
An environmental change indicator based on satellite time series:
NDVI-PV

T. Simoniello & R. Lasaponara 
IMAA-CNR, Tito Scalo, Potenza, Italy 

M. Macchiato 
DSF, Università di Napoli “Federico II”, Naples, Italy 

INFM-unità di Napoli, Naples, Italy 

V. Cuomo 
DIFA, Università degli Studi della of Basilicata, Potenza, Italy 

IMAA-CNR, Tito Scalo, Potenza, Italy 

Keywords: vegetation, time series, AVHRR 

ABSTRACT: Understanding the features and dynamic nature of environmental variability is fundamental for
effective resource management. In this context, satellites can provide very useful data at various spatial and
temporal scales. NOAA-AVHRR (Advanced Very High Resolution Radiometer) data can be used to extract 
information efficiently and cheaply for monitoring and characterizing spatial and temporal dynamics of sur-
face parameters; nevertheless, efforts are required to test and evaluate methods and techniques to be applied
for operational applications. We devised an environmental indicator based on AVHRR-NDVI (Normalized
Difference Vegetation Index) time series for the Italian Environmental Protection Agency in order to charac-
terize the temporal and spatial dynamics of vegetation. By comparing ancillary data, the NDVI-PV is proved
to be able to emphasize the variations and to enhance the physical changes occurring in a landscape. 

1 INTRODUCTION

The estimation of spatial and temporal dynamics of 
surface parameters is critical for both regional and 
global change researches and, in this context, satel-
lites can provide very useful data at various spatial 
and temporal scales. Raw remote sensing data gen-
erally do not match the needs of users searching for 
information on water, air, soil or vegetation condi-
tions. The convergence between data and informa-
tion needs and the capabilities of satellite observa-
tion systems is a very crucial issue (Lasaponara et al. 
2001). As indicated by GMES (Global Monitoring 
for Environment and Security) (EU-ESA Working 
Paper June 2001), the guidelines needed in order to 
obtain the best information from remote sensing data 
for environmental purposes consider as the first step 
the identification of regions that are most vulnerable 
to environmental stress and changes and the identifi-
cation of time periods in which they occur. This is 
done through the use of high temporal and global 
coverage of coarse resolution data (e.g. AVHRR, 
MODIS, VEGETATION). The second step is based 
on the use of satellite data at finer resolution (e.g. 
Landsat, IKONOS, MIVIS) and field surveys for the 
validation of the first step and for the identification 
of factors that affect regional trends or local dynam-
ics.

Concerning the first step, the NOAA AVHRR 
(Advanced Very High Resolution Radiometer) 
represents one of the main data sources for long-
term studies of surface parameters. The availability 
of data for about twenty years, its spectral capability 
and low costs have encouraged the scientific com-
munity to utilize such data for a number of diverse 
applications in the context of environmental moni-
toring.

However, investigations on long AVHRR time 
series must be performed very carefully, because 
they require firstly, the accurate removal of system-
atic errors, which can strongly contaminate the ac-
tual trends of the observed parameters (see, e.g., 
Gutman 1999, Cuomo et al. 2001, Lanfredi et al.
2003a) and secondly, the adjustment of reliable 
monitoring techniques able to extract the physical 
information stored in the NOAA data. 

In this work we present an environmental indica-
tor, based on AVHRR-NDVI, we devised for char-
acterizing the temporal and spatial dynamics of 
vegetation in the Italian Peninsula. Such an indicator 
is obtained from NDVI maps and is based on a lin-
ear regression model. Performance evaluation was 
performed by a statistical analysis and comparison 
with ancillary data obtained for a test area in South-
ern Italy. 
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2 STUDY AREA AND SATELLITE DATA SET

This work was performed in Regions located in 
Southern Italy (Campania, Basilicata, Calabria and 
Puglia) (Figure1). The study areas have a Mediterra-
nean climate with maximum precipitation during fall 
and winter and a minimum during the summer. As 
for the other Mediterranean regions, human activi-
ties strongly affect the natural environment since ur-
ban and industrial areas coexist with cultivated and 
densely vegetated areas.

