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Abstract: The analysis of vegetation dgmics is essential in sewiid regions, in
particular because of the frequent occurrence of long periods of drought. In this paper,
multi-temporal series of the Normalized Difference of Vegetation Int#X\/(), derived

from SPOFVEGETATION satellite datdbetween September 1998 and June 2010, were
used to anabe the vegetation dynamics over the samd central region of Tunisia. A
study of the persistence of three types of vegetapiast(res, annual agriculture and olive
treeg is proposed using fraatanalysis, in order to gain insight into the stability/instability

of vegetation dynamicsin order to estimate the state of vegetation cover stress, we
propose evaluatg the properties of an index referred to as the Vegetation Anomaly Index
(VAI). A positive VAI indicates high vegetation dynamics, whereas a negative VAI
indicates the presence of vegetation stress. The VAI is tested for the above three types of
vegetation, during the study period from 196010, and is compared with other drought
indices. The VAl is found to be strongly correlated with precipitation.
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1. Introduction

Vegetation cover, which affects different processes, in particular #ter wycle, absorption and
reemission of solar radiation, carbon cycling, and latent and sensible heat fluxes, plays a key role in
land surface processesd]l Any change to the vegetation cover can thus have a strong inflaence
local, regional and eveglobal scales. In the case of arid and sard areas in particular, because of
frequent drought events, it is essential to have an accurate description of the vegetation cover and it
variation over timeln recent years, larggcale intensive droughtaffecting large areas, have been
observed on all continents, and the high associated economic and social costs have drawn increasin
attention to the importance of droughts [3]. It is important to note that a drought corresponds to a
period of temporary ngness, in contrast to the permanent dryness found in arid areas. Drought is
associated with belowwormal precipitation, which lasts for a period of months or even years.

Several studies have been carried out in an effort to improve the understandiogigiftsir A
number of different indices have been developed to quantify drought, each with its own strengths and
weaknesses. They can be classified according to the following three types:

- Drought indices based on precipitation measuremeaty., (Palmer Draught Severity Index
(PDSI [4]), rainfall anomaly index (RAI[5]), deciles [6], crop moisture index (CM[7]), Bhalme
and Mooly drought index (BMDI[8]), surface water supply index (SWJB]), national rainfall
index (NRt [10]), standedized precipitdon index (SP][11,12]), andreclamation drought index
(RDI; [13]). The PDSI is one of the most prominent indices useangieorological drought, and
can quantify longerm changes in aridity over global land masses [li4jncorporates prior
precipitaion, moisture supply, and moisture demand into a hydrological accounting system. A
multi-scalar drought index based on precipitation and evapotranspiration, called the Standard
Precipitation and Evapotranspiration Index, has also been proposed by V8mmamoet al.
(SPEIN[15].

- Drought indices based on soil moisture estimatiers. Soil moisture drought index (SMDI; [16])

- Drought indices based on optical satellite observationecent decades, optical remote sensing has
demonstrated its strongpfential for the monitoring of vegetation dynamics and its variations over
time, mainly because it provides a wide spatial coverage and its internal data sets are consistent. Ii
particular, the Normalized Difference Vegetation Index (NDVI) is exquation of contrasting
reflectance between the red and Aefmared regions of a surface spectrum [17]. Tégsiationis a
readily usable quantity that can be related to the green vegetation cover or vegetation abundance, and
expressed by: NDV¥ (Rur T Rrep)/(RNR + Rrep), where Rir is the neainfrared (NIR) reflectance
and Rkepis the red reflectance. This index is sensitive to the presence of green vegetation [18]. It has
been used for several regional and global applications, in studies condémnidgstribution and
potential photosynthetic activity of vegetation {24]. Due to its formulation, it robustly describes
green vegetation in spite of varying atmospheric conditioriee red and NIR bands [25]. This
index is also considered to beediable indicator for land cover variatiorg7f30], since its temporal
variations are strongly related to changes in the @&astlrface conditions. THeDVI is related to
the photosynthetic activity of green vegetation [17], and a NIBVI indicates astrong level of
photosynthetic dtvity [31]. Various drought studies have been proposed, using this type of index.
The Vegetation Conditiomtex (VCI) proposed by KogdB2] is defined by:
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VCI =100(NDVI - NDVl gy )/(NDVl gy - NDVirginy ) (1)

where NDVI, NDVImin, NDVInhax are he smoothed weekly NDVI, muljiear minimum NDVI, and
multi-year maximum NDVI, respectively. The VCI varies between 0 and 100, corresponding to
vegetation conditions ranging from etnely unfavorable to optimal.

The Temperature Condition Index (TCI), ajgoposed by Kogan [32is defined as:

TCI =100(BT - BTypin )/(BTrmax - BTrin) 2)

whereBT, BTmin, BTmax are the smoothed weekly brightness temperatunelti-year minimum, and
multi-year maximum, respectively. We note that the BT is estimated from observationsamade
thermal infrared wavelengths.

The DEV.NDVIindex is defined as:

DEV.NDVI = NDVJ; - NDVI; 1, 3)

whereNDV] is the estimated value &§DVI for a given month, NDVI; ,, is the mean value of the
NDVI during month, with both of these parameters beingwed from aNDVI time series.

