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RESUMEN. La dindmica de pastos es el resultado de la
interaccion entre vegetacion, suelo, clima y manejo del
terreno. En este trabajo, se estudia la correlacion entre un
indice de vegetacion y otro de humedad del suelo a
distintos niveles de agregacion. Para ello, imagenes
mensuales del Sentinel-2A, desde 7/2015 hasta 8/2016,
fueron procesadas para extraer el indice de vegetacion de
diferencia normalizada (NDVI) y el indice normalizado de
humedad del suelo (NSMI). El area de estudio esta en una
zona de pastos al norte de la Comunidad de Madrid
(Espafia). Los valores del NDVI estan relacionados con la
proporcion de vegetacion en el pixel. Los pixeles fueron
clasificados en: suelo desnudo, cubierto por vegetacion y
una mezcla de ambos. Las mayores correlaciones se
encontraron en suelo desnudo, siendo no significativas en
las otras clases. Cuando los datos se agregaron a nivel
mensual y estacional, el coeficiente de correlacion aumento
significativamente.

ABSTRACT. The study of the dynamics of pasture is the
result of a complex interaction between vegetation, soil,
climate and man activity. In the present work we study the
correlation of vegetation index and soil moisture in a
pasture area at different aggregation levels. In order to do
so, monthly Sentinel-2A images, from July 2015 till August
2016, were processed to extract Normalized Difference
Vegetation Index (NDVI) and Normalized Soil Moisture
Index (NSMI). The area of study is located in a pasture
landscape at the north of the Community of Madrid (Spain)
NDVI positive values are sensitive to the proportion of
vegetation into the pixel. Based on this, the pixels where
classified in: bare soil, a mixture of vegetation and full
vegetated. The highest correlations were found in bare soil
being the other two non-statistically significant. When data
aggregation was made at month and season scale the R?
increased significantly.

1.- Introduction

The normalized difference vegetation index (NDVI),
which is the normalized reflectance difference between the
near infrared (NIR) and visible red bands (Tucker, 1979),
has been used in drought monitoring and assessment during
the last decade (Kogan, 1995; Yang et al., 1998; McVicar
and Bierwirth, 2001; Ji and Peters, 2003; Wan et al., 2004;
Gu et al., 2007). However, several authors have found that
there is a time lag between a rainfall deficit and NDVI
response (Reed et al., 1994; Di et al., 1994; Rundquist and

Harrington, 2000; Wang et al., 2001).

Remote sensing has provided measurement of soil
moisture content (SMC) with a consistent spatial and time
resolution (Cashion et al., 2005). It is expected that the
relation between NDVI and SMC are closer in time than
with any precipitation index. Root-zone soil moisture
controls surface vegetation health conditions and
coverage, especially in arid and semi-arid areas, where
water is the main controlling factor for vegetation growth
(Magagi and Kerr, 2001).

Our aim in this work is to analyse the correlation
between NDVI and NSMI taking in account the season and
the fractional vegetation cover.

2.- Material and Methods
2.1.- Site description

A selected area, approximately 6.55 Km? (2.56 Km x
2.56 Km), is located in a pasture landscape at the north of
the Community of Madrid (Spain) between the
municipalities of Soto del Real and Colmenar Viejo (see
Fig. 1). The study area is located between meridians 3° 46'
40" and 3° 44' 44" W and parallels 40° 43' 12" and 40° 42'
36"

The average annual temperature ranges during study
period was from 13.8 to 12.7°C, and mean precipitation
ranges from 360 to 781 mm. The stations studied were
identified semi-arid according to the global aridity index
developed by the United-Nations Convention to Combat
Desertification (UNEP, 1997). It presented an annual ratio
of precipitation and evapotranspiration (P/ETo) between
0.2 and 0.5.

AN
N

8.4,3(R00) S

Fig. 1. Area selected in this study with a yellow box between the
municipalities of Soto del Real and Colmenar Viejo.
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2.2.- Remote sensing images

In this work we have used images acquired by Sentinel-
2A satellite. The Sentinel-2 mission is part of the
Copernicus programme of the European Commission,
which has been developed and it is operated by the
European Space Agency (ESA).

