and/or random oscillations such as ambient 

oscillations. (Landsat Science, 2016). For this case, the Noise Reduction tool (which removes noise along 

edges and in flat areas) applies an edge-preserving smoothing technique that would not be helpful for the 

visual interpretation required for classification. 

http://landsat.gsfc.nasa.gov/?p=3225
http://www.usgs.gov/
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Since the usability of an image for analysis depends mainly on the cloud coverage, it was one of the main 

aspects that was taken into account for the image selection. The cloud coverage percentage is clearly 

related to the annual precipitation rates in each municipality. While in Puerto Leguízamo the mean 

precipitation is 2690 mm/year, in Puerto Guzman the mean precipitation rises to 4125 mm/year. Because 

of this, we observe a higher cloud coverage for the second location. For this reason, subset images from 

each scene were created in order to emphasize only the area of interest. Using the software ERDAS 

IMAGINE 2014, this could be done since the image is georeferenced, which allows to establish the exact 

spatial reference for the file and perform direct measures on the image.  

 

Therefore, we obtain four subset images that zoom in to the area of interest delineated for each region in 

Figure 6 and Figure 7. All of them have an approximate size of 30 Km North-South by 42 Km East-West. 

The size was chosen based on the pixel size, cloud coverage, Landsat scene limits and geographical-

political frontiers.  

 

Figure 6 Puerto Leguízamo subset image location on Google Maps (Made with Google My Maps) 

 

 

 

42 Km 

3
0
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Figure 7 Puerto Guzmán subset image location on Google Maps (Made with Google My Maps) 

 

Table 5 specifies the spatial boundaries of the subset images of the subset images with latitude and 

longitude coordinates. 

 

 LEFT EDGE 

LATITUDE 

UPPER EDGE 

LONGITUDE 

RIGHT EDGE 

LATITUDE 

LOWER EDGE 

LONGITUDE 

Puerto Guzmán 76°33’34.7285’’ W 1°5’24.5588’’ N 76°10’52.8370’’ W 0°49’8.2847’’ N 

Puerto Leguízamo 75°0’54.9989’’ W 0°16’34.6778’’ S 74°38’16.1963’’ W 0°0’16.6109’’ S 

Table 5 Subset Image Coordinate Limits for both areas 

 

The selected Landsat scenes for both locations and periods, as well as the subset images obtained from 

them, are presented next (see images 1 to 8). All of them are shown in a True or Natural Color Composite 

(Band Combinations are explained later), which means it looks similar to an aerial color photograph. 

These images have not been modified or enhanced yet. 

42 Km 

3
0
 K

m
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Image 1 True Color Composite, Puerto Guzmán Landsat 7 ETM+ Scene from April 18,2001 

 

Image 2 True Color Composite, Puerto Guzmán Landsat 7 ETM+ Subset Image from April 18,2001 
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Image 3 True Color Composite, Puerto Guzmán Landsat 8 Scene from August 9,2016 

 

Image 4 True Color Composite, Puerto Guzmán Landsat 8 Subset Image from August 9,2016 
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Image 5 True Color Composite, Puerto Leguízamo Landsat 7 ETM+ Scene from August 30,2000 

 

Image 6 True Color Composite, Puerto Leguízamo Landsat 7 ETM+ Subset Image from August 30,2000 
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Image 7 True Color Composite, Puerto Leguízamo Landsat 8 Scene from March 11,2016 

 

Image 8 True Color Composite, Puerto Leguízamo Landsat 8 Subset Image from March 11,2016 
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Image Processing 

 

 
Image processing takes advantage of the characteristics of digital imagery which allow us to 

manipulate digital pixel values in an image in order to make an image interpretable for a specific 

use. Processing includes three types of corrections: Radiometric, Geometric and Atmospheric. The first 

one considers the system corrections when technical defects and deficiencies of the sensor and data 

transfer are present. The second one, also called geo-referencing, is a process where the content of a 

map will be assigned a spatial coordinate system. And the third one compensates the distortion caused 

by the atmosphere (Siegmund et al, 2016). 

 

All the selected satellite images are Level 1T products from the USGS on which these corrections have 

already been done on the Landsat data, and are also orthorectified (uniform scale) and geometrically 

corrected using a default WGS-84 datum and UTM projection system. Standard Terrain Correction (Level 

1T) combines ground control points with a Digital Elevation Model (DEM) for topographic accuracy 

(Landsat, 2016).  

 

Enhancements are also part of the image processing that improves the raw data for a better visual 

interpretation and understanding of the imagery. Different methods of image enhancement are 

used depending on the objective of the analysis so that the analysis of images is easier, faster and more 

reliable (Natural Resources Canada, 2016). Enhancements that modify sharpness, brightness and 

contrast make important features of raw remotely sensed data more interpretable to human eyes.  

 

In raw imagery, the useful data is often only a small 

portion of the available range of digital values 

(commonly 8 bits or 256 levels). By manipulating 

the range of digital values in an image, graphically 

represented by its histogram, various 

enhancements can be applied to the data. Various 

techniques and methods of enhancing contrast and 

detail on an image exist. However, one of the most 

common and simplest involves identifying lower 

and upper bounds from the histogram (usually the 

minimum and maximum brightness values in the 

image) and applying a transformation to stretch this  

range to fill the full range (see Figure 8), which 

means that the data will always be stretched over the entire area of 0-256 (Natural Resources Canada, 

2016). 

Figure 8 Linear Contrast Stretch (Natural Resources Canada, 2016).  
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Spatial filtering includes another set of digital processing functions which are used to enhance the 

appearance of an image based on its spatial frequencies. Spatial frequency is related to the concept of 

image texture: "rough" textured areas of an image have high spatial frequencies, while "smooth" areas 

have low spatial frequencies. Spatial filters are designed to highlight or suppress specific features in an 

image (Natural Resources Canada, 2016). Many types of enhancements exist, but since an enhancement 

is performed for a specific application, applying one to an image may be inappropriate for one purpose 

but helpful for another. For example, the Haze Reduction algorithm provided by ERDAS Imagine should 

be used only on Landsat 4 TM, Landsat 5 TM, and Landsat 7 TM imagery according to the software 

documentation. Hence it would be inappropriate to use it on the Landsat 7 ETM+ and Landsat 8 imagery 

(Hexagon Geospatial, 2016).  

