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INTRODUCTION

Vegetation indices are used as quantitative 
indicators of the ecosystem as it involves the 
greenness of plants, bare soil and the presence 
of water based on remote data obtained with sen-
sors mounted on platforms such as satellite ones 
(Rahman & Lamb, 2017); this is possible due to 
the absorption and reflection characteristics of the 
ecosystem; NDVI in particular is affected by veg-
etation (Spadoni et al., 2020). Vegetation covers 

are different and dependent on changes in envi-
ronmental parameters and anthropogenic pres-
sures; therefore, it is important to monitor popula-
tion growth and dependence on vegetation cover 
(Kasoro et al., 2021). 

Remote sensing by multispectral satellites 
provides valuable data that allow dynamic assess-
ment of land use changes and land cover analysis 
in the world (Xu et al., 2020). The data provided 
by remote sensing satellites are of the spatial type, 
which presents the distribution of elements in 
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ABSTRACT
The research sought to evaluate the normalized difference vegetation index (NDVI) of the study area located in the 
province of Tayacaja, which includes the districts of Acraquia, Ahuaycha, Pampas and Daniel Hernández, which is 
part of the central Andes of Peru. The data were collected in low water seasons with a longitudinal cut of 30 years 
with one sample per year, starting in 1993 until 2022; these samples corresponded to the month of August of each 
year. The images were extracted from maps from Landsat satellite databases, which were filtered for low cloud 
cover to avoid interference with the images. Maps from 1993 to 2012 were obtained from Landsat 5 satellite, while 
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determined using Quantum GIS based on the red and near infrared maps; being the minimum NDVI value obtained 
-0.18, which corresponds to the aquatic body of the Upamayu River that crosses from west to east the study area; 
while the highest NDVI obtained was 0.79 indicating a greater vegetation cover constituted by mainly eucalyptus 
plants. The mean NDVI of the 30 years is close to 0.21; this is an indicator that the vegetation is scarce and that it 
is decreasing mainly due to population growth.
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space; spectral, which presents surface features; 
and temporal, which allows relating variations of 
areas over time (Dutta et al., The spectral analysis 
of vegetation cover has been the basis for obtain-
ing different indexes based on relating bands of 
spectra, these are called vegetation spectral in-
dexes (Ramos et al., 2020), which are calculated 
from the mathematical combination of two or 
more bands of a multispectral satellite image and 
tend to present, in a sharper way, the characteris-
tics of vegetation in isolation from other covers 
(Radočaj et al., 2023). 

The index based on spectra widely used for 
the determination of plant cover parameters is the 
NDVI (Huang et al., 2021; Lacouture et al., 2020). 
The formula that normalizes the differences be-
tween red reflectance is centered at 670 nm and 
near infrared is centered at 860 nm, which cor-
respond to regions of higher reflectance and ab-
sorption of plant chlorophyll. NDVI values range 
from -1 to 1; values less than zero correspond to 
water bodies; values around zero correspond to 
bare soil, snow or concrete cover, while positive 
values correspond to areas with vegetation cover 
(Fung & Siu, 2000). Vegetation cover presents in-
dices of 0.2–0.8; tropical forests present indices 
higher than these. NDVI represents the photo-
synthetic activity of vegetation, being associated 
with biomass, water stress, carbon accumulation 
and biodiversity of different ecosystems (Jia et 
al., 2023; Oddi et al., 2022). The calculation of 
NDVI makes it possible to track the changes that 
occur in the terrestrial ecosystem as a result of 
population increase and anthropogenic activities 
mainly (Guo et al., 2021).

