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ABSTRACT:

One of the most important indicators for land degradation is the progressive salinization of
soils. This work, conducted at the Dawling National Park (southern Mauritania), assess the
effects of salinity on soil quality. Analyzes of spatial variation in salinity were performed
using interpolation and spatial analysis (GIS) methods. Thus, maps of electrical
conductivity have been developed using several methods of interpolation and spatial
analysis: Inverse Weighting (IDW), Local Polynomial Interpolation (LPI), Radial Base
Function (RBF) and Ordinary Kriging (OK). The obtained results showed that the best
estimator is IDW method, which provides a good ability to predict electrical conductivity,
with a mean squared error (RMSE) of 0.34 mS/cm and a correlation coefficient (R) of 0.99.

Key-words: Electrical Conductivity, Salinity, Soil, GIS, Interpolation, Diawling National
Park, Mauritania.

1. INTRODUCTION

The lower delta of the Senegal River is characterized by the interface between
continental and coastal waters. However, these ecosystems are considered the most
important in West Africa (Hamerlynck & Cazottes, 1998). This area is home to many
unique wetland ecosystems that have been severely disrupted by the droughts of the 1970s
and the construction of the anti-salt dam since the 1980s. In addition to the construction of
the Diama anti-salt dam in 1986, a formation of many clay dunes with a high salt
concentration was observed (Barbiéro et al., 2004; Barbiéro & Caruba, 1998; Hamerlynck,
2000; Ngom et al., 2016). The Diawling National Park (PND) located in the lower delta of
the Senegal River was created in 1991 to restore the old flood plains and to preserve the
ecosystem values and compensate the negative effects of the Diama dam.
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In addition, soil salinization present a common problem in the Senegal River delta
(Ngom et al., 2016). It affects plant growth, agricultural productivity, soil and water
quality, and increases soil erosion, especially in semi-arid and arid regions(Asfaw et al.
2018; Elgettafi et al. 2011; Elhag, 2016; Yao & Yang, 2010). According to several studies,
the phenomenon of salinization can lead to a loss of arable land with soil degradation(Gorji
et al. 2017; Seyedmohammadi et al. 2016; Tripathi et al. 2015). The detection, monitoring
and mapping of soils affected by salinities have major challenges because of the
involvement of certain dynamic processes. Indeed, the spatial variability of electrical
conductivity (EC) is an important indicator of soil salinity (Marko et al., 2014;
Seyedmohammadi et al., 2016; Tripathi et al., 2015). The interpolation techniques proposed
by some geographic information analysis tools are used to model results on a given surface.
The accuracy of spatial modeling methods of soil properties has been analyzed in several
studies (Saito et al., 2005; Seyedmohammadi et al., 2016; Tripathi et al., 2015; Varouchakis
& Hristopulos, 2013). Geostatistical methods have been used in several studies, to estimate
electrical conductivity (Bhunia et al., 2018; Friedel, 2006; Khosravi et al., 2016;
Seyedmohammadi et al., 2016; Tripathi et al., 2015; Zehtabian et al., 2012). However, it is
appropriate to adopt an effective technique to predict the spatial distribution of certain soil
characteristics (Emadi & Baghernejad, 2014; Seyedmohammadi et al., 2016; Tripathi et al.,
2015; Zarco-Perello & Simdes, 2017). The objective of this work is to study the
interpolation of the flood basins of the PND in order to evaluate the spatial extent of the
zones degraded by soil salinity. Indeed, four interpolation methods will be tested for spatial
analysis: IDW, LPI, RBF and OK. In addition, about 100 soil samples were taken from the
surface of the PND. A global portable positioning system (GPS) was used to record the
coordinates of each sampling point.

2. MATERIALS AND METHODS

2.1. Study zone

This study was conducted in the Dawling National Park in southwestern Mauritania.
This zone is extended between 16° 35'00"N, 16° 20'00"W and 16° 0500 N and 16°
30'00"W. It covers an area of 353 km?, It is a sub-Sahelian zone with low rainfall (170 mm
/ year)(Mohamedou et al., 1998) . The park consists of several basins that develop from
north to south: Diawling, Bell, Gambar and N'Tiallakh. These basins are surrounded by a
coastal dune to the northwest, the dunes Birette and Ziré and the right bank of the Senegal
River to the east (Fig. 1). The flora of this area is conditioned by the presence of salt and
the nature of the soil. The plant cover is marked by species like Indigofera ablongifolia,
Iponea, Acacia nilotica, Sporobulus, Tamarix senegalensis, Rhizophora mangle, Avicennia
africana, Acacia radiana, Balanites aegyptiaca, Salvadora persica, Mitragyna inermis,
Zizyphus mauritana. However, the fauna is represented by common mammals (jackals,
warthogs, wildcats, hares, etc.), reptiles (turtles, python, Nile monitor, crocodile), a large
variety of birds that coexist according to the season and the salinity of the waters, crabs and
mules typical of the river valley.
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Fig. 1. Study area and soil sampling sites in the study area located in the DNP, Mauritania.