Sentinel-2A satellite was put in orbit in June 2015. It
follows a sun-synchronous orbit at 786 km of altitude, with
an equatorial crossing time at 10:30 a.m. descending node.
Their main sensor for Earth observation is the Multi-
Spectral Instrument (MSI) that it is a filter-based push-
broom imager and acquires data for thirteen spectral bands
in the VNIR and SWIR, with three spatial resolutions. The
Table 1 summarize the main characteristics of the MSI
spectral bands for Sentinel-2A satellite. The radiometric
resolution of the MSI instrument is 12 bits per pixel or 4096
grey levels for the pixel digital value.

Table 1. Main characteristics of the Multi-Spectral Instrument (MSI)
spectral bands of Sentinel-2A satellite. The bands marked in bold are the
ones used for NDVI (#4 and #8) and for NSMI (#11 and #12).

Band Central Bandwidth Spatial
number wavelength (nm) (nm) resolution (m)
1 443.9 27 60
2 496.6 98 10
3 560.0 45 10
4 664.5 38 10
5 703.9 19 20
6 740.2 18 20
7 782.5 28 20
8 835.1 145 10
8A 864.8 33 20
9 945.0 26 60
10 1373.5 75 60
11 1613.7 143 20
12 2202.4 242 20

The processing level of the images that we have used is
L1C (Gascon et al. 2017). This product corresponds to the
Top-Of-Atmosphere  (TOA) normalized reflectance in
cartographic geometry for each spectral bands. That is, the
images are projected in Universal Transverse Mercator
(UTM). These images are publicly disseminated by ESA
through  the  Copernicus  Open  Access  Hub
(https://scihub.copernicus.eu/dhus/#/home).

Monthly Sentinel-2A images, from July 2015 till August
2016, were processed to extract Normalized Difference
Vegetation Index (NDVI), with a resolution of 10mx10m,
and Normalized Soil Moisture Index (NSMI), with a
resolution of 20mx20m.

2.2.- Normalized Index Vegetation Index (NDVI)
One of the parameter most commonly used to extract the
vegetation cover from remote sensing data is the

Normalized Difference Vegetation Index or NDVI (Tucker,
1979). This index is defined by
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where psg is the 8 band (NIR) reflectance and ps4 is the 4
band (Red) reflectance of Sentinel-2 data. The original
NDVI matrix was then passed to a resolution of 20mx20m
calculating an average each 2x2 values. For this reason,
from a matrix of 256x256 NDVI values we passed to
128x128 matrix, each one representing the NDVI value of
20mx20m. In this way NDVI and NSMI presented the
same spatial resolution.

The values of this index are within the range {-1, 1}.
Their positive values are sensitive to the proportion of
vegetation into the pixel (Carlson and Ripley, 1997). That
is, the Fractional Vegetation Cover (FVC) is a function of
the NDVI

FVC =

[ NDVI — NDVI, ]=
INDVI, — NDVI,

@)

where NDVIp and NDVI, correspond to the threshold
values of NDVI for bare soil and a surface with a FVC of
100%, respectively. For these thresholds we are used the
values proposed by Raissouni and Sobrino (2000). In this
case:

e NDVI < 0.2: the pixel is considered without
vegetation or bare soil,

e (.2< NDVI <0.5: the pixel is composed by a
mixture of bare soil and vegetation. The
vegetation proportion is calculated with equation
[2].

e NDVI > 0.5: the pixel is considered as fully
vegetated. The vegetation proportion is 100%.

2.3.- Normalized Soil Moisture Index (NSMI)

The measurement of soil moisture from optical remote
sensing data was analysed by Musik and Pelletier (1986).
Their work was based on the Thematic Mapper bands
from Landsat-5 and as a result it was established the
correlation between the SWIR bands ratio (TM5/TM7) of
Thematic Mapper sensor and the moisture content of soil.

Based on the previous result and using the SWIR bands
of Sentinel-2A, the Normalized Soil Moisture Index
(NSMI) is defined as (Fabre et al. 2015)

NSy = PE T Peiz
P11 T Pris 3)
where pg1 is the 11band (SWIR, 1613 nm) reflectance
and ps12 is the 12 band (SWIR, 2202 nm) reflectance of
Sentinel-2 data.

The NSMI represents a dimensionless parameter that can
be used to quantify gravimetric soil moisture (Haubrock et
al. 2008).

2.4.- Descriptive statistics
The first fourth moments of both index values, NDVI

and NSMI, were calculated for each image: average,
variance, kurtosis and asymmetry. In this way we could
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study their temporal variation and the characteristics of
their values distribution.

On the other hand, an average value of both indexes per
season and year were calculated to check the existence of
a significant correlation between them.

