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Abstract: Problem statement: The Normalized Difference Vegetation Index (NDV§ the most
extensively used satellite-derived index of vegetahealth and density. Since climate is one of the
most important factors affecting vegetation cowditisatellite-derived vegetation indexes have been
often used to evaluate climatic and environmentahges at regional and global scale. The proposed
study attempted to investigate the temporal veigetatynamics in the whole Africa using historical
NDVI time-series Approach: For this aim, 15 day maximum value NDVI compos#g&$8 km spatial
resolution produced from the NASA Global InventtMgpping and Monitoring System (GIMMS) had
been used. They were derived from data collectdlg dg NOAA AVHRR satellites. The AVHRR
NDVI GIMMS dataset was freely available and givésbgl coverage over an extensive time period.
First of all, the selected NDVI base data had bgesmetrically pre-processed and organized into a
historical database implemented in order to grheir tspatial integration. Starting from this arahiv
monthly and yearly NDVI historical time-series, extled from 1982-2006, had been then developed
and analysed on a pixel basis. Several routines hadn developed in IDL (Interactive Data Language
programming tool) with the purpose of applying ahile statistical analysis techniques to the hisabri
information in the database in order to identifg tbng-term trend components of generated NDVI
time-series and extract vegetation dynamics. Sipeeifts had been then considered in order to @efin
the validity of resultsResults: The existence of clear regional trends of NDVI,Hbdecreasing and
increasing had been showed, which helped to highlegeas subject, respectively to reduction or
increase in vegetation greenne@snclusion: As the relationship between the NDVI and vegetatio
productivity was well established, these estimébed-term trend components may be also, with much
more caution, related to historical and ongoinglldagradation or improvement processes.

Keywords: NDVI, vegetation health, land degradation, longrtérend

INTRODUCTION deterioration, resulting from various factors, idihg
natural or climatic variations and human activitié4.
Land degradation and desertification have beehe results, in term of economic impact of the
major global issues during the last years partibpla discussed phenomena, have been very relevant ia som
because of their adverse impact on agronomidands of Africa, where the productivity has dectiney
productivity, the environment and their effect mod  50%>°, while the yield reduction has shown a mean
security and the quality of life”. According to loss of 8.2% for the whole contin&ht
Eswaraff!, about 33% of the global | and surface Also Agenda 21a programmed run by the United
(42 million knf) is subject to desertification and, in Nations (UN) related to sustainable developmens, ha
particular, the semi-arid to weakly arid areas @fica  called the attention of the international commurdty
are particularly vulnerable, as they have fragitdédlss these issues, urging to launch several activibesotve
localized high population densities and generaligvee  thenf®. In this frame, a priority is to dispose of
input form of agriculture. instruments and systems effective for land degradat
Mechanisms that initiate land degradation includemonitoring and impact assessment and it is fundéahen
biophysical, chemical and biological proce&sks to develop suitable early warning indicators ofdan
Land degradation and desertification are striathated  degradation and desertification.
to a reduced potential productivity or utility ofapts Satellite remote sensing techniques provide
and land, undesirable alterations in the biomas#, s successful tools for the monitoring of vegetation
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productivity and ecosystems, due to the availabdit =~ Atmospherically Resistant Vegetation Index (ARVI)
several data with different spatial, temporal apelcsral and the Enhanced Vegetation Index (EVI) have not
resolutions. The various data sources availableutiit  resulted in the creation of a consistent long-téime
remote sensing offer the possibility of gaining series of dat¥.
environmental data over both large areas and velgti In this study we propose the first results of udgt
long time-periods (about three decades of satellit@imed at investigating, with proper robust statesti
acquisitions). Moreover, satellites provide imagéthe  techniques, the temporal vegetation dynamics in the
same area in different times, allowing change dietec whole Africa using historical NDVI time-series.
analyses on land susceptibility to degradationObtained outcomes of this study have been used in
Particularly, in order to monitor vegetation dynami order to define monitoring procedures suitable to
and productivity over a long time scale and onrgda drought early warning activities, developed for the
spatial scale, a fundamental base data is cormtitoy  Information Technology for Humanitarian Assistance,
several vegetation indicators derived from satellit Cooperation and Action (ITHACA) association.
imagery’. The observed trends in analysed historical series
The NDVI (Normalized Difference Vegetation can help to describe long-term vegetation dynarmnch
Index) is the most commonly used satellite derivedo highlight areas subject to the increase or réadlidn
index of vegetation health and density used infield. ~ vegetation greenness. Moreover, as the relationship
The NDVI has shown consistent correlation with between the NDVI and vegetation productivity is el
vegetation biomass and vegetation dynamics in uario established, these estimated long-term trend
ecosystems worldwide. As reported by several agthor components may be also, with much more caution,
the relationship between the NDVI and vegetationrelated to historical and ongoing land degradation
productivity is well established; the NDVI has beenimprovement processes. Particularly, to correctly
shown to be related to biophysical variables thainterpret NDVI trends in terms of land degradatimm
control vegetation productivity, such as the leafaa improvement, attention must be paid to climatic
index, the fraction of photo-synthetically-active variability and land use change factt¥s
radiation absorbed by vegetation and Net Primary

Productivity (NPP}21% Thus, this index could be used MATERIALSAND METHODS
in order to detect and measure land degradation
processes, that may be defined as a long-termabss The NDVI is the most extensively used satellite-
ecosystem function and productivity and that may bederived index of vegetation health and density iansl
measured by changes in NFP defined as:

As a matter of fact, in this frame, it exists an
extensive collection of international studies ableund NDVI =(Pyr = Preo) [(Prir + Pred)

degradation/desertification and vegetation monitpri

using remote sensing techniques. An interestingevev where,pyr andprep are the reflectance’s in the near-
of several experiences, conducted at a large scal®frared and red bands captured by the satellitsare
nationally and sub-continentally and using longeim In theory, NDVI measurements range between -1 and
series of satellite derived NDVI as the basis for+1; however, in practice, the measurements gewerall
assessment, can be found in the Gibson's Warkor  range between -0.1 and +0.7. Clouds, water, snoav, i
example, relevant studies using long-term satelliteand non-vegetated surfaces have negative NDVI galue
derived NDVI as an indicator of land degradatioaydn The NDVI values for vegetation are positive andgen
been done in West Afri€d' and in the Eastern from 0.3-0.7, with low values indicating poor

Mediterranean regidti. vegetation conditions and possibly unfavourable
Of course, some limits to the use of vegetatiorweather impacts.
indices have to be taken into consideration. The/ND Different NDVI datasets, derived from satellites a

is affected by different deficiencies due to sevitjtto  available, with different spatial and temporal
soil color, atmospheric effects, illumination and resolutions and different temporal coverage. Irs thi
observation geometry. Nevertheless, it is the mosstudy, 15 day maximum value NDVI composites at 8
widely used vegetation index by the researchkm of spatial resolution produced by the NASA Globa
community. The reason of this is that the develapme Inventory Mapping and Monitoring System (GIMMS)
of different vegetation indices, for example theilSo at NASA's Goddard Space Flight Center have been
Adjusted Vegetation Index (SAVI), the Modified Soil used?™! They are derived from data collected daily by
Adjusted  Vegetation Index (MSAVI), the the Advanced Very High Resolution Radiometer
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(AVHRR) instrument on board of the National Oceanicaffected by noise arising from different sources,
and Atmospheric Administration (NOAA) polar including clouds, atmospheric perturbations and
orbiting satellite series. The base data have beevariable illumination and viewing geometry. All of
corrected by GIMMS to minimize cloud contamination these factors usually reduce NDVI values. For the
using Maximum Value Compositing (MCV). purposes of this study the presence of residual
Furthermore, the final GIMMS NDVI dataset is contaminations in used time-series, due to thefeetsf
corrected for sensor degradation and inter-caitmat has been considered. Therefore, to have recourse to
differences, global cloud cover contamination, vigyv  proper outliers detection technique has been regaad
angle effects due to satellite drift, volcanic a®le and preliminary and fundamental step in the carried out
low signal-to-noise ratios due to sub-pixel cloudanalyses.

