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Abstract

Groundwater is an important natural resource for all human activity. Today,
due to climate change and population growth, the demand has increased con-
siderably, thus requiring their evaluation to ensure sustainability. However,
one of the important but difficult to estimate parameters due to its variability
is the recharge. This work aims to map the potential recharge of aquifers in
the departments of Yamoussoukro and Toumodi. Saaty’s AHP (Analytical Hie-
rarchy Process) multi-criteria analysis technique was used by integrating dif-
ferent thematic layers. First, a reclassification then weighting of these para-
meters was made according to their influence in the recharge process. Finally,
they were integrated into a GIS to produce the map of potential groundwater
recharge zones. The results indicate that the potential high recharge areas
represent approximately 43.11% of the area of the study area. These areas ap-
pear scattered in the sub-prefecture of Yamoussoukro, Kokoumbo Attiegou-
akro, Toumodi et Kpouébo.

Keywords

Groundwater, Recharge, Multi-Criteria Analysis, GIS, Cote d’Ivoire

1. Introduction

Water is a very important resource at the center of sustainable development. It is
essential for socio-economic development, ecosystem health, and human surviv-

al. However, this resource is becoming increasingly scarce [1]. Many countries in
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the world are faced with problems of drinking water supply and Céte d’Ivoire, a
country located in West Africa, does not escape this situation. Indeed, while the
needs are increasing, the supply is decreasing and therefore not very satisfactory.
Thus, for several years, the exploitation of groundwater captured in the base-
ment in Cote d’Ivoire has experienced a considerable boom, thousands of bore-
holes have been built and operated in almost all areas of the country, having dif-
ficulties in accessing drinking water [2]. Thus, for a sustainable management and
perpetuation of this resource, it is necessary to know and evaluate the recharge,
the flows and the discharge which constitute the fundamental elements of a hy-
drosystem [3]. Among these elements, recharge would be one of the current ma-
jor concerns of the scientific community and decision makers in that it condi-
tions the proper renewal and protection of groundwater resources [4].

Thus, in order to establish an optimal and rational management of ground-
water resources, water managers need very precise information on the condi-
tions of recharge and exploitation of groundwater. According to [5], the assess-
ment of groundwater recharge is undoubtedly one of the most relevant parame-
ters but also the most difficult to estimate. For this purpose, a wide range of
techniques has been considered. These are the climatic method [6]; the physical
method [7]; the geochemical method [8]. Despite all these approaches, the de-
termination of recharge is still today unreliable [4] and expensive [9]. Therefore,
it seems necessary to apply other techniques that could reduce uncertainties in
order to increase confidence in recharge estimates.

The objective assigned to this work is therefore to map the potential recharge
areas of the Yamoussoukro and Toumodi aquifer using remote sensing and geo-
graphic information systems (GIS). To provide assistance to decision makers and
managers, GIS is considered one of the best tools to both gather all data, analyze
them and visualize several layers of information on the same medium. The me-
thodological approach of this study is based on the classification and combina-

tion of the different parameters that influence recharge.

2. Material and Methods
2.1. Study Area

The study was conducted in central Cote d’Ivoire, in the departments of Ya-
moussoukro and Toumodi, located between latitudes 6°20'N and 7°00'N and
longitudes 4°40'W and 5°30'W (Figure 1). These departments include the sub-
prefectures of Kossou, Lolobo, Attiegouakro, Kokoumbo, Djekanou, and Kpoue-
bo. This area covers an area of 4.789.38 km”.

The relief of the departments of Yamoussoukro and Toumodi is not very hilly
and corresponds to the plateaus of the wooded savannah zone. The entire area is
relatively uneven, marked by the presence of chains of hills with a granitic struc-
ture. The average altitude in these departments is 200 m [2]. The climate of the
region is tropical humid and characterized by two seasons. Divided between a

rainy season (March to November), and a dry season (December to February).
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Figure 1. Location of the study area.

The average annual rainfall is 1148 mm/year while the average temperature is
30°C. The hydrographic network in these departments is marked by the re-
markable presence of the Bandama River, the N’zi and Kan rivers and their tri-
butaries. They also have many artificial and natural lakes, including Lake Kos-
sou, on which the Kossou hydroelectric dam was built. Their vegetation belongs
to the Guinean domain and is dominated by the pre-forest savannah (transition
zone between the southern forest and the northern savannah) dotted more or less
densely with small trees and interspersed with copses and forest islands. Forest
galleries occupy the lowlands along the watercourses. On the drained sandy soils,
stands of roniers and palm trees appear in tall grasslands [10]. Geologically, the
rocks encountered in these departments are generally granitoids, green rocks,
volcano-sedimentary rocks and shales [11]. These geological formations are cha-
racterized by the presence of schistosity, fractures, and large quartz veins [12],
which would favor infiltration and therefore groundwater recharge. The aquifer
system of Yamoussoukro and Toumodi is consistent with that generally encoun-
tered in the basement environment of tropical zones. There are both alterite and

fractured reservoirs.
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2.2. Materials

The working material consists of software (ArcGIS 10.4 and ENVI 4.5) and satel-
lite data. The land cover and fracture network maps are produced with ENVI 4.5
software from Landsat 7 satellite scenes 197-053; 197-054 acquired on 02 February
2018 and available from http://earthexplorer.usgs.gov. ArcGIS 10.4 was also used

to extract the slope and drainage density map from the 30 m resolution Digital

Terrain Model (DTM) available at https://earthexplorer.usgs.gov and finally, to in-

tegrate all the thematic maps used for this study.

2.3. Methods

After having identified all the parameters considered representative in the re-
charge of the aquifers, it is necessary to determine which of them will have more
impact in the recharge process. For this purpose, one of the usual statistical me-
thods has been considered. It is based on the multi-criteria analysis AHP (Ana-
lytic Hierarchy Process) of [13]. The principle consisted in studying each para-
meter separately according to their role in infiltration, and then a thematic map
was established for each of them. Then, a classification was defined for each fac-
tor and a rating was assigned to each class, followed by an attribution of weight
to the parameters according to their degree of involvement in the infiltration
phenomenon. Finally, all the spatial information related to the different factors
was crossed in a GIS.

The approach is the one that was adopted by other authors including [3] [4]
[14]. The process is organized in five steps which are, identification of parame-
ters, mapping of parameters, reclassification of parameters, weighting by mul-

ti-criteria analysis and finally determination of potential recharge areas.

2.3.1. Identification of the Parameters Defining Infiltration

Many works ([3] [4] [15] [16] [17]) indicate that a number of factors would con-
tribute to the definition of potential regional-scale aquifer recharge areas in the
basement zone. These include: land use types, fracture density, