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ABSTRACT: This study analyzes some rainfall-related indexes in the Macta basin in 
northwestern Algeria, in the Orano-Mediterranean region, such as the Precipitation Index, 
Precipitation Concentration Index and Modified Fournier Index. Multi-factorial statistical 
tests were used to assess relationships between different geographic variables and 

precipitation parameters, based on the acquisition of monthly rainfall series from 42 
stations in the catchment area, and that over 41 years. The objective of this article is to 
study the influence of rainfall parameters on rain erosivity in a semi-arid region (western 

Algeria) based on monthly rainfall series from different sites covering Macta watershed. 
Thus, establishing a relation between the monthly precipitaions and the energy of the 
rainfall intensities (EI30). The multifactorial analysis showed significant relations between 

the variables studied by grouping them with the same trends on the factorial axes. It was 
founded that the longitude-latitude- modified Fournier index group was on the same 
factorial axis, while the mean annual precipitation and altitude were on the other side. 
Altitude and latitude are the most important variables that govern the spatial distribution 
and variation of annual and interannual precipitation. The use of the monthly rainfall 
enabled to overcome the constraints of the rainfall intensities, the Precipitation-Modified 
Fournier Index relationship proved to be useful, showing the importance of the monthly 

average rainfall in the erosivity intensification. 
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VARIABILIDADE E EROSIVIDADE DA PRICIPITAÇÃO EM REGIÕES SEMI-ÁRIDAS: O CASO 
DA REGIÃO OCIDENTAL DA ARGÉLIA 

RESUMO: Neste estudo analisam-se alguns índices relacionados à precipitação na bacia 
hidrográfica da Macta, no noroeste da Argélia, na região Orano-Mediterrânea, tais como o 
índice de precipitação, o índice de concentração de precipitação e o Índice Modificado de 

Fournier. Foram usados testes estatísticos multifatoriais para avaliar as relações entre 
diferentes variáveis geográficas e os índices de precipitação, com base na análise de 
séries mensais de 42 estações, durante 41 anos. O objetivo deste artigo é estudar a 
influência dos parâmetros de chuva sobre a erosividade da chuva em uma região 
semiárida (oeste da Argélia) a partir da aquisição de séries mensais de chuvas de 
diferentes locais que cobrem o solo de uma microbacia hidrográfica. Assim, é 

estabelecida uma relação entre as chuvas mensais e a energia das intensidades de 
precipitação (EI30). A análise multifatorial mostrou relações significativas entre as 
variáveis estudadas, agrupando-as em eixos fatoriais com as mesmas tendências. 
Verificou-se que o grupo longitude-latitude-índice modificado de Fournier se encontrava 

no mesmo eixo fatorial, enquanto a precipitação média anual e a altitude se disponham 
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do outro lado. A altitude e a latitude são as variáveis mais importantes que explicam a 
distribuição espacial e a variação da precipitação anual e interanual. Os valores mensais 

permitiram superar as restrições referentes à intensidade de precipitação, a relação 
precipitação-índice modificada de Fournier mostrou-se útil, evidenciando a importância 
das precipitações médias mensais na intensificação da erosividade. 

PALAVRAS-CHAVE: Precipitação, erosividade, análise multifatorial, semiárido, oeste da 
Argélia 

 

1. INTRODUCTION 

The erosivity refers to the power of precipitation to cause soil erosion. It 

is affected by the characteristics of precipitation such as quantity, duration, 

intensity, drop size, distribution and kinetic energy (CERDÀ, 1997). Soil erosion 

caused by precipitation is considered a main land degradation process (GRIMM 

et al., 2002; CERDÀ et al., 2010). The understanding of precipitation 

characteristics in relation with precipitation erosivity is therefore crucial to 

assess the soil erosion risk, and to adopt sustainable land management 

strategies to prevent or mitigate the soils loss. In general, there is a complex 

pattern of spatial and seasonal variability of rainfall in the Mediterranean region 

(NUNES; LOURENÇO, 2015).  

Water deficit or rising temperatures have a major impact on the storage 

of surface and groundwater (FAYSSE et al., 2011). However, climate 

disturbance affects not only water availability but also changes in river regimes 

(NUNES and LOURENÇO, 2015), so they can have a strong influence on the 

productivity of ecosystems by aggravating soil erosion (PAREDES et al., 2006). 

Indeed, soil erosion caused by precipitation is the main land degradation process 

in the Mediterranean basin (CERDÀ et al., 2010; NUNES; LOURENÇO, 2015; 

NUNES et al., 2016). 

According to Eltaif et al. (2010), the peculiarity of arid and semi-arid 

areas is that erosion is largely a result of infrequent but heavy rainfall events; 

therefore, rainfall erosivity data can be used as an indicator of potential erosion 

risks. 

According to Gu et al. (2018), rainfall related erosivity significantly 

affects sediment load, in China the changes of rainfall erosivity reached 8.0 and 

2.1% of sediment load during 1985–2002 and 2003–2014, respectively. 

The methods of estimating the risks of erosion caused by precipitation 

are made from a laborious process, requiring series of continuous precipitation 

data over several years in the form of intensity (DE SANTOS LOUREIRO and DE 

AZEVEDO COUTINHO, 2001; CAPOLONGO, 2008; ANGULO-MARTÍNEZ and 

BEGUERÍA, 2009). These methods make it difficult to study the rainfall erosivity 

because obtaining these data remains an obstacle and requires heavy 

equipment to be mastered and qualified personnel (ANGULO-MARTÍNEZ; 

BEGUERÍA, 2012; DIODATO et al., 2014). 

Significant relationships between annual rainfall and the Modified 

Fournier Index (MFI) on the one hand, and between soil erosion and annual 

precipitation on the other hand have been recorded by several authors (KARAMI 

et al., 2012; NERY, 2005; RENARD; FREIMUND, 1994; KIASSARI et al., 2012; 

GARCÍA-RUIZ, 2010; NUNES et al., 2010; MARTÍNEZ-CASASNOVAS et al., 

2016; PRATS et al., 2013; ZIADAT TAIMEH, 2013) around the world, in Chile, 
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Portugal, Italy and the Mediterranean region. Approaches are used to model 

rainfall erosivity and develop functions that correlate the R-factor with more 

readily available (daily, monthly, annual) rainfall data (BONILLA, VIDAL, 2011; 

LOUREIRO AND COUTINHO, 2001, MARKER et al., 2007, DIODATO, BELLOCCHI, 

2007). 

In fact, very significant coefficients of correlations (r2=0.83 andr2=0.81) 

between MFI and the coefficient of erosivity (R) from the USLE method were 

obtained from 164 stations in the United States and South Africa (NUNES et al., 

2016). Several researchers in Brazil also demonstrated that the MFI gave the 

best results in calculating the R factor (CASSOL et al., 2008; OLIVEIRA et al., 

2011).In the semi-arid zone, Páez et al. (1983) established a relationship that 

estimates the erosivity of precipitation using monthly precipitation. 

Arid and semi-arid regions are characterized by a lack of water and a dry 

climate, with precipitation being the most important limiting factor for both 

populations and ecosystems (KOUASSI et al., 2008). According to (NEARING et 

al. 2015), in semi-arid region rainfall erosivity can be expected to occur with 

changing climate, and because rainfall amounts being part of a function of 

elevation, erosivity can be expected to be influenced by elevation. 

Some studies carried out in the semi-arid Maghreb have even shown the 

great influence of rainfall accumulations on the erosive process, whereas rain 

energy can be considered as a secondary cause of erosion where watersheds 

have steep slopes (KOURI et al., 1997, NAIMI et al., 2002). Algeria was the 

victim of a severe drought with an amplitude and persistence of rainfall deficit in 

the late 1970s. The reduction in rainfall has exceeded 36% in the country 

especially in its extreme west (MEDDI et al., 2009). The phenomenon of water 

erosion favoring soil instability has reduced the water storage capacity of dams 

such as the Fergoug dam in the western region downstream of our study area. 

