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Abstract. The Normalized Difference Vegetation Index (NDVI) was used to characterize the seasonal variation
of land cover over the Northeastern Brazil (NEB) with the NOAA/NASA Pathfinder AVHRR Land (PAL) data
set. Twenty years of monthly spatial-aggregated NDVI climatology was determined by calculating lower, mean,
and upper NDVI values using a 0.5° lat by 0.5° log grid cell size. The results indicated that the threshold NDV|

values of lower and upper phenological activity are 0.103 and 0.771 over NEB, respectively. In this study it was
also found that the distribution of NDVI frequency values ranged from 34% (peak centered at 0.3) to 51% (peak
centered at 0.7) in May and from 40% (peak centered at 0.3) to 42% (peak centered at 0.7) in October. The
seasonal variation of lower and mean NDVI values reflected a better discriminator of the changes of NDVI

related to rainy and dry seasons.

Keywords. NDVI, seasonal, threshold.

1. Introduction

The objective of this sudy was to use the 20-year monthly compostes from
NOAA/NASA Pathfinder AVHRR Land (PAL) data st a the regiond scae in order to
characterize the seasond cycle of lower, mean, and upper Normdized Difference Vegetation
Index (NDVI) vaues over Northeastern Brazil (NEB).

The NDVI cdculaed from data acquired by the Advanced Very High Resolution
Radiometer (AVHRR) sensor on board Nationd Oceanographic and Atmospheric
Adminigration (NOAA) series of satellite has been used as a proxy measure for precipitation
in various sudies & the local and regiona scale over Northeastern Brazil (Barbosa, 1998; Liu
and Négron Juarez, 2001). Since its development by Rouse et d. (1973), and its gpplication
to Landsat MSS data by Tucker (1979), the NDVI has been used extensvely in a variety of
studies (Mao and Nicholson, 1990). The NDVI equation is caculated as the normdized ratio
between visble and near-infrared reflectance sensed by NOAA-AVHRR, and when
integrated over time isrelated to green biomass.

In NEB, the classfication of land cover ranges from Caatinga Arbustiva Aberta (Open
Shrubs Shrubbery) to Floresta Ombréfila Densa (Dense Forest) (IBGE, 1993). The dominant
characterigtic in this region is its marked seasondity which is represented into two seasons,
one extending from February through June, and the other from July through January (Kouski
and Chu, 1978). These seasons are referred to rainy and dry seasons. Due to the mgor
fluctuations of the weather regime, the onsat of the rainy season in this region rapidly initiates
a dense increase in leaf and vegetation cover, while the subsequent severe water deficits
cause the leaves to shed and the vegetation to die back. Characterization of the seasond
vaiation of land cover over NEB can be achieved utilizing a 20-year Normdized Difference
Vegetation Index (NDVI) from NOAA/NASA Pathfinder AVHRR Land (PAL) data set.

2. Data and M ethodology

The NDVI data set used in this study was acquired from the Goddard Distributed Active
Archive Center (DAAC) website (http://daac.gsfc.nasa.gov) and was provided by the GAC
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Pathfinder AVHRR Land Program (PAL) (James and Kaluri, 1994). The GAC Pathfinder
NDVI data st is derived from the NOAA AVHRR sensor, which is composited from daily
data. The AVHRR sensor was designed for meteorological purposes a 1 km spatial and daily
tempord resolution coverage of the Earth's surface. The PAL data used are averaged into 8
km by 8 km pixels and composited over a 30-day period by sdecting each pixel from the day
with the highes NDVI vaue, skipping pixels viewed more than 42° from nadir (Holben
1986; Los et al., 1994). The PAL NDVI data st is first processed for various factors such as
pre-launch cdibration and intra-sensor degradation. It is then normdized for changes in solar
zenith angle and corrected for ozone absorption using data from the Totd Ozone Mapping
Spectrometer (TOMS) as well as correction for Rayleigh scattering (Gordon et a., 1988).
Although the PAL NDVI data has been greatly improved, noticesble errors remain including
effects of volcanic aerosols, background soil color, water vgpor and occasond missng
vaues due to the satdlite drifting.