3.- Results and Discussion

3.1.- Statistical distribution of NDVI and NSMI

The NDVI values obtained in each image, once that the
matrix was aggregated in 20mx20m, are statistically
described in Table2. As expected, the NDVI median and
average show a cyclic pattern through the seasons. The
highest variance is achieved from November to April.
The kurtosis is especially high during the summer
reducing its value in November and December. The
asymmetry is minimum in October and November
showing absolute values higher than one in the rest of the
months. Both statistical moments point out that the
distribution of the NDVI values doesn’t follow a
Gaussian shape in agreement with earlier works by
Martin-Sotoca et al. (2019) in pasture.

NDVI average values lower than 0.2 are found in July
and August. In September and October this value is
between 0.2 and 0.5 being the rest of the months higher
than 0.5 in general.

Table 2. The median and the first fourth statistical moments of
NDVI values for each date: average, variance, kurtosis, asymmetry.

Month Median Average Variance Kurtosis | Asymmetry
July-15 0.1770 0.1838 0.0015 15.70 2.35
August-15 0.1677 0.1740 0.0013 17.18 247
September-15 0.2356 0.2100 0.0029 16.20 1.38
October-15 0.3710 0.3600 0.0069 8.89 0.20
November-15 0.5065 0.4870 0.0108 1.59 -0.58
December-15 0.4889 0.4718 0.0102 2.00 -1.07
January-16 0.5100 0.5300 0.0103 3.75 -1.38
February-16 0.5728 0.5512 0.0107 4.37 -1.74
March-16 0.5848 0.5500 0.0110 4.58 -1.75
April-16 0.6251 0.6037 0.0113 4.70 -1.84
May-16 0.5800 0.6000 0.0081 5.94 -1.61
June-16 0.3062 0.3157 0.0062 4.47 1.26
July-16 0.2157 0.2277 0.0033 8.79 1.89
August-16 0.1755 0.1826 0.0017 12.12 1.58

The statistics of the NSMI values obtained in each
image are shown in Table 2. It shows, as the NDVI, a
seasonal pattern the median and average reaching the
maximum value during spring. Accordingly, the highest
variance is achieved in the same season. The kurtosis and
asymmetry show lower values if we compare them with
the NDVI statistics. The kurtosis is high from May to
August and the asymmetry is lower than the unit from
September till December. Again, both statistical
moments point out that the distribution of the NSMI
values doesn’t follow a Gaussian shape. However, the
tails of these NSMI distributions in each date are shorter
as the kurtosis values are lower compared with the NDVI
distributions.

In general, NSMI average values lower than 0.23 are
found in July and August. In September and October
this value is between 0.23 and 0.25 being the rest of the
months higher than 0.25.

Table 3. The median and the first fourth statistical moments of
NSMI values for each date: average, variance, kurtosis, asymmetry.

Season Month Median Average Varance Kurtosis | Asymmetry
Summer July-15 0.2242 0.2220 0.0006 6.70 -1.36
August-15 0.2265 0.2251 0.0006 4.74 -112
September-15 0.2356 0.2370 0.0009 3.1 -0.98
Autum October-15 0.2410 0.2430 0.0010 2.75 -0.85
November-15 0.2554 0.2517 0.0014 21 -0.75
December-15 0.2586 0.2550 0.0012 2.54 -0.82
Winter lanuary-16 0.2500 0.2520 0.0130 2.76 -0.90
February-16 0.2534 0.2496 0.0013 2.82 -0.97
March-16 0.2700 0.2800 0.0017 3.55 -1.20
Spring April-16 0.3013 0.2950 0.0019 3.44 -133
May-16 0.2750 0.2700 0.0017 6.23 -131
lune-16 0.2641 0.2614 0.0011 4.63 -1.09
Summer July-16 0.2476 0.2463 0.0010 6.74 -158
August-16 0.2388 0.2377 0.0008 6.67 -122

3.2.- Evolution of classified pixels

As an example, the selection of pixels based on their
NDVI value is showed in Fig. 2. As it can be observed
in February, pixels corresponding to NDVI values lower
than 0.2 are mainly rural roads and buildings. The ones
in the range of 0.2 to 0.5 are the surrounding areas to
rural roads and with certain slope.

white pixels selected

NIV I=0.2

D2ENTVT = 5

- e
g o2y =X
P
g
Sentinel-2 (S2) NDVI map

Date: 04/February /2016
rescale to 20mx20m

D5

w CE,
Fig 2. Example of NDVI map segmented in three black and white
images based on NDVI value.

