LAND COVER DYNAMIC MONITORING IN THE REGION OF COQUIMBO (CHILE)
BY THE ANALYSIS OF MULTITEMPORAL NOAA-AVHRR NDVI IMAGES
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ABSTRACT:

The current work presents a new method for the land cover dynamic monitoring based on the inter-annual variability of the NDVI
obtained from multi-temporal NOAA-AVHRR time series. It consists in using the mean annual values of NDVI and its spatial
variability in the study area. A matrix relating the statistics was designed in order to calculate the spatial homogeneity index (SHI),
which is a good way to classify the variability of the NDVI. This classification permits the identification of areas with homogeneous
behaviour in terms of inter-annual land cover dynamic. Moreover, with the aim to compare the aforementioned classification with
the superficial Biomass, the potential yields of the natural prairies were modelled in the study area at the same spatial resolution of
NOAA. A model based on simulation of the prairies growth and which integrates the main eco-physiologic processes and its
climatic regulation and maturity, was developed. The last results together with the obtained classification permit a development of

land cover cartography.

1. INTRODUCTION

In order to evaluate any process related to the vegetation
dynamics from satellite data, it is necessary to take into account
indicators that are related to the biophysical parameters which
suitably describe the vegetation physiology. These parameters
in the optical, thermal or the microwaves spectrum; can be used
altogether or to be combined generating complex indices. This
is sustained in the fact that all land cover changes, modity its
spectral behaviour, in such way that this premise allows the
monitoring of the vegetation dynamics in the land surface by
the use of satellite data (Pearson and Miller, 1972; Rouse et al.,
1976; Huete, 1988; Goward, 1989; Kaufman and Tanré, 1992;
Liu and Huete, 1995). Among other parameters, the vegetation
indices present a high correlation with some parameters related
to the vegetation, such as the total biomass and the leaf area
index (LAI), which makes it an efficient tool for vegetation
studies (Curran, 1980; Jansen, 1983; Tucker and Sellers, 1986;
Diallo et al., 1990; Price, 1992; Gong and Millar, 1995). In the
field of the cartography of the spatial-temporal variability of the
vegetation, numerous methods of analysis have been published,
being based many of them on the normalised difference
vegetation index (NDVI) (Tucker et al. 1985; Townshend et al.
1987; Loveland et al. 1991; Lambin & Strahler, 1994). In
addition some investigations have introduced the land surface
temperature (LST) as an analysis parameter for the study of the
land cover changes (Lambin & Ehrlich, 1996; Raissouni &
Sobrino, 1998; Sobrino & Raissouni, 2000). This last parameter
is less used, owing fundamentally to the difficulty to obtain it.
But, whatever it is the case, these analyses are based on the
exhaustive knowledge of the biophysical relations between the
used parameters and the ecological variables (Nemani &
Running, 1989; Goward et al. 1985; Nemani ET to. 1993; The
Friedl & Davis, 1994).
From these premises, we have developed a method for the
monitoring of the land cover dynamics based on the inter-

annual variability of the NDVI, obtained from a time series of
NOAA-AVHRR images.
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Figure 1.- Study area: Limari province, which is located in the
IVth region of Chile. This zone corresponds to a transition
between the arid climate and the Mediterranean one known as a
semi-arid zone.

2. STUDY AREA AND SATELLITE DATA

The total of the population in 1992 was of 504 387 inhabitants
(INE, 1992). In average, 30% of the total number of inhabitants
of the IVth Region live in rural areas. Some of the communes
are typically rural like: La Higuera, Hurtado river & Paihuano,
where 100% of the population live in rural areas, but also
Vicuia, Patria Mount, Combarbala, Punitaqui and Canela have
more than 2/3 of the population living in rural areas. In the
communes who have cities or towns, like Serena and
Coquimbo, most of the population live in urban areas. The



climate of the study area can be classified as sub-desert, and it
is characterized fundamentally by a strong anticyclone
influence that governs the radiative, thermal and hydric
regimes. Nevertheless, the space variability of these regimes is
due to its physiographic state, composed by four unities, such as
the coastal strip, the cross-sectional valleys, the pre-mountain
range and the mountain range of the Andes. The region
fundamentally presents an important hydric deficit during the
months of summer, which is due mainly to an atmospheric
demand of elevated water, and low precipitations. These last
ones have an annual rank between 100 and 500 mm,
nevertheless present a noticeable space variability, growing in
the west and east directions. The combination of both previous
elements together with the incidence of a strong solar radiation
due to the presence of an atmosphere is transparent and with
very low cloudiness. The thermal regime is characterized by the
thermal amplitude caused by the high diurnal temperatures and
moderate nocturnal temperatures. The region presents a coastal
strip where the climate becomes considerably fresher as a result
of the oceanic regulation of the thermal regime. The sea is
something colder than what it should be in this latitude, due to
the presence of the cold current of Humboldt (Santibaiez,
1986). The study area is dominated preferably by natural
prairies, which constitute the main resource to feed for the
cattle mass of the region. If the precipitations are sufficient,
there will be pastes from March to November, which gives an
appreciable inter-annual variability viewed by satellite images.
Nevertheless, unpredictable rains and the increase of the
degradation of the prairies, contribute to a diminution of the
availability of vegetation apt for pasturing. In addition, the fact
that the precipitations have diminished in the last century
between a 10% and 30 %, with a decreasing rate of
approximately 0.7 mm/year (Morales, 2003). This situation
could be due to cycles in the climate, or to a possible climatic
change. However, in any case a monitoring of the dynamics of
the vegetation would contribute as an antecedent of
management and decision making.