contamination and water vajiSt. The effect of these In particular, when we use least square methods,
issues have been removed with a correction usingie assume some well known hypotheses, namely about
Empirical Mode Decomposition (EMD) designed for the vector of errors. Actually, the said assumptiare
non-parametric and non-stationary data, resultm@ i not always observed. Heavier-tailed distributionaym
stable time-series, relatively consistent over Iimegenerate larger errors than the normal ones daistob
appropriate for trend analySid. Finally, the AVHRR techniques are proper in this case. A number of
NDVI GIMMS dataset is freely available and gives yothods are available, starting with tha borm
global coverage over an extensive time period (1881 (Laplace-Bogkow). Some of them are able to check

present). even 25% of outlief; other€”, as M methods, can

In particular, a fortnightly NDVI time-series ftie : :
period 1982-2006 was taken into consideration.teifs ggﬁ/eo‘)“ not only outliers, but also the leveragensofil

all, for the purposes of the proposed study, thectsd L .
NDVI base data have been geometrically pre-processe The LMS ‘method is different from the. previous
and organized into a suitable historical databas@€S in What concerns the breakdown point and the
implemented in order to grant their spatial int¢igra cpmputatlonal aIgonthm. Indeed, this method has_a
Starting from this archive, monthly NDVI historical Nigh break-down point (about 50%); moreover, it
time-series, extended from 1982-2006, have beem theallows computation of the solution chosen after
developed and analyzed. checking among all other possible solutions, drawn
First of all, simple smoothing techniques (movingfrom combinations of available values, once an
average based techniques) have been applied te thesptimization criterion has been established: tHatsm
generated NDVI time-series. Smoothing of a time-produces the minimum median of squared
series is a statistical procedure used to dampetheu residual®®*®. The calculation is as follows:
fluctuations in order to obtain a more regular e®ri
This operation is designed to remove the random
component, leaving behind the systematic component
in the series and it often helps to uncover undggly R
patterns. After that, new monthly and yearly NDVI where, NDVI;, NDVI, are, respectively, the observed
time-series have been constructed. Several routin@§DVI value and the estimated one.
have been then implemented in IDL (Interactive Data  |n practice, for any given vector x of estimaters,

Language programming tool) with the purpose ofcould find the median of squared residuals: The
applying suitable statistical analysis techniqueshie  go|ytion is that x that produces the minimum median
historical information in the database to perform a |4 this study, the LMS method has been used for

components analysis .in order to_discover underlyinqobust data snooping: Identification of outliers kes
patterns in generated time-series and extractekeatl easier reconnaissance of elements due to other

vegetation dynamics. o :
In particular, using proper statistical methodsdlstrlbutlons. Moreover, detected outliers may aéseeal

(Least Square regression techniques, LS, which argnomalies of NDVI values; properly treated, theyldo
very sensitive to outliers in real data, coupledhwa be used as warnings revealing anomalies in ongoing

robust technique, such as Least Median of Square\éegetation conditions that can be used for drought
regression estimator, LMS, used for a preliminarydetection and near real-time monitoring purposéss T
outliers detection and removal), the parameterthef hypothesis requires to be validated, verifying the
regression have been calculated in order to shaw thsignificance of detected outliers according to drisél
NDVI trends. As aforementioned, NDVI data are oftendrought events or historical precipitation anonslie
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After the robust data snooping phase, a re-
estimation of regression, deprived of outliers, basn
performed. The slope of regression was finally fiei
by the Student’s t test, around zero values:

H, :E[&]= ({oi

a

s L/Z.v:m—z

where, ais the slope of regression.
RESULTS

During a preliminary vegetation analysis, several
NDVI measures (such as minimum, maximum and
mean NDVI values, standard deviation and coefficien
of variation) have been calculated for each yeam{f Fig. 1: Spatial distribution of long-term (1982-&)0
1982-2006) and investigated. Figure 1 and 2 showneso mean values of yearly NDVI
results of this preliminary analysis.

Figure 1 shows the spatial pattern of long-term
mean values of yearly NDVI.

