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Abstract

Remotely sensed data contains a range of information (spectral, spatial, radiometric, and temporal)
useful in mapping and monitoring grassland extent, minimizing the cost of field data collection
and laboratory analysis, thereby improving management and conservation of these ecosystems.
The South American Pampa Biome is one of the highly productive ecosystems in the world
consisting of an evergreen grassland environment in the southern areas of the continent (Brazil,
Uruguay and Argentina). In this review paper, a scientometrics analysis of the applications of
grassland remote sensing in South American Pampa Biome was performed with Web of Science
Collection data using the relationship between authors/co-authors, institutions, countries and
keywords. Despite the large number of published works on the application of remote sensing in
grassland ecosystems, comparatively few have been conducted in the South American Pampa
biome. Of 166 published articles on remote sensing of grassland systems, the first one published
on the Pampas was in 1995, while research in this topic has been going on since 1985 in the rest
of the world. Recently, some Journals have demonstrated interest in remote sensing of the Pampa
region: a) IEEE Journal of Selected Topics in Applied Earth, b) ISPRS Journal of Photogrammetry
and Remote Sensing and c) Science of The Total Environment. A number of remote sensing
methods applied elsewhere have yet to be applied in the South American Pampas, including
LiDAR applications. A wide range of grassland parameters that can be estimated using remote

sensing includes ecosystem health, alien species invasion, and biomass.

Keywords: Biome, ecosystems; LiDAR; vegetation mapping

1 Introduction
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Almost 25% of the earth’s terrestrial area is covered by grasslands, and these store 20% of global
pedologic carbon (Liu et al. 2019). Permanent grasslands (as opposed to semi-natural grasslands)
are one of the most productive ecosystems on the earth (Lemaire et al. 2011). Grasslands are widely
distributed throughout the world along tropical, subtropical and temperate regions; Llanos of South
America are examples of tropical/subtropical grasslands whereas Prairies of North America and
Pampas of South America are examples of temperate grasslands (Coupland 1979). Grassland
vegetation plays a major role in the world’s food security as it is an essential resource for diary
and meat production (Scurlock and Hall 1998). One of the fundamental actions needed for the
stability of grasslands is the promotion of sustainable economic activities. Among them, cattle
ranching with the management of native grasslands that maintains the ecosystem conditions of the
region and economic development is essential. It is important to emphasize that native grassland
vegetation differs profoundly from cultivated pastures, usually formed by exotic species that result

from the elimination of the original vegetation (Overbeck et al. 2007).

Anthropogenic activities that modify water-soil-plant interactions (such as land use
changes) combined with extreme climate phenomena have resulted in the ecological deterioration
of grassland ecosystems (Zhang et al. 2016; Liu et al. 2019). Climate change driven variations in
the seasonality and intensity of rainfall influence grassland ecosystems and associated species
interactions, and these in turn are likely to influence their ability to mitigate climate change (Suttle
et al. 2007). Livestock activities in many developing countries are highly dependent on grassland
ecosystems and, therefore, negative impacts from climate change can affect livestock-dependent
economies in such regions (Thornton et al. 2009). In many regions of the world, a reduction in

grassland areas due to agricultural intensification and climate-driven changes have also been
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observed since the last few decades (Dusseux et al. 2015), which includes changes in regional and
global carbon balance, grassland productivity, food production, and habitat (Liu et al. 2019). This
underlines the importance of proper and continuous monitoring of grassland ecosystems in such

arcas.