Recent research has taken advantage of re-
mote sensing and NDVI techniques to charac-
terize the behavior of vegetation cover and the 
impact of climate change over time; Fokeng & 
Fogwe (2022) studied the dynamics of vegeta-
tion degradation over a 37-year period based on 
Landsat data and its response to atmospheric 
variability and human-induced factors in the Bui 
Plateau of southern Cameroon. Likewise, Meng 
et al. (2023) analyzed the impacts of climate 
change and human activities on the NDVI of 
desert areas in northern China between 2001 and 
2020; for which they used the Moderate Reso-
lution Imaging Spectroradiometer (MODIS-
NDVI), determining that the role of anthropo-
genic activities was responsible for more than 
70% of the changes, demonstrating that these ac-
tivities are one of the main factors that cause the 

variation of NDVI. It is also possible to study 
spatiotemporal seasonal changes in NDVI, as is 
the case of the study by Li et al. (2023) where 
they analyzed NDVI in relation to driving forces 
in the Wuliangsu Lake basin, northern China, 
from 1990 to 2020, determining that changes 
in grasslands and forests were vulnerable to cli-
mate change and anthropogenic activities. Cacil-
da-André et al. (2023) developed a multispectral 
analysis of Landsat images quantifying cover-
age changes from 2013 to 2019 in Cuanza-Sul 
Angola, with the results being severe impacts 
caused to the environment by human activity in 
this area and propose mitigation and restoration 
actions in affected areas.

In Peru, few investigations take advantage 
of data from satellites used as remote sensing 
devices. Camas-Guardamino & Mamani-Sinche 
(2022) evaluated the vegetation and soil satura-
tion in the Regional Conservation Area Hume-
dales de Ventanilla by remote sensing in Peru, in 
the period 2006 - 2021, demonstrating that the 
variation of vegetation and soil saturation by re-
mote sensing tools point to a possible eutrophi-
cation process which demands more effort for 
the conservation of this ecosystem. Reymundo 
& Acevedo (2020) in the study of surface tem-
perature and vegetation condition of the Polyl-
epis forest, district of San Marcos de Rocchac, 
Tayacaja - Peru, used 9 satellite maps of the 
Landsat 8 OLI/TIRS satellite, evaluating these 
NDVI variables confirmed the influence of sur-
face temperature on the health of the vegetation 
within the forest over time. On the other hand, 
this work was based on the need to know the 
behavior of the NDVI from 1993 to 2022 in the 
valley located in the province of Tayacaja-Huan-
cavelica-Peru; therefore, a spectral analysis of 
the red and near infrared signals was made, per-
forming a raster calculation using the difference 
between the reflectance of the bands: 4 corre-
sponding to near infrared and 3 corresponding 
to visible red for maps coming from Landsat 5; 
and bands: 5 corresponding to near infrared and 
4 corresponding to visible red for maps coming 
from Landsat 8.

MATERIALS AND METHODS

As materials that allowed the development 
of the work, we have the maps of the visible 
red and near infrared spectra stored in the 
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EarthExplorer database (USGS, 2021). Also 
used was the freely distributed software QGIS 
V30 ‘s-Hertogenbosch of 2023, which is an 
open-source geographic information system 
(GIS) for different platforms such as GNU/
Linux, Microsoft Windows, Android and oth-
ers. It was developed by OSGeo and officially 
came into use in 2008; it allows the use of raster 
and vector formats through the GDAL library 
(GADL/OGR), also large databases, so in this 
work it made possible the rasterization of the 
images obtained. In this work we used Landsat 
5 map images; this was developed by NASA, 
it was put into orbit on March 1, 1984, at 705 
km from the Earth, it circled the Earth every 99 
minutes and carried the following instruments: 
Multispectral Scanner (MSS) and Thematic 
Mapper (TM); this satellite stored image data 
from different places on Earth for almost 29 
years, being a world record as the longest op-
erating Earth observation satellite in history, it 
was decommissioned in 2013. The data record-
ed in Landsat 5 by the multispectral scanner 
(MSS) were used in this work, whose bands are 
four: band 4 corresponds to visible green with 
wavelength from 0.5 to 0.6 µm, band 5 corre-
sponds to visible red with wavelength from 0.6 
to 0.7 µm, band 6 corresponds to near infrared 
with wavelength 0.7 to 0.8 µm and band 7 cor-
responds to near infrared with wavelength from 
0.8 to 1.1 µm. On the other hand, Landsat 8 
satellite was put into orbit in 2013; this satellite 
was implemented with Operational Land Im-
ager (OLI) and thermal infrared sensor (TIRS) 
as main instruments (USGS, 2023a). 