The annual variability of monthly NDVI values
with respect to the mean annual value has been
evaluated for every year and for every pixel ared it
temporal change during the 25 years observation
window, has been investigated using the Coeffisiexfit
Variation (CoVs). As a matter of fact, the use bé t
coefficients of variation allows to evaluate ananpare
the spatial distribution of the annual variabilitf
monthly values on a pixel basis. Figure 2 shows the
distribution of the long-term (1982-2006) mean
coefficients of variation of NDVI values; it helgs
identify the areas where the vegetation has beejestu
to the major changes during the observed 25 years.  Fig. 2: Spatial distribution of long-term mean \eswf

The complete trend components estimate (LS yearly Coefficients of Variation (CoVs)
coupled with LMS methods) has been carried out
starting from monthly and yearly NDVI time-series
using a pixel-based level of spatial data aggregati
Thus, the behaviour of NDVI time-series has been
analysed for every single cell X8 knt). The spatial
distribution of the slopes of the regressions, iole@
analyzing yearly and monthly time-series, are presk
in Fig. 3-5. According to the aforementioned
hypotheses, white and dark grey areas show,
respectively, reduction or increase in vegetation
greenness between 1982 and 2006; while light grey
areas have not been subject to significant vegetati
changes, according to the implemented Studenéstt t
Finally, Fig. 6 shows an example of results obtdine
during the data snooping phase performed using
monthly NDVI time-series: Spatial distribution dfiet
detected outliers for the month of April 2004. NDVI Fig. 3: Overall trends in vegetation greennesstfier
values that belong in light grey areas are thoatfave period 1982-2006: Spatial distribution of slopes
been used for LS regression. of the regressions for yearly NDVI values
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December NDVI - Slope of regression £ . 3 August NDVI - Slope of regression
<04 i 2 J<-04

[ no change of NDVI i ; o [ ro change of NDVI
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Fig. 4: Overall trends in vegetation greenness tfar period 1982-2006: Spatial distribution of slepaf the
regressions for monthly NDVI values (December angjést trends, Horn of Africa area)

November NDVI - Slope of regression B ¢ A e | June NDVI - Slope of regression %
§C1<-04 - e C<-04 o
% [ no change of NDVI 4 (ihide : [ no change of NDVI

@ (b)

Fig. 5: Overall trends in vegetation greenness the period 1982-2006: Spatial distribution of skepe the
regressions for monthly NDVI values (November andelJtrends, West Africa area)

DISCUSSION subject, respectively, to reduction or increase in
vegetation greenness and biomass production. Mergov
The results of this study show the existence edircl it can be noticed that the robust methodology agpin
regional trends of NDVI over the period 1982-2006th  this study, allowing to detect and remove resicwase
decreasing and increasing, which can help to descri data in base time-series before the estimatioheofrend
long-term vegetation dynamics and to highlight srea components, guarantees effective results.
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CONCLUSION

As already discussed, the actual meaning on the
ground of greening has not yet been firmly esthblis
Therefore, the observed greening trends may be
interpreted as land degradation or improvement with
much caution. For these purposes, the identified
patterns of vegetation degradation and improvement
identified need to be further explored by comparsso
with climatic, land cover, soil and terrain and isec
economic data, using also field survey data on
dominant rural activities at local scale and, ppgha
finer resolution satellite data.

Of course, the obtained NDVI trends may simply
help to identify areas subject to vegetation degpiad
phenomena that may imply reduction in biomass,
decrease in species diversity, or decline in quatit

) Amn i uin terms of the nutritional value for livestock and
B Aacesion s 5t wildlife™.
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Fig. 6: Spatial distribution of the detected outidor
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_ Obtained results are confirmed, in spite of some;; NaASA's Goddard Space Flight Center for providing
disagreements due firstly to the use of different,o AVHRR NDVI dataset.

methodologies, by the results of studies proposed b
other authors. For example, a significant greeoiinpe
Sahel expressed in positive trends in NDVI, indigat

a net increase in biomass production, were noted b¥.
Herrmannet al.*?. Besides, a more general agreement
can be found with Bagt al.*”.

Moreover, obtained greening trends are not
uniform. Thus, further study developments are based
the investigations of the factors that may have2.
contributed to this differential response. In parar,
some regions of Africa showed a unstable behavior
over the period 1982-2006 (for instance, the Sabeé
in Fig. 2). Therefore, from a more proper statatic 3.
treatment of these areas, a piecewise regressamsse
at present advisable and we shall deal with iheriear
future. The process is as follows:

4,

* Once the first outlier has been found, a leastsgua
fitting is performed for all points until the lashe

e Starting with the outlier, we go onward with the
robust data snooping (least median of squares.
method)

» As the second outlier has been detected, the least
square fitting is performed for the second sectiorf-
and so on

The real advantage of this process will be better
shown in a future application.
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