The dam experienced a sharp decline in the storage capacity of dams, about 

97% during the last four decades, now completely silted up. Understanding 

rainfall variability is critical in assessing erosion risks, allowing for a better 

understanding of the erosion-precipitation relationship in order to adopt 

sustainable land management strategies to minimize soil losses. 

The objective of this article is to study the influence of rainfall 

parameters on rain erosivity in a semi-arid region (western Algeria) based on 

the acquisition of monthly rainfall series from different sites covering the soil of 

a watershed. Thus, establish a relation between the monthly rains and the 

energy of the rainfall intensities (EI30). 

The study will focus on the relationships between certain geographic 

variables (such as latitude, longitude and altitude), climatic variables (rainfall 

indices) and erosivity. A multifactorial statistical analysis enabled us to assess 

the significant relation between the different variables. 

 

2. MATERIALS AND METHODS 

2.1. STUDY ZONE 

The study area is the Macta watershed as shown in Figure 1. The area is 

threatened by water erosion that resulted in silting of the reservoirs at cascade: 

Ouizert, Bouhanifia and Fergoug (GLIZ et al., 2015). Located in the north-west 
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of Algeria the watershed covers an area of 14,390 km2 under a semi-arid 

climate. The average annual rainfall is about 321 mm. Grain and vegetable 

crops dominate the southern part of the basin. These cultures cover the soil 

seasonally and leave it the rest of the year. To the North, forest cover was 

deteriorated by the anthropogenic activities, the over exploitation of soils, and 

by the permanent clearing and intensive overgrazing. Faced with this situation, 

the erosion found its scope of development due to the lack of protective 

vegetation, low resistance of the land and their slopes. Water from the different 

dams was intended to irrigate farmland in the plains of the watershed however; 

this water is loaded with suspended solids, which resulted in adverse effects on 

soils, crop yields and environment (GLIZ et al., 2015). 

 
Figure 1 -Map showing the location of Macta watershed. 

 

2.2. DATA ANALYSIS 

The rainfall indexes (Ip), concentration index of annual mean rainfall 

(PCI) and modified Fournier index (MFI) were estimated for each station for the 

period (1970-2011). Rainfall data from the study period (1970-2011) are 

considered to be the most complete, they have been treated and completed at 

the level of the national water resources agency (BESSAKLIA et al., 2018). This 

data was collected by the National Agency of Hydraulic Resources (French, 

National Agency for Hydric Resources - ANRH). Thus, a comparison between the 

EI30 rainfall erosivity factor calculated by the method of Paez et al. (1983) 

based on monthly rainfall and the constructed MFI. 

The variability of the PCI, MFI and EI30 (PAEZ et al., 2013) factors across 

the watershed can be described by a semi-variogram model, which is a plot of 

the structure function that describes the degree of linear association between 

pairs of values separated by a given distance (NIELSEN and WENDROTH, 2003). 
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Semi-variograms allow the interpolation of values at unmeasured points in the 

catchment study (LI and HEAP, 2011). 

A geostatistical analysis is used here by means of a linear model, which 

provides the best estimate of the goodness of fit index (DRAPER and SMITH, 

1998). The goodness of fit of the model was evaluated by cross validation and 

its results were satisfactory, because the mean error was close to zero and 

mean squared standardized error was close to 1. 

 

2.2.1. RAINFALL INDEX (IP) 

In order to assess the evolution of rainfall over the years, the rainfall 

index method was applied. This method was widely tested in Africa for having 

the advantage of highlighting the surplus and deficit periods (ELLOUZE et al., 

2009; NOUACEUR et al., 2013; ZAMRANE et al., 2016).Thus, for each of the 

selected rainfall stations, an interannual rain index was determined 

(BEKKOUSSA et al., 2008),according to the following equation:  

IP =
Xi−X̅

S
 (1) 

With: 

Xi : Annual rainfall value of year i; 

X̅ :  Inter-annual mean value of rainfall over the studied period; 

S : Standard deviation of rainfall over the period studied. 

