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1 INTRODUCTION 

The increasing rate of temperature and the climate 
change have become a big concern during last dec-
ades. The impacts of this natural hazard have been 
observed in different fields. Drought-humidification 
cycles can affect clayey soils surface conditions re-
sulting in shrinkage and swelling phenomenon. 
Lightweight constructions like residential, industrial 
buildings or even roads are affected and damaged by 
the shrinkage-swelling of clayey soils that are in di-
rect contact with them. In France, this natural disas-
ter is now in the second range of all natural disasters 
after the floods and has costed around 5 billion euros 
between 1988 and 2007 for insurance companies and 
the government (Vincent et al. 2009). The south of 
France is mainly hit by this natural hazard because 
of its geological formation and the presence of clay-
ey soils on the surface and top layer in a wide area. 
This phenomenon has been studied by different au-
thors in the past years by taking into account cou-
pled or uncoupled behavior of surface clays in con-
tact with the atmosphere or the construction 
(Hemmati 2009; Ta 2009; Hemmati et al. 2012; Cui 
et al. 2013; Song 2014; Nowamooz et al. 2016). 
Nowadays, although the Geotechnical concept of 
this kinds of problems are not completely known or 
solved but it is crucial to have in priority an envi-

ronmental and hydrogeological point of view of this 
natural hazard in order to better understand the in-
tensity and the frequency of these drought-
humidification cycles over time. Due to the complex 
nature and widespread effects of drought, it is diffi-
cult to give a universal definition of this phenome-
non, which prevents the identification and monitor-
ing of key drought characteristics such as duration, 
intensity, gravity and spatial distribution. Therefore, 
the aim of this paper is to perform a case study to 
evaluate the drought periods occurred in the south 
region of France which has a very highly concen-
trated number of declared damages, with two differ-
ent standardized indexes (SPI and SPEI). A drought 
period is a period of below-average precipitation in a 
given region which results in prolonged shortages in 
the water supply and can be defined in different 
types, depending on the amount of water loss (mete-
orological, hydrological, agricultural and socio-
economical drought). As the south of France has 
been hit by meteorological drought for several years 
since 1975, monthly data were gathered from the 
Toulouse-Blagnac meteorological station in the 
south allowing the calculation of these two indexes. 
The comparison of the observed and declared 
drought period over the region with the calculated 
indexes shows that the SPEI index performs better 
than the SPI index because of the evapotranspiration 
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hazards in France. The climate change as well as the rate of evapotranspiration of soils, are the main origin of 
this natural hazard. Thought, it is crucial to evaluate drought periods in the framework of soil-atmosphere in-
teraction. Standardized indexes are practical tools to recognize the type of drought and its associated periods. 
The aim of this paper is to evaluate the drought periods in a region with a high risk of shrinkage-swelling in 
the south of France, by using two standardized drought indexes. Therefore, climatic data since 1975 were 
used to calculate the SPEI standardized index which takes into account the rate of precipitation and evapo-
transpiration of unsaturated soils. The comparison with the SPI index which is based only on precipitation and 
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soils in this case study. Results are in great coherence with all drought periods observed in the history of 
France since 1975, meaning that the SPEI index is a more practical tool to recognize past drought events and 
even predict a drought period, if weather forecast data is available. 



process from the soil surface, taken into account in 
the calculation of SPEI.  

2 METHODOLOGY FOR INDEXES 

To describe the physical characteristics of a drought, 
several indexes and indicators have been developed 
previously. In the same way, the diversity of the 
domains of application of droughts does not make it 
possible to have universal index for their characteri-
zation. However, WMO (World Meteorological Or-
ganization) recommended in 2009 the use of the 
Standardized Precipitation Index (SPI) as a standard-
ized precipitation index for monitoring meteorologi-
cal droughts. The calculation procedure of two 
standardized drought indexes is introduced in this 
section. 

2.1 The SPI index calculation procedure 
The SPI index (McKee et al. 1993, 1995) known as 
the Standardized Precipitation Index is powerful and 
simple to calculate. Precipitation data are in fact the 
only parameter required. The SPI index is based on 
the probability of rainfall over a given time scale. 
The probability of precipitation is transformed into 
an index through statistical analysis. A probability 
distribution is adjusted to this long series of data and 
is then transformed into a normal distribution so that 
the mean SPI for a location and for a specified time 
step becomes equal to zero (WMO 2012). According 
to Edwards et al. (1997), the Gamma probability 
function, was found as the best function that fits per-
fectly well on precipitation data. The Gamma distri-
bution can be parameterized using a shape parameter 
α and an intensity parameter β:  ݃(ݔ) = ;ݔ)݂ ,ߙ (ߚ = ఉഀ	୻(ఈ) ݁ିఉ௫		ఈିଵݔ	 ݔ)			 > 0)		     (1) 

where α is a shape parameter; β is a scale parameter; 
x is the random variable (precipitation in this case); 
Γ(α) is the gamma function defined as follows: Γ(ߙ) = ∫ ݁ି௬	ఈିଵݕ ஶ଴		ݕ݀		                       (2) 

The parameters α and β are obtained by adjusting the 
gamma distribution, but they can also be calculated 
by the Maximum likelihood estimate to obtain an 
optimal estimate of α and β. Once α and β are avail-
able, the gamma distribution function is calculated 
for the specified time step and for the associated 
rainfall record. The cumulative distribution function 
of the gamma distribution is calculated according to 
the following expression: (ݔ)ܨ = ∫ ݔ݀(ݔ)݂ =௫଴ ఊ(ఈ,ఉ௫)୻(ఈ)                      (3) 

where γ is the incomplete function of gamma. This 
function is not defined for values of x equal to zero, 
while the record of precipitation may contain precip-
itation equal to zero. In these cases, it is essential to 
make a modification to the distribution function (F 
(x)). This correction is made with the term q which 
is equal to the ratio of number of precipitation zeros 
(m) to the number of precipitation records (n). The 
correction reported is written in this form: (ݔ)ܪ = ݍ + (1 −  (4)                      (ݔ)ܨ	(ݍ

By performing this correction, the SPI index can be 
calculated by two methods. In the first method, H (x) 
is transformed into a normalized random variable 
(Z), with a mean zero and a standard deviation equal 
to 1 (the inverse of the normal distribution) for a 
given time step. The second method is based on the 
Abramowitz and Stegun approximation (1965) 
which is able to convert the cumulative probability 
to the random variable Z: ܼ = ܫܲܵ = −ቀݐ − ௖బା௖భ௧ା௖మ௧మଵାௗభ௧ାௗమ௧మାௗయ௧యቁ 0				ݎ݋݂	 < (ݔ)ܪ ≤ 0.5		 (5) 

ܼ = ܫܲܵ = +ቀݐ − ௖బା௖భ௧ା௖మ௧మଵାௗభ௧ାௗమ௧మାௗయ௧యቁ݂ݎ݋				0.5 < (ݔ)ܪ ≤ 1 (6) 

where: 

ݐ = ඨln ൬ ଵ൫ு(௫)൯మ൰	 0								ݎ݋݂								 < (ݔ)ܪ ≤ 0.5     (7) 

ݐ = ඨln ൬ ଵ൫ଵିு(௫)൯మ൰	 0						ݎ݋݂			 < (ݔ)ܪ ≤ 0.5	      (8) 

where ܿ଴ = 2.515517 , ܿଵ = 0.802853 , ܿଶ = 0.010328 , ݀ଵ = 1.432788, ݀ଶ = 0.189269, ݀ଷ = 0.001308. 