In this study, the PAL NDVI monthly composte data was utilized over the period from
September 1981 to September 2001. The 20-year GAC Pathfinder AVHRR NDVI data set
for South America was downloaded from the DAAC webste, and the data monthly image
files were crested in 8-bit format in order to facilitate quick visudization of the NDVI data
with Environment for Visudizing Images (ENVI) and further rescded into geophysica
meaningful vadues. The daa was origindly in the Goodes Interrupted Homolosine
projection, and then was geo-referenced in a geogrgphical coordinate system (latitude and
longitude) by the authors before being used in this studly.

To create the spatid-aggregated NDVI climatology, the NDVI was converted from a
sadlite grid to a geographica grid with a 0.5° resolution (537 points) for each month from
September 1981 to September 2001. The 20-year spatia-aggregated NDVI time series over
NEB was used to compute the lower, mean, and upper NDVI vaues in order to examine the
seasondity for each series. For each data set, 20 years of monthly NDVI were processed to
compute the seasond variaions of NDVI from January to December. For example, the lower,
mean, and upper NDVI seasond cycles were caculated by averaging the spatid-aggregated
NDVI vdues in January from 1981-01, then averaging the spatid-aggregated NDVI vaues in
February from 1981-01, etc. In addition, we calculated the lower, mean, and upper NDVI
frequency distribution a 0.5° grid resolution using 20 years of average-aggregated monthly
NDVI vaues for May (wettest month) and October (driest month). The grid domain used in
NEB is located a approximately 1° to 18°S and 35° to 47°W as shown in Figure 1. The
gridded NDVI values over NEB were adopted to enable easy comparisons with GCM (Global
Circulation Model) forecasts made for this grid. Climaologicaly, the rainy season of the
northern part of NEB is between February and May. This is associated with the southern
most displacement of the Intertropical Convergence Zone (ITCZ). In the southern part of
NEB, the rainy season is between December and January (Kouski and Chu, 1978), which s
coupled with the South Atlantic Convergence Zone (SACZ).

3. Results

The seasond patterns of lower, mean, and upper NDVI vaues were performed on the
0.5° gridded, with monthly resolution from September 1981 to September 2001 in NEB, in
order to obtain the Structure of seasona tempord variations of NDVI. Examining the lower
and mean NDVI seasond patterns over NEB for the entire 20-year anayss period,
remarkable unimodal seasona cycles are observed. On an NDVI time profile, both curves are
characterized by a drikingly amilar pettern that follows a snusoidd varidion as shown in
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Figure 2. However, the upper NDVI time profile is characterized by an evenly low seasond
vaiaion. The difference between lower and upper NDVI curves indicates the maximum
level of photosynthetic activity (biomass), which is primarily related to spatid and tempord
vaiance in precipitation. Overdl, the lower NDVI seasond cycle is likdy rdated to
precipitation conditions while the upper NDVI seasona cycle is less related to precipitation
conditions (Figure 2). The three NDVI curves displayed in Figure 2 capture essentid features
of the gpatid seasondity of greenness for the entire NEB. The rany and dry changes of
NDVI time profile are dso evident for the three curves, the green biomass increases up to its
maximum value, and then the green biomass progressively decreases.
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Figure 1. Geographicd didribution of the NDVI data points over NEB region.

