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SUMMARY

The aim of this review is to present the concepts and current research on the use of remote
sensing in studies of pastoral ecosystems. The management of pasture plays an important
role in the balance between biomass production and its regrowth so that the determination
of biomass production is fundamental information to perform the adjustment of the number of
animals. There are direct and indirect methods to obtain forage biomass in pastures. Generally
the most used are direct methods, where there is the cutting of all forage present in a known
area frame, and this requires the help of a variety of tools, requiring infrastructure, labor with
long-term fieldwork. Remote sensing is an indirect way to determine biomass in pastures,
which has a significant potential to monitor vegetation dynamics, besides predicting events
such as the beginning or peak of vegetation growth. One of the ways to monitor the vegeta-
tion is through the use of vegetation indexes. There are several vegetation indexes, but soil
adjusted vegetation index (SAVI) and normalized difference vegetation index (NDVI) are the
most used in studies on pastoral ecosystems. Remote sensing used for pasture evaluation
can contribute with relevant and complementary information on forage production, as well
as the growth behavior of the forage plant, allowing to obtain information on large scales.

Keywords: Environmental Disasters, Livestock Analysis, Remote Sensing, Spectral
Vegetation Indices.



H INTRODUCTION

Remote sensing is a geoprocessing tool capable of consistently capturing the characte-
ristics of large areas of the Earth’s surface (Lu et al., 2014). One of the benefits of this tool is
to enable researchers to study large areas with a moderately large temporal and spatial reso-
lution at a relatively low cost and in a short time (Salimon & Anderson, 2017). From a livestock
point of view, the evaluation of exotic or native forage plants is of fundamental importance,
since they are used in the formation of pastures and are the main source of energy in the
diet of ruminant animals. However, the efficiency of forage utilization, which will be decisive
in the economic return and performance of the animal, depends very much on the structural
condition of the pasture, being of decisive character, the prediction of the phenological state
of the forage plants for the adequate management of the pasture (Hermance et al., 2015).

Livestock is an important source of income, especially for rural communities in Africa
(Sibanda et al., 2017), arid and semi-arid regions (He et al., 2005), which are the main regions
facing degradation problems caused by anthropogenic activities, climate change, natural
disasters and socioeconomic inequalities. According to Verstraete et al. (2009), the arid and
semi-arid lands of the world are closely related to global poverty, and livestock activity, even
if not very productive, is an important source of income for the inhabitants of these regions.
And it is precisely in these regions, where there is low pasture productivity, and therefore the
low number of animals reared in large pastures (Sayre et al., 2013).

The strategic management of pasture aims to improve the efficiency of the use of
resources through the optimization of processes that involve plants, ruminants, and their
interface, increasing productive efficiency and consequently becoming an ecologically cor-
rect practice (Congio et al. 2018). Based on this, control of grazing intensity plays a crucial
role in the equilibrium of biomass production and regrowth of pasture (Chang et al., 2016).
However, pastures undergo crop fluctuations throughout the year (Magliano et al., 2015), so
that the understanding of the productive behavior is fundamental information to perform the
adjustment of the number of animals, as a function of the fodder biomass offered. Generally,
grassland degradation occurs due to the imbalance between the cycling of accumulated
nutrients in the vegetal residue and the growth of the pasture, constituting an open door for
the degradation, as there is the elimination of many points of growth and when new shoots
appear, are rapidly consumed.

The amount of biomass supplied will represent animal support capacity, and to obtain
this information, direct methods are usually used with the aid of a variety of tools, requiring
infrastructure, labor with fieldwork long-term (Ran et al., 2016). So, from these limitations,
other methods have been studied, developed and improved in order to estimate the forage



biomass indirectly, without the need for direct cutting of the forage, and to make it possible
to relate characteristics that are easy and quick to measure.

Remote sensing consists of obtaining information about a particular target without having
direct contact with it, mainly through the interpretation of the variation of the electromagnetic
radiation that is reflected from the target, and captured by sensors that are usually aboard
spacecraft orbital level. When we apply remote sensing in large areas, we can map the lives-
tock production systems to a regional level (Robinson et al., 2011). With this, the mapping
allows providing information on the biomass condition of pastures in almost time, generating
information necessary for the producer to estimate its stocking rate. In addition, the forage
biomass estimation allows the cattle rancher to predict times of deficit or surplus of forage
production, avoiding the overgrazing.

Based on the foregoing, the objective of this review article is to discuss the evolution of
remote sensing in pasture ecosystems, in relation to the contextualization of the importance
of livestock activity, methods for the determination of forage biomass and applications of
remote sensing in studies on pastoral ecosystems.