 

2.2.2. Annual average precipitation concentration index (PCI) 

Oliver (1980) proposed the PCI precipitation concentration index, which 

dealt with the uniformity of precipitation. This index used by several researchers 

in different regions of the world (APAYDIN et al., 2006; DE LUÍS et al., 2010; 

ELAGIB, 2011) indicates a uniform distribution of precipitation if it is less than 

10. If it is between 11 and 20 it indicates a seasonal precipitation. If PCI is 

greater than 20 this implies a monthly climate variability of precipitation. PCI 

provides information on total long-term variability in the amount of precipitation 

received (DE LUIS et al., 2009). It is calculated by the following formula: 

PCIAnnual =
∑ pi

212
i=1

(∑ pi
12
i=1 )

2 × 100  (2) 

Where: Pi is the monthly precipitation of month i. 

 

2.2.3. MODIFIED FOURNIER INDEX (MFI) 

MFI, Modified Fournier Index by Arnoldus (1980) is considered to be the 

total product of annual precipitation (Pt) and monthly precipitation concentration 

(PCI) (APAYDIN et al., 2006).  

MFI =  Pt ×  PCI(3) 
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The erosivity of precipitation based on this relationship is more severe if 

the values of precipitation concentration are high, and if the values of total 

annual precipitation are also high. Thus, precipitation concentration can be 

considered as the important factor affecting the erosivity of precipitation 

(GONZÁLEZ, 1996). 

Values of MFIs above 160 are considered to be very high. Those between 

120 and 160 are high. If MFI varies between 90 and 120 it is moderate, it is 

considered low if it is between 60 and 90, and very low if it is less than 60 (CEC, 

1992). 

 

2.2.4. RELATION BETWEEN EI30 AND MFI 

Was also estimated the energetic intensity of rainfall using the 

relationship proposed by Paez et al. (1983), who developed a model to 

determine EI30 in Yaritagua in Venezuela for the semi-arid zone (Western 

Llanos), this formula has been successfully tested in our study by Bouderbala et 

al. (In progress). The method of calculating erosivity described by Paez has 

proved effective in our area (Bouderbala et al., In progress / accepted), because 

it makes it possible to overcome the constraint related to the unavailability of 

intensity data precipitation, especially in semi-arid areas. In the form: 

R=EI30 = - 8,27 + 0,65p (5) 

In which p is the mean monthly rainfall amount. 

Then was compared the intensities EI30 (PAEZ et al., 1983) with the 

modified Fournier index (MFI). 

The rain erosivity has not been the subject of many studies in Algeria, 

and in that context, we have tested several relationships developed by several 

authors (ARNOLDUS 1980, OLIVER 1980, LEPRUN 1981, VAL et al.,1986, 

OLIVEIRA JR and MEDINA 1990, MORAIS et al., 1991, KASSAM et al., 1992, 

RENARD and FREIMUND 1994) highlighting the relationship between the rainfall 

erosivity factor R which is based on the monthly rains, and the MFI index, and 

we opted for the relationship developed by PAEZ et al. (1983) which shows a 

better correlation with a R2 = 0.9128 

 

2.2.5. PRINCIPAL COMPONENT ANALYSIS (PCA) 

Multifactorial statistical analysis was introduced in order to estimate the 

interactions between the different variables (results obtained) and the 

meteorological stations. 

The Principal Components Analysis (PCA) made it possible to group 

together according to identical factors the samples presenting characteristics of 

origin or similar evolution. The interpretation of the PCA consists of determining 

the interactions observed on the different factors and assessing the effect of 

each variable. 

