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Abstract

Satellite products such as normalized difference vegetation index (NDVI), the fraction
of vegetation cover (FVC), and evapotranspiration are worth to drought assessment and alert.
We consider time series of SPOT vegetation NDVI and FVC, as well as Satellite Application
Facility on Land Surface Analysis (LSA SAF), reference evapotranspiration ETo to estimate
potential evapotranspiration E, at 3 km resolution and 10-days’ time step in northern Tunisia.
In addition, based on satellite LSA SAF observations of actual evapotranspiration E, we pro-
duce maps of the ratio E/E; or relative productivity. To analyze drought conditions, we con-
sider the time horizon from January to May relevant for cereal crops. Resulting relative
productivity maps are then compared to field evidence relative to areas damaged by drought.
Bias correction method is then used to correct relative productivity cumulative distribution.
Results show that two thresholds are required to correct relative productivity maps to assign
zero for low levels and one for high levels of relative productivity. In addition, quantile-quan-
tile regression is worth completing relative productivity map correction.
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1. INTRODUCTION

Drought assessment is helpful for crop yield estimation and has repercussions on the country’s
trade balance and food security. Satellite products are worth for assessing drought occurrence
and severity. While satellite products are worth at a regional scale, they need to be analyzed at
a local scale. Different methods are used for such assessment. In different parts of the world,
flux tower data were used to verify the accuracy of actual evapotranspiration using as reported
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from satellite observations (Cleugh et al. 2007; Paca et al. 2019). Here we propose to compare
remote-sensing estimated evapotranspiration under drought conditions, with field evidence of
crop damage (Abid et al. 2018). Tunisia’s economy is vulnerable to drought and particularly
cereal crop droughts. That’s why it is challenging to use satellite products to help monitor
drought and crop yield in Tunisia (Zribi et al. 2016; Chakroun 2017).

2. MATERIAL AND METHODS
2.1 Material

The study area is northern Tunisia mainly composed of three core watersheds (North Mediter-
ranean facade watersheds called basin 3; the Medjerda basin called basin 5, and the East facade
Cap-Bon and Meliane river basins called basin 4). This area covers 346 378 km?2. Climate con-
ditions vary from higher humid to lower semi-arid according to Emberger index. Vegetation is
composed of forest, cropland, and sparse vegetation. The study region is decomposed into 1101
units which are local administrative units called “Imada”. Only 777 out of them that are non-
urban areas are considered for remote-sensing estimates and field comparison. Field evidence
data are obtained by analyzing the Official Journal of the Tunisian Republic where are pub-
lished for each Imada the percentage of drought-damaged areas for every cereal crop campaign
considering the time step from September to next May. We selected the crop campaign of 2015—
2016 which is characterized by a drought that threatened more than 60% of the study area
(Fig. 1). We use the variable Fa which is related to the area damaged by cereal crop drought.
Fa=1 returns for zero percent of the Imada’s area is affected by cereal crop drought while
Fa =0 returns for 100 percent of the Imada’s area is affected by cereal crop drought. For the
period September 2015 to May 2016, we download fraction of vegetation cover FVC and nor-
malized difference of vegetation index NDVI observations from the Copernicus SPOT-
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Fig. 1. Map of F, for the 2015-2016 crop campaign.
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Vegetation product with a 10-day time resolution and 1 km spatial resolution. In addition, we
download actual evapotranspiration E and reference evapotranspiration ETo from LSA SAF
products. The time resolution is daily, and the spatial resolution is 3 km. Daily E as well as
daily ETo series are summed to obtain the totals for the period January to May 2016. Then, they
are averaged over administrative entities (Imadas).

2.2 Methods

According to Eagleson (1994), for a column of atmosphere and soil of unit width, assuming the
climate to be stationary, and time averaging the differential water balance equation, one obtains
the climatic water balance equation:

P — E (S/climate, soil, M, k,) — R (S/climate, soil) =0 , @

where P is the average yearly precipitation received by the surface, E — average yearly actual
evapotranspiration, M — fraction of the surface covered by vegetation or canopy density, R —
average yearly surface runoff, S — soil moisture state, ky is the ratio k, = E/Ep, and Ep is poten-
tial evapotranspiration also called relative productivity or crop efficiency or water stress coef-
ficient.