Landsat 8 images have 15-meter panchromatic 
and 30-meter multispectral spatial resolutions along 
its orbit 185 km from Earth; it contains nine spec-
tral bands: band 1 with wavelengths from 0.43 to 
0. 45 µm with 30 m spatial resolution, band 2 blue 
with wavelength 0.450 to 0.51 µm with 30 m spa-
tial resolution, band 3 green with wavelength 0.53 
to 0.59 µm with 30 m spatial resolution, band 4 red 
with wavelength 0.64 to 0.67 µm with 30 m spatial 
resolution, band 5 near infrared with wavelength 
0.85 to 0.88 µm with 30 m spatial resolution, band 
6 SWIR 1 with wavelength 1.57 to 1.65 µm with 
30 m spatial resolution, band 7 SWIR 2 with wave-
length 2. 11 to 2.29 µm with 30 m spatial resolu-
tion, band 8 panchromatic (PAN) with wavelength 
0.50 to 0.68 µm with 15 m spatial resolution and 
band 9 cirrus with wavelength 1.36 to 1.38 µm with 
30 m spatial resolution. The Landsat 8 thermal in-
frared sensor (TIRS) has two spectral bands: band 
10 TIRS 1 with wavelength 10.6 to 11.19 µm with 
100 m spatial resolution and band 11 TIRS 2 with 
wavelength 11.5 to 12.51 µm with 100 m spatial 
resolution (USGS, 2023b). The data were collected 
according to the territorial demarcation of the Pam-
pas-Tayacaja valley, this collection was made from 
the Landsat satellite database, for the zone path: 6, 
row: 69; Figure 1 shows the view of the study area 
located in the central Andes of Peru, for the year 
1993 month of August using Landsat 5, in the same 
way we proceeded with the use of Landsat 8. The 
work began by obtaining Landsat maps of the study 
area for the path: 6, row: 69 satellite zone in true 
color (see Figure 2) for the 30 years.

The red spectrum map together with the in-
frared spectrum map was downloaded from 

Figure 1. Localized view of the study area with Landsat 5 for satellite zone path: 
6, row: 69, obtained with science for a changing world (USGS, 2020)
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EarthExplorer (see Figure 3) which should be iden-
tified by bands in both Landsat 5 and Landsat 8. In 
Landsat 5: band 3 corresponds to red and band 4 to 
infrared. While in Landsat 8: band 4 corresponds 
to red and band 5 corresponds to the infrared spec-
trum. The NDVI was calculated with Equation 1, 
relating the red and infrared spectra for each map 
acquired, allowing the rasterization of the images
 𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁 = (𝑁𝑁𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼 − 𝑅𝑅𝐼𝐼𝐼𝐼)/(𝑁𝑁𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼 + 𝑅𝑅𝐼𝐼𝐼𝐼)   (1) 
 

 (1)

In Figure 4, the NDVI raster band of the study 
area is calculated with QGIS based on Eq. 1. The 
result of the NDVI calculation is presented in 
Figure 5, where the concentration of vegetation 
cover is shown in green

Figure 2. True color map of the study 
area in satellite zone path: 6, row: 69

Figure 3. Maps (a) in the red spectrum and (b) in the infrared spectrum corresponding to the study area

Figure 4. NDVI raster band calculation of the study area with QGIS
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Figure 5. NDVI of the study area obtained by processing in QGIS

RESULTS AND DISCUSSION

As a result of the analysis of the red and in-
frared spectrum maps, applying equation 1, the 
NDVI statistical values were rasterized from 1993 
to 2022, these values are presented in Table 1; for 
the years 1993–2012 the NDVI were obtained 
with Landsat 5 data and for the years 2013–2022 
they were obtained with Landsat 8 data, each sat-
ellite has a band assigned to the different spectra, 
which was considered for the rasterization.

The minimum NDVI value obtained was 
-0.18; this negative value corresponds to the 
Upamayu water body that crosses the valley from 
west to east (Carbajal et al., 2021), having a low 
flow due to the low water season when the study 

was carried out. The maximum NDVI value was 
0.79; this value represents various zones with 
vegetation cover consisting of eucalyptus trees. 
The average NDVI obtained from the 30-year 
longitudinal study was 0.21, which represents 
overall sparse vegetation. In addition, the green 
line in Figure 6 indicates that the vegetation is 
decreasing, limiting the study to the dry season, 
which corresponds to the months of August.