Importance of Grasslands for livestock

According to Rao et al. (2015), four of the five agricultural commodities with the greatest
global economic value come from livestock activity, and the action moves global economic
values in order of at least 1.4 trillion dollars, being that, the grassland is the main food source
of domestic herbivores, and grazing is the means by which these animals seek food in the 3.4
billion ha of existing pastures in the world. However, for Garnett et al. (2013) livestock must
comply with the premises of sustainable intensification, through increasing food production
with high production rates, food security, and environmental sustainability.

Historical changes in demand for livestock products have been driven largely by hu-
man population growth, income growth, and urbanization (He et al., 2005), however, some
guantitative assessments that relate food production to increased demand show that global
agriculture will have to be technically evolving to meet this growth in demand (Tilman et al.,
2011). In addition, for Reshef et al. (2010), even if global agricultural production is increa-
sing, there are pressures imposed by society, in order to ensure safe food and produce in a
sustainable way for the population. Livestock activity is considered one of the fastest growing
sectors in the industry, mainly due to the world demand for food of animal origin. Table 1
shows the growth trends expressed in consumption of meat and milk in developing countries
and developed through estimates for the years 2015 to 2050 (Thornton et al., 2010).



Table 1. Trends in meat and milk consumption in developed and developing countries.

Annual per capita consumption Total consumption
Meat (kg) Milk (kg) Meat (Mt) Milk (Mt)
1980 14 34 47 114
1990 18 38 73 152
2002 28 44 137 222
Developing
2015 32 55 184 323
2030 38 67 252 452
2050 44 78 326 585
1980 73 195 86 228
1990 80 200 100 251
2002 78 202 102 265
Developed
2015 83 203 112 273
2030 89 209 121 284
2050 94 216 126 295

Source: Adapted from Thornton et al., (2010).

According to Thornton et al (2010), there is a large difference between the availability
of meat and milk between developed and underdeveloped regions, and the future prospects
of animal production, is a wide gap between developed and developing countries, due to
the great existence of systems highly intensive and high technology production in developed
countries and by systems based on extensive animal husbandry based on pasture-based
and extensively managed livestock in underdeveloped countries. Moreover, a large increase
in demand for animal products, but there is an expectation that changes in the global climate
will directly affect the productive efficiency of agriculture. Tilman el al. (2011) forecast global
food demand by 2050, and according to the authors, this global demand is growing rapidly
and much of the world’s agricultural areas are below productivity, and the current global
expansion trajectory has serious long-term implications for the environment.

For Smith et al. (2013), there is an increase in animal production on pasture, both
from grazing expansion and from intensification, and these dynamics of expansion and in-
tensification can pressure the environment and compete for land with other uses, requiring
socio-economic and environmental compensation.

Grazing encompasses interactions between the animal and its environment (Provenza
et al., 2015), and this interaction depends essentially on the herbage supply present in the
pasture. According to Allen et al. (2011), grazing management consists in the manipulation of
animal grazing in search of a defined objective, so that this, objective seeks to maximize the
transformation of forage present in the pasture in animal product, maintaining the perennial
pasture, through the continuous emission of leaves and tillers after grazing, restoring the leaf
area of the plant (Araujo et al., 2015).

Livestock farming contributes directly to the livelihoods and food security of almost one

billion people in the world (Robinson et al., 2014), and when we think especially of ruminant
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production, these animals have the capacity to transform fiber in nutrient-rich foods of high
quality for human consumption (Smith et al., 2013), with pastures being the main source of
feed for ruminants. Pastures also provide other services to the environment, such as fiber
production, carbon sequestration, conservation of natural resources and recreation activities in
some regions of the planet, mainly where natural pastures are cultivated. However, pastures
continue to have their main importance in supporting livestock activity, so that approximately
30% of the world’s human population is estimated to use livestock on pasture as a means of
survival (Reynolds et al., 2007).

Chang et al., (2016), in his article: Combining livestock production information in a pro-
cess-based vegetation model to reconstruct the history of grassland management, produced
global maps of grazed areas of the globe (Figure 1).

For the construction of the maps, estimates were made using ORCHIDEE-GM
(ORganizing Carbon and Hydrology in Dynamic Ecosystems grassland management). This
model is calibrated to simulate the distribution of potential biomass harvested. Figure 1 inclu-
des pasture areas with high and low presence of grazing animals (0-100%), while the areas
in blue there is a large presence of grazing animals, those of yellow there is a low presen-
ce. It can be understood that yellow areas have a low pasture consumption and therefore
can be defined as extensively managed pasture.