3. SPATIAL HOMOGENEITY INDEX

To analyze the vegetation spatial dynamics is necessary to
express its behaviour based on homogenous areas. Based on this
fact, we propose an index that expresses the inter-annual
variability of the vegetation as a relation between the average
values and their coefficient of variation, in the interior of a
series of time. In order to do this, we was used a series of time
of seven years of satellite images NOAA (National Oceanic and
Atmospheric Administration)-AVHRR(Advanced Very High
Resolution Radiometer). This series of images was acquired by
an antenna pertaining to the University of Chile, corresponding
to the period 1986-1992, and geo-referenced and corrected from
the atmospheric effects (Chavez, 1996). From them, we
calculated the NDVI using the relation where p,; corresponds
to the reflectivity in the near infrared band and p.q the
reflectivity in the red band. From this series, monthly average
images from weekly average images were calculated, because
they are divided in three daily images, from which the
maximum values were extracted, with the purpose of
eliminating the effect of the cloudiness. Later, the monthly
average values for every year were calculated, using the same
previous method. Considering that the amount and the
seasonality of the biomass production depend on the type and
state of the vegetation, an index was elaborated that combines
both aspects. For this, a matrix of two entrances was
constructed and combines the maximum NDVI considered for
each one of the seven years and the coefficient of variation

respectively. It was divided in three intervals and within each
one of them three states were considered (low, medium and
high), so that 9 combinations were generated that represent the
different behaviours of the vegetation (Figure 2).
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Figure 2.- Proposed relation for the study area classification. It
is based on the variability among the time series, and its
absolute maximum values. This corresponds to the used

classification matrice.

In this sense, we refer by the NDVI to the biomass, because it
was found, for the zone of study, a linear relationship between
both variables (Morales, 1998). High biomass in combination
with a low variability indicates the presence of an ecosystem in
good conditions, with a participation discharge of shrubs or
arboreal perennial species. On the contrary, low biomasses,
with low variability indicates; that it is an ecosystem in
desertification end, incapable to respond as opposed to the
variations of the climate. As a general rule, increases in the
biomass means better quality of the ecosystem, and increases in
the variability is interpreted as an increase of the instability of
the ecosystem which is typical of annual vegetal covers with
little perennial vegetation. Figure 3 shows the space distribution
of the inter-annual variability of the vegetation, stratified in the
biological patrons defined by the SHI. This last is obtained
thanks to the cross of the information about average values and
the coefficient of variation in agreement with the matrix of
relation shown in Figure 2. The original image has been
reclassified to show a simpler vision at the time of interpreting
the vegetational zones. Figure 4 shows the temporary variability
of the NDVI for all the time series. However, Figure 5 shows
the maximum mean monthly values, both for each one of the
reclassified zones of SHI. In Figure 5, it is possible to observe
that the vegetation shows two important tips, associated to the
shrubs vegetation and the prairies. Nevertheless, classes 7 and 8
correspond to the zones of irrigated land, fundamentally grapes
for export, which is out of the present work analysis. Figure 6
shows the accumulated NDVI, that presents a logistic form
approximately and has the same structure of the curve of
biomass accumulation of a prairie during their interval of
growth.
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Figure 3.- Spatial homogeneity index (SHI) which relates
the mean maximum values and the variation coefficient. As
a general norm, increased NDVI means better ecosystem
quality, and increased variability means an increase in the
ecosystem instability.

Figure 4.- Monthly evolution of the NDVI for each class of
the SHI in the time series of NOAA-AVHRR images.

4. VEGETATION DYNAMICS

In the study area a great ground diversity exists such as those of
alluvial type of fine and heavy textures, “depresionals”,
“graniticos of lomajes” and hills (mountain range of the coast),
alluvial of marine terraces, “pumiciticos” and “trumaos
granitico”s (Honorato, 2000). In this atmosphere, the most
important forages resources are the spinal ones. This vegetal
formation is defined as a pseudo-savannah (Ovalle et al., 1990),
in which two layers are clearly distinguished: one of shrubs
type, dominated Acacia digs Mol. (hawthorn) and a herbaceous
layer, composed by “Poaceas” (gramineas) mainly of annual
winter growth. Among these last ones, species pertaining to the
sorts Oats, Aira, Bromus, Hordeum, Vulpia and Lolium are
emphasised. They are common in the herbaceous layer, species
of the Composite family, in special of the Hypochoeris sorts,
Cynara and Chartamus, in addition to species of the Fabaceae
family (leguminosas) Papilionoideae subfamily, pertaining to
the Medicago sorts and Trifolium, mainly (Castellaro et al.,
1994; Ovalle and Squella, 1996).
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Figure 5.- Mean monthly evolution of the NDVI for each SHI
class

Acummulated NDVI

Moy

[+=1=2 3-—4-5+6—+7—8—9|

Figure 6.- Accumulated NDVI month by month.