Once that the pixels are segmented based on the
NDVI value, the NSMI values are extracted from the
same ones to study their behaviour and correlation.

In Fig. 3 the evolution of both indexes in general and
the three sets classified are shown. The range of
variation for NDVI_1 is small, from 0.2 to O0.1.
However, for NSMI_1 the variation is higher being
from 0.22 till 0.14, except at the end of 2016 summer
that the value achieves 0.24 due mainly to a rain event
in July. In the case of NDVI_2, the variation is higher
than NDVI_1, moving in a range of 0.23 — 0.40.
Contrary, NSMI_2 shows an almost plane evolution
with values between 0.22 and 0.26. From July till
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December 2015 NSMI_2 value is almost constant.

Finally, NDVI_3 shows a variation from 0.52 till 0.62
and NSMI_3 varies from 0.26 till 0.32. Observing the
number of pixels in each of the sets (Fig.3. C) the
average of all the values in NDVI and NSMI reflects the
dominant class in each month.
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Fig 3. Evolution in time of the average of NDVI and NSMI maps (A
and B respectively). In black the average of all values, in colours the
selected pixels based on NDVI values: NDVI<0.2 (NDVI_1),
0.2<NDVI<0.5 (NDVI_2) and 0.5<NDVI (NDVI_3). (C) Percentage of
pixels belonging to each NDVI classification.

3.3.- NDVI and NSMI Correlations

The correlations were made at different levels of
aggregation. First, each classified set correlated NDVI
and NSMI values, the next level was at each date and the
last level was aggregated the values at each season.

Fig. 4 shows the results obtained at the three levels.
When only the pixels with NDVI<0.2 are used (bare soil)
the correlation coefficient obtained with NSMI is 0.95
and NSMI value is lower than 0.24. In the case that
NDVI>0.5, full vegetation cover, there is no correlation
and NSMI values are over 0.27. In the third case, mix of
soil and vegetation, the correlation is not significant and
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the NSMI show a dispersion with values ranging from
0.21 till 0.26.
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Fig 4. Plot of NSMI average versus NDVI average. A) For each
date, at pixel scale (8=1), in black the average of all values, in
colours the selected pixels based on NDVI values: NDVI<0.2
(NDVI_1), 0.2<NDVI<0.5 (NDVI_2) and 0.5<NDVI (NDVI_3). (B)
NSMI and NDVI average of all values and per season.

The correlation obtained by date using all the NDVI
values is significant with an R?=0.66. This result is
obtained thanks to the high correlation of bare soil
pixels. When we aggregate the values as season level,
see Fig. 4B, the correlation coefficient increases to
0.76.

When a pixel contains a certain coverage by
vegetation the correlation between NDVI and NSMI is
lost in a resolution 20 m x 20 m.

6.- Conclusions

The term drought is normally used to refer to
deficiency in rainfall, soil moisture, vegetation
greenness or ecological conditions. To calculate the
impact of a drought is crucial in determining the
environmental and  agricultural  consequences.
However, drought intensity varies spatially and
temporally pointing out the complexity to study this
hazard. Due to this, the use of remote sensing data has
been increasingly used as it provides more continuous
information in time and space than other approaches.

The NDVI has been used in drought monitoring and
assessment during the last decade. However, several
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authors have found that there is a time lag between a
rainfall deficit and NDVI response and some authors
question the correlation between NDVI and the soil
moisture content measured with the NSMI.

In order to establish these comparisons, monthly
Sentinel-2A images, from July 2015 till August 2016,
were processed to extract NDVI and NSMI. An area was
selected, approximately 6.55 Km? (2.56 Km x 2.56 Km),
and located in a pasture landscape at the north of the
Community of Madrid (Spain) between the
municipalities of Soto del Real and Colmenar Viegjo.

NDVI pixels were classified as: bare soil (NDVI<0.2),
mixture of soil and vegetation and full vegetated
(NDVI>0.5). Correlations for each set of NDVI and the
corresponding NSMI pixels were calculate with a
resolution of 20mx20m as well as without any
segmentation. Only a significant correlation was found in
pixels of bare soil. When data was aggregated by date
and by season using all the pixels the correlation
coefficient was again significant obtaining 0.66 and 0.72
respectively.
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