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Abstract. Reliable information about land cover is very important in environ‐
mental conservation processes and natural resource management. Establishing
the types of land cover, how these covers are distributed, and the changes they
have undergone over a period of time, are vital in revealing whether or not activ‐
ities carried out in the region have affected the territory and how the landscape
has changed. These in turn are essential to the generation of alternative land-use
planning and broader environmental conservation processes. This study therefore
presents an analysis of land cover in the Upper Cauca Basin in southwestern
Colombia using land cover classifications based on remote sensing data obtained
by Landsat satellites.
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1 Introduction

Information about land cover for sustainable management and policy development is
more and more required [1] as this information helps in environmental protection,
resource use, environmental change monitoring, and so on. In regions such as the Upper
Cauca Basin (UCB) this information can be scarce. This is due to the effort demanded
by supervised testing in carrying out field measurements, while satellite measurements
are often complicated due to high cloud cover in the Andean region.

The UCB is located in the Inter-Andean region and has evolved as a region with one
of the greatest agricultural productivities in Colombia [2]. The UCB is an area of no
small strategic importance because it extends from the Colombian Massif to the limits
of Caldas and Antioquia departments, between the western and central mountain ranges.
Its altitude ranges from 5,400 to 950 m above mean sea level (m.a.m.s.l.). The UCB
incorporates 99 municipalities and has 191 sub-basins that flow into the Cauca River. It
is currently experiencing substantial deterioration, mainly due to inadequate land use,
deforestation, water pollution from anthropogenic sources, and draining of swamps and
wetlands for the expansion of the agricultural frontier, especially in the flat area.

The main challenges in the basin are related to efficient water resource management.
For the departments of Cauca and Valle del Cauca the use of water is essential for
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carrying out agricultural activities, which demand 42% and 75% of the resources in each
department, respectively [3], where such a situation is strongly linked to land use and
land cover changes in the basin.

Changes in land use and land cover are important in understanding the natural
dynamics of the land [4]. Research into change dynamics can help to give us a better
understanding of how the ecosystems and the land cover conservation process are
affected by human activities. Land cover classification is one of the most relevant tasks
to understand the current state of a region [4]. Using this classification, studies can be
carried out related to the conservation of natural systems, assessing the possibilities of
maintaining ecosystem services, and evaluating the capacity for productive activities.
For these reasons and to evaluate the existing environmental supply, multitemporal
analysis using information obtained through remote sensing was carried out. It covered
a wide geographical area of strategic interest, being able to determine the changes
undergone in 26 years. This length of period was established so that reliable measures
could be taken [5]. This information plays a determinant role in the quantification and
understanding [6] of landcover change, the effects caused by nature and man in the
expansion-production-transformation processes in the settlement areas.

In this study, using four classification sets from Landsat 4, 5 and 7 data, in a window
of 25 years, the changes presented in the vegetation cover attributed to natural forest
and to crops (permanent and Transitional) in the departments of Cauca, Caldas, Risar‐
alda, Quindío, and Valle del Cauca, are analyzed. The UCB covers about 3 million
hectares in this region (1 million in Cauca, 1.1 million in Valle del Cauca, 400,000 in
Caldas, 239,000 in Risaralda and 193,000 in Quindío). The importance of this study is
that it has not been done before for this region. In addition, it has a high degree of
specificity compared to the data obtained by the country’s governmental authorities and
may be used as input for territorial planning and environmental conservation processes.

2 Related Work

Changes in natural systems can be determinants for extreme events such as droughts,
floods, landslides and population displacement. Such events may be triggered by natural
or anthropic processes affecting vegetation cover that would otherwise act as a regulator
to avoid these unwanted phenomena [4]. These events can be predicted by tracking the
landcover changes in recent years to determine whether or not these might be a future
hazard. In [4] a new method to perform land cover classifications from the Landsat
spectral bands and vegetation indices as a byproduct of the processing was presented.
In [5] a method for classification and analysis of land cover changes using machine
learning algorithms and Principal Component Analysis was presented- The researchers
make a comparison between the area occupied by the cover detected in the two years
studied.

In [6] a land cover change detection method using remote sensing data from the
Landsat, IKONOS and SPOT platforms was presented. This study was conducted
between 1986 and 2013 in two Saudi Arabian cities, principally to detect changes due
to the expansion of these cities in the surrounding areas. In [7] a land cover change
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analysis between 1975 and 2007 using Landsat images 2, 5 and 7 was performed. In
addition, auxiliary data from the ALOS and SPOT platforms were used, finding strong
changes in the 9 classified images. In [8] a study of the changes in mangrove cover in a
25-year time window from radar images was performed, finding that the changes in this
vegetation is governed by the tide cycles of flood and retreat.

In [9] a land cover classification using multiple sources for the management of forest
fires was presented. Nine types of land covers were differentiated, grouping those that
serve as fuel during forest fires. In [10] a model for the detection of coverage changes
in a theoretical manner, considering several fundamental aspects that lead to land cover
changes, the detection of the focus of change, and other related aspects, was presented.
In [11] a mapping of land cover from Landsat images was presented, achieving a high
separability between soil types and other types of vegetation cover.

As can be observed, there are few studies in which a comparison between the covers
present in the area in a given period of time has been made. Most of the work has focused
on the classification of the present land covers, leaving aside the study of the land cover
changes. Those who have done studies on land cover changes have done so in regions
of relatively small size or focused on a single cover. In this study, we will perform the
analysis on regions of a considerably large size, in multiple land covers and in multiple
years based on the classification model presented in [4].

3 Materials and Methods

For the data extraction for classification, a specific technique was developed supported
in the OpenCV and Gdal libraries. With this, spectral data and the georeferenced infor‐
mation are loaded and processed. This technique is oriented to the temporal comparison
of land cover and the obtaining of spatial and temporal statistics. Figure 1 shows the
general diagram of the process carried out.

Fig. 1. General scheme for the proposed technique.
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3.1 Techniques

As shown in Fig. 1, the technique developed to obtain the information that will be used
in this study starts loading the required data. It is then processed to extract the informa‐
tion of interest. That data is subsequently exported in different formats for later analysis.

Spatial and Temporal Statistics and Comparison of Classified Coverage (STSCCC)
The Statistic Module performs the disaggregation by altitudes for each year of the area
occupied by each cover in user-defined steps. Multi-year comparison of a selected clas‐
sified cover with the remaining classified cover is also done. As a result, graphics with
data discriminated by altitudes and CSV files containing the collected information are
presented, as are: a scenario of a possible future state of land cover according to the
behavior presented in the years analyzed; a color-coded map with the cover changes;
and statistics graphs of the changes found. To perform this process a mask is created
from a Digital Elevation Map (DEM) of the region studied. This mask contains the pixels
that are within the range of altitudes according to the step selected. Then, pixel-to-pixel
information of land cover information sorted for each year and the altitude mask data
are multiplied. Once this is done, information that does not match the range of altitudes
is eliminated and the statistical information for each year is obtained.

The Comparison Module performs a comparison of two-time points of the same land
cover of interest by discriminating between: (1) the area gained by each land cover, (2)
the area of the three land covers that gained most over the cover of interest, (3) the area
of conservation, (4) the area that became bare soil, and (5) the area which became the
remaining covers. The comparison is done pixel by pixel taking into account that clouds,
cloud shadows, and bodies of water for each classification are not part of obtaining
statistics.

3.2 Data

Land Cover Classification Data
The UCB land cover classification was obtained from the classification method of [4],
corresponding to years 1989, 1999, 2008 and 2015, which was calculated from Landsat
4, 5 and 7 satellites.

In Fig. 2, we can see the location of the UCB, in the Republic of Colombia, that
comprises part of the departments of Cauca, Valle del Cauca, Quindío, Risaralda, and
Caldas. The limits of the UCB are observed in fluorescent green color. Table 1 lists the
Landsat images used in the UCB classification process. Because Path/Row 009/056 does
not have an adequate image in the years 1999 and 2008, the departments of Caldas and
Risaralda will have comparisons only between the years 1989 and 2015.
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Fig. 2. Location of the UCB in Colombia and its departments.

Table 1. List of Landsat images.

Year Path/Row
009/056 009/057 009/058

1989 LT4/1989219 LT4/1989219 LT4/1989219
1999 None LT5/1999191 LT5/1999191
2008 None LE7/2008256 LE7/2008256
2015 LE7/2015003 LE7/2015003 LE7/2015003

Validation Data
As validation data, the official information of the Colombian Environmental Information
System (SIAC, Spanish acronym) [12] was used. This information was collected by the
different agencies and govern entities whose objectives are the monitoring and envi‐
ronmental control of regions in the country.

Digital Elevation Map (DEM)
To obtain the disaggregated by altitude the DEM generated by NASA from Shuttle Radar
Topography Mission data were used [13]. This has a resolution of approximately 30 m.
These data are freely accessible and have global coverage. The DEM was produced in
2000 and released globally in 2015. This has various post processing stages applied by
the NASA to ensure the quality of the final product.
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4 Results

STSCCC
In the following, the most representative results are presented when applying the tech‐
nique developed in the regions that are part of the UCB for the Natural Forest and Crops
(Permanent and Transitional) land covers.

Natural Forest
As can be seen in Fig. 3, the area of Natural Forest has decreased in the department of
Caldas. The graph demonstrates that all areas of the department have experienced defor‐
estation processes, losses of forest being greater between 1000 and 2800 m.a.m.s.l.. The
changes were found mainly to be with Grassland, Planted Forest and Bare Soil.

Fig. 3. Discrimination by altitude for Natural Forest land cover in the department of Caldas.

Figure 4 shows the behavior of Natural Forest in the department of Cauca. Between
1989 and 2008, there was a progressive decline in this land cover, which can be seen
most clearly at the peak between 1700 and 1800 m.a.m.s.l., however, in the years
between 2008 and 2015 there was a slight recovery in all the altitude ranges

Fig. 4. Discrimination by altitude for Natural Forest land cover in the department of Cauca.
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discriminated, except for the values registered between 3100 and 4000 m.a.m.s.l.. The
area gained has been mainly in Grasslands (79,000 ha), Bare Soil (9,000 ha) and lastly
the Paramos (3,600 ha). Paramos, however, expanded in 5,000 ha, replacing Natural
Forest.

For the department of Quindío, Fig. 5 reveals how there has been a progressive
decrease in Natural Forest in the four years selected. It is also observed that between
1989 and 1999 this land cover was almost unchanged. Between 2008 and 2015, there
were changes in Natural Forest, suggesting that during this period the department was
undergoing a strong transformation in its productive activities. Much of the area of
change has occurred with Grasslands, which could indicate the increase in activities
related to livestock. In addition, the Paramos have gained more than 1,000 ha of forest
over the same period.

Fig. 5. Discrimination by altitude for Natural Forest land cover in the department of Quindío.

In the department of Risaralda, Natural Forest (Fig. 6) has decreased mainly in the
area of its most significant altitudes, between 1000 and 2300 m.a.m.s.l.. The distribution
of this land cover is seen to be similar regardless of the amount of area lost between

Fig. 6. Discrimination by altitude for Natural Forest land cover in the department of Risaralda.
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1989 and 2015. This is an abnormal behavior for which to be able to find a reason would
require additional information.

Again, the greatest interaction occurs between Grasslands and Natural Forest, indi‐
cating the increase in livestock activities, or deforestation to use land in agricultural
activities, the latter because Permanent Crops in the department increased by 60%, as
will be seen later.

Figure 7 shows Natural Forest behavior in the department of Valle del Cauca, whose
concentration zones are located at 1000–1100 m.a.m.s.l.. Here it is observed that
between 1989 and 1999, land cover decreased by around 8,000 ha and continues to
decline, losing about 5,000 ha in 2015. It is further observed that in the other regions its
behavior was stable, except for the range of 2800–3300 m.a.m.s.l., where there was a
fall in 2015 of the number of hectares of this land cover. Interaction between Grasslands
and Natural Forest is also very strong in this case, having very close values in the area
gained from each cover. However, it is Permanent Crops and Planted Forest that have
gained most from Natural Forest. This is a strong indicator of the increase of sowing
activities in the department both of crops and forests to obtain raw materials.

Fig. 7. Discrimination by altitude for Natural Forest land cover in the department of Valle del
Cauca.

Crops (Permanent and Transitional)
As we can see in Fig. 8, the area of Transitional Crops at each step of altitude selected
has decreased in the department of Caldas, a behavior related to that shown in Fig. 3a,
except for the high zones (almost 4000 m.a.m.s.l.) where it was observed that there had
been a gain in the Paramos. Permanent Crops was observed to be concentrated between
900 and 1000 m.a.m.s.l. and increased in this region by around 1,300 ha.

For Permanent Crops (Fig. 9a), peak activity is between 900 and 1000 m.a.m.s.l.,
decreasing toward 1200 m.a.m.s.l. It is observed that it has been increasing since 1989,
which is in line with the data obtained previously for this land cover. Figure 9b shows the
variability of Transitional Crops compared to 1989. In all ranges discriminated, no year was
able to surpass the number of hectares associated with this land cover in 1989. Transitional
Crops decreased considerably in 2015, except for some regions, compared to 1999 and
2008, where there was a similar behavior in the different discriminated ranges.
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Fig. 9. Discrimination by altitude for (a) Permanent Crops and (b) Transitional Crops in the
department of Cauca.

Fig. 8. Discrimination by altitude for Transitional Crop land cover in the department of Caldas.

Multitemporal Land Cover Change Analysis in the Upper Cauca Basin 217



For the department of Quindío (Fig. 10) a behavior with continuous changes was
observed in the year of greatest area dedicated to Transitional Crops, concentrating
between 1000 and 1200 m.a.m.s.l. and 3,500 and 4500 m.a.m.s.l., No information on
Permanent Crops was found for this department in the classification carried out, likely
due to high cloud cover in the region.

Fig. 10. Discrimination by altitude for Transitional Crops in the department of Quindío.

In the department of Risaralda, for Transitional and Permanent Crops (Fig. 11),
similar behavior occurs: a first concentration zone between 900 and 1700 m.a.m.s.l. in
the case of Transitional Crops, decreasing in almost all discriminated ranges and
increasing between 1500 and 1700 m.a.m.s.l.. In the same way, Permanent Crops
presented a behavior similar to that observed in the department of Caldas, concentrating
between 900 and 1000 m.a.m.s.l. and increasing in the selected period of time.

Fig. 11. Discrimination by altitude for (a) Permanent Crops and (b) Transitional Crops in the
department of Cauca.

Permanent Crops (Fig. 12a) are located in the Valle del Cauca mainly between 800
and 1100 m.a.m.s.l.. Since 1989, the area occupied can be seen to have increased,
peaking in 1999, a slight decrease in 2008 with a subsequent recovery in 2015. In other
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discrimination ranges, behavior after 1989 appears to be constant. The difference
presented in the concentration zone could be due to the fact that, during the periods of
image capture, the region was at rest after harvest, or at the beginning of the planting
process. In the case of Transitional Crops (Fig. 12b), the peak is observed between 1000
and 1100 m.a.m.s.l.. Declining progressively since 1989, a slight peak is also found
between 3600 and 4200 with a behavior similar to that observed in Fig. 8.

Fig. 12. Discrimination by altitude for (a) Permanent Crops and (b) Transitional Crops in the
department of Valle del Cauca.

As could be seen, information discriminated by altitude helps to corroborate the
results obtained in the process of comparison between land covers, showing behavior
previously estimated in terms of the losses and gains of land covers of interest. Finally,
to verify the results obtained in the classifications and to determine if the information
presented achieved a greater degree of specificity, the information of land cover change
of Natural Forest was compared during 1989–1999 with the exchange information for
this cover in the window 1990–2000 obtained by the SIAC in Valle del Cauca.
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Validation Process
Validation was performed by pixel-to-pixel comparison between the change map
obtained from the SIAC and the change map generated by the STSCCC technique.
Initially it can be observed that the SIAC map discriminates just five types of changes:
Forest points, deforestation points, points without information, regeneration points and
a no stable forest point, the latter occupying most of the department of Valle del Cauca.
In the data obtained from STSCCC, six types of changes are obtained, as detailed above.
Figure 13 shows images of SIAC and STSCCC with their labels.

Fig. 13. Comparison of change information in Forest of (a) SIAC (b) STSCCC Natural Forest
and (c) STSCCC Permanent Crops.

In the SIAC data for the department of Valle del Cauca, Fig. 10, comparison found
that the classification of Forest and Regeneration of SIAC coincide with the classes
Gained and Preserved of STSCCC, a high coincidence with the Deforestation classifi‐
cation of SIAC joining the ranks Grasslands, Permanent Crops, Planted Forest, Others
and Lost. In the case of STSCCC, the No Stable Forest label of SIAC coincided with
information on hectares gained by Natural Forest, Grasslands, and Permanent Crops as
shown in Fig. 13, detailing the classification of SIAC and the STSCCC classification
for Permanent Crops. Similarly, the SIAC No Information label was matched with
hectares by the aforementioned covers. Similar behaviors were observed in the other
departments of UCB.

5 Conclusions

This study conducted a multi-year comparison for three of the most important land
covers in the Upper Cauca Basis (UCB) in Colombia. The resulting information could
be used, in a complementary way with information on land use, for decision making or
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in the creation of new environmental policies by government entities. The data can also
be used to obtain a quantitative indicator of the environmental policies previously
applied.

The information obtained reveals how land use has increased for agricultural activ‐
ities in the five departments in the UCB, with important impacts on Natural Forest in
some departments. Globally, close gains have been the norm, so that it could be viewed
that statistically land covers have experienced a relatively stable behavior in the UCB.
Nevertheless, this does not mean these changes have not presented significant environ‐
mental consequences. In addition, it was observed how Transitional Crops have
decreased in the altitudes of more than 3,500 m.a.m.s.l., making way for other land
covers. The displacement of cover attributed to the Paramos ecosystem was further
observed, Paramos currently yielding space to Transitional Crops across all departments.
Such practice puts this fragile ecosystem at serious risk.

In the time window, a clear focus of all the departments towards the planting of
Permanent Crops was observed. This is related to the increase particularly of cane and
coffee crops in the region. Likewise, livestock activities or the planting of Grasslands
are an important part of the observed change.

The ability to observe changes in land covers selected for this study as well as other
covers not shown, by discrimination by altitude, will allow entities in charge of envi‐
ronmental control to have a better vision of the land cover distribution by departments,
by municipalities, or by watershed areas. This will improve decision making on the use
of resources and the protection of regions, among others.

Finally, when comparing the available information obtained from the SIAC, the
presented study was found to achieve a higher degree of discrimination, distinguishing
between multiple land cover changes observed. This allows a greater understanding of
the changes that have occurred in the selected period of time.
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