Among the three curves invedigated, the minimum NDVI time profile is highet in
March (0.234), April (0.286), May (0.280), June (0.255) and July (0.214), and lowest in
October (0.103), November (0.104) and December (0.106). Previous studies have shown that
the onset of growing vegetative activity is unlikey to initiate while NDVI vdue ae less than
0.1 (Judtice & d., 1986). Mean NDVI time profile is a its highest during the seven-months
from January (0.510) through July (0.580) and its lowest from August (0.447) through
December (0.459), reaching maximum in May (0.606) and a minimum in October (0.380)
corresponding naturaly to the rainy and dry seasons. In contragt, the upper NDVI time profile
conveys the highex NDVI (0.771) and contributes to sudtain its vaue even during the dry
season. A dight decrease of only 11% is observed beginning in September and October to the
peek of dry season. The overdl picture depicted in Figure 2 suggests that the use of upper
NDVI does not provide digtinct seasond variation a the regiond scde. The most driking
differences among the three curves is the NDVI range vaues (0.608-0.468) (the difference
between the maximum and minimum NDVI vdues) which reman rddively condant
throughout the seasond cycle, with the upper NDVI limit vdue (0.771 in May) indicaing
rany-season vegetation and the lower NDVI limit vadue (0.103 in October) defining dry-
Sseason vegetation. The spatial variation of NDVI assessed by the coefficient of variaion
(CV) among the gridded points ranges from 14% to 32%. Not surprisngly, the spdid
variation (CV) ranges exhibit the largest values during the dry season.
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Figure 2. The seasond variaion of monthly spatia-aggregated NDVI climatology (20-yr)
for lower limit (dotted line), mean (black solid line), upper limit (gray solid line),
and coefficient of variation (CV) over NEB.

To compare months of extreme high and low vegetation over NEB, the lower, mean, and
upper frequency distribution of the average-aggregated monthly NDVI a 0.5° grid resolution,
for May and October were andyzed usng 20 years as shown in Figure 3 and Figure 4. The
digribution shape for dl of the series suggests a normd didribution. In May, the distribution
of NDVI frequency patterns exhibit increesng probability trends from lower NDVI
frequency curve to upper NDVI frequency curve (Figure 3). On the other hand, the
digribution of NDVI frequency patterns in October differ from May; the former displays a
relativedy smilar upper and lower frequency didtribution with a sudden downward shift in the
mean NDVI frequency curve (Figure 4). The lower and mean NDVI frequency curves for
October aso have a sharper digribution than the lower and mean NDVI frequency curves for
May. In May, the NDVI occurrence frequencies from lower to upper dendity curves are 34%
(peak centered at 0.3), 39% (peak centered at 0.5) and 51% (peak centered at 0.7),
respectively. In October, the NDVI occurrence frequencies from lower to upper densty
curves are 40% (peak centered at 0.3), 37% (peak centered at 0.5) and 42% (peak centered at
0.7), respectively. The mean NDVI frequency curve in May is about 2% less dense than the
mean NDV | frequency curvein October.
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Figure 3. The lower, mean and upper NDVI frequency digtribution for (a) May and (b)
October.

4. Conclusons

Andyss of twenty years of monthly-gridded NDVI data has resulted in the identification
of NDVI thresholds for seasond variation in the NEB region. In this andyss, the uniformity
of spatia and tempora coverage provided by the time scale (monthly) and space scale (0.5° x
0.5°) indicated that there is a large seasond variation in vegetation cover response due to
rany and dry seasons isolated by the lower, mean, and upper NDVI vaues a the regiond
scale. Overdl, the results of this sudy have shown that the NDVI vaues are scaded between
0.103 and 0.771. The lower threshold NDVI (0.103) represents the dry-vegetated season, and
the upper threshold NDVI (0.771) represents the rainy-vegetated season. Thus, NDVI vaues
between the lower threshold (0.103) and upper threshold (0.771) are assgned fractiona
vegetation vaues corresponding to the dynamics of vegetation seasondity and different land
cover typeswhich are influenced by fluctuations in rainfal over NEB.

In this study, it was dso found that the digtributions of NDVI frequency vaues in May
for lower NDVI, mean NDVI, and upper NDVI vaues are 34% (pesk centered at 0.3), 39%
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(peak centered at 0.5) and 51% (peak centered at 0.7), respectively. In October, the
digributions of NDVI frequency vadues for lower NDVI, mean NDVI, and upper NDVI
values are 40% (peak centered at 0.3), 37% (peak centered at 0.5) and 42% (peak centered at
0.7), respectively. The NDVI hisgograms showed that there are discernible differences for
lowver and mean NDVI vaues between May and October, but there are no Sgnificant
differences for upper NDVI vaues between May and October. As a reault, the lower and
mean NDV| vaues reflect the seasord dimétic fluctuations over NEB.
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