The PCA was applied to 42 weather stations with 07 variables (longitude, 

latitude, altitude, average annual precipitation (1970-2011), annual PCI, MFI 

Supplier Index, specific degradation. 
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3. RESULTS AND DISCUSSION 

3.1. RAINFALL VARIABILITY IN THE MACTA WATERSHED 

3.1.1. RAINFALL INDEX (IP) 

The graph of Figure 2 shows the evolution of the average rainfall index at 

the Macta watershed level that recorded the extreme periods between 1971-

1977 with a negative evolution, and between 2007 and 2011 with a positive 

evolution. For the period of 1977-2006 the annual deficit was around 

142.57mm. According to Lubes et al. (1994), this index is positive for wet years 

and negative for dry years. Taibi et al. (2013) reported an approximately 16% 

drop in precipitation in the study area from the 1970s on. The years 1980/1990 

were the most deficient, the drought continued until 2000/2001 with a 

standardized rainfall index SPI <-1.5, which justifies the evolution of the IP 

index in our region. These results are in agreement with the work of LABORDE 

(1993), which shows that the decline in rainfall in northern Algeria was observed 

after the 1970s in a significant way. These results are also in agreement with 

the conclusions of the regional report of the United Nations on climate change in 

North Africa (IPCC, 2007). Such changes can have adverse consequences; the 

decline in precipitation will result in changes in the ecosystem, runoff, 

groundwater recharge, agricultural water supply and cropping calendars and the 

fragility of soils to erosion during the summer when vegetation cover is low 

(NUNES et al., 2016). This decline in precipitation is confirmed by several 

authors who have worked on the Mediterranean basin (PAREDES et al., 2006; 

DE LUIS et al., 2009; GONZALEZ-HIDALGO et al., 2010; PHILANDRAS et al., 

2011; NUNES and LOURENÇO, 2015). These periods can be used as reference 

periods to represent drought in the study area. 

Figure 2 -Average annual rainfall index of Macta watershed (1970-2011). 

 

3.1.2. ANNUAL MEAN PRECIPITATION CONCENTRATION INDEX (PCI) 
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PCI obtained by kriging, shows the spatial variability at the basin studied, 

ranging from 9.22 in the south to 12.03 in the north. The PCI values calculated 

for our study area are thus between 10 and 15 for the 95% of the stations 

present in the catchment area. This means moderate precipitation 

concentrations and seasonality in the precipitation distribution according to 

Oliver (1980) classification in agreement with (NUNES et al., 2016). Our results 

are in agreement with those obtained by Meddi et al. (2014) where spatial 

variation in PCI at annual scale showed regional variability. For the plains of 

Atlas of Algeria, the distribution of the PCI is moderately seasonal (less than 

15). 

The values obtained over the whole catchment remain low (10 to 15), 

but the stations located in the northern part of the basin studied near the sea 

(Mediterranean) represent values characterizing a tendency to irregular 

precipitation. Several authors have also emphasized the influence of exposure to 

the sea and the influence of altitude on rainfall behavior in Algeria (GHENIM and 

MEGNOUNIF 2013, HAMLAOUI-MOULAI et al., 2013). According to NEL and 

SUMNER (2006) the average rate of the increase in precipitation as a function of 

altitude is of the order of 5.5%. According to Rodríguez-Fonseca et al. (2015), 

the Sahel in West Africa experienced a severe drought during the 1970s and 

1980s. Most studies agree that this dry period results primarily from remote 

effects of sea surface temperature (SST) anomalies amplified by local land 

surface–atmosphere interactions. At interannual time scales, a warming of the 

equatorial Atlantic and Pacific/Indian Oceans results in rainfall reduction over 

the Sahel, while positive SST anomalies over the Mediterranean Sea tend to be 

associated with increased rainfall. Moreover, the discovery of the relationships 

between Mediterranean climate variability and WAM (the West African monsoon) 

dynamics motivated a new line of research in the last decade (RODRÍGUEZ-

FONSECA et al., 2015). Rowell (2003) showed that positive SST anomalies in 

the Mediterranean tend to be associated with similarly positive precipitation 

anomalies in the Sahel. He demonstrated that increased evaporation over the 

positive SST anomalies leads to increased moisture content in the lower 

troposphere.This moistureis advected southward into the Sahel by the low-level 

flow across the eastern Sahara, resulting in stronger moisture convergence and 

precipitations. 