Indices based on satellite products have been applied to different regions in the world, and have
demonstrated strong potential in the identification ofquriof draght [3342]. For exampleSingh
and Bhuiyaret al [37,43] analyzed the complementarity of the VCI and TCI indices, applied to sites
in India. Quiring et al.[38] evaluated the usefulness of the VCI index, by comparing it with frequently
used meteorological indices. They showtwht the VCI responds most stropgto conditions
of prolonged moisture stressi @ months), and appears to be less sensitive to a-tehortdecrease
in precipitation. It was demonstrated that the VCI is not a spatially invariant indicator of drought.
Peterset al.[39] proposed thdiStardardized Vegetation Indéxusing biweekly NDVI data, derived
from NOAAG6s Advanced Ver y AHRE femoResensng instruntent, toR a d
monitor areas of drought. Gouvedd al. [41] used the SPOVEGETATION data set to evaluate
drought andregetation stress in Portugal.

Lanfredi et al. [29] proposed a procedure for the estimation of temporal persistence NDiie
data derived fromAVHRR observations over a Mediterranean test site. Meiftiporal series of
SPOTFVEGETATION satelliteNDVI data, recorded between 1998 and 2003, were exploited for the
study of persistence using -ttended Fluctuation Analysis, which allows persistent properties in
nonstationary signalluctuations to be detected [4Multi-Resolution Analysis (MRA) based dhe
Wavelet Transform (WT) has also been used to S| time series [4p

In our study area in Central Tunisia, which is characterized by aas&htlimate with frequent
drought periods, there is a need to identify the impact of drought on vegetati®nin the present
study, we thus propose an analysis of SREGETATION NDVI data, acquired during the 13 year
period from 1998 to 2010. Our main objective was to aealiie influence of drought on vegetation,
and to address the following two neefiistly, to provide an analysis of vegetation persistence during
periods of drought; secondly, to propose a simple index for the quantification of vegetation stress
during drought events.

Our paper is orgamed as follows: SectioB presents the studiedtesj together with a brief
description of the satellite and ground data used in our analysis. Sgdigpusses our methodology
for the estimation of persistence. An index used for drought quantification and vegetation stress is
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evaluated. Sectiod presats the application and validation of this approach, for different types of
vegetation over the studied site. Finally, our conclusions are presented in Section

2. StudyArea and Data Pre-Processing
2.1. StudyArea

The studied area is located on theirfaan plain in Central Tunisia {93WL0°171,
35°1NB5°55MN)) as shown in Figur&. The climate in this region is sesuiid, with an average annual
rainfall of approximately 30éhm per year, characteed by a rainy season lasting from October to
May, with the two rainiest months being Ooto and March. As is generally the case in sanal
areas, the rainfall patterns in this area are highly variable in time and space: the rainfall extremes
recorded in the Kairouan plain are: 108 mm in ¥9%50and 703 mm in 1969/7Bigure 2 shows the
varability of annual precipitation over the last thirteen yedifse mean temperature in Kairouan City
is 19.2 € (minimum of 10.7 € in January and maximum of 28.6 € in August). The winter is cool in
the northwest of the site and moderate elsewhere. €laive humidity varies between 55% and’40
in winter, and between 40% and%5n summer. The mean annual potential evapotranspiration is
close to 1600 mm.

In the past, most of the surface flow feeding the Kairouan plain came from the three main
catchmerg (Zeroud, Merguellil and Nebhana), which are presenthoffuty large dams (Figure 1).

The aquifer of the Kairouan plain is the largest catchment basin in central Tunisia, and is fed by
surface water infiltration (Zeroud and Merguellil) during floodsthe natural regime, or, since the
construction of the Sidi Saad and El Haouareb dams, by water runoff from dam releases [46,47].
Surface and groundwater discharges are drained into Sebkha Kelbia, a large salt lake.

Figure 1. Location of the studied sitend landcover map during the 2009010 vegetation season.
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Figure 1. Cont.

The landscape is mainly flat. The crops are various and their rotation is typical efrebneigions.
Figurel shows a typical landover map, produced from SPOT satellite ligesolution data. Three
land cover classes are dominant over the region of interest, and areednalythe present study:
(i) Pasture covera mixed shruland covertypical of semiarid regions in North Africa, charactesd
by a single greenness peiakspring.(ii) Annual agriculture mainly winter wheat and barley. These
crops are sown around ralbvember, and arbarvested in late May or early June. This form of
agriculture is characterised by singleak greenness in mid March. (idJive treesthese correspond
to themost common class of land usetlire studied areaThere is a very higmean inteitreespacing
of approximately20m, and theresulting landcoveragas quitelow (5%).

2.2. NDVIData

The tenday synthesis (S10) is a full resolutiproduct (1 km resolution)providing 16day NDVI
data [49. The quality of the S1@roducts is directly related to the quality of the P (physical) products.
P products are given for tegf-atmosphere (TOA) conditions, for which atmospheric corrections hav
been applied. These are based o use of the SMAC algorithm [§9wvhich corrects for molecular
and aerosol scattering, water vapor, ozone and other gas absorption effects. Data inputs for the
atmospheric correction of SPOT VGT are the aerosol opdeaih (AOD), atmospheric water vapor,
ozone and a Digital Elevation Model for aispheric pressure estimation [SWater vapor (éhourly
measurements) is obtained from Metgance with a 1.5x 1.5°grid cell resolution. The AOD is
derived from the BO bad, in combination with th&lDVI [50], although prior to 2001 it was a static
data set which varied only as a function of latitude. The P products are corrected for system errors
(mis-registration of the different channels, calibration of the linear ateagctors for each spectral
band), and resampled to a Plat€arrée geographic projection. High absolute location and