 

For all four subset images the following enhancements were applied. A standard spatial filtering, which 

applies a standard edge enhancing filter that sharpens the image. And radiometric enhancements to modify 

the contrast of the image by stretching the image to exclude the lower and upper values as described before. 

Both of them made features of interest to be more appreciable on the image. 

 

Band Combinations 

 

 
Each band of a Landsat image represents a different portion of the electromagnetic spectrum. 

The multispectral sensor aboard the Landsat satellites collects information from different wavelengths of 

light as in a digital camera but with a much broader range of wavelengths detected, and with each specific 

wavelength range stored as a separate image (Horning, 2004). 

 

Each band can be tailored for detecting different features on a satellite image. The Blue Band short 

wavelength of light is often the choice for aquatic ecosystems, used to monitor sediment in water, mapping 

coral reefs, and water depth. However, this is the noisiest of the Landsat bands since short wavelength 

blue light is scattered by the atmosphere more than the other bands. The Green Band has similar qualities 

to the blue one, but emphasizes peak vegetation which is useful for assessing plant vigor or healthiness. 

Red Band, sometimes called the chlorophyll absorption band, is useful for distinguishing between 

vegetation and soil and in monitoring vegetation health. The Near-Infrared Band is used for defining the 

water/land interface since water absorbs nearly all light at this wavelength, thus appearing very dark, 

showing contrasts with bright reflectance for soil and vegetation. Short Wave Infrared Bands are sensitive 

to moisture and therefore used to monitor vegetation and soil moisture, and for differentiating between 

clouds and snow. And the Thermal Infrared Bands can be used to measure surface temperature and soil 

moisture, and therefore they are useful for geological applications but can also be used to differentiate 

clouds from bright soils since clouds tend to be colder (Horning, 2004). When viewed alone, a single band 

image is similar to a black and white digital photograph.  
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However, individual bands can be combined to create a color image. Images from the different 

wavelengths composited in a Red, Green, Blue (RGB) allow us to visualize the data in color. There are 

many different combinations that can be made depending on which features you are interested in 

(Horning, 2004). These combinations are called Color Composites, which can be True or False. In a True 

Color Composite, the objects in an image look as they would to the naked eye, similar to a color 

photograph, whereas in a False Color Composite objects do not show their ‘natural’ colors or contrasts, 

appearing similar to an infrared photograph (Duadze, 2004). 

 

Using the different band combinations, features and land use/cover types can be more easily 

distinguished so a better identification of them can be made. For this reason, the training samples for the 

supervised classification (discussed in detail in the next section) used a False Color IR Composite which 

allowed a better differentiation of the land use/cover types, and which is the standard technique of visual 

interpretation for forest mapping in the tropics. In this band combination, plants reflect near infrared and 

green light, while absorbing red. Therefore, plant covered land appears red, with denser plant growth in 

darker red. Also, clear water looks black, however if the water is muddy the sediment will reflect light 

making it look blue. Even though there are several band combinations that would be useful for visualizing 

Landsat scenes, some of the most useful ones are described in the Table 6. 

 

Composite Name Landsat 7 ETM+ Landsat 8 OLI-TIRS Use 

Natural/True Color 3,2,1 4,3,2 Coastal Studies 

False Color Infrared 

(IR) 
4,3,2 5,4,3 

Vegetation, Crops, 

Land Use and Wetlands 

Analysis 

False Color I 5,4,3 6,5,4 

Separation of urban 

and rural land uses; 

Identification of 

land/water boundaries. 

False Color II 7,5,3 7,6,4 
Visualizing Urban 

Environments 

False Color III 7,4,2 7,5,3 

Analysis of soil and 

vegetation moisture 

content. 

Table 6 Common band combinations in RGB for Landsat 7 ETM +and Landsat 8. 

 
A comparison between two different color composites, True Color and False Color IR, for the subset 

images from both locations and periods is presented next, for Puerto Guzmán in Figure 9 and for Puerto 

Leguízamo in Figure 10. 
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Image 9 Puerto Guzmán Subset Image Color Composite Comparison (a) True Color Composite 2001 

(b) False Color IR Composite 2001 (c) True Color Composite 2016 (d) False Color IR Composite 2016 

(a) (b) 

(c) (d) 
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Image 10 Puerto Leguízamo Subset Image Color Composite Comparison (a) True Color Composite 2000 

(b) False Color IR Composite 2000 (c) True Color Composite 2016 (d) False Color IR Composite 2016 

 

(a) (b) 

(c) (d) 
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Image Classification 
 

 

To detect changes in land use and cover, a method of post-detection classification is used. The 

purpose of the image classification process is to classify all pixels of a digital image into one of several 

kinds of ground cover. This can be done because different features on the earth's surface have a different 

spectral reflectance and remittance properties. The categorized data can be used to produce thematic 

maps of land cover. Typically, multispectral data are used for classification, and the spectral pattern 

present inside the data within each pixel is used as the basis for numerical categorization. Thus, the 

purpose of image classification is to identify, as a single color, the features that appear on an image in 

terms of the object or land cover type that they represent in the field. It is perhaps the most important part 

of digital image analysis. There are two main methods of classification, supervised classification and 

unsupervised classification (“Image Classification”, 2016). 

 

In an unsupervised classification, the computer groups the pixels with similar spectral characteristics in 

unique clusters according to some statistically determined criteria. The analyst then labels and combines 

spectral information groups into classes. The two algorithms that are used most often are the K-Means 

and the IsoData clustering algorithms. Both of these algorithms are iterative procedures that rely only on 

spectrally pixel-based statistics and do not incorporate prior knowledge of the characteristics of the 

elements being studied (Al-Doski et al, 2013). 

 

In a supervised classification, the analyst defines on the image small areas called training sites, which 

are representative of each land cover, or class. Spectral values for each pixel in a training site are used 

to define the range for that class. After the clusters for each training site are defined, the computer 

classifies all the remaining pixels in the scene (Sabins, 1999). One of the advantages of the supervised 

over the unsupervised technique is that useful categories are identified first and their spectral separability 

is determined, whereas in the unsupervised classification, the computer determines the spectrally 

separable class and then defines its value. Even though unsupervised classification is easy to apply, it 

requires no training data specified by the analyst and if new data is added the classification process has 

to be repeated (Al-Doski et al, 2013). 

 
Satellite data were studied by assigning per-pixel signatures and differentiating the subset image into 

classes based on Digital Number (DN) values of different landscape elements. The delineated classes were 

Built-Up, Agriculture, Forest, Water Bodies, Wasteland, Clouds and Shadows (see Table 7). For each of the 

predetermined land cover/use type, training samples were selected by delimiting polygons around 

representative sites in order to record spectral signatures for the respective land cover types derived from 

the satellite imagery by using the pixels enclosed by these polygons. After that, a maximum likelihood 

algorithm was used for supervised classification of the images. This algorithm is based on probability. It 
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assumes that each training class in each band have a Gaussian distribution, so that they are normally 

distributed. The probability of a pixel belonging to each of a predefined set of classes is calculated, the 

pixel is then assigned to the class for which the probability is the highest. Hence, it is a slow algorithm. 

However, its advantage is that it presents a high precision without null pixels (Butt et al, 2015).  

 

A comparison based on pixel information produces “from - to” change information, and therefore allows 

us to interpret the changes more efficiently. A couple of classified images of different data from two 

different periods within a decade are compared in order to determine the qualitative and quantitative 

aspects of the change for the different periods (Rawat, 2015). 

 

 

LAND USE/COVER TYPES DESCRIPTION 

Built-Up 
Residential, commercial, industrial, roads, and 

mixed urban areas 

Agriculture 
Agricultural area, crop fields, fallow lands and 

grasslands 

Forest Mixed forest lands 

Water Bodies Streams, river, lakes, ponds and reservoirs 

Wasteland 
Land areas of exposed soil and barren area 

influenced by human activity 

Clouds Areas covered by clouds 

Shadows Areas shaded by bodies or objects 

Table 7 Land use/cover classification scheme. 

 
 

Furthermore, mixed pixels are a common problem using data with medium spatial resolution such as that 

of Landsat, especially for the urban areas that are a heterogeneous mixture of features mainly including 

buildings, grass, roads, soil, vegetation and water. To improve classification accuracy and reduction of 

misclassifications, the problem of mixed pixels was addressed by visual interpretation supported by tools 

such as Google Earth. For the enhancement of classification accuracy and therefore the quality of the land 

cover/land use maps produced, visual interpretation was very important (Butt et al, 2015). 
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RESULTS 

Image Classifications 

 
 

Supervised image classifications were applied to the 2000, 2001 and 2016 images using the 

Maximum Likelihood decision rule. During the supervised classification seven different classes were 

defined for all periods according to spectral variations of the same land use or land cover category, which 

were merged in order to reduce the number of classes present in the scene.  

 

The supervised classification using the False Color IR band combination resulted in a very good 

separability between Forest and other land cover types. Also, Agriculture land cover/use was well 

distinguished from the rest. However, some misclassified pixels resulted from the low separability mainly 

between Built-Up and Cloud edges, and in some cases with land/water boundaries, due to the very similar 

spectral response in some areas. Nevertheless, the main category of interest, Forests, was not affected 

by this since the band combination used was meant to emphasize this type of land cover. 

 

In addition, with respect to the Water Bodies, waves, murky, calm, clean or particulate matter present in 

water bodies may produce changes in the spectral response. Because of this, the thinnest bodies of water 

may have not been entirely classified as Water Bodies but misclassified specially in the study areas of 

Puerto Guzmán and Puerto Leguízamo. 

 

The classification procedure resulted in land cover/use maps and statistics for the different periods and 

areas. The maps that show the spatial distribution of the seven classes for Puerto Guzmán (2001 and 

2016) and Puerto Leguízamo (2000 and 2016) are shown next with their corresponding scale, north arrow 

and Latitude/Longitude based grid line and labelling system on the map frame (see Figures 11 to 14). 

The area coverage of the land use/cover categories were summarized in Table 9 and Table 11. 

 

Classified image pairs of both periods in the two areas were compared using cross-tabulation in order to 

determine qualitative and quantitative aspects of the changes, for which it is important to have image 

pairs of the same spatial resolution. Thus, the Thermal IR and Panchromatic bands were not included on 

the layer stack so that the pixel size was not resampled, and all subset images have a 30 m spatial 

resolution. 

 

Comparison of total coverage may not always provide the most efficient analysis of changes. For this 

reason, pixel-based comparison was used to produce “from – to” change information that allowed the 

changes to be interpreted more efficiently. Cross tabulation results that produced the “from – to” change 

information are presented in Tables 10 and 12. 
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Image 11 Land use/cover supervised classification map of Puerto Leguízamo, 2000 
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Image 12  Land use/cover supervised classification map of Puerto Leguízamo, 2016 
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Image 13 Land use/cover supervised classification map of Puerto Guzmán, 2001 

 

 

 

 

 

 

 

 

 

 

 

 

 

                  Agriculture                                                   Built-Up                         Forest         Wasteland                                                                      

                  Water Bodies                                               Clouds                            Shadows 

                                                                                                             



29 

 

 

 

 

 

 

 

 

 

 

 
 

 

Image 14 Land use/cover supervised classification map of Puerto Guzmán, 2016 
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Accuracy Assessment 

 
 

The overall accuracies in the four different classifications are moderate. Both training areas and 

points that were selected randomly by the software were assessed. The number of random points for 

each class was 30, with a total number of points of determined by the points for each class (30) multiplied 

by the number of classes. At the position of each of those completely random points the class type was 

examined. The global classification accuracy for the classification of Puerto Leguízamo and Puerto 

Guzmán is presented in Table 8. 

 

 
Puerto Guzmán 

2001 

Puerto Guzmán 

2016 

Puerto 

Leguízamo 2000 

Puerto 

Leguízamo 2016 

Overall 

Classification 

Accuracy 

83.15% 80% 83.45% 80.18% 

Overall Kappa 

Statistics 
0.80 0.76 0.79 0.76 

Table 8 Accuracy Assessment Statistics  

 
The level of accuracy that can be obtained in remote sensing depend on the level of classification 

employed, the scale of the area and the spatial resolution of the imagery used in the analysis (Stabursvik, 

2007). For both locations and periods, the overall classification accuracy is good, with the highest 

accuracy for the Puerto Leguízamo supervised classification of August 30, 2000, and the lowest accuracy 

for the Puerto Guzmán supervised classification of August 9, 2016. This may be associated with cloud 

cover percentage, where the scenes with the most clouds are the ones that showed the lowest accuracies. 

The most probable reason that reduced the accuracy of the classifications was the misclassification of 

Clouds and Water Bodies edges/boundaries as Built-Up due to their extremely similar spectral responses. 

 

The Kappa value is an accuracy statistic that expresses the proportionate reduction in error generated by 

a classification process compared with the error of a completely random classification. It allows us to test 

if a classification result is significantly better than if the map had been generated by randomly assigning 

labels to areas (Congalton, 2004). For example, a value of 0.8 would imply that the classification process 

was avoiding 80% of the errors that a completely random classification would generate. 

 

The Kappa coefficient lies typically between 0 and 1 and is categorized in three groups: a value greater 

than 0.80 (80%) represents strong agreement, a value between 0.40 and 0.80 (40 to 80%) represents 

moderate agreement, and a value below 0.40 (40%) represents poor agreement (Congalton, 2004). 

According to this, Puerto Guzmán supervised classification of 2001 presented strong agreement while 

the rest presented moderate agreement. 
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Puerto Guzmán land use/cover changes 

 
 

An increase in the coverage of Built-Up and Forest areas was found, with a decline in Wasteland 

and Agriculture areas. Forest land cover presented the largest increase in area, moving from 53,3% in 

2001 to 57,7% in 2016 of the total area, increasing by 4,41%. Built-Up area showed a smaller increase 

of its area of only 0,6%, from 0,7% in 2001 to 1,3% in 2016 of the total area. Agriculture land cover 

presented a decrease of 4,48%, passing from 40,7% in 2001 to 36,2% in 2016. The decrease in Water 

Bodies is most likely due to the increase in Cloud/Shadow coverage and fluctuations that can be attributed 

to seasonal variations and climate.  

Table 9 Area coverages of the land use and land cover types for Puerto Guzmán 

Land Cover/Use Types 
Area (ha) 

2001 2016 
Built-up 946,62 1709,91 

Agriculture 51561,27 45889,02 

Forest 67495,41 73076,76 

Water Bodies 2158,74 1951,92 

Wasteland 2346,39 1995,75 

Clouds 34,29 619,83 

Shadows 1943,64 1243,17 

Total 126486,36 126486,36 

 
The Forest land cover presented a major transformation to Agriculture of 11013,93 hectares. However, 

54938,25 hectares remained unchanged as Forest, and 16266,69 hectares from Agriculture changed into 

Forest. Taking into account the Forest area that was covered by Clouds or Shadows in 2001 and 2016, 

if all of this covered area still remain as Forest, then the increase in Forest land cover is then of 4% 

(0,41% less). Cross tabulation results that produced the “from – to” change information is presented in 

the table below that represents quantities of conversions from earlier to later date. 

Table 10 Land use and land cover cross tabulation between 2001 and 2016 in Puerto Guzmán 

 
2016 (ha) 

BU A F WB W C S 2001 T 

2001 
(ha) 

BU 175,77 456,66 116,37 150,21 29,52 6,03 12,06 946,62 

A 837,72 32209,38 16266,69 692,28 1094,49 278,91 181,8 51561,27 

F 180 11013,93 54938,25 17,82 735,21 218,88 391,32 67495,41 

WB 346,95 632,88 108,45 1014,57 33,03 9,27 13,59 2158,74 

W 110,34 1495,89 524,43 75,96 96,39 18,09 25,29 2346,39 

C 2,34 4,68 20,97 0,72 0,18 0,09 5,31 34,29 

S 56,79 75,6 1101,6 0,36 6,93 88,56 613,8 1943,64 

2016 T 1709,91 45889,02 73076,76 1951,92 1995,75 619,83 1243,17 126486,36 

Built-Up areas (BU), Agriculture areas (A), Forest areas (F), Water bodies (WB), Wasteland areas (W), Cloud covered 

areas (C), Shadowed areas (S), Total area (T) corresponding to the Table 9 values. 
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Forest to Forest                             

Agriculture to Agriculture 
Agriculture to Forest 

Forest to Agriculture 
Wasteland to Agriculture 

Shadows to Forest 
Agriculture to Wasteland 

Water Bodies to Water Bodies 
Agriculture to Built-Up 

LC to Shadows 

                                                                

Forest to Wasteland 

Agriculture to Water Bodies 
Water Bodies to Agriculture 

Shadows to Shadows 
Wasteland to Forest 

Built-Up to Agriculture 
Water Bodies to Built-Up 

Forest to Built-Up 
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Image 15 Land use/cover changes map showing the cross tabulation results between 2001 and 2016 in Puerto 

Guzmán 
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Puerto Leguízamo land use/cover changes 

 

 
An increase in the coverage of Agriculture, Wasteland and Built-Up areas was found, while a 

decline in Forest coverage was observed. Agriculture land cover increased by 5,45%, from 24,36% in 

2000 to 29,82% in 2016. Wasteland coverage increase was smaller with a 3,15% increase, from 2,03% 

in 2000 to 5,19% in 2016. Forest land coverage decreased by 11,08%, from 70,34% in 2000 to 59,25% 

in 2016. The decrease in Water Bodies is most likely due to the increase in Cloud/Shadow coverage and 

fluctuations that can be attributed to seasonal variations and climate as well.   

Table 11 Area coverages of the land use and land cover types for Puerto Leguízamo 

Land Cover/Use Types 
Area (ha) 

2000 2016 

Built-up 422,55 515,97 

Agriculture 30784,68 37680,66 

Forest 88869,96 74868,84 

Water Bodies 3692,97 3251,97 

Wasteland 2572,02 6561,81 

Clouds 0 2303,01 

Shadows 0 1159,92 

Total 126342,18 126342,18 

 

The Forest land cover presented a major transformation to Agriculture of 13243,23 hectares, and to 

Wasteland of 2878,92 hectares. However, 70191,54 hectares remained unchanged as Forest, and 

4102,47 hectares from Agriculture changed into Forest. It is necessary to take into account that since in 

the year 2000 scene there was no cloud (or shadow) cover, but on the 2016 scene 2351,52 hectares of 

Forest were covered by Clouds and Shadows. If all of this covered area still remain as Forest, then the 

decrease in Forest land cover is then of 9,22% (1,86% less). Cross tabulation results that produced the 

“from – to” change information is presented in the table below that represents quantities of conversions 

from earlier to later date. 

