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Soil Salinity Mapping in North and South
Bahariya Oasis Using Geostatistics

Kh. M. Darwish
Soils and Water Use Department, National Research Centre

{(NRC), Cairo, Egypt.

BAHARIYA QASIS faces a sever constraint in availability of good
agricultural Jand. it is obvicus that land use planning has to be
adapted. It is recognized, that the major limitations were associated to
high salinity of the soil. Estirmating spatial variability of soil salinity is
an jmportant issue in precision agriculture. Geostatistical methods
provide a means to study the heterogeneous nature of spatial
distributions of soil salinity. Block kriging was applied to estimate EC
measurements in the fields north and south of Bahariva. These EC
salinity spatial data were analyzed for autocorrelation and then used this
information to make optimal, statistically rigorous maps of the area
sampled. In kriging, more easily measured data sets of electricai
conductivity (EC) were incorporated to improve the estimation of
salinity state. The estimated spatial distributions of EC using the
geostatistical methods with various reduced data sets were compared
with the extensive salinity measurements in the large field. There are
different original factors have influenced the final output of the kriging
logarithm technique especially in the southern study area. Tmproving
thase factors would play a good role for obtaining more accurate results.
The results suggest that sampling cost can be dramatically reduced and
estimation can be significantly improved using kriging technique. Based
on the results of salinity mapping, improvement of land use should be
assessed (Z.e., leaching requirements).

Keywords: Soil salinity, Spatial wvariabifity, Nugget effect,
Semivariograms, Ordinary kriging.

Bahariya Depression is located nearly in the middie of the Western desert of
Egypt and comprising a total area of approximately 2250 km® (Fig.1). The
depression is surrounded by plateau escarpment. The floor of the depression
consists of sandstone, clays and marls. The area falis under the arid condition as
the total rainfall is (3-6) mm/year. Springs and wells aie the main two
groundwater resources for irrigation and civic purposes (Salem, 1987). Based on
US Soil Taxonomy (1999) six taxonomic units (at great group level) were
identified in the study areas, Torripsamments, Pasmmaquents, Torrifluvents,
Torriorthents, Salorthids, Calciorthids (Darwish, 2004),
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Fig. . Location of Bahariva Ouasis,

In Bshariva, w s found that the main onsuitabifity oriterna restricting and
climinate more exiend of additional areas for cultivation 1s the excess of salts. A
sadr-affected soil s a major soil degradution process alfecring the agricaliwal
productivity i1 the Egyetan soils (Darwish, 19981 Accurmulation of salts in the
sails can be caused by nutural provesses “primary salinity™ human action
“secondary salindty” or effects of “osad salts”™ (Hinreh & Bohy, 1983) In
Bahariva, although irrigation has greatly increased the agycutnral production
potental. a nise in water table results when irrigaton-induced recharge 1s greator
thap the namursi discharge. In many rigated areas rising water tables have
subsequently ied to water-logging and associated salinity problems.

Detection, delineation and mapping of saline and alkaline soils are the first
steps tor the amelioration processes of salt-affected soils, The beterogeneous
distribution of the soil characterisues was called the soil spatal vartabihity, The
spatial variability of soil makes 1t difficult to get precise mformaton from sosl.
Mare detailed and accurate information of soil were asked due to the
requirement of management and sustaimble utilization for agricultural seil.
Therefore, more attention was paid to studyiog the spatial varability of seil as an
mmportant component part of precision agriculture (Paz-Gonzalez, 2000},

Leseh ot ol (19923 mapped spatial variation of soil salinity on the field scale
using geostatistical approaches. However, where there is a lack of spatial
autocorrelation, a staustical calibration technique based on multiple-linear
regression for predicting multiple depths, field scale spatial distibution of zoil
ECe is more appropriate (Lesch g1 af | 19895},
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This study aims to delineate and map the salinity limiting factor pronounced by
EC (dS/cm) measurements that rating some areas as unsuitable for crop production
in Bahariya, using geostatistics. It will be important for soil management and
enhancement of crop vyield to study the spatial varability of soil salinity
measurements, io draw the precise map with soil information {Beckett & Webster,
1971} and to make the regime of the spatial variability of soil characteristics guite
clearly, especially for carrying out precision agriculiural in the future.

Material and Methods

General situation of experimentel area(s)

In this research, two study areas were selected. One is in the norih of
Bahariya covering an area of about 118.3km” and the second is covering partly
the southern part of it with an area of 77.5kin” (Fig 2},

Fig. 2. The study areas iz N and S Baharyia.

Based on the pre-field and information obtained, 45 soil profiles and 71 soil
angers were examined in different locations. Some proposed observations were
added at the edge of the study areas to reduce the error of missing information.

Figures 3a and 3b show the location of the observation sites where soil
samples were taken. Four transects in areal and fwo in the southem one. Soil
salinity measurements {ECe} dS/cm were determined in the soil water exiract out
of the saturated soil paste.
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Fig. 3a. Location of sample points in study area I (North).
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Fig. 3b. Location of sample points in study area 2 (South).

The determination of the sampling pattern

Total of six sample areas were selected and distributed over the study areas
with a fixed wide of 1km for each. The exact locations of the soil profiles and
auger points were precisely defined in the field by using the DGPS “System
Cooperation MAGELLAN"-GPS NAV DLX-10 TM, and plotted on the maps.

Briefly, the steps in a geostatistical study include: {a) exploratory data
analysis (b) structural analysis (calculation and modeling of variograms) (c)
making predictions (kriging or simulations).

Egypt. J. Soil. Sci. 46, No.1 (2006}
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Figures 4a and 4b show the frequency distribution of EC (dS/cm) values in
study area 1 and 2 respectively. The first one exhibit abnormal distribution, while
the second is normally distributed, which does not deemed L# transformation prior
to kriging. Although the Ln transformation EC semivariogram can give a better
fitting, when using it for kriging purposes the problem of back transformation of
the kriged estimated is limiting its usability.
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Fig. 4a. Frequency distribution of Fig. 4b. Frequency distribution of ECe
ECe values in area 1. values in area 2.

Method of geostatistical analysis

The spatial variability of EC data was analyzed using semi-variance function.
The correlation lag range of soil salinity EC values was determined according to
the sill of semivariogam and the spherical models were set up. And then, the
spatial distribution maps of EC in the two areas were drawn by using Kringing
interpolation.

Semi-variance function method

Semivariance function is used to measure the degree of variation in soil
characteristics ECe between sampling points and to determine the reasonable
space of sampling.

Semivariance is an autocorrelation statistic defined as:

= ? (1
T =[ANG) E[z -2 ]
where
¥(h) = Semivariance for interval distance class #;
z = measured sample value at point /;

:

z, = measured sample value at point i+h; and
N(#) = total number of sample couples for the lag interval A.
Semivariance is evaluated by calculating -y (h) for all possible pairs of points
in the ECe data set and assigning each pair to an interval class 2. The Lag Class

Diistance Interval defines how pairs of points will be grouped into lag classes.
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It is found that the distribution of the ECe measurements in spatial for area 1
and 2 is isotropic or direction-nondependent geometric model. The isotropic
model can be described based on three parameters: )

* Nugget Variance or C| '

» Sillor Cﬂ‘i-C - the medel asymptote

» Range or A - the separation distance over which spatial dependence is ap-
parent. Sometimes this is called the effective range in order to distinguish
range (A) from a model’s range parameter (AO).

Spherical isotropic model
The sphericat 1ao£ropic model is a mcdlf;ed quadratic function for which at
some distance A pairs of points will no lopger be autocorrelated and th

semivario-gram reaches an asymptote. The formula used for this model is:

¥(B)=C + C[L3h/A)- OS(th)j 2y fork A
¥(k) = ( + Cforh >A 3
where

¥ (A} = semivariance for interval distance class 4,
/= the lag distance interval,
C}”—f nugget variance =0,
4
C = structural variance 2 CO._ and
A= range parameter. In the case of the spherical model, the effective range
A=A
[
Sit CB + € and correlation lag range 4 of soil characteristics can be got relying on

the semivariograms based on the formula (2). The semivariogams showing the
spatial variability of soil salinity data characteristics may be drawn be semi-variance
function according to the information obtained from the ECe measurements,

Kriging

Kngimg 15 the rtechnique of making optimal, unbiased estimates of
regionalized variable at unsampled locations using the structural properties of the
serivatiogram and the initial set of data values (Davis, 2003). In this research
the ordinary block kriging method was used. Block kriging provides an estimate
for a discrete area around an interpolation point. In environmental work block
kriging is usually more appropriate, The block is defined as the rectangular area
around a point that is not included in an adjacent block.

Results and Discussion

Spatial variability of ECe values in study areas

The statistical resulis of the ECe measurements for area 1 & 2 are hsted in
Table 1. The statistical analysis can just explain the sample difference of FC¢
characteristics in volume and in homogeneity, but it cannot describe the spaual

Egypr J. Soil. Sci. 46, No. | (2000)
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vartability difference of the salinity data, So, it is necessary to analyze the spatial
variability of the data above by semivariance function.

TABLE 1, Statistical summvmary of ECe (dS/cm) data.

Standard | Sample L
3 - h . Max.
Ttems Mean Deviation variance Min 1ax
Area | {N) 37.27 4651 2163.06 (TRY 178.0
Area 2 {8} 31.26 3941 1552.79 0.86 132.0

Figures 3a and 5b ttustrate the semivariance value ot areal and 2. The sill of
ECe in area 1 and 2 are 2622,00m and 1845.00m and their correlation lag range
3960.0m and 1 150.0m respectively.
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Fig-3a. Isofropic variogram (spherical Figsh, botropic variegram  (spherical
model) of ECe (dS/em) in ares 1. model) of ECe (dS/cm) in area 2.

The sampling interval can be determined based on the semivariograms, This
proves the existence of correlation between spatial variability of the soil salinity
data, which belongs 1o nugget effect.

The variogram shows a relative nugget effect of 11.7% for study area 1 and
10.0% for area 2, which cloud be calculated through this ratio [(CO/’{C‘ + O %
lJ

10G] between nugget variance and sill. This variability caused by random factors.
The nugget effect looks more significant in study area 2 than area 1. The
correlation lag range of area 2 was obviousty smaller than that of area 1 in the
north of Bahariya, B

According to the forgoing discussion, the salinity status in the study areas is
closely related to the position in the landscape. Thus, the variogram analysis can
be used to investigate the spatial structure of this primary variable. This analysis,
based on samples distributed over the investigated areas, is essential before the
actual spatial estimation by kriging can be performed. As mentioned before the
experimental varicgrams calculated on the EC data were well fited to the
spherical variogram model. Both variograms show some impotent facts:

Egypt. J. Soil. Sci, 46, No. [ {2006)
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-They are rising gradually for study area 1 and rapidly for area 2 and then
levels off to become constant for larger distances.
-The sill is reached asymptotically as a character of the spherical model.

As a conclusion, the results obtained from the variogram analysis of the EC
data indicate that the salinity data show an identical spatial structure. The reason
for less fitting of the EC variograms is due to the quite limitation of number of
the EC data available, the uneven spatial distribution of the sample localization’s
and the effect of some extreme EC values.

Spatial interpolation of EC data using kriging

After calculating the semi-variogram parameters and choosing the best
variogram model with its building parameters that fit with spherical isotropic
model, the ordinary block kriging algorithms was applied to mterpolate the EC
data using GS™ program.

The resulting block-kriged maps of EC values for the study areas 1 & 2 are
illustrated in Fig. 6a and 6b.

Normally, the smoothness of spatial distribution map illustrated the degree of
spatial variability in soil salinity data characteristics, If the degree of spatial
variability is small, that means the spatial distribution of soil salinity data is even
and less sampling points are needed to draw an accurate soil salinity man;
otherwise, more sampling points are nesded.