This trend is consistent with the results of De Luis et al. (2010) in 

southern Spain in a Mediterranean climate. This is also consistent with the 

results obtained by Soares et al. (2014) confirming the influence of the distance 

from the coast, it showed stronger correlations with the spatial pattern of 

precipitation. 
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Figure 3 -Annual PCI in Macta watershed, Algeria (1970-2011). 

 

3.1.3. MODIFIED FOURNIER INDEX (MFI) 

The spatialized MFI (figure 4), obtained by kriging shows its average 

evolution in the Macta watershed, calculated on the basis of the average annual 

rainfall of the period studied for each station. 

According to the selection made by the CEC (1992, in NUNES et al., 

2016), which classifies the different values of the Fournier-Arnoldus precipitation 

erosivity index, the area studied is strongly characterized by an index MFI 

between 15.20 and 55.62 mm for all the meteorological stations studied, 

reflecting a low rate of erosion by precipitation. 

According to Ghenim and Megnounif (2013) the rainfall deficit which is 

mainly felt during the wet season (winter and spring) had its impacts on the 

indices of concentration and rainfall aggression. Indeed, PCI and MFI are high 

when rainfall occurs during a very short period of the hydrological year and low 

when rainfall is distributed homogeneously. Thus, the average concentration 

between wet and dry sequences remained the same for all stations, although for 

particular years the rains were highly seasonal. Which is consistent with the 

results obtained by Meddi et al. (2014), where the reduction of the rainfall 

erosivity (MFI) has been exceeded 20% since the 1970s. This decrease is more 

significant in western Algeria and the central and western steppe regions. This 

downward trend of rainfall erosivity is not due to the change in the 

concentration of rainfall inside the year since the PCI remains generally 

unchanged for different regions of the Northern Algeria but it is due to the 

decline in total rainfall (APAYDIN et al., 2006). 
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Figure 4 -MFI erosivity indices in Macta watershed, Algeria (1970-2011). 

 

3.1.4. RELATION BETWEEN EI30 AND MFI 

The energy intensity of rainfall estimated by the Paez et al. (1983) 

method shows an oscillation between 6.71 and 12.68 (Figure 5). The highest 

values are those corresponding to the pluviometric stations located at the 

extreme east of the basin (16, 17, 23 and 25) and in a part of the west (stations 

4, 5 and 8) where we recorded the highest values of MFI from 36.22 to 41.77. 

We also recorded the lowest values of EI30 from 6.71 to 8.0 where the 

values of MFI are lower 15.20 to 25.20 at station number 1.This similarity of 

result was also obtained by Lujan et al. (2005) in the semi-arid region of 

Yaritagua in Venezuela where the relationship of Paez et al. (1983) was used. 

This led us to proceed with the regression between the modified Fournier index 

(MFI) and the rainfall intensity EI30 (Figure 6) according to Paez et al. (1983). 

This last gives a significant linear correlation coefficient (R2 = 0.9604). The 

regression equation is then written as follows: "EI30 = 1.6918 MFI + 103.48" . 

All points (Figure 6) are very close to the regression line (linear relation). 

This means that there is a strong link between the two indices, implying an 

increasing linear functional relationship. The higher the values of the MFI index, 

the more the rainfall intensity values rise linearly.This result should be verified 

in other similar regions in order to generalize the importance of the Paez et al. 

(1983) formula in estimating rainfall energy using monthly rainfall. 
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Figure 5- EI30 Paezet al. in Macta watershed, Algeria (1983) 

 
Figure 6 -Coefficient of determination between EI30 and MFI. 

 

3.2.DRIVING FACTORS OF EROSIVITY IN THE MACTA WATERSHED 

Six variables were integrated for standardized principal component 

analysis for 42 stations (stations). These variables were related with rainfall 

parameters (mean annual rainfall and PCI), geographic parameters (altitude, 

latitude and longitude) and erosivity index (MFI).  

The Spearman Correlation Matrix (Table 1) makes possible to distinguish 

significant correlations between the variables studied. The MFI and the PCI are 

positively correlated. From the geographical features, altitude has the main role 

in the spatial distribution and variation of annual and intra-annual precipitation 

(DA ASSUNÇÃO BORSATO and DE SOUZA FILHO, 2010; MENDONÇA, 2005). 
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Table 1 - Spearman correlation matrix between environmental variables. 