1.1 The South American Pampa Biome

The South American Pampa Biome (Figure 1) is a permanent grassland ecosystem distributed in
Uruguay (51,000 km?), Argentina (550,000 to 600,000 km?) and Southern Brazil (176,496 km?).
The Pampas in Argentina include the provinces of Buenos Aires, La Pampa, Santa Fe, Entre Rios
and Cordoba. The whole of Uruguay is considered as a part of the Pampas. In Brazil, southern
regions of the State of Rio Grande do Sul are also included. The whole area is located within the
Southern Temperate Zone, comprising a natural and highly species diverse grassland ecosystem
with both direct and indirect interrelationships between humans and biodiversity (Roesch et al.
2009). The grassland plant community in the South American Pampas is mainly composed of Stipa
spp., Briza spp., Bromus spp., and Poa spp. (Cabrera 1971). It has been reported that 356 alien
plant species have been identified in Pampa grasslands (natural as well as semi-natural) and it is a
challenge to tackle these biological invasions at a regional scale (Fonseca et al. 2013). Eragrostis
plana Nees is one of the most successful invasive species in Pampa Biome, introduced in the 1950s
from South Africa and currently present in nearly 10% of the total area of the Pampas (Gonzalez
2017). Key factors influencing grassland ecosystems in the South American Pampa biome are

climate change, overgrazing, afforestation, alien plant species and expansion of croplands.
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Since the 16 century, the main economic activity in the South American Pampas has been
livestock production, mainly cattle and sheep, due to the presence of evergreen grasslands
(Carvalho and Batello 2009; Modernel et al. 2016). Between 2000 and 2010 soy cultivation
increased by 210%, and approximately 43 million cattle graze pastures in the grasslands (natural
and planted) (Modernel et al. 2016). The Pampas is one of the largest temperate regions in the
southern hemisphere dedicated to cereal and oil crops (Rimski-Korsakov et al. 2012). Due to its
extremely sandy texture, soil in this region is fragile and is prone to erosion (by water and wind).
Furthermore, climate change and anthropogenic factors may lead to the loss of biodiversity and
socioeconomic opportunities (Roesch et al. 2009). Even though this region has tremendous
agricultural potential, there is a need for aggressive action and changes in crop production to save
Pampas soil from degradation (Wingeyer et al. 2015). Modernel et al. (2016) studied the beef
production farms in Pampas and Campos across Rio de la Plata. Analyzing 280 farms, the authors
estimated that, on average, meat production (but not income) tended to decline with reduction in
native grassland area in the region. However, they also highlight the multi-functionality of the
agro-ecosystems and raise questions on the dominant focus on greenhouse gas emissions as the

sole indicator of sustainability.

During the last few decades, satellite and ground-based remote sensing and Global
Positioning System (GPS) have been used as key tools for high-precision grassland management
(Ali et al. 2016). Various biophysical parameters, such as ecosystem health, of grasslands have
been retrieved using remotely sensed data in recent years (Xu and Guo 2015). In present study, a

range of grassland parameters that can be estimated using remote sensing in the Pampas are
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discussed in detail. A number of remote sensing methods applied to grassland environments in the

world are yet to be applied in South American Pampas, including LiDAR applications.

2 Data and Methods

Literature Search Strategy

In the present study, we used the Web of Science Core Collection database assigned by Clarivate
Analytics to identify the articles published in the World regarding the Pampa biome and Remote
Sensing (RSPampa). Since Grassland remote sensing is an interdisciplinary subject (Li et al. 2021),
its domain is not limited merely to remote sensing but falls within other domains, such as ecology
and environment. The search formula of the method selected according to the RSPampa research
subjects were: (‘Pampa biome’ or ‘pampa’) AND (‘Remote Sensing’ or ‘Normalized Difference
Vegetation Index (NDVI)’ or (‘Thermal Infra-red’ or ‘Landsat’ or ‘Sentinel’ or ‘MODIS’ or ‘big
data’ or ‘Google Earth Engine’). The database was refined to the period from 1995 to 2021 (update
on July, 22), the document type was set as articles written in English (as majority of the
international ISI journals are published in English). It is worth noting that satellite-based maps of
Pampean grasslands may have been covered in general LULC studies conducted in southern South
America or the South American continent or global vegetation phenology in general (e.g. Justice
et al. 1985; Houghton et al. 1991; Stone et al. 1994) and can be skipped out of the Scientometrics

analysis as these studies do not match the keywords used in the analysis.