The cormplicated and less smooth spatial distribution of EC data in study area
1 (Fig. 6a) suggested higher spatial variability of salinity data EC (dS/cm), while,
the simple and smooth spatial distribution indicated lower spatial variability of
EC data in study area 2 (Fig. 6b).

To assess the accuracy of the kriging estimated maps, there is a cross
validation analysis for evaluating effective parameters for kriging. In cross-
validation analysis each measured point in a spatial domain is individually
removed from the domain and its value estimated via kriging as though it were
never there. In this way a graph can be constructed of the estimated vs. actual
values for each sample location in the domain. The cross validation analysis of
study areas 1 and 2 are presented in Fig. 7Taand b.

The regression coefficient, which is describing the linear regression equation
is for areal = 0.1 and for area 2 = -2.2. The standard error of the regression
coefficient (SE = 0.39, 1.07 for area 1 & 2 respectively). The 12 value is the
proportion of varation explained by the best-fit line (in case of area 1= 0.1% and
27.0% for area 2); and the y-intercept of the best-fit line is also provided. The SE
Prediction term is defined as SD x (1 - r2) 0.5, where SD = standard deviation of
the actual data (46.5 and 33.7 for areas 1 & 2 respectively).

Egypt. J. Soil. Sci. 46, No.1 (2006)
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Fig. 6a. Interpolate-Kriging map of the study area 1 north of Bahariva.
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Fig. 6b. Interpolate-Kriging map of the study area 2 south of Bahariya.
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Fig. 7a.Cross Validation (Kriging) of
study area 1.

Fig. Th.Cross Validation {(Kriging) of
study area 2.
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Tt is clear that the spatial variability of area 2 is comparatively less than that
in areal. The main reason for this weakmness of spatial variability in ares 2 could
be referred to the lack of EC sampling points available and to the high influence
of the EC {dS/cm) extrerre values on neighboring locations. This results in larger
tendency of the kriged estimates to higher salinity categories.

However, the visual interpretation of both kriged maps in relation to the
DEM (digital Elevation Model) grid image of each area give a good impression
that the estimation of salinity values is logical, taken inte consideration the
location from the salt effected soils {playz), the relatively lower elevation units
(depressions) and the position in landscape In the Oasis. To demonstrate this
quite simply is by overlaying the interpolated kriged maps with the DEM grid
image of each area (Fig. 8al-2 & 8b-1).

Figures 8a-2 and 8b-2 illustrate obviously how the 2D nterpolated maps
geographically and geomorphologic-ally overlapped. The relatively high EC
values that are pronounced and presented as commected counter lines are
overlapping the areas where low elevation and mwuch salinity features are
available. This quite validating the esumated kriged maps obtained.

Fig. 8a-2, The knged map overlaymg lhe I}EM grld image of area 1 (North of
Bahariva).
Egvpe. J Soil. Sci. 46, No.t (2006)
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1

Fig. 8b-1. The kriped map overlaving the BEAL af area 2 (South of Bahariya).

F

-

Fig. 8b-2. The kriged map overlovieg the DEM grid image of area 2 {South of
Bahariva).

Alse, the spatial diswibution pattern and  ssotropic vanogram  model
{spherical) of the estmuetions of both interpolated maps were guite aimilar,

Conclusion
The spatinl dispihution maps diwn based on kolgng interpolaton method

explain clearly the spatial variability of seil salinity measurements in north and
south study areas of Bahariva oasis,

ci 4B Mot (2006)



26 KH.M. DARWISH

Indeed, there are different original factors have influenced the final output of
the kriging logarithm technique. Those factors can be related to the issues of
sampling, the spatial distribution of the soil salinity measurements in the space,
the total number of the observation points and the variability of the EC data set
obtained.

Improving those factors especially in the south study area 2 would play an
important role for receiving more accurate results out of this interpolation method.