Figure 1. Italian peninsula: study regions 

The AVHRR-NDVI maps we used were obtained 
from the ASIA (Archivio Storico Immagini 
AVHRR) of the IMAAA-CNR, in Potenza, Italy. 
The time series was acquired from the afternoon view-
ing of NOAA-9, 11, and 14 covering the period between 
1985 and 1999 and was processed as described in Cu-
omo et al. 2001. In particular, daily NDVI maps 
were composed in monthly and annual MVCs 
(Maximum Value Composite) (Holben, 1986) using 
multiple criteria in order to avoid an overestimation 
of MVCs (Stoms et al., 1997, Duchemnin, 1999). 
Systematic errors (due to gap at satellite switches, 
changes in solar zenith angle and short-waves cali-
bration instability) were removed from the NDVI 
time series, in particular calibration adjustments 
were calculated for each specific land cover, 
whereas coefficients for illumination adjustments 
were obtained per pixel so that each pixel was cor-
rected according to its proper land cover class and 
Solar Zenith Angle.

3 METHOD

The NDVI-PV is based on the Linear Fitting Analy-
sis (LFA) developed by Cuomo et al 2001 to obtain 
the magnitude and direction of the changes at pixel 

scale. LFA is based on linear regression and it as-
sumes the slope s (see equation 1) as change indica-
tor:

iysNDVIMVC +⋅=−  (1) 

where yi is the year, s is the slope (year
-1

) and i the 
intercept of the least square computed for each pixel. 

Although the LFA provides both the magnitude 
and direction of changes, it does not allow a quanti-
tative evaluation of vulnerability of the investigated 
areas, which is strictly linked to the initial type and 
state of land covers. For example, a reduction in 
NDVI of 0,1 in a sparsely vegetated area can be as-
sociated with severe land degradation, whereas, in a 
forest environment, it is within the range of interan-
nual fluctuations of this variable. 

The NDVI-PV is designed to provide, at pixel 
scale, an estimation of the “relative” variations of 
the interannual MVC-NDVI and it is expressed as 
follows: 
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where Y = the number of years (15), yi = given year; 
MVCp,i  = MVC value for the given pixel and year i;
MVCp,in = MVC value for the given pixel and of the 
first year of the considered time series 

The NDVI-PV should substantially improve the 
information obtained at pixel level by enhancing the 
impact of change. In fact this indicator is computed 
for the given pixel as a ratio between the total NDVI 
variations, estimated over the whole investigated pe-
riod, and the initial value. This should allow us to 
emphasize the variations and to enhance the physical 
changes occurring in land cover characterized by 
low NDVI values, as for example coniferous forests, 
shrubs, Mediterannean maquis, little vegetated areas, 
etc. Note that significant changes, affecting cover 
types with low NDVI values, can induce small varia-
tions which may be missed if the adopted method is 
not also calibrated for them. Therefore, NDVI-PV 
should be more able and effective than LFA to char-
acterize the temporal and spatial dynamics of vege-
tation taking intrinsically into account the local 
characteristic of the given pixel and providing di-
rectly the spatial diversity of the mosaiced land-
scape.

The linear model was statistically evaluated using 
a t test (null hypothesis s = 0). Rejecting the null hy-
pothesis would indicate that the computed trends are 
statistically meaningful. Pixels with a confidence 
level lower than 90% were classified as not signifi-
cant. Pixels with a confidence level higher than 90% 
were classified on the base of the absolute values of 

182 T. Simoniello, R. Lasaponara, M. Macchiato & V. Cuomo



NDVI-PV in the following classes: negligible (0-
20%), medium (20-30%), high (30-40%) and very 
high (>40%). Figure 2 shows the High and Very 
High classes obtained for both positive (blue and 
green pixels) and negative (red and yellow pixels) 
variations.