2.2 The application of the SPI index: 
Monthly rainfall data of the Toulouse-Blanganc sta-
tion gathered since 1975 until 2015 is presented in 
figure 1. The Gamma probability density function is 
adjusted on these set of data and the cumulative dis-
tribution function is calculated (Figure 2). The modi-
fication was made on the distribution function using 
Equation 6, and the probability values were trans-
formed through the inverse Gaussian distribution 
(The first cited method, mean zero μ = 0 and stand-
ard deviation equal to 1, σ = 1), which gives the val-
ue of SPI more precisely (Z = SPI). The cumulative 
distribution function for these monthly data is pre-
sented in parallel with the curve showing the cumu-
lative probability of the standardized random varia-
ble (Z = SPI) in figure 3. The index is determined by 
linking a precipitation record to its cumulative prob-
ability and assigning it to the index based on the 



cumulative probability of the standardized random 
variable (SPI).  

 

 

 

 

 

This method is mainly used for monthly time steps. 
It is suggested to use the Abramowitz and Stegun 
(1965) approximation adapted by Edwards et al. 
(1997) for larger time steps. The SPI is standardized 
in space (a specific station) because it represents the 
precipitation frequency distribution as well as the as-
sociated variation in the station. In addition, the SPI 
is standardized over time, as it can be calculated at a 
number of time scales. The advantage of this index 
is that precipitation is the only parameter that must 
be available and it is less complex than other indexes. 
It is possible to calculate the index for different time 

steps, making it possible to detect drought condi-
tions quickly and to assess their severity.  

2.3 The SPEI index calculation procedure:  
The SPEI index was developed by Serrano et al. 
(2008). The need for the development of this index 
is due to the fact that other drought indexes like (SPI: 
standardized precipitation index, SWI soil moisture 
index, MSDI multi-variable drought index) are not 
completely relevant in the cases of an abnormal in-
crease in temperature and an associated decrease in 
precipitation. The study by Serrano et al. (2008) ex-
amines the influence of climate change and the de-
creases in precipitation over the duration and severi-
ty of drought for a period of at least 50 years. 
Climate change is not limited to a decrease in pre-
cipitation but also to a gradual increase in tempera-
ture during the studied period. This has been the 
subject of the development of this index which takes 
into account precipitation and temperature data 
(evapotranspiration). Like the SPI (based on precipi-
tation), the SPEI is calculated based on the differ-
ence between precipitation and the potential evapo-
transpiration. The methodology consists in using one 
of the methods of estimating potential evapotranspi-
ration as a function of temperature. The 
Thornthwaite (1948) method was chosen because it 
does not require many parameters and is based on air 
temperature. Although other evapotranspiration for-
mulas could be used for the index calculation like 
the Penman (1948) equation but they may require 
more climatic variables over a long period of time 
resulting in complex and time-consuming calcula-
tions. Nevertheless, Mavromatis (2007) showed that 
the use of different PET calculation methods leads to 
similar drought index results. The Thornthwaite 
(1948) equation is expressed as below: ܲܶܧ = 1.6 ቀ ௅ଵଶቁቀேଷ଴ቁቀଵ଴்ೌூ ቁ௔భ                   (9) 

ܽଵ = 6.75 × 10ି଻	ܫଷ − 7.71 × 10ିହ	ܫଶ − 1.79	 ×	10ିଶ	ܫ + 0.49     (10)                     

where PET is the Monthly potential evapotranspira-
tion in (mm), L is the length of day in hours (h), N is 
the number of the day of the month, Ta is the mean 
air temperature and I is a heat index which depends 
on the 12 monthly mean temperatures Tai as is calcu-
lated using the followed expression: ܫ = ቀ்ೌ೔ହ ቁଵ.ହଵସ                               (11) 

Subsequently, the expression of the simplified water 
balance was used to find the difference between pre-
cipitation (P) and potential evapotranspiration (PET): 

Figure 1. Precipitation data at Toulouse-Blagnac (1975 to 2015). 

Figure 2. Fitting of the gamma distribution on the rainfall data 
at Toulouse-Blagnac from 1975 to 2015. 