Table 12 Land use and land cover cross tabulation between 2000 and 2016 in Puerto Leguízamo 

 
2016 (ha) 

BU A F WB W C S 2000 T 

2000 
(ha) 

BU 43,92 168,93 44,1 40,68 92,43 30,42 2,07 422,55 

A 127,89 23085,27 4102,47 370,53 2295,9 616,59 186,03 30784,68 

F 121,59 13243,23 70191,54 83,16 2878,92 1461,06 890,46 88869,96 

WB 183,69 331,2 13,77 2539,35 514,62 102,69 7,65 3692,97 

W 38,88 852,03 516,96 218,25 779,94 92,25 73,71 2572,02 

2016 T 515,97 37680,66 74868,84 3251,97 6561,81 2303,01 1159,92 126342,18 

Built-Up areas (BU), Agriculture areas (A), Forest areas (F), Water bodies (WB), Wasteland areas (W), Cloud covered 

areas (C), Shadowed areas (S), Total area (T) corresponding to the Table 11 values. 
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Image 16 Land use/cover changes map showing the cross tabulation results between 2000 and 2016 in Puerto 

Leguízamo 
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DISCUSSION  

 

Puerto Guzmán and Puerto Leguízamo land use/cover change 

 

 
Puerto Guzmán and Puerto Leguízamo showed different tendencies with respect to their land use 

and land cover changes. Puerto Guzmán didn’t show any significant decrease in the forest land cover, but 

rather an increase of it. This may be explained by the extractivism activities periodicity and by the fact that 

the agricultural frontier has now expanded far more into the Amazon forest.  On the other hand, Puerto 

Leguízamo is deeper into the Amazon forest, so deforestation is now more significant in this area where 

resources have not been depleted or overexploited yet.  

 

Certainly, deforestation is higher in the Puerto Leguízamo area with a decrease of its forest coverage 

between 11.08% and 9.22%. Whereas Puerto Guzmán rather presented a small increase of its forest 

coverage of 4% to 4,41%, most likely due to seasonality and extractivism periodicity. However, very similar 

preservation, meaning that the land and their natural resources are not being consumed by humans and 

are maintained in their original form, was observed for the forest land cover.  

 

In Puerto Leguízamo, from the total forest land cover present by the year 2000, between 78.98% and 

81.62% remained as forest in 2016. In Puerto Guzmán from the total forest land cover present by the year 

2001, between 81.39% and 82.31% remained as forest in 2016. In contrast, conservation of Agriculture land 

cover, that is sustainable use and management of natural resources, was found to be different in both 

locations. In Puerto Leguízamo, from the total Agriculture land cover by the year 2000, around 74,98% to 

77,59% remained as that by 2016. In Puerto Guzmán, from the total Agriculture land cover by the year 2001, 

between 62.06% and 62,46% remained as that by 2016. This means that land use for agriculture has 

migrated or changed more in Puerto Guzmán than in Puerto Leguízamo, which can also be observed in the 

change from Agriculture to Forest land cover. While in Puerto Guzmán 16266,69 hectares changed, in 

Puerto Leguízamo only 4102,47 hectares did, which is approximately four times less. Wasteland land cover 

changes might be attributed to the periodicity in crop sowing and extractivism activities. Built-Up land cover 

or land use for construction is not going to be specifically assessed since it requires a different classification 

method (and band combination) in order to accurately quantify it by separating it better from other classes 

or types of land cover/use. 

 

Because Landsat images do not come from same time of year, seasonal changes may also have a 

significant effect. Therefore, the changes of land cover may be partly explained by the rainfall seasonality. 

In Puerto Guzmán, the April Landsat image possibly reflects the effects of the lower precipitation rates 

typical from January to March, thus showing more wasteland land cover. Whereas the August Landsat 
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image probably shows the effects of the high precipitation rates existing on the months of April to July, which 

may have resulted in the decrease of wasteland and the increase of forest land cover. In Puerto Leguízamo, 

the increase in wasteland land cover may be partially due to the decrease in precipitation rates from 

September to February which would be reflected in the March Landsat image. Even though the increase in 

agriculture can be partially attributed to the higher precipitation rates in April, March and June, it is evident 

that in Puerto Leguízamo this increase of agriculture land cover was mainly due to the clearing of forested 

areas for farming rather than a seasonality factor. 

 

It can also be observed that fragmentation of the land is much more noticeable in Puerto Guzmán, where 

Agriculture land cover is more widespread over the area while there is almost no large continuous forest 

cover. In Puerto Leguízamo, Agriculture land use/cover is more concentrated in the northeast.  However, in 

both locations the main land use form is agriculture and very little is used for construction. In addition, the 

most relevant land cover types in both regions were Forest and Agriculture. Finally, an interesting result 

related to water bodies was obtained from the change maps where the variation of the main river stream 

(Río Caquetá-Puerto Guzmán and Río Putumayo-Puerto Leguízamo) during the fifteen-year period can be 

appreciated. 

 

Deforestation in Puerto Guzmán and Puerto Leguízamo 
 
 

In Puerto Guzmán unsustainable activities have been developing and the degradation of the 

forest is increasing.  There is a high degree of pollution largely generated by mining of gold and oil, 

dumping of solid and liquid waste, fumigation of illicit crops, all of which cause threats to the population 

located in areas of influence (Plan Básico De Ordenamiento Territorial, 2008).  The process of 

deforestation mainly turned forests into grasslands, led to alterations of water resources and contributed 

to the release of carbon dioxide. (Mora Rojas, 2012). Although rates of deforestation have probably 

decreased, the environmental impact of human activities in the area of Puerto Guzmán might be related 

to the degradation of the forest rather than to a significant loss of forest cover. 

