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Abstract: The protection of the soil surface by the vegetation or rests of it is related with the decrease of the potential erosion. The
Universal Soil Loss Equation (USLE) by the Soil Conservation Service (SCS) of the United States is the most used model for the
estimation of water erosion. There are different methods to measure or estimate the vegetal cover or the C factor over the world. Mostly
are available estimated data, meanwhile are scarce objective data of the vegetal cover in the Puna region and there is no baseline
information that shows the temporal and spatial variation of the vegetation. The objective of this work is to obtain mathematical
equations that allow predicting faster and economically the vegetation cover of the shrub steppes, being this one the most representative
physiognomic type of the Puna. The best adjustments were found with a linear function and direct measurement data (R?=0,57). A
secondary objective was to compare the predicted vegetal cover through the functions obtained in this research with the precipitation
recorded in the same geographical place.
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1. Introduction R D

Bolivia

The Punaregion, in northwestern Argentina (NOA), )
is a high plateau that varies between 3,400 and 4,500 — Pal.ragua'\;r
meters above sea level [1] (Fig. 1). The scarce Chile -
precipitations and the low temperatures determine a
deficient productivity and vegetal recovery, what is
added the torrential character of the rain that causes
erosion because of the low vegetation cover, fact
aggravated remarkably in the last 30 years[2].

The study of land degradation requires the
assessment of vegetal cover. There are severa studies ,
where natural vegetal cover in NOA region is measured
or estimated in situ, with known geographic references 0 100 200

e

(GPS) and date of sampling, through different methods.  rjg 1 | ocation of the Puna ecoregion [3].
Some of them are based on obtaining data in a direct
and objective way through Canfield lines [4] or Maras
[5]. When it isnot viable, is possible to use the visual

estimation of vegetal cover in the field by the
researcher. This methodology is expeditious, allows a
greater number of samples and can be applied in large
and difficult to access lands, but generating
approximate and lower quality data; for example the

Corresponding author: Alegandro Esteban Maggi,
Agronomy Engineer; research areas/interests: land degradation
and remote sensing. E-mail: maggi @agro.uba.ar.



Changes in Vegetal Cover, Precipitations and Land Degradation in Puna Region, Argentina 639

protocols agreed by the National Observatory on Land
Degradation and Desertification (ONDTyD) [6].
Another way faster and economically to estimate the
coverage, is with information provided by remote
sensing; since an attribute of the terrestrial surface is
related to a determined spectral behaviour, with values
of reflectance or emission of the terrestrial surface in
different wavelengths [7]. The Normalized Difference
Vegetation Index (NDVI) is the most used spectra
index as an estimator of the presence and condition of
vegetation [7]. One of the main advantages of NDVI is
the possibility to calculate it through the information
provided by the magjority of the earth observation
sensors and platforms and many of meteorological
satellites[7]. In order to link the information generated
by the satellites with the land measurement data,
functions and algorithms are required.

In bibliography normally find equations that alow
the estimation of vegetal cover in crops [8, 9],
nevertheless in natural regions and specially the most
remote, the information is scarce and it is specific for

each region like the one elaborated by Gaitan et al. [10].

There is a strong relationship between vegetal cover
and the NDVI and between both of them and the
precipitations oscillations [11-13]. Maggi & Di
Ferdinando [14] and Worcel & Maggi [15] showed the
relationship between the NDVI and the precipitation in
the Puna region. However, still not be obtained an
equation that compares the NDVI index with the
vegetal cover for this region, in order to include this
one in the degradation land’s models. In consequence,
few objective data are available to estimate the vegeta
cover of shrub steppesin the Puna region; furthermore
there is no baseline information that shows the
temporal and spatial variation of the vegetation. By
better predicting soil cover better estimating of
degradation would be obtained, and this in turn will
allow predicting more accurately situations in the
future from extreme climate changes.

The aim of this work is to obtain mathematical
equationsthat allow predicting faster and economically

the vegetation cover of the shrub steppes, being this
one the most representative physiognomic type of the
Puna region. Besides, to know the religbility of the
estimation methods in relation to the observational
and/or measurable methods of the vegetation cover. As
a secondary objective, compare the predicted vegeta
cover through the functions obtained in this research
with the precipitation recorded in the same
geographical place.

2. Materialsand M ethods

The data from the same date and place has been
related, of NDVI provided by MODIS images and of
the vegetal cover obtained from visual estimations or
measured with Canfield lines[4] or Maras [5] in shrub
steppes of Laguna de los Pozuelos and Miraflores river
basin with its GPS point. The images of the MODIS
sensor on board the Terra satellite were used, of 250 m
of spatial resolution per pixel, corresponding to the
product MOD13Q1. A depuration of the NDVI data
was done, verifying how heterogeneous each pixel was
through the MODIS Subsets website [16]. Some data
were discarded since it was observed that an important
road crossed the diagonal of the pixel, the pixel covered
part of the Laguna de los Pozuelos or bare soil; as it
was considered that the NDVI value was
underestimating the vegetal coverage that really wasin
that pixel.

The percent vegetation cover and NDVI value from
139 data of shrub steppes were recorded, of which 23
are direct measurement and the rest visua estimation.
Direct measurement data were provided by different
projects of the ONDTyD [6] and UBACyYT (The
University of Buenos Aires Science and Technology),
Faculty of Agronomy; corresponding to the months of
March 2007, September 2009 and October 2014. While
visual estimation data were provided by other projects
of the ONDTyD and UBACYT, corresponding to the
months of March and May 2016, and also data
estimated in the field by Baldassini P. [17] between
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January and August 2008. All these data were
identified by GPS.

The coefficient of determination R? was used to
evauate the reliability of the methods that measure
vegetal cover. To observe if there were significant
differences between the linear functions found for the
two methods, an analysis of variance was performed
for a regression with categorical variables where the
hypothesis of parallelism and coincidence were tested
using alpha 0.05 and 0.1.

COB =, + B, xNDVI, + B,xZ + B;xNDVI, X Z, + ¢,
Where:

COB;: the vegetal cover in the i-th measurement.

Z;: the methodology used in the i-th measurement.
Z;=0, visual estimation; Z;=1, direct measurement.
Bo: theintercept with the y-axis of the visual estimation
methodology, when the NDV1 is zero.

B, : the average change on vegeta cover for each
unitary increase of the NDVI value with the visual
estimation methodology.

B2 the average difference in the percent vegetation cover
with the direct measurement methodol ogy with respect to
the visual estimation.

B5: the average difference in the average change of the
vegetal cover measured directly in the field with
respect to visual estimation when unitary change
occursin the NDVI value.

NDVI;: the NDVI index vauein the i-th measurement.
g . the random, independent error, with normal
distribution with zero mean and variance 2.

In order to test the best adjustment proposed by the
different equations to predict vegetal cover, years with
strong difference in rainfall were compared. According
to what was demonstrated by Barrera & Maggi [18],
the months between October to April 2004-2005
correspond to a dry period in the Puna region, warm
phase of the ENSO (El Nifio Southern Oscillation);
meanwhile the same months in 2008-2009 correspond
to a wet period, cold phase of the ENSO. Being the
monthly precipitation data obtained from the estimates
made by the Global Precipitation Climatology Centre

(GPCC), organized in agrid with aspatial resolution of
0.5%<0.5°[19]. Therefore, it was compared the average
of predicted monthly vegetal cover, with the function
obtained from direct measurement data, of two pixels
of MODIS from two locations (22°45'39.4"S,
65°54'39.7'' O; 22°22'12'' S, 65°39' 18"’ O) included in
one pixel of GPCC, with centre in 22° 45'S and 65°
45'0, between October and April 2004-2005 vs.
2008-20009.

3. Results and Discussion

It was found that the linear function, between values
of vegetal cover and NDVI of direct measurement, is
the one that best explains this relation (Fig. 2). It is
defined by the function y = 201.9x+3.7 R? = 0.57,
where x is NDVI value and y is percent vegetation
cover predicted by the model. When estimating the
vegetation cover in the field it is easier to make
mistakes due to overestimation or underestimation,
increasing the coefficient of variation. This
methodology is better adjusted to a logarithmic
function where is an asymptote to avoid coverage from
exceeding 100% with high NDV I values (Table 1). The
advantage is to obtain many records with low cost in
regions where access is difficult.
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Fig. 2 Linear function with 95% prediction bands between
vegetal cover (%) and NDVI for direct measurement data.
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Table 1 Linear and logarithmic functions obtained from
the relationship between vegetal cover (y) and NDVI (x)
accor ding to the methodology used.

Method Type Function R?
linear | y=181.7x+18.2 0.29

Both methods
In y =27.7Inx+100 0.30
measurement In | y=26.9Inx+88.3 0.47
Visua linear | y=176.9x+21.2 0.26
estimation In | y=274Inx+101.5 0.28

Most of the works that estimate vegetation cover
with  NDVI use linear functions, both natural
vegetation [12, 20, 21] and crops[8, 9, 22]. Inthiswork,
the usefulness of thisfunction is aso recognized. After
an analysis of variance for aregression with categorical
variables differentiating the linear functions that
represent the two methods to record data on thefield, it
is not rejected the parallelism hypothesis (p-value =
0.6405) but it is rejected the coincidence hypothesis
(p-value = 0.048). Therefore, both models present the
same slope of the line but they differ since the visual
estimation method presents a higher intercept with the
y axis, overestimating the real values of vegetal cover.