Figure 3: The SPI index calculation procedure 



ܦ = ܲ −  (12)                               ܶܧܲ

According to Serrano et al. (2008) statistical analysis 
was carried out to find the best probability density 
function capable of being adjusted and fitted to the 
water balance data D. The log-logistic probability 
density function was chosen and is expressed as: ݂(ݔ) = ఉఈ ቀ௫ିఊఈ ቁఉିଵ ൤1 + ቀ௫ିఊఈ ቁఉ൨ିଶ              (13) 

In this expression, α is the scaling parameter, β is the 
shape parameter and γ is the original parameter for 
values of γ> D <∞. This function is also called the 
Generalized Log logistic, because it contains three 
parameters. The cumulative distribution function 
(cdf) of this probability function is defined as fol-
lows: (ݔ)ܨ = ଵଵାቀଵାഁ(ೣషം)ഀ ቁషభഁ                         (14)   

With the cumulative distribution function, the SPEI 
can easily be obtained as standardized values of F(x). 
This goes through the same procedure of the SPI 
calculation by using the approximation of 
Abramowitz and Stegun (1965) in equation 7 to 10.  

2.4 The application of the SPEI index: 
Mean temperature data from 1975 to 2015 and the 
associated evapotranspiration from the surface (cal-
culated using equation 11) are presented in Figure 4. 
These temperature data were measured near the sur-
face of that area. The evapotranspiration is calculat-
ed and the rainfall data are available (Figure 1), 
therefore the difference can be calculated. Like the 
SPI calculation procedure, a suitable probability 
density function (in this case the Log Logistic func-
tion) is fitted this time on the obtained water balance 
data and not just on the rainfall data. Figure 5 shows 
the probability density function adjusted on the wa-
ter balance data.  

 

 

3 RESULTS, COMPARISON AND DISCUSSION 

A drought begins when the indexes continuously 
show a negative value of -1.0 or less and ends when 
the index becomes positive. When the indexes show 
values between ±1 and ±1.49 the drought status be-
comes moderately dry for negative values and mod-
erately wet for positive values. When they show val-
ues between ±1,5 and ±2 a very dry period or very 
wet period is observed and finally when the values 
are greater than 2 and less than -2 the period is in an 
extremely wet and extremely dry condition respec-
tively. Therefore, for each period of drought, there is 
a duration, with a beginning and an end, and an in-
tensity for each month during which the period con-
tinues. 
These two indexes are now normalized and can be 
expressed over time. Primarily the SPEI results are 
being investigated. By applying the Abramowitz and 
Stegun expression the monthly SPEI index was cal-
culated. The index clearly recognizes all observed 
and declared drought periods in France since 1975 
(1976, 1988, 1989, 1990, 2003, 2006, 2011), mainly 
the year 2003 that was the costliest period in terms 
of damages and losses caused on lightweight con-
structions. The reason is visible in the figure 6(a). 
The intensity of the drought in 2003 is much higher, 
compared to the other periods and it also has a 
greater severity and its duration is almost distributed 
throughout the year. To investigate the obtained re-
sults of the SPEI index, a comparison was made 
with the standardized precipitation index (SPI) for 
the same period and at the same given station. Fig-
ure 6(b) shows that not all drought periods are rec-
ognized in the case which the SPI index is used. This 
is due to the fact that the SPI is based on rainfall da-
ta only and is independent of temperature and the 
evapotranspiration rate from soil surface. In other 
words, a large variation in temperature will not af-
fect the SPI results, as the SPEI index is based on 
both parameters (temperature and rainfall). The 

Figure 4: Temperature data and the calculated evapotranspiration 
at Toulouse-Blagnac from 1975-2015 

Figure 5: Fitting of the Log-Logistic distribution on the water 
balance data (D) at Toulouse-Blagnac from 1975 to 2015. 