Scientometrics Analysis Method
We analyzed our data in VOSviewer and Microsoft Excel for data mining, analysis, processing,

and visualization of the literature data. VOSviewer is free software used to illustrate the
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relationship between authors/co-authors, institutions, countries and keywords, which can reveal
the research topic of the literature and also reflect the researcher hotspot in the field (Li et al. 2021).
Scientometrics Analysis Methods, which are used in many fields of study for extensive and
detailed evaluations at different levels, integrate computer engineering, big data applications and
statistics (Li et al. 2021). In addition, scientometrics are suitable for providing detailed visual
features in the form of a knowledge map and analysis of citations or cited references (Chen 2013).
The scientometrics analysis is considered as the finest method to understand the trends in research
as well as to discover new key research areas (Delbari et al. 2015). This feature is helpful for
understanding the spatiotemporal evolution of research characteristics and judging the scientific
research progress in a systematic and comprehensive manner (Li et al. 2021). It is worth noting
that, in general, the understanding of a research topic become deeper with increase in the number

of references obtained (Chen 2017).

Once we obtained information from the RSPampa field, we indicated the most popular
papers regarding the South American Pampa Biome and discussed in comparison with other
grassland ecosystems status around the World. Finally, we suggest future topics for RSPampa

research and some strategies to improve scientific knowledge in the field.

3 Results and discussion

A total number of 166 documents, which were published between 1995-2021, were obtained using
the related keywords on Web of Science Collection, the earliest (1995) document of RSPampa was
cited 79 times and used NDVI method and NOAA-AVHRR data for the classification of

Argentinean Pampas (Kerdiles and Grondona 1995). There is a notable lack of publications
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between 1995 to 2000, when the second paper was published. However, RSPampa only became
an important subject of study in 2016 with 19 published papers which further augmented in 2020
with 31 published papers (Figure 2). These results demonstrate the slow development of RSPampa
research studies, while in the rest of the world research related to grasslands ecosystems
commenced in 1985 and has grown exponentially since the 1990s (Li et al. 2021). The first
published research in the field was from Argentina, and around 2015 we found a few articles
published from Brazil. Figure 3 shows a low interest in Pampa Biome research from the
international scientific community. In 2015, Pylro et al. (2015) reported a lack of researches in
microbiomes including Pampa biome; the authors also indicated that these studies needed some

leads to improve the knowledge.

According to Li et al. (2021), remote sensing of grassland ecosystems has evolved from
nine fields (remote sensing, environmental science, ecology, imaging science and photographic
technology, multidisciplinary geosciences, physical geography, forestry and biodiversity
conservation, agronomy, and meteorology and atmospheric sciences), concentrated mainly in
remote sensing, environmental science, ecology and imaging science photography. When
RSPampa research is analyzed, we noted the same field categories in the top 5 subject distribution
(Figure 4). However, while in the rest of world, forestry, meteorology and atmospheric sciences
have appeared as an important issue, RSPampa is not among these disciplines in the top 10 main

research fields.

Influential Journals
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The RSPampa subject has appeared in 106 journals since 1995, but in 76 (71%) of them this subject
appears only once. Most of the publications on this topic are concentrated in only 15 (14%)
journals, which are also the most cited by the scientific community (Appendix 1). The top 15
Journals for RSPampa articles have published 56 (33% of the total number of documents) papers.
As shown in Table 1, the top three journals with the largest number of publications are
International Journal of Remote Sensing (8), Remote Sensing (8) and Agriculture Ecosystems &
Environment (6). The first two journals are also considered to be the leading Journals in the
publication of grassland remote sensing (Li et al. 2021). However, recently (since 2015), 3 other
Journals have shown interest in the same topic: IEEE Journal of Selected Topics in Applied Earth
Observation and Geoinformation (5), ISPRS Journal of Photogrammetry and Remote Sensing (3)
and Science of the Total Environment (3). However, IEEE Journal of Selected Topics in Applied
Earth Observation and Geoinformation and Science of the Total Environment do not appear as top

20 when we are looking at grassland remote sensing (Li et al. 2021).