 

Consequently, by the year 2008 CORPOAMAZONIA demarcated in the Municipality of Puerto Guzman a 

total of 250,000 hectares to declare them as a forest reserve through a self-sustainable process. 

Therefore, the increase of the Forest land cover in Puerto Guzmán may be due to the forest reserve policy 

and a possible stabilization of the agricultural and economic activities in the zone. However, even if it is 

possible that agricultural and other activities that promote deforestation has ceased to expand, the 

increase in the forest land cover may not indicate a complete natural recovery of the forest. This is 

because of the characteristics of extractivism, where the change in forest coverage is presented in the 

form of pulsations, that is, times of extraction followed by times of recession. Generally, after each period 

of extractivism comes a relative abandonment of the region (Mora Rojas, 2012). Therefore, even if issues 
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such as illicit crops, livestock, illegal gold mining and timber trade are still present in the region and they 

are no significantly reducing forested areas as they were in the past, they probably are still causing 

pollution problems and may have expanded into other areas within the region. 

 

Deforestation has negative effects on biodiversity, climate and people; hence it is important to recognize 

and guarantee the legal and traditional rights of indigenous peoples and rural populations to the 

ownership, use and management of their lands, territories and resources (Ceballos, 2016). These 

assessments constitute the parameters for the analysis of the social conflicts that are generated in 

different areas of the territory of Puerto Guzmán. It is because those topics are not being taken into 

account that conflicts of land use arise, from Afro-Colombian communities concerned with recovering and 

strengthening their cultural and artistic heritage, indigenous communities motivated by the conservation 

of their habitat for their culture and the mestizo community’s desire for economic growth and development. 

Therefore, the municipality presents different kinds of land use conflicts, whether due to environmental 

aspects, land tenure, territoriality, occupation of uncultivated land, invasion of indigenous reserves, 

mining activities and oil and cultural exploitation (Mora Rojas, 2012). 

 

In Puerto Leguízamo, the economic model of the region has caused significant deforestation in the last 

decades due to the environmental conflicts it generates. The environmental conflicts occurring in the 

municipality refer basically to two aspects: incompatibility of the current use of the soil in relation to the 

forest capacity to sustain it and overexploitation of resources through different forms of extractivism, 

without any replenishment or regulation (Montoya, 2000).  

 

In the area, the extensive cattle ranch reached its physical limits of expansion causing a widespread 

deforestation and the growth of the agricultural frontier (the boundary dividing land devoted to agriculture 

and land that still remains as an intact natural area) deeper into the Amazon forest given the wide and 

apparently unlimited environmental offer found by settlers and indigenous communities in the territory. It 

should be noted that this frontier has undoubtedly expanded in Puerto Leguízamo. In some sectors of the 

municipality this is obstructing the natural processes and recovery mechanisms (Toro Riascos, 2012). 

Another consequence of the current agricultural practices is the degradation of soil and contamination of 

water sources by the use of agrochemicals and soil compaction of grasslands by cattle ranching that is 

carried out intensively, especially in the Puerto Leguízamo - La Tagua zone. In addition, there is 

fragmentation of forests as a result of the proliferation of illicit crops, the advance of human colonization 

and the growth of the agricultural frontier, which is generating isolation of species to the point that they 

are no longer biologically stable, meaning they can no longer maintain the genetic balance and the supply 

of ecological niches is insufficient (Montoya, 2000). 
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Moreover, given that wood represents one of the few sources of income for the population settled in the 

territory of the municipality, logging has generated an environmental conflict due to its intensification and 

prolonged extraction time without any management plan or repopulation programs. The system's 

resilience or ability to absorb disturbances have been exceeded for more than two decades, this means 

it is not going to be able to return to its original state. As a result, a gradual disappearance of large areas 

of forest for the direct use of its primary resources, such as timber or firewood, or indirectly for the 

implementation of agricultural activities, has been taking place. Land use for agricultural purposes is not 

confined to the area close to the settlements, but has covered large tracts of land, increasingly moving 

the agricultural frontier towards the forest areas and the water sources (Montoya, 2000). 

 

Additionally, because most of the plant species are native to other regions of the country and therefore 

not compatible with the fertility and acidity limitations offered by the Amazonian soils, the inhabitants find 

it difficult to obtain good profits from crops, therefore leaving the unproductive areas and clearing new 

areas of forest to start a new production cycle. In this way the process of deforestation is progressing, 

covering new areas every time until the forest resources are permanently depleted (Montoya, 2000).  

 

Deforestation in the Department of Putumayo 
 

 
The main factors causing deforestation in the Department of Putumayo have been the state 

policies for the Amazon, opening of roads for the oil industry and other state projects, illicit crops, 

livestock, illegal gold mining, timber trade and emerging agriculture in a smaller proportion (such as 

cocoa, pepper, banana, fruit trees and beans). Because of this, the National Restoration Plan with its 

approaches to ecological restoration, rehabilitation and recovery of disturbed areas wil l focus resources 

and initiatives to reduce the vulnerability of the country generated by the dynamics of occupation of the 

territory, reducing the risk to natural phenomena and providing a better standard of living to society. 

(Ceballos Ruiz, 2016). In spite of the government's strategies, such as the Ministry of Environment "Zero 

Net Deforestation until 2020" initiative, these will not generate a significant change in the Department of 

Putumayo in terms of decreasing deforestation since most of the resources will be invested in other 

departments. As new preservation and conservation areas are being delineated around the country; some 

of them inside the department of Putumayo; by entities such as Parques Nacionales Naturales de 

Colombia, deforestation and the expansion of the agricultural frontier is expected to be controlled.  

 

In the department and the studied areas there is no single factor driving deforestation, but higher rates 

near the Colombian territory are evident, maybe due to higher colonization pressures and intensification 

of illegal coca cultivation. However, on the Ecuador side of the border the satellite images documented 

patterns of deforestation that reflected road networks associated with oil exploration and development 

(Viña et al, 2004). 
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The economy of the region still depends on extensive livestock farming, forestry and mining extraction 

and agricultural production. Consequently, the environmental impacts of these activities, together with 

other activities such as hunting and commercial fishing, may produce a significant impact on the region. 