drought periods that are not recognized by the SPI 
index are shown in figure 6(b) (1976, 1990, 2006, 
2011). Precipitation did not fall much during these 
periods but there was of course an increase in tem-
perature which could be recognized by the SPEI in-
dex. It is also seen in figure 6(b) that there are also 
dry periods on the SPI index which does not corre-
spond to any observed or declared drought period in 
the past years in France. This confirms that the SPEI 
index performs better than the SPI index in monitor-
ing meteorological drought in this specific region. 
The intensity and the duration of these metrological 
drought are in relation with the surface suction of 
soils. This can be confirmed by studying a specific 
year in which the intensity and duration is high. In 
this case study the 2003 drought was chosen. The 
concept of the drought index can be related to the 
rate of evapotranspiration (AE/PE) and the concept 
developed by Wilson et al. (1997) and Wilson 
(1990) based on the soil surface suction and the rela-
tive humidity, where AE is the actual evapotranspi-
ration (Wilson et al. 1994). An important variation 
of surface suction during a dry period, would give an 
SPEI drought index with high intensity and long du-
ration. To analyze this concept, two years have been 
taken into account: a dry year (2003) and a rather 
wet year (2000). Monthly mean relative humidity 
was calculated for these two years and by applying 
Kelvin's law the following curves were deduced 
(Figure 7). For the 2000 year, the driest month cor-
responds to the month of July and the wettest month 
corresponds to the month of January, nevertheless 
for the 2003 year, the driest month corresponds also 
to July but the wettest month corresponds to De-
cember. The year 2000 does not show much varia-
tion in suction because the relative humidity does 
not vary significantly over the course of the year as 

indicated also by the SPEI drought index which 
shows a global humid period. Nevertheless, the sec-
ond curve shows greater variation of suction on the 
soil surface during the year 2003 (as it is also pre-
sented by the index). The driest month in year 2003 
(RH=55.25%) generates larger suction values than 
the driest month of the 2000 year (RH=64.83%). 
However, the wettest month in 2003 (RH=86.13%) 
shows approximately the same suction values in the 
wettest month of the year 2000 (RH=83.6%) be-
cause the difference between relative humidities are 
not significant. For constant AE/PE values, when the 
air relative humidity increases, the suction value de-
creases. This is physically due to the fact that the air 
vapour pressure approaches the vapour pressure at 
the soil surface when the evaporation is lower and 
results in the air relative humidity reaching the soil’s 
relative humidity and in consequence in a saturated 
state or lower suction values at the soil surface.  

4 CONCLUSION 

This case study investigated drought and humidifica-
tion cycles during a long period of time by two dif-
ferent drought indexes in the south of France. The 
SPEI index showed better performance to fit the ob-
served meteorological drought periods in the south 
of France by comparing it to the SPI index which is 
a universal drought index and is based only on rain-
fall data. The comparison confirms the non-
negligible effect of temperature and soil evapotran-
spiration on the sensitivity of the drought index as 
the SPEI calculation method takes both precipitation 
and temperature into account. Based on the south 
France case study, the monitoring of these drought- 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 6: a) Calculated SPEI index for the 1975-2015 period at the Toulouse-Blagnac station (Zone with a high risk of 
shrinkage and swelling) b) Comparison of the SPEI index with the SPI index  



 

humidification cycles during a long period of time 
showed that when and how intense a drought period 
resulting in shrinkage and swelling, could be. It was 
also shown that drought indexes could be in relation 
with the soil surface suction and the rate of evapo-
transpiration. This was confirmed by comparing two 
years at different dry and wet state. The 2003 dry 
year shows more suction variations during the year 
in comparison with the 2000 year. It is now clear 
that the evapotranspiration process from the surface 
of clayey soils, triggering suction variations, may 
have caused those damages in the south region of 
France during past years. The results of this study 
could be useful in Engineering practice and con-
struction industry by having a general view of the 
drought and humidification cycles over the period of 
the past time and it could also be of great importance 
to decision makers especially governmental organi-
zations and insurance companies to manage the as-
sociated risks with these changes in climatic and sur-
face parameters over time. A perspective of this 
study could be the comparison of these drought in-
dexes with the soil water content, suction or soil set-
tlement over time in order to establish a relationship 
with these physical parameters.  
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