> 40%

30% : 40%

-40 % : -30 %

< -40%

-30% : 30%

Figure 2. NDVI-PV computed from multitemporal trends 
(1985-1999) 

Results from the comparison analysis performed 
between outcomes obtained in the test area from the 
LFA and from the NDVI-PV showed that both  
methods work well in the discrimination of changes. 
Nevertheless, NDVI-PV enhances variations so al-
lowing a higher separability among the classes and 
providing a more complete characterization of the 
temporal dynamics of land surface conditions. The 
NDVI change detection seems to be improved by 
joining the greatness of variation with information 
relating to intrinsic characteristics of the observed 
land cover and its initial status.

4 COMPARISON OF NDVI-PV AND 
ANCILLARY DATA  

The comparison analysis showed that all the NDVI 
variations obtained from the devised indicator corre-
spond to physical changes that have occurred in the 
test area. 

The NDVI-PV proved to be a good estimator of 
the environmental impact of the anthropogenic ac-
tivities. A high agreement was found between results 
from NDVI-PV and ground measurements of heavy 
metals (Macchiato at al. 2001) performed over a 
large area (box 1 in figure 3) surrounding industrial 

stacks emissions (FIAT-SATA, Basilicata Region) 
in five annual campaigns from 1993 to 2000. The 
comparison between the results from NDVI-PV and 
those obtained from field surveys showed that the 
areas having significant increases of soil pollutant 
concentrations coincide with the pixels identified by 
a NDVI decrease. 

Results from the NDVI-PV obtained in the Ionian 
coastal areas of Puglia and Basilicata (boxes 2 in 
figure 3) match well with ground surveys and with 
results of independent investigations. Particularly, 
the slow but persistent decline we observed in vege-
tation from the NDVI-PV (box 3 in figure 3) fits the 
increasing risk of desertification assessed by using 
both independent indicators (soil erosion, pedoclimatic, 
aridity indexes, anthropogenic pressure, land use) (APAT 
2002), and satellite data (Lanfredi et al. 2003b) 

Moreover was also found a decrease in vegetation 
activity in areas (black triangles) affected by large 
fires or by a number of small fires that occurred with 
a high frequency from 1985 to 1999 (data provided 
by the Italian National Forestry Service). Obviously, 
the indicator also identified the drastic changes due 
to suburban expansion (see e.g. boxes 4) 

The greenness (box 5 in figure 3) we observed in 
the Piana di Metaponto (Basilicata) is due to a 
growth of intensive farming recorded in recent years 
(from ISTAT data-1980/1995). In this agricultural 
area the type of cultivation has largely changed. Sur-
faces devoted to cultivation characterized by high 
NDVI have been enlarged, as for example in the 
case of citrus (+86%), fruit trees (+41%), etc. 
whereas, surfaces devoted to cultivation character-
ized by low NDVI such as cereals (-23%), potatoes 
(-27%), vineyards (-30%) have been reduced. More-
over, irrigated lands have been increased (+34% of 
surfaces) and new automatic agricultural machines 
have been used (+2000% of machines).  

5 CONCLUSIONS  

The decrease in vegetation activity observed by 
NDVI-PV was found in areas affected by intense 
human activity, a rapid decline of coniferous forests, 
fires, and desertification process; whereas a green-
ness was found in areas recently involved in a 
growth of intensive farming. The spatial correspon-
dence of NDVI-PV and results from independent 
analyses suggest that the indicator we devised is able 
to characterize the spatial heterogeneity and tempo-
ral dynamics of land surface conditions. Particularly, 
NDVI-PV proved to be also suitable for detecting 
slow variations, linked to long-term processes (as for 
example decline of coniferous forests, desertifica-
tion, etc.), as well as drastic and sudden changes 
(due to urbanization, large fires, etc.). The ANPA 
experimentally adopted the NDVI-PV as environ-
mental indicator in an operational context (ANPA, 

183An environmental change indicator based on satellite time series: NDVI-PV



2001). The NDVI-PV provides a very useful early 
warning that land cover change is occurring, and 
thus can address subsequent investigations using sat-
ellite data with higher spatial resolution data and/or 
fields surveys in the most vulnerable sites.  
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Figure 3. Localization of ancillary data information over the 
NDVI-PV results. Black triangles represent fire events; boxes 
represent areas monitored by field surveys. 
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