Hence, based on the results of this study, proper land use management strategies and developing plans 

need to be established and implemented, especially in Puerto Leguízamo. Those strategies may help to 

protect the Amazon rainforest and to avoid its damage in the long term due to human actions.  Illegal 

activities must be specifically controlled since they may be both causing the most important changes and 

impacts on the region’s environment. It is recommended that civil and urban planning agencies should 

improve the monitoring, data collection, satellite images analysis and evaluation systems in order to 

regulate land use and reduce deforestation. 

. 
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APPENDIX 

 

 

CLASSIFICATION ACCURACY ASSESSMENT REPORT  

 

Following are the results of the classifications with all classes present.  

 

 

Supervised classification of the Puerto Leguízamo August 30, 2000 

 
ACCURACY TOTALS 

Class Name Reference 
Totals 

Classified 
Totals 

Number 
Correct 

Producers 
Accuracy 

Users 
Accuracy 

Unclassified 0 0 0 --- --- 

Forest 28 28 28 100.00% 100.00% 

Wasteland 24 28 23 95.83% 82.14% 

Built-Up 12 27 11 91.67% 40.74% 

Water Bodies 38 28 27 71.05% 96.43% 

Agriculture 37 28 27 72.97% 96.43% 

Totals 139 139 116   

Overall Classification Accuracy =     83.45% 

Table 13 Accuracy Totals from the supervised Puerto Leguízamo 2000 classification, with 5 classes. 

 

 
KAPPA (K^) STATISTICS 

Conditional Kappa for each Category. 

Class Name Kappa 

Unclassified 0.0000 

Forest 1.000 

Wasteland 0.7842 

Built-Up 0.3514 

Water Bodies 0.9508 

Agriculture 0.9513 

Overall Kappa Statistics = 0.7930 

Table 14 Kappa Statistics from the supervised Puerto Leguízamo 2000 classification, with 5 classes. 
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ERROR MATRIX 

Reference Data 

Classified Data Unclassified    

Unclassified 0 0 0 0 

Forest 0 0 0 0 

Wasteland 0 0 0 0 

Built-Up 0 0 0 0 

Water Bodies 0 0 0 0 

Agriculture 0 0 0 0 

Column Total 0 0 0 0 

     

Classified Data Forest    

Unclassified 0 0 0 0 

Forest 28 0 0 0 

Wasteland 0 0 0 0 

Built-Up 0 0 0 0 

Water Bodies 0 0 0 0 

Agriculture 0 0 0 0 

Column Total 28 0 0 0 

     

Classified Data  Wasteland Built-Up  

Unclassified 0 0 0 0 

Forest 0 0 0 0 

Wasteland 0 23 1 0 

Built-Up 0 0 11 0 

Water Bodies 0 1 0 0 

Agriculture 0 0 0 0 

Column Total 0 24 12 0 

     

Classified Data    Water Bodies 

Unclassified 0 0 0 0 

Forest 0 0 0 0 

Wasteland 0 0 0 2 

Built-Up 0 0 0 8 

Water Bodies 0 0 0 27 

Agriculture 0 0 0 1 

Column Total 0 0 0 38 

     

Classified Data   Agriculture Row Total 

Unclassified 0 0 0 0 

Forest 0 0 0 28 

Wasteland 0 0 2 28 

Built-Up 0 0 8 27 

Water Bodies 0 0 0 28 

Agriculture 0 0 27 28 

Column Total 0 0 37 139 

Table 15 Error matrix from the supervised Puerto Leguízamo 2000 classification, with 5 classes. 
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Supervised classification of the Puerto Leguízamo March 11, 2016 

ERROR MATRIX 

Reference Data 

Classified Data Unclassified    

Unclassified 0 0 0 0 

Forest 0 0 0 0 

Wasteland 0 0 0 0 

Built-Up 0 0 0 0 

Water Bodies 0 0 0 0 

Agriculture 0 0 0 0 

Clouds     

Shadows     

Column Total 0 0 0 0 

     

Classified Data  Water Bodies Built-Up  

Unclassified 0 0 0 0 

Forest 0 0 0 0 

Wasteland 0 2 0 0 

Built-Up 0 7 10 0 

Water Bodies 0 30 0 0 

Agriculture 0 0 0 0 

Clouds 0 0 0 0 

Shadows 0 0 0 0 

Column Total 0 39 10 0 

     

Classified Data Shadows Wasteland   

Unclassified 0 0 0 0 

Forest 0 0 0 0 

Wasteland 3 24 0 0 

Built-Up 2 10 0 0 

Water Bodies 0 0 0 0 

Agriculture 0 0 0 0 

Clouds 0 0 0 0 

Shadows 27 1 0 0 

Column Total 32 35 0 0 

     

Classified Data Clouds  Forest Agriculture 

Unclassified 0 0 0 0 

Forest 0 0 29 1 

Wasteland 0 0 1 0 

Built-Up 7 0 0 1 

Water Bodies 0 0 0 0 

Agriculture 0 0 3 27 

Clouds 27 0 0 3 

Shadows 1 0 0 1 

Column Total 35 0 33 33 

Table 16 Error matrix from the supervised Puerto Leguízamo 2016 classification, with 7 classes. 

 

 

 

 



47 

 

 
ACCURACY TOTALS 

Class Name Reference 
Totals 

Classified 
Totals 

Number 
Correct 

Producers 
Accuracy 

Users 
Accuracy 

Unclassified 0 0 0 --- --- 

Forest 33 30 29 87.88% 96.67% 

Wasteland 35 30 24 68.57% 80.00% 

Built-Up 10 37 10 100.00% 27.03% 

Water Bodies 39 30 30 76.92% 100.00% 

Agriculture 33 30 27 81.82% 90.00% 

Clouds 35 30 27 77.14% 90.00% 

Shadows 32 30 27 84.38% 90.00% 

Totals 217 217 174   

Overall Classification Accuracy =     80.18% 

Table 17 Accuracy Totals from the supervised Puerto Leguízamo 2016 classification, with 7 classes 

 
KAPPA (K^) STATISTICS 

Conditional Kappa for each Category. 

Class Name Kappa 

Unclassified 0.0000 

Forest 0.9607 

Wasteland 0.7615 

Built-Up 0.2350 

Water Bodies 1.0000 

Agriculture 0.8821 

Clouds 0.8808 

Shadows 0.8827 

Overall Kappa Statistics = 0.7697 

Table 18 Kappa Statistics from the supervised Puerto Leguízamo 2016 classification, with 7 classes. 