The spatial distribution characteristics not only related to the processing of
formation, but also related to the result of the specific agricultural production
systemn and mode in Bahariya.

It is worth to mention, that the results suggest that sampling cost can be
dramatically reduced and estimation can be significantly improved using kriging
technique. Of course, the cost vs, benefit balance of such a detailed approach still
needs to be explored.

In addition, consequent studies are recommended relying on the current
results including cokriging geostatistical technique.

At the end of the whole procedure, it is still manage successfully to use the
obtained interpolated EC salimity maps and to suggest better resource
management practices for the selected study areas of Bahariya QOasis.

References
Beckett, P.H.T. and Webster, R. (1971) Soil variability: a review. Soils Ferr. 34, i.

Darwish, Kh.M. (1998) Integrating soil salinity data with a satellite image using
geostatistics. M.Sc. Thesis, Gent University, Belgium, 76 p.

Darwish, Kh.M. (2004) Potential of soil and water resources for agricultural
development in Bahariya oasis, Egypt. Development of a GIS-based Decision support
system. Ph.D. Thesis, 2004. Emst-Moritz- Arndt-Universitit Greifswald, Greifswald,
Germany.

Davis, J.C. (2003) Statistics and Data Analysis in Geology, 3™ ed., Kansas Geological
Survey- [SBN: 0-471-17275-8, New York, NY [u.a.]: Wiley.

Hinrich, L. and Bohn (1985) "Soil Chemistry”, pp. 1-341, 2™ ed., John Wiley and Sons,
Canada.

Liesch, S.M.; Rhoades, J.D.; Lund, L.J. and Corwin, D.L. (1992) Mapping soil salinity
using calibrated electromagnetic measurements. Soil Sci. Soc. Am. J. 86, 540.

Lesch, §.M.; Strauss, D.J. and Rheades, J.D. {1995) Spatial prediction of soil salinity
using electromagnetic induction techniques 1. Statistical prediction models: A
comparisen of multiple linear regression and cokriging. Water Resour. Res. 31, 373.

Egypt. J. Soil. Sci. 46, No.1 (2006)



SOIL SALINITY MAPPING IN NORTH AND SOUTH BAHARIYA OASIS 27

Paz-Gonzalez, A. (1000} The effcct of cultivation on the spatial variability of selected
properties of an umbric horizon. Geoderma 97, 273,

Salem, M.Z. (1987) Pedological characteristics of Bahariva Ohsis soils. PR D Thesis,
Fac. OF Agric,, A Shams, Univ,, Egypt.

{ Received 17 2006,
accepted 47 2006)

py B Geostatistics adljiall slaall ks sladid
Ayl ot % g g Juadd B &g Y A gla Allad il A

(e g g dades ANA
a6 AN gl a5 el SR el Y

Ahieall Bagll Rl om S A S Lnd R gadl Sial gt 4ai
O g Zya Aged S pal ST Skl Sahads 8l silet Gl e
Rl Apd S5 e N hsaadl e i el R sl
spatial variability _asda-dl A8 a5l Je YDV jdeys Aikiads
D Al sia B . AR 3 Rallead daigh O gladd Cpe Gy da gl
sy nad Block Kriging 4y dfleall GoW ol Lo
Bobial 3 % 5 G ghe o A EC oS e sl ol S 21
a3y il BC o eas 23 Kriging paiiuly . %l Clad g ioglay Jlad
Lol da giall aly B A3 JRe o3 B . Adhially da ) At Sl il 5
B el ey el ele e 060 Gl o aay S 03
A gindt Al 1l Allate A e pead Apd fd M Kriging 4 A0l dapub

A S R A e a8 Teal) (e Jab el 038 el

et Al oS Aaia Y1 Chigelt agand AE O el A jall a3 g gula

G dsale B e e LU SIK, Kriping 4 da0aYy Beale S5

i N el gl (5 s el e sl Bl 034 e e iasall
(B o Raaid g eiall gkl b fa ¥ e 8 Fins)

Fgynt. F Seil. Sei. 46, No.1 (20063