As mentioned by Eagleson (1994), there are three types of functions describing productivity
change versus environmental stress (S—1) distinguishing desert annual grasses and humid cli-
mate trees (Type 1) from semi-arid and subhumid trees and shrubs (Type 2) and from perennial
desert plants (Type 3). Type 2’s kv varies roughly between 0.4 and 0.6 for conditions without
or with small environmental stress and decreases abruptly to zero under environmental stress
conditions. On Al contrary, for Type 3 the null or small stress conditions is around 0.3 while it
is around 0.9 for Type 1 signifying that atmospheric demand can be met. Thus, the transpiration
is much restricted for Type 3 vegetation to cope with prolonged dry periods. We assume that
under semi-arid conditions of northern Tunisia Type 2 behavior holds. These permits rescaling
the satellite-derived E/Ep maps using two thresholds for relative productivity. Any satellite es-
timated kv less than kvmin is transformed to zero. Any satellite estimated ky greater than Kymax 1S
transformed to 1. Thus, Fa =0 corresponds to ky =0 and Fa=1 correspondsto ky = 1. Then,
a regression is fitted between non-transformed sample quantiles of satellite-based ky and the
fraction Fa.

We estimate the crop coefficient K¢ based on the FAO-56 dual crop coefficient approach
(Allen et al. 1998) which is commonly used in the literature (Er-Raki et al. 2010). K¢ is calcu-
lated as a function of K¢ and Ke (Rocha et al. 2010; Abid et al. 2018):

Kc = ch + Ke y (2)

where Ky is crop transpiration coefficient, Ke — soil evaporation fraction, K¢ — a function of
NDVI, and Ke is a function of FVC (Rocha et al. 2010; Abid et al. 2018).
The potential evapotranspiration is evaluated using Eq. (3):

Ep = Kc * ETO . (3)

Pixels Ep are first summed to obtain the January to May 2016 totals. Then, they are averaged
over administrative entities (Imadas) and the ratio E/Ep is estimated for every entity. Its rele-
vance is assessed in comparison to the fraction Fa informing about the percent of the area dam-
aged by drought for cereal crops (Fa =0 corresponds to 100% of the Imada affected by cereal
crops). A statistical analysis of the sample cumulative distribution of F4 and satellite-based ky
is undertaken. Bias correction is achieved using the two above mentioned thresholds for satel-
lite-based ky as well as quantile-quantile regression (Piani et al. 2010).
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3. RESULTS

Figure 2 shows the scatterplot of actual evapotranspiration averaged by Imada in comparison
to potential evapotranspiration. Per Imada, in the period January—May 2016 total actual evapo-
transpiration vary between 20 and 200 mm while potential evapotranspiration is between 175
and 300 mm. Figure 3 shows the map of estimated ky for the period from January to May 2016.
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Fig. 2. Scatter plot for actual and potential evapotranspiration (January to May 2016) per Imada.
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The sample distributions of ranked ky and Fa are shown in Fig. 4. There is clearly a need for
bias correction. Based on Fig. 4, the following thresholds are assumed: kymin = 0.45 and Kymax =
0.62. Thus, for every Imada with raw ky < 0.45 the transformed kv = 0. Similarly, for every
Imada with raw ky > 0.62 the transformed k, = 1. Otherwise, raw ky are ranked as well as
corresponding Fa. Quantile-quantile regression is then achieved (Fig. 5). As seen in Fig. 5, the
regression is with very good accuracy helping drought impact investigation in northern Tunisia.
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4. CONCLUSION

For Northern Tunisia and the drought occurred in the crop campaign 2015-2016, the field as-
sessment achieved by the Tunisian authorities to estimate the percentage of the affected area by
drought for every administrative unity at the local scale (Imada), is compared to the crop
productivity calculated using remote sensing data and products from SPOT and LSA SAF. Bias
correction using quantile-quantile regression resulted in a very good accuracy between the two
derived maps. Therefore, the perspective is to evaluate the relevance of other periods for
drought mitigation as well as to analyze other drought events and non-drought periods.
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