Future of grassland remote sensing with reference to the Pampa Biome

Even though a large number of remotely sensed data and methods have been used all over the
world for grassland research, it is deduced from the available literature that only a few have been
applied in the South American Pampa Biome (Appendix 1). The main objectives of research in
the Pampas region have been changing in recent years. In the 2000s, scientists were interested in
investigating agriculture, land use and fragmentation, and in recent years the main research
interests have focussed on urbanization, change detection, circular economy and climate variability
(Figure 5). In addition, Argentinean Pampas were the focus of a large number of studies in the

past, whereas there is an increase in the number of studies in the Brazilian Pampas in recent years.
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A large number of grassland parameters have been derived from remote sensing
applications in the Pampas region. The non-exhaustive list of grassland parameters includes
grassland coverage/area, growth and plant diversity/species richness, biomass and primary
productivity, grassland use intensity and soil degradation patterns, age and population structure of
invasive shrubs, biochemical, structural and functional trains of grasslands, heat and energy fluxes,
and evapotranspiration. Evapotranspiration measurements have been shown to be effective when
combining land surface temperature (LST) measurements from optical sensors and soil moisture
measurements from microwave sensors (Castelli et al. 2018) or optical data such as AVIRIS and
MODIS (Liu et al. 2012). For an accurate satellite-derived land heat flux measurement, a
combination of infrared and microwave data is suggested by some researchers (e.g. Jimenez et al.

2017).

The South American Pampas are composed of areas with different geomorphological
conditions (mountains, coasts, and plains). This requires multi-source remote sensing data and
specific methods can be used for effective mapping and monitoring of grasslands in the region.
Most the studies undertaken in recent years have used MODIS, Landsat and NOAA-AVHRR data.
The potential of LiDAR data to monitor the Pampa biome grasslands still remains unexplored,
even though such data provide high spatial resolution and carry information about the vegetation
that exceeds their optical properties (Zhang et al. 2021). LiDAR data can also provide information
on grazing intensities (Zhang et al. 2021) and differentiate between native and deliberately planted

grasslands (Fisher et al. 2018) which are relevant in the case of Pampa Biome. One of the main
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drawbacks of airborne LiDAR is the data acquisition cost. The use of UAV platforms can

substantially reduce the cost of LIDAR data acquisition.

The need for a “multi” approach

A combination of multiple data types is suggested by many researchers for accurate mapping of
grassland ecosystems (Propastin and Kappas 2009; Esch et al. 2014; Pitkdnen and Kayhko 2017,
Villoslada et al. 2018), which could clearly be applied in the Pampa Biome. Optical data (e.g.
aerial photographs, Landsat imagery) combined with LIDAR data with various point densities (the
point density of LiDAR data is the amount of measurements per area at which the earth surface is
sampled) can be a suitable option. For example, a combination of low-density LiDAR data and
optical remote sensing data can be used for reducing the classification errors while detecting
grassland overgrowth, particularly in heterogeneous (e.g. where encroachment of woody plants
into grasslands occurs or pastured and non-pastured grasslands) environments (Pitkdnen and
Kéyhko 2017). The use of high-density LiDAR instead of low-density one is believed to further
enhance the classification accuracy (Pitkdnen and Kayhkoé 2017), although medium density

LiDAR has been shown to work well in grasslands (Ward et al. 2013).

For spatially detailed and up-to-date information on grassland distribution and land use
intensity in large areas, Esch et al. (2014) suggested using a combination of multi-seasonal (i.e.
images are acquired in many seasons or throughout the year) high and medium resolution satellite
imagery (e.g. LISS3 and AWiFS having a spatial resolution of 24 m and 56 m, respectively). The
integration of optical satellite data (e.g. Landsat series) with field measurements can also improve

the accuracy of mapping LAI within grasslands (Propastin and Kappas 2009). Lehnert et al. (2015)
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obtained the best accuracy for mapping grasslands by applying a multi-scale, multi-sensor and
multi-method approach, where spaceborne optical data with varying spatial resolution were used
(WorldView-2m, Landsat-30m, MODIS-500m) and applied support vector machines (SVM)
methods in particular. Integrated optical and radar data can be applied to differentiate natural
grassland from invasive species effectively (Hong et al. 2014). Biomass estimation using
multisource remote sensing data has been used effectively in the Pampa Biome. For example, Filho
(2018) used a combination of multispectral (Sentinel-2) and hyperspectral (field spectrometer)

data for successful biomass estimation in the Brazilian Pampa Biome.