2.2. Soil sampling and interpolation methods

A sample of 100 soil electrical conductivity values was taken randomly distributed
over the study area (Fig. 1).Samples were taken from the first 20 cm layer. The coordinates
of each sampling point were collected by portable GPS (Garmin 78). The values of the
electrical conductivity for each sample were obtained by the diluted extract method(El
Oumri & Vieillefon, 1983; Montoroi, 1997). Statistical processing and spatial analysis of
field data were performed using SPSS 20 and ArcGIS 10.3 software.

The results of several spatial analysis methods were compared:

IDW

Inverse Distance Weighting (IDW) is one of the interpolation methods used in the field
of soil science (Bhunia et al., 2018; Robinson & Metternicht, 2006; Seyedmohammadi et
al., 2016). IDW estimates are based on known locations in the vicinity (formula (1)). The
weights assigned to the interpolation points are determined by the inverse of the distance
from the interpolation point.
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Z (x0) is the interpolated value; n represents the total number of sample points; X; is the
measured value, hj is the separation distance between the interpolated value and the
measured value; B indicates the weighting power ( = 2).

OK

The Ordinary Kriging method is one of the interpolation techniques that is also
frequently used (Mousavifard et al., 2013; Poshtmasari et al., 2012) . This technique makes
it possible to estimate for an area around a sampled point (Pang et al., 2011;
Seyedmohammadi et al., 2016; Tripathi et al., 2015). The semivariogram formula is
expressed as follows:

1 N ,
r(h) = 2N() iZ:l:[Z(Xi)—Z(Xi +h)] )

With

v (h) is the semivariance; N (h) is the total number of data pairs separated by a
distance; h is the lag distance; Z represents the measured value for soil properties; and x is
the position of the soil samples.

Radial basis function (RBF)

This method brings together a series of exact interpolation techniques that involve
passing the surface through each evaluated sample value. The RBF function changes
according to the distance from a location (Poshtmasari et al., 2012; Seyedmohammadi et
al., 2016; Wang et al., 2014). There are five different basic functions: thin-plate spline
(TPS), spline with tension (SPT), completely regularized spline (CRS), multi-quadratic
function (MQ and inverse multi-quadratic function (IMQ)(Bhunia et al., 2018).

Local polynomial interpolation (LPI)

LPI corresponds to the local polynomial obtained by using sampling points in a
neighborhood. The interpolation is done by the weighting according to the distance (Baram
et al., 2014; Hani and Abari, 2011; Seyedmohammadi et al., 2016). LPI is capable of
producing surfaces that capture the short range variation (Bhunia et al., 2018; Johnston,
2004). In addition, it fits the local polynomial using points only within the specified
neighborhood instead of all the data(Poshtmasari et al., 2012; Wang et al., 2014)

To compare the interpolation methods, in terms of precision and performance, the
interpolated values will be extracted for the 100 sampling sites the interpolated values will
be extracted from the 100 sampling sites, then compare with the actual values using the
cross-validation procedure. Three performance indicators have been used:
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Root Mean Square Error (RMSE): The square root of the arithmetic average of squared
deviations between measured and interpolated values (eg. 3).

RMSE = @)

The mean absolute error (MAE): the arithmetic mean of the absolute values of the
differences between the measured values and those interpolated (eq. 4).

1 n
MAE:WE |yi_yi '| 4)
i=1

Correlation coefficient (R): the standardization of the covariance by the product of the

standard deviations of the variables.
: 2
(Yi - Yi I) J
L ®)

-y

Where: y; indicates the measured value; i’ is the predicted value, ¥ is the average of
the measured value, and n is the total number of observations.

R= [1-

3. RESULTS AND DISCUSSION

Table 1 summarizes the descriptive statistics of the experimental data. We note an
average value of the order of 11 ms / cm. However, the measured values show a strong
variability in space.