The zone presents habitually a low natural fertility in its
grounds, which entails to low yields. However, these prairies
are the base of sustentation of the production systems animal,
which are predominantly of extensive type, where it stands out
the raising of smaller ruminates (ovine and goat) and the raising
of meat cattle, being the load animal average of the order of 0.2
animals has™ year™! units (Ovalle and Squella, 1996). In spite of
the shown antecedents, a complete study of the dynamics of the
vegetation in the zone does not exist, for that reason it is
necessary to resort to computational models that describe
quantitatively his behaviour. Most of the models related to
prairies have been developed by interdisciplinary equipment of
university centres, specifically by the schools of Science Range
(handling of natural prairies) of the United States (Innis, 1978;
Pendleton et al., 1983. Parton et al., 1993; Laurenroth et al.,
1993; Hanson et al., 1994). Its main intention is the research
and are complex, as much of the conceptual points of view such
the computational ones, which causes that their use is restricted.
Nevertheless, there are someone, thanks to its simplicity, can be
implemented by fast and simple way (Smith and Williams,
1973; White et al; 1983). Despite the previous notes, a previous
process of validation is required, to evaluate its behaviour and
the behaviour to its reformulation, by means of the calculation
of suitable parameters (Silva, 1993).
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Figure 7.- Variation of the total dry matter (DM)
accumulation according to the Julian day. Simulated values
(_ ) and the real values (*) measured in field experiment.
Hidango, season 1992.

Under this scheme, we have used a model divided in two levels
of organization. First of them is related to the information that
feeds the model, its processing and the elaboration of results
archives. In a second level, the biophysical aspects are located,
for which use becomes of four sub-models: Hydric balance,
Phynologic, senescence and growth of the semi-arid
Mediterranean prairie. In Figure 7, the real and simulated
values appear, corresponding to the accumulation of the dry
matter (DM) for the zone of Hidango. When analyzing this
figure is given off that this model, in spite of its simplicity,
reproduces the tendency of the variation in this variable. When
relating, by means of regression analysis, the simulated values
(y) and the measured real values in land (X), permitted to obtain
a significant regression (P< 0,05), with a coefficient of
determination of 97.6% and a standard error of 292.1 kg has™.
Respect to the coefficients of the line of calculated regression,
these parameters did not differ significantly from 0 and 1,
respectively (P> 0.05), which indicates the slant non-existence.
The RMSE between the simulated values and the land measured
ones was of 306.6 kg has', which represents a percentage
deflection of a 12.4% respect to the average of the average
values in land. From these results the dynamics of the prairies is
easily identifiable and to distinguish from shrubs. First they
have an inter-annual variability; however the others do not
show it among the year. The growth of the prairies begins with
the first rains of autumn, reaching its Maximum appraises in the
months of August and September. By the end of September
they enter in an accelerated process of senescence, which agrees
with the formation of seeds and its later maturation. The
production of annual dry matter is variable; according to if it is
greater or smaller the degree of hydric deficit during the season.
Esteem that accumulation DM of this prairie; would not surpass
the 800 to 2500 kg had™' in normal years.

5. CONCLUSIONS

The present work provides an analysis method oriented to the
space characterization of the inter-annual dynamics of the
vegetation. This analysis allows making the monitoring of the
vegetation when only the NDVI is known. The advantage of the
method is that the data for the classification are extracted from
the series of time of NDVI. Nevertheless, the complication is in
that a great number of images is needed to be able to make it. If
images are used this type of analysis is very advantageous,

because it would allow viewing the variation of the spatial
homogeneity index among years. By the way, this variation in
the borders of the zones of SHI would allow identifying the
impact of a certain year in the spatial distribution of the
vegetation. On the other hand, with the use of simple models of
simulation it was possible to consider the beginning of the
growth of the annual Mediterranean prairie, the date in which
the flowering and the length of phynological cycle of this type
of prairies take place. It was possible to simulate the
accumulation of DM and the variation of the water content in
the radial zone of the sub humid Mediterranean annual prairie,
using a simple model, by means of a suitable election and
calculation of the main parameters with physiological
interpretation. Therefore, it was possible to relate the NDVI and
the accumulation of dry matter of the semi-arid Mediterranean
prairie. From this type of models and land information also it is
possible to find simple algorithms that relate the calculated
productivity of the prairie and radiometric indices from satellite
images.
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