From the results, the study area in the Taya-
caja valley, located in the central Andes of Peru, 
is located in the Pacific slope zone (GOREH, 
2007), so vegetation is scarce, presenting an av-
erage NDVI of 0. 21 in the analysis conducted 
over 30 years, this index which is used to esti-
mate the quantity, quality and development of 

Figure 6. Minimum, maximum and average NVDI obtained from the 30-year study area
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vegetation by taking advantage of the ability of 
plants to emit or reflect radiation from the red 
and infrared bands (Perez, 2014) which is mea-
sured by several remote sensors installed on a 
space platform such as Landsat.

Likewise, in the Atlantic slope areas, NDVIs 
are high being conformed by forests with vigorous 
vegetation that can exceed an NDVI of 0.8 (Rome-
ro, 2016), due to the greater presence of rainfall.

CONCLUSIONS

When evaluating the normalized difference 
vegetation index was different from the Tayacaja 

valley of the department of Huancavelica-Peru; 
rasterizing the vector satellite map images from 
the year 1993 to the year 2022 using Quantum 
GIS, based on the red and near infrared maps, 
a minimum NDVI value of -0. 18, which corre-
sponds to the aquatic body of the Upamayu Riv-
er that crosses the study area from west to east; 
while the highest NDVI obtained was 0.79, which 
indicates a greater vegetation cover consisting 
mainly of eucalyptus plants, located to the north 
of the valley. Also, a mean NDVI of 30 years was 
determined which approximates 0.21; this is an 
indicator that the vegetation is scarce and in turn 
is decreasing mainly due to population growth. 
Likewise, the result of the investigation shows 

 

Year Minimum 
NDVI 

Maximum 
NDVI 

Average 
NDVI 

Standard 
deviation Satellite Raster algorithm for 

obtaining NDVI True color raster 

1993 -0.18 0.73 0.24 0.14 

Landsat 5 
(𝐵𝐵4 − 𝐵𝐵3)
(𝐵𝐵4 + 𝐵𝐵3) 𝐵𝐵3 + 𝐵𝐵2 + 𝐵𝐵1 

1994 -0.10 0.73 0.24 0.13 

1995 -0.07 0.70 0.20 0.12 

1996 -0.11 0.69 0.18 0.11 

1997 -0.18 0.65 0.21 0.11 

1998 -0.14 0.72 0.18 0.12 

1999 -0.14 0.73 0.25 0.13 

2000 -0.14 0.73 0.27 0.13 

2001 -0.13 0.67 0.18 0.11 

2002 -0.10 0.70 0.21 0.12 

2003 0.04 0.79 0.26 0.12 

2004 -0.11 0.76 0.24 0.13 

2005 -0.17 0.71 0.18 0.14 

2006 -0.13 0.72 0.20 0.14 

2007 -0.07 0.74 0.23 0.14 

2008 -0.11 0.75 0.23 0.13 

2009 -0.11 0.70 0.21 0.13 

2010 -0.10 0.66 0.19 0.13 

2011 -0.09 0.76 0.22 0.14 

2012 -0.12 0.76 0.22 0.16 

2013 -0.13 0.74 0.22 0.14 

Landsat 8 
(𝐵𝐵5 − 𝐵𝐵4)
(𝐵𝐵5 + 𝐵𝐵4) B4+B3+B2 

2014 -0.11 0.74 0.21 0.13 

2015 -0.15 1.00 0.21 0.14 

2016 -0.01 0.59 0.21 0.09 

2017 0.01 0.53 0.20 0.07 

2018 -0.07 0.59 0.20 0.11 

2019 -0.03 0.56 0.20 0.09 

2020 -0.04 0.58 0.21 0.10 

2021 -0.06 0.60 0.21 0.10 

2022 -0.06 0.58 0.21 0.09 

 

Table 1. Statistical values of the NDVI of the study area, from 1993 to 2022
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that the vegetation in the valley of Tayacaja is de-
creasing, due to various factors, mainly anthropo-
genic; therefore, this valley should be reforested 
to improve the quality of the environment for the 
benefit of its population.
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