Table 1.
Descriptive statistics of the data used

Min| Max | average| SD* | CV*| Modal value | Kurtosis | Skewness

EC (ms/Cm) | 0,29 |64,60| 11,48 |10,41]0,91| 3,01 6,79 2,15

*SD: Standard Deviation; *CV: Coefficient of Variation

The PND is a special environment, strongly structured under the influence of the
arrival of the fresh waters of the Senegal River and the salty waters of the ocean by the
action of the tides. The control of the quantities of fresh water by the Dima dam was at the
origin of the salinisation phenomena that affected the distribution of biodiversity in the
area. Indeed, the nature of the vegetation in this ecosystem is strongly conditioned by the
presence of salt (Duvail, 2001). Thus, the disappearance of a forest of Acacia nilotica
which was located on the Birette dune and on the edge of the floodplains was associated
with the increase of the salinity(Taibi et al., 2007). Also, mangrove forests, a sensitive



habitat, have been reduced under the combination of drought and the dam effect(Duvail,
2001; Taibi et al., 2007).

As for Acacia nilotica, salinization is associated with the decrease in the surfaces of
Sporobolus robustus, Nymphea lotus, plants that support the economic activities of the local
population (skin tanning, matting, feeding and medication)(Taibi et al., 2007) . Similarly,
fishing has become more difficult in the park today, which has resulted in reduced catches
by fishermen and especially south of the park especially in the N'Tiallakh basin (Duvail,
2001; Taibi et al., 2007). Finally, the waterbirds that frequent the area coexist in the basins
of the park according to the salinity of the water(Hamerlynck, 2000).

The evaluation of the prediction capacity of the interpolation methods has been
implemented by the calculation of the performance indicators of the modeling (Table 2).
Indeed, the methods LPI and OK show weak performances, with an error close to 8 and a
correlation which remains lower than 0.7. RBF and IDW methods give similar results with
respect to the correlation coefficient. Nevertheless, the IDW method shows a better quality
of prediction of the electrical conductivity of the soil, with an RMSE of 0.34, a MAE of
0.09 and a correlation coefficient of 0.99 (Fig. 3).

Table 2.
Parameters for Evaluating Interpolation Performance
Method | R | RMSE | MAE

IDW |099| 0,34 | 0,09

LPI |065| 816 | 4,90

OK [059| 873 | 540

RBF [0,98| 1,08 | 0,41

The different interpolation methods were used to develop maps of the spatial variation
in electrical conductivity (Fig. 2). Areas south and north of the park are characterized by
high electrical conductivity compared to other park territories. These areas correspond to
the two basins of N'Tiallakh and DiawlingTichilitt. It is noted that the appearance of some
points, low conductivity, scattered in these areas, this can be related to the structure of the
soil. According to (Duvail, 2001), the salinity phenomena in these basins are greater in
magnitude and intensity than in the other basins of the park. This is explained by the effects
of the floods. The salty waters from the Atlantic Ocean are responsible for the salinity of
the N'Tiallakh basin which is located southwest of the PND and communicates directly
with the sea by the N'tiallakh’s swamp. Indeed, the electrical conductivity seems to have
risen after the closure of the Diama dam. Hamerlynck (1998) postulates that the salinity of
the water in these areas fluctuates greatly during the dry season, scenario that was not
considered in the development of the park management plan. Other research has shown that
the salinity of well water, even those near the riverbed, has been steadily increasing
(Davranche & Taibi, 2015; Taibi et al., 2007). Also the Diawling Tichilitt basin, located in
the North, is flooded by the salt water from the N'Tiallakh basin by Lekser's work. Low
salinity is recorded in the center of the study area (Bell Basin). This is explained by the
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proximity of the structure allowing the fresh water of the Senegal River to flood this basin
during certain months of the year.
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Fig. 2. Spatial distribution map of soil EC (mS / cm) by different methods.

Comparing the results obtained by this work with those found by other studies, we can

cite (Emadi & Baghernejad, 2014; Karydas et al., 2009; Poshtmasari et al., 2012) who

highlighted that the IDW method gives a good prediction of electrical conductivity, with an

average error of 0.38 mS/cm. However, Tripathi et al.(2015) selected the OK method as the
best interpolation technique for soil salinity, with an average error of about 1.6. The choice



of the OK method was justified by Mohammad et al., 2010 who studied spatial distribution
of soil properties by applying interpolation techniques such as IDW and OK.
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Fig. 3. Cloud of points representing the values measured according to the values predicted by
different methods.

4. CONCLUSION

In this work, we studied the spatial variation of salinity at the Dawling National Park.
The evaluation took place on 100 points, using different interpolation techniques. The
results obtained showed a high variability of electrical conductivity from one point to
another within the study area. The average value is about 11 ms / cm. The highest salinity
level has been recorded in areas south and north of the PND. Low EC values were observed
in the center of the study area. These fluctuations have been attributedto the processes of
floods, and upstream links with the fresh waters of the river and downstream with those of
the sea. The calculation of the estimation performance indicators made it possible to select
the IDW method as the best interpolation technique adapted to our study area. The mean
squared error is in order of 0.34 and the correlation coefficient approximates a value of
0.99.
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