Figure 1. Map of the areas grazed by ruminants (a) and efficiency of forage use (b) from data modeled by ORCHIDEE-GM
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Source: Adapted from Chang et al., (2016).

In this same paper, Chang et al. (2016) developed maps of herbage-use efficiency. This
variable found values between 2 and 20% in most regions, which usually follows the spatial
pattern of ruminant density. The highest herbage-use efficiency utilization, that obtained above
20%, was found in regions with intensively managed pastures, while the lowest efficiency
of forage use is obtained in the regions of Central Asia, Russia, Africa, Brazil, Australia and
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in the mountains of southwest China and Europe, the Alps. The author attributes this low
efficiency to the extensive pasture management at these sites.

As the stocking rate increases, the individual performance of the animal decreases,
while the production/area increases to a maximum, and then decreases as a result of a
competition process that controls the production and use of the plant by the grazing animal
(Carvalho & Batello, 2009).

Grazing management strategies that optimize forage utilization are alternatives to im-
prove land use and reduce the emission of the main greenhouse gases in grassland systems,
and this brings out, the great challenge of producing food of animal origin in a sustainable way
without the degradation of grazing by overgrazing. And to obtain the efficient management
of the pastures, the control of the variation of the biomass and its components is a decisive
point in the planning of a rational management, that is, it represents to adjust an availability
of forage at a suitable stocking rate.

Determination of Above Ground Biomass in Grassland

There are direct and indirect methods for estimating forage mass in pastoral envi-
ronments, however, indirect methods are being further studied, mainly because the direct
method is based on total forage cutting (Morais et al., 2018), however, harvesting by direct
cutting of forage is time-consuming and requires very intensive labor, which makes it difficult
to evaluate large areas, especially when it is difficult to access regions (Zhang et al., 2016).
Therefore, it is of fundamental importance to develop reliable systems of biomass monitoring
in pastures that are practical, easily accessible to producers and of high cost-benefit ratio
(Sibanda et al., 2017).

The variability of pasture structural characteristics, limitations of human resources and
materials, causes difficulty in choosing the most appropriate method to be used. The trends
is for indirect methods to be used instead of a direct method, since the direct method is a
costly process with respect to labor.

From the biomass present in this frame, and provided that the location chosen for
sampling is representative of the pasture area, the value obtained for kg/ha of dry matter
produced can be extrapolated.

Another alternative for forage biomass estimation is modeling (Silva Neto et al., 2016),
and satellite-based remote sensing combined with modeling tools can provide large-scale,
timely information with sufficient spatial details and reasonable costs. Generally, the models
are based on edaphoclimatic variables, defined from the basic information necessary for the

plant to reach a certain stage of growth (Almeida et al., 2011).



Modeling for the estimation of biomass in pastures has some particular characteristics
(Snow et al., 2014): Pastures are biologically diverse, so interactions among plant species
should be considered; economic return requires the inclusion of the animal as an additional
trophic level; the interaction between the animal and the pasture is complex, influenced by
the environment, plant species and animal behavior; There is nutrient transfer between ani-
mals and pasture; and data to generate simulation models depend on farm management,
becoming complex when it comes to a pasture production system.

Bryant & Snow (2009), cite some important models for the simulation of pastoral ecosys-
tems: APSIM, EcoMod, FaSSET, GRaZPLaN, GPFaRM, Hurley Pasture, IFSM, LINCFaRM
and WFM, which are the most commonly available and widely used models in articles in the
field of pasture modeling. Another model with research reports in the pasture area is the
CROPGRO model. Pequeno et al., (2018) compared the performance of the CROPGRO
perennial forage (CROPGRO-PFM) model to simulate the yield of three tropical grass species
(Urochloa cv Marandu, Urochloa decumbens, Tifton 85) and concluded that harvest frequency
28 and 42 days, provided better adjustment to the model, adjusting the simulation of leaf and
stem weight, and biomass production of these grasses. From an appropriate adjustment of
this model, it could be used to carry out simulations of forage biomass production, especially
in a tropical environment.

Despite the importance and dissemination of modeling knowledge in the simulation of
pasture growth, few studies have evaluated the application of models in pastures (Andrade
et al., 2016), which, according to Marin and Jones (2014), is partially explained lack of un-
derstanding of the capabilities and limitations of this tool, little experience in the evaluation,
calibration and use of models, in addition to the low credibility of the models created. However,
regardless of the difficulties of its use, it is expected that this tool will have a greater use,
knowing that, the models need to be well calibrated, providing information that has a great
representation and that are accurate with low cost of operation and good accuracy on the
biomass conditions of pastures.

B REMOTE SENSING APPLIED TO PASTORAL ECOSYSTEMS

Obtaining Images from Satellites and Image Processing

Remote sensing data have significant potential to monitor vegetation dynamics, and this
allows monitoring of events such as the onset or vegetation growth maximum. Currently, from
the ease of access to the internet, it has become more accessible (Ferreira et al., 2008), and
high-resolution satellite imagery are increasingly available to be used free of charge in many



applications for both small and large-scale studies (Forkuor et al., 2017), and is an effective
tool for estimating and monitoring different types of vegetation.

The contrast of the vegetation response at the different wavelengths makes the vegeta-
tion of the pasture stand out in relation to the other targets, facilitating its identification and its
monitoring. In this way, the information collected by satellite images can contribute to obtain
data faster and in regions of difficult access. Major remote sensing platforms include satellites,
airplanes, balloons, helicopters, and a variety of sensors such as optical and near-infrared,
Radar and sensors are installed on these platforms for remote sensing applications (Zhang
and Kovacs, 2012)..

However, the success of remote sensing of vegetation depends on many factors, inclu-
ding soil type, plant structure, water and nutrients, phenological cycle and cultivation practices
(Bégué et al., 2018). According to Lu et al. (2014), for biomass estimation through remote
sensing, it is necessary to select suitable variables for the development of biomass estimation
models: data from the optical sensor suffer the saturation problem with high biomass density;
spectral variables are unstable and influenced by external factors such as atmosphere, soil
moisture, phenology and vigor, so high-quality optical sensor data depend on weather con-
ditions when satellites pass; and lack of adequate methods to identify the most appropriate
variables for the modeling of biomass estimates.

According to Ferreira et al., (2008) a major advance in vegetation studies through
remote sensing was the launch of the Modis sensor (Moderate Resolution Imaging
Spectroradiometer), in the spatial resolution versions of 250, 500 and 1000m, released on
board Earth satellite in December 1999 and aboard the Aqua satellite in May 2002. This
sensor, the flagship of the Earth Observing System (EOS - NASA), combines features of the
AVHRR and Landsat TM sensors, while bringing important advances such as more spectral
bands, higher spatial resolution and better (less subject to atmospheric contamination and
more sensitive to photosynthetically active vegetation).

An important satellite, and one of the most used in remote sensing of vegetation, is the
Landsat series. The LANDSAT program, which is managed by National Aeronautics and
Space Administration (NASA) and NOAA (National Oceanic and Atmospheric Administration),
which was initially named ERTS-1 (Earth Resources Technology Satellite 1), which was re-
leased in 1972 The program was renamed to LANDSAT, and is currently on the 8th satellite
of this series in orbit. Landsat 8 has an OLI sensor which is a multispectral sensor composed
of 11 bands and with a temporal resolution of 16 days.

Another commonly used satellite in vegetation studies is the Sentinel. The Sentinel-2
mission is designed to provide multispectral Earth observation data for a wide range of re-
mote sensing applications such as land-use mapping or land cover, land-use identification,



agriculture and forest monitoring, water monitoring, monitoring of natural hazards and moni-
toring of water stress (Du et al., 2016). Sentinel-2, consisting of a mission of two satellites,
with MSI sensor of 10 meters of spatial resolution, and with a capacity of 5 days of revisit.

Studies that use vegetation indices need to minimize the main sources of noise that
affect vegetation response, which according to Ferreira et al. (2008), are: variations in solar
irradiance; atmospheric effects; the contributions of non-photosynthetically active vegetation;
the contributions of the substrate; the effects of canopy composition and structure. Generally
these atmospheric corrections are necessary due to the reflection, refraction or absorption
of the radiation after the direct contact with the target, causing the scattering of the radiation,
and as a result of the correction is to obtain the reflectance spectral.

Application of vegetation indexes in grassland

The interpretation of remote sensing of vegetation occurs through canopy reflectance
processes. The basic premise of applying remote sensing to vegetation assessment is that
differences in crop growth and soil condition can be identified through variations of spectral
responses (Warren and Metternicht, 2005). This happens because vegetation represents
the reflection or biosphere response of the radiation emitted on Earth (Zhang et al., 2003).

As morphological changes occur in the forage canopy, there are also variations in the
absorbed, transmitted and reflected fractions of the incident solar radiation, and these varia-
tions allow monitoring of the vegetation. Through this principle, vegetation indices have been
created and are widely used to monitor crop development and are generally used as input
data in models to predict yield (Morais et al., 2021), as well as to study the photosynthetic
potential of a vegetation, canopy pigments, water content in the canopy and the cover of
green vegetation and senescent (Hill et al., 2013).