Variables Longitude Latitude Altitude 

Mean Annual 

Precipitations 

mm 

1970-2011 

PCI 

1970-

2011 

IFA 

1970-

2011 

Longitude 1      

Latitude 0.366 1     

Altitude -0.107 -0.861 1    

Mean Annual 

Precipitations 0.113 -0.097 0.446 1   

PCI 0.126 0.881 -0.756 0.092 1  

MFI 1970-

2011 0.101 0.296 0.047 0.886 0.516 1 

 

The eigenvalues represent the variance of the variables on the 

corresponding axis, that is, the share of the variation explained by each axis 

(table 2). The first three axes explained 96.98% of the total variance, with 

53.44% for the first factor, 30.80% for the second and 12.73% for the third. 

Table 2 shows the eigenvalues of each factorial axis, the share of the variances 

expressed by each of these axes and their cumulation. 

Table 2 -Eigenvalues for each axis. 

.  
F1 F2 F3 F4 F5 F6 F7 

Eigenvalues 4,276 2,465 1,019 0,119 0,075 0,043 0,004 

Variability 

(%) 53,446 30,808 12,733 1,488 0,939 0,539 0,046 

Cumulative 53,446 84,255 96,988 98,476 99,415 99,954 100,000 

 

Table 3 groups the different coordinates of the different variables on the 

distinct axes and their correlations. It analysis makes possible to attribute to 

each factorial axis the most representative variables. The PCI and the Modified 

Fournier Index are clearly represented on the factorial axis F1. The axis F2 

represents the altitude, the latitude and the mean monthly precipitation, whilst 

the longitude is represented by the axis F3. 

Table 3 -Variable coordinates. 

 
F1 F2 F3 F4 F5 F6 F7 

Longitude 0,196 -0,189 0,959 -0,070 0,004 -0,037 0,002 

Latitude 0,654 
-

0,723 0,119 0,102 -0,007 0,158 -0,004 

Altitude -0,360 0,900 0,139 -0,055 0,166 0,099 -0,001 

Mean annual precipitation 

mm 0,618 0,741 0,152 0,206 -0,039 -0,029 -0,032 

PCI 0,812 -0,523 -0,140 0,022 0,206 -0,073 -0,009 

MFI 1970-2011 0,902 0,418 0,010 0,092 0,002 -0,013 0,049 
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The analysis of the correlation circles makes possible to identify certain 

relations between the variables studied: 

-  In the F1 axis was defined a group of strong linked variables as show 

in Figure 7 and in the Figure 8, this factorial axis can be defined as rainfall 

erosivity indexes ; 

-  The F2 axis includes the Altitude and annual mean precipitation and 

express positive coefficients, conversely to the latitude; this axis represents the 

relation between rainfall and geographic variables as we can see in the Figure 7; 

- The axis F3, although distinguishing the longitude variable, it has no 

influence on the parameters related with rainfall erosivity, as showed in Figure 

8. 

 
Figure 7 - Correlation circle according to plans F1 and F2. 
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Figure 8 - Correlation circle according to plans F1 and F3. 

 

4. CONCLUSION 

The principal component analysis made it possible to highlight the impact 

of the Fournier indices and the annual precipitation concentration on the 

components of the rainfall erosivity.  

The comparison between the energy of the erosivity index of the Paez et 

al. (1983) method and the MFI index shows a very high correlation, which 

confirms the dependence on the average monthly rains. This result can be very 

effective in areas prone to erosion and those suffering from the lack of 

information on rainfall intensity. 

The results of this study are interesting and conclusive, in the way they 

explain the dependence of the erosion, the quality of monthly rains and the 

modified Fournier index based on the monthly rains in an area where erosion 

studies are rare, and data on rainfall intensities are hard to find. They can be 

very useful for a better understanding of the combination of parameters that 

influence soil degradation in order to better plan the protection systems of the 

soils and waters in prone regions. 
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