4 Conclusions and future perspectives

Scientometrics analysis methods are powerful tools in recognizing the current research trends and
to find new research areas which would help researchers understand the spatiotemporal evolution
of research characteristics, judging the scientific research progress in a systematic and
comprehensive manner. The results of scientometrics analysis indicated that the RSPampa subject
has appeared in 106 journals since 1995. However, in 71% of them the subject about Pampas
appears only once. The top 15 Journals for RSPampa articles have published 56 research/review
articles which 1s 33% of the total number of documents analyzed. The top three journals with the
largest number of publications are International Journal of Remote Sensing, Remote Sensing, and
Agriculture Ecosystems & Environment. Since 2015, three other Journals (IEEE Journal of
Selected Topics in Applied Earth Observation and Geoinformation, ISPRS Journal of
Photogrammetry and Remote Sensing, and Science of the Total Environment) have shown interest

in the same topic.
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Pampa grasslands in South America are facing a number of problems, such as invasive
species, forest planting with exotic species, expansion of agriculture (e.g. soybean and rice),
climate change, and grazing. It is important to have a time-series analysis of grassland cover
change in the region in order to conserve the indigenous ecosystem. Remote sensing, with its vast
variety of data, including terrestrial photography/videography and field spectrometer, airborne and
spaceborne multispectral/hyperspectral data, LIDAR and Radar, and different types of data taken
from UAYV platform, have been used by researchers for grassland studies around the world and the

vast majority of these would be appropriate to apply in Pampas grassland research.

For detailed monitoring of grasslands in the South American Pampas, a multi-source
approach is necessary, particularly due to the varying geomorphology of the region and a single
type of data may not be effective in such cases. Pampean grassland parameters that can be
estimated using remotely sensed data include: grassland cover/area, growth rates, plant
diversity/species richness, biomass and primary productivity, grassland use intensity, soil
degradation patterns, age and population structure of invasive shrubs, biochemical, structural and
functional traits, and heat and energy fluxes. Future studies may provide more conclusions
regarding the influence of different native grassland managements. It is suggested that multi-
source and multi-type remote sensing data should be used for detailed study of different grassland
parameters in the Pampas. Recent development in UAV technologies would be helpful in mapping
and monitoring grassland ecosystems in this region in cost-effective and spatially accurate ways,
particularly where used in conjunction with datasets having a greater spatial coverage. LIDAR data
has yet to be used for South American Pampas grassland research, even though its use in other

grassland regions has been well-proven.
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Figure 5: Network of keywords based on the co-occurrence method on RSPampa research from
1995-2021.
Appendix 1: Summary of studies using remote sensing data for grassland research in the South

American Pampa Biome (2000-2020)

Table 1: Top 15 journals ranked by the number of documents in Remote Sensing Pampa research

from 1995 to 2021.

Journal ND TLCS AC Year IF

International Journal of Remote Sensing 8 307 38.38 1995  3.266
Remote Sensing 8 138 17.25 2012 5.353
Agriculture Ecosystems & Environment 6 377 62.83 2006  6.064
IEEE Journal of Selected Topics in Applied Earth 5 43 8.6 2015  3.784

Observations and Remote Sensing

Ecosystems 4 235 58.75 2001 4.776

Applied Vegetation Science 4 99 2475 2000 3.252

International Journal of Applied Earth Observation and 3 142 47.33 2014  5.933

Geoinformation

Agricultural Systems 3 57 19 2007  5.622

Geomorphology 3 50 16.67 2011  4.623

ISPRS Journal of Photogrammetry and Remote Sensing 3 41 13.67 2018  9.948

Rangeland Ecology & Management 3 41 13.67 2005 2.019

Remote Sensing of Environment 3 39 13 2014 11.057
Science of the Total Environment 3 39 13 2018  7.842

Abbreviations: ND, the number of documents; TLCS, the total local citation score; AC, average citation; Year, published year

started; IF, impact factor in the last 5 years.
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