There are several vegetation indexes, however, the normalized difference vegetation
index (NDVI) is the most used for studies in pasture ecosystems (Hermance et al., 2016;
Hott et al., 2016). According to Vrieling et al. (2011), NDVI derived from large-scale satellite
images provides observations on a short time scale, allowing frequent updates of vegetation
status. This index is based on the principle that the wavelength in the red band is almost
completely absorbed by plant surfaces rich in green and photosynthetically active biomass,
whereas the infrared band is reflected. As the region of the electromagnetic spectrum corres-
ponding to the photosynthetically active radiation, is used by the plants in the physiological
processes of photosynthesis, there is a great relation of the NDVI with the accumulation of
biomass. Another important feature of this index is the almost linear relationship between
the interception of photosynthetically active radiation, and the latter can be an indication of
productivity (Atzberger, 2013).



The Soil-Adjusted Vegetation Index (SAVI) is an important index created to describe
soil-vegetation dynamics in remote sensing studies (Ha et al., 2001). According to Andrade
et al. (2013), the basis of the SAVI is also based on the antagonistic behavior of vegetation
reflectance in the Red and Infra red bands. However, the Savi has an adjustment (L) of the
index that is variable with the degree of canopy closure (variable from 0 to 1), which allows an
improvement in the interpretation of vegetation variables. In order to obtain NDVI and SAVI,
the red and near infrared bands are used using the following formulas: NDVI = (B8-B4) / (B8
+ B4) and SAVI=(1 +L) * (B8-B4) / (B8 + B4 + L), where L is the soil adjustment factor.

Remote Sensing In Livestock Early Warning System

According to Adams et al. (2003), meteorological agencies around the world are looking
at methods to determine how weather disturbances can be detected early enough to allow
for decisions to be taken and to avoid losses from environmental events. Climate variability
has been mainly attributed to greenhouse gas emissions and is one of the main causes that
increase uncertainties and risks in animal production in pastures (Angerer et al., 2013). But,
advances in the use of computational tools, geographic information systems, satellite ima-
gery, biophysical modeling, and near-real-time availability of weather data have become an
opportunity for technologies to assess the impact of emerging forage production for livestock
production, particularly in short-term projections (Alhamad et al., 2007).

The Livestock Early Warning System (LEWS) project develops feed and livestock pro-
duction monitoring systems throughout the eastern African continent (Kaitho et al., 2007),
Mongolia (Angerer, 2012), the United States (Angerer, 2008) and in Puma in Peru (Gutiérrez
et al., 2014). This project continuously seeks to provide information on forage production
and cattle market price forecasting, enabling cattle ranchers to identify adverse moments
by triggering appropriate and timely decision making (Stuth et al., 2005). In some regions
of Africa, where farmers are nomadic, this system enables them to be free to move (Moritz
et al. 2013), always looking for places where there is a supply of fodder for your animals.

To estimate forage biomass, this system uses the Phytomass Growth Simulator
(PHYGROW) as the primary model to estimate pasture biomass conditions. The Phygrow
model requires field data, collected at different monitoring sites, for calibration and valida-
tion. In addition, the simulations are driven from climatic data based on almost real-time
information, which provides representations of the rainfall and temperature of the monitored
sites. There is geostatistical interpolation through co-kriging to create forage maps in real
time (Figure 2A and B).

Forage difference maps (Figure 2B) indicate that the worst conditions were located in
southern Kenya, where conditions were classified as dry and disastrous. These com maps



are available to livestock farmers via the web (Angerer, 2012). According to Angerer et al.
(2013), the future efforts of the early warning systems will focus on the development of a
support tool that will represent a complete integration of the assessment of the quantity of
fodder in almost real time, forecasting the production of fodder in the short and long term,

water conditions on the farms and market information

Figure 2. Early warning map of total forage available to breeders in northern and southern Kenya during August 2009.
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Source: Adapted from Angerer et al. (2013).

B FINAL CONSIDERATIONS

Remote sensing tools associated with biophysical modeling to generate early warning
maps contribute relevant information and additional to forage production and to forecast possi-
ble disasters resulting from drought, enabling measures or obtain information on large scales.

The development and refinement of these methodologies can assist the government
in developing public policies to recommend and region times more likely to promote the
conservation of fodder and to use it in times of scarcity. Added to this, this tool enables the
adjustment of stocking rate throughout the year and it provides subsidies to farmers, so there
is the rational and sustainable use of his pasture, preventing the degradation of the same.
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