The direct measurement methodology presents
better adjustments than the visual estimation method
(Table 1). This results are similar to those found by
Gaitan et a. [10] in the arid and dry sub-humid region
of Patagonia, Argentina; where the NDV I explains 40%
of the basal coverage measured with transects, through
alinear regression with coefficientsa = 154.31+14.42
and b = 1.88+1.34. Although, contrasted to this work,
they considered every physiognomic type present in
Patagonia. It must be taken into account that direct
measurement data are available in a smaller quantity,
which may cause the R? to increase. Consequently, the
visual estimation method presents more recorded data;
hence it has greater influence on the adjustment of the
percent vegetation cover and the NDVI when total data
is considered.

The importance of obtaining this function (Fig. 2)
remainsin the fact that one of the possible applications
of it isto obtain maps of percent vegetation cover that
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are thematic layers and input of the GIS developed for
the study of land degradation, based on thematic
images such as the NDVI. To this extent, it was
compared the average of predicted monthly vegeta
cover with the precipitation recorded in each month
from a wet period respect to a dry period (Fig. 3).
Moreover, it was found R?adjustments of 0.76 and 0.83
respectively, between the average of predicted monthly
vegetal cover and the accumulated precipitation
predicted by GPCC (Fig. 4ad). Additionally, the
importance of the distribution of precipitation in
response of vegetation cover was observed. Even
though the ENSO is the most important factor to
explain the oscillations of rainfall in the NOA [18],
they do not depend totally on this phenomenon. On the
other hand, precipitation shows spatial variation, which
is why even comparing the same years for contrasting
phases two pixels can show different behaviours
between the phases (Fig. 3a, b and 4a, b).
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Fig. 3 Precipitation and average of predicted monthly
vegetal cover for the period between October and April
2004-2005 vs. 2008-2009: (A) Pixel with centre in
22°45'39.4°S, 65°54'39.7°0. (B) Pixel with centre in
2202212’ S, 65°39'18'’ O.
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Fig. 4 Relation between the average of predicted monthly
vegetal cover and the accumulated precipitation: (A) Pixel
with centre in 22°45'39.4"’S, 65°54'39.7""O. (B) Pixel with
centrein 22°22'12"’'S, 65°39'18’ O.

4. Conclusions

It was possible to obtain mathematical functions that
alow the prediction of vegetation cover in shrub
steppes of the Puna, using NDVI data provided by
MODIS images. These can be relaed with
spatio-temporal variations of precipitations and land
degradation. In addition it was demonstrated that
measurable methods of vegetation cover presents more
reliable results than the estimation methods, as they
present better adjustments and significant differences
in the functions found for each method. Even though
measurable methods are more precise when estimated
data are included in the functions, which are faster and
economics, then these one can be used at a regiona
scale.

The average of predicted vegetation coverage is
related to the accumulated precipitation, independently
of the ENSO phase considered.

Changes in Vegetal Cover, Precipitations and Land Degradation in Puna Region, Argentina

Acknowledgments

We appreciate the collaboration of the Lic. Pablo
Baldassini and the UBACYT projects of the
Department of Agricultural Engineering and Land Use,
FAUBA, and ONDTyD_FAUBA-CONICET.

References

[1] H.P.Padli, A.R. Bianchi, C. E. Yafiez, J. N. Volante, D. R.
Ferndndez, M. C. Mattalia and Y. E. Noé, Recursos
Hidricos de laPuna, vallesy Bolsones aridos del Noroeste
Argentino, Convenio INTA EEA Salta-CIED, 2002.

[2] Ministerio de Ambientey Desarrollo Sustentable (AyDS),
Programa de accion Nacional de lucha contra la
desertificacion, La Regién de la Puna. Caracterizacion
ambiental y relacion con la desertificacion, Documento
Base, Resolucién 250/3, Anexo |,

[3] A. Maggi and M. Martinotti, Monitoreo de la erosién
hidricaenlapunay su relacion con el ENOS, IV Congreso
Internacional de Ambiente y Energias Renovables,
Universidad de VillaMaria, 2017.

[4] R. H. Canfield, Application of the line interception
method in sampling range vegetation, Journal of Forestry
39 (1941) (4) 388-394.

[5] G. Oliva, J. Gaitan, D. Bran, V. Nakamatsu, J. Salomone,
G. Buono, J. Escobar, D. Ferrante, G. Humano, G. Ciari, D.
Suarez, W. Opazo, E. Ademaand D. Celdrén, Manual para
la Instalacion y Lectura de Monitores MARAS, INTA,
Proyecto PNUD GEF 07/35, Argentina, accessed on 3rd
Augost, 2017, available online at:
http://inta.gob.ar/sites/default/fil es/script-tmp-inta_manua
|_para la instalacion_y_lectura_de_monitore.pdf.

[6] ONDTyD, Observatorio Nacional de la Degradacion de
Tierras y Desertificacion, accessed on 3rd July, 2017,
available online at: http://www.desertificacion.gob.ar/.

[71 J M. Pauelo, C. M. Di Bella and M. Milkovic,
Per cepcion Remota y Sistemas de | nformaci on Geografica,
Sus aplicaciones en Agronomiay Ciencias Ambientales,
Hemisferio Sur, Buenos Aires, 2014.

[8] G. Ovando, M. Bocco, S. Sayago, E. Willington and S.
Heredia, Model os para estimar la fraccion de la cobertura
vegeta apartir de datos satelitales, XIl Reunidn Argentina
de Agrometeorologia, San Salvador de Jujuy, Argentina,
2008.

[9] M. Bocco, G. Ovando, S. Sayago and E. Willington,
Modelos simples para estimar cobertura de suelo agricola
a partir de imagenes MODIS: aplicacion ala zona central
de Cérdoba (Argentina), En Congreso Argentino de
Agrolnformatica, CAl, 2013, pp. 61-69.

[10] J. J. Gaitan, D. Bran, G. Oliva, G. Ciari, V. Nakamatsu, J.
Salomone and D. Celdrén, Evaluating the performance of



(11]

(12]

(13]

(14]

(19]

(16]

(17]

Changes in Vegetal Cover, Precipitations and Land Degradation in Puna Region, Argentina

multiple remote sensing indices to predict the spatial
variability of ecosystem structure and functioning in
Patagonian steppes, Ecological Indicators 34 (2013)
181-191.

T. S. Purevdorj, R. Tateishi, T. Ishiyama and Y. Honda,
Relationships between percent vegetation cover and
vegetation indices, International Journal of Remote
Sensing 19 (1998) (18) 3519-3535.

W. P. Du Plessis, Linear regression relationships between
NDVI, vegetation and rainfall in Etosha National Park,
Namibia, Journal of Arid Environments 42 (1999) (4)
235-260.

A. Kawabata, K. Ichii and Y. Yamaguchi, Global
monitoring of interannual changes in vegetation activities
using NDVI and its relationships to temperature and
precipitation, International Journal of Remote Sensing 22
(2001) (7) 1377-1382.

A. Maggi and M. Di Ferdinando, Efecto del fenémeno
ENOS en larespuesta del NDVI de |la estepa arbustiva de
Parastrephia sp. de lalaguna de Pozuel os usando iméagenes
MODIS. Conference Paper Cordoba Argentina, Congreso
Argentino de Teledeteccion, 2012.

L. Worcel and A. Maggi, Impacto del fenémeno ENOS en
comunidades vegetales de la Puna Saltefia, Conference
Paper SELPER Iguaz( Argentina, 2016.

ORNL DAAC, MODIS collection 5 land products global
subsetting and visualization tool, ORNL DAAC, Oak
Ridge, Tennessee, USA, 2008.

P. Baldassini, J. N. Volante, L. M. Califano and J. M.
Paruelo, Caracterizacion regiona de la estructuray de la

(18]

(19]

[20]

(21]

[22]

643

productividad de la vegetacidn de la Puna mediante el uso
de imégenes MODIS, Ecologia Austral 22 (2012) (1)
22-32.

D. Barreraand A. Maggi, Variabilidad de la precipitacion
en e dtiplano argentino. Incidencia de la transicion
climatica 1976/1977 y del Fenémeno El Nifio-Oscilacion
del Sur en e Noroeste Argentino. Rev. Meteoroldgica 43
(2008) (1) 41-71.

A. Meyer-Christoffer, A. Becker, P. Finger, B. Rudolf, U.
Schneider and M. Zeise, GPCC climatology version 2011
at 0.5°: Monthly land-surface precipitation climatology for
every month and the total year from rain-gauges built on
GTS-based and Historic Data, 2011.

J. Duncan, D. Stow, J. Franklin and A. Hope, Assessing
the relationship between spectral vegetation indices and
shrub cover in the Jornada Basin, New Mexico,
International Journal of Remote Sensing 14 (1993) (18)
3395-3416.

R. D. Ramsey, D. L. Wright J and C. McGinty,
Evaluating the use of landsat 30m enhanced thematic
mapper to monitor vegetation cover in shrub-steppe
environments, Geocarto International 19 (2004) (2)
39-47.

A. H. Britosand A. H. Barchuk, Dindmica de la cobertura
vegetal y los usos de la tierra a través de modelos de
no-equilibrio, Revista de la Asociacion Argentina de
Ecologia de Paisajes 4 (2013) 13-38.