 

 

Supervised classification of the Puerto Guzmán April 18, 2001 

ACCURACY TOTALS 

Class Name Reference 
Totals 

Classified 
Totals 

Number 
Correct 

Producers 
Accuracy 

Users 
Accuracy 

Unclassified 0 0 0 --- --- 

Forest 32 30 30 93.75% 100.00% 

Wasteland 29 30 26 89.66% 86.67% 

Built-Up 5 30 5 100.00% 16.67% 

Water Bodies 48 30 30 62.50% 100.00% 

Agriculture 32 30 29 90.63% 96.67% 

Clouds 8 4 4 50.00% 100.00% 

Shadows 30 30 29 96.67% 96.67% 

Totals 184 184 153   

Overall Classification Accuracy =     83.15% 

Table 19 Accuracy Totals from the supervised Puerto Guzmán 2001 classification, with 7 classes 
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ERROR MATRIX 

Reference Data 

Classified Data Unclassified Water Bodies  Wasteland 

Unclassified 0 0 0 0 

Forest 0 0 0 0 

Wasteland 0 1 0 26 

Built-Up 0 17 0 3 

Water Bodies 0 30 0 0 

Agriculture 0 0 0 0 

Clouds 0 0 0 0 

Shadows 0 0 0 0 

Column Total 0 48 0 29 

     

Classified Data   Built-Up  

Unclassified 0 0 0 0 

Forest 0 0 0 0 

Wasteland 0 0 0 0 

Built-Up 0 0 5 0 

Water Bodies 0 0 0 0 

Agriculture 0 0 0 0 

Clouds 0 0 0 0 

Shadows 0 0 0 0 

Column Total 0 0 5 0 

     

Classified Data    Clouds 

Unclassified 0 0 0 0 

Forest 0 0 0 0 

Wasteland 0 0 0 0 

Built-Up 0 0 0 4 

Water Bodies 0 0 0 0 

Agriculture 0 0 0 0 

Clouds 0 0 0 4 

Shadows 0 0 0 0 

Column Total 0 0 0 8 

     

Classified Data Shadows  Forest Agriculture 

Unclassified 0 0 0 0 

Forest 0 0 30 0 

Wasteland 1 0 0 2 

Built-Up 0 0 0 1 

Water Bodies 0 0 0 0 

Agriculture 0 0 1 29 

Clouds 0 0 0 0 

Shadows 29 0 1 0 

Column Total 30 0 32 32 

Table 20 Error Matrix from the supervised Puerto Guzmán 2001 classification, with 7 classes 
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KAPPA (K^) STATISTICS 

Conditional Kappa for each Category. 

Class Name Kappa 

Unclassified 0.0000 

Forest 1.0000 

Wasteland 0.8417 

Built-Up 0.1434 

Water Bodies 1.0000 

Agriculture 0.9596 

Clouds 1.0000 

Shadows 0.9602 

Overall Kappa Statistics = 0.8002 

Table 21 Kappa Statistics from the supervised Puerto Guzmán 2001 classification, with 7 classes 

 

Supervised classification of the Puerto Guzmán August 09, 2016 

ACCURACY TOTALS 

Class Name Reference 
Totals 

Classified 
Totals 

Number 
Correct 

Producers 
Accuracy 

Users 
Accuracy 

Unclassified 0 0 0 --- --- 

Forest 33 30 25 75.76% 83.33% 

Wasteland 35 30 30 85.71% 100.00% 

Built-Up 7 30 6 85.71% 20.00% 

Water Bodies 48 30 29 60.42% 96.67% 

Agriculture 29 30 25 86.21% 83.33% 

Clouds 28 30 26 92.86% 86.67% 

Shadows 30 30 27 90.00% 90.00% 

Totals 210 210 168   

Overall Classification Accuracy =     80.00% 

Table 22 Accuracy Totals from the supervised Puerto Guzmán 2016 classification, with 7 classes 

 
KAPPA (K^) STATISTICS 

Conditional Kappa for each Category. 

Class Name Kappa 

Unclassified 0.0000 

Forest 0.8023 

Wasteland 1.0000 

Built-Up 0.1724 

Water Bodies 0.9568 

Agriculture 0.8066 

Clouds 0.8462 

Shadows 0.8833 

Overall Kappa Statistics = 0.7667 

Table 23 Kappa Statistics from the supervised Puerto Guzmán 2016 classification, with 7 classes 
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ERROR MATRIX 

Reference Data 

Classified Data Unclassified  Wasteland  

Unclassified 0 0 0 0 

Forest 0 0 1 0 

Wasteland 0 0 30 0 

Built-Up 0 0 1 0 

Water Bodies 0 0 1 0 

Agriculture 0 0 1 0 

Clouds 0 0 0 0 

Shadows 0 0 1 0 

Column Total 0 0 35 0 

     

Classified Data  Water Bodies  Built-Up 

Unclassified 0 0 0 0 

Forest 0 0 0 0 

Wasteland 0 0 0 0 

Built-Up 0 19 0 6 

Water Bodies 0 29 0 0 

Agriculture 0 0 0 0 

Clouds 0 0 0 1 

Shadows 0 0 0 0 

Column Total 0 48 0 7 

     

Classified Data  Shadows Clouds  

Unclassified 0 0 0 0 

Forest 0 1 0 0 

Wasteland 0 0 0 0 

Built-Up 0 1 2 0 

Water Bodies 0 0 0 0 

Agriculture 0 0 0 0 

Clouds 0 1 26 0 

Shadows 0 27 0 0 

Column Total 0 30 28 0 

     

Classified Data Forest Agriculture  Row Total 

Unclassified 0 0 0 0 

Forest 25 3 0 0 

Wasteland 0 0 0 30 

Built-Up 1 0 0 30 

Water Bodies 0 0 0 30 

Agriculture 4 25 0 30 

Clouds 1 1 0 30 

Shadows 2 0 0 30 

Column Total 33 29 0 210 

Table 24 Error Matrix from the supervised Puerto Guzmán 2016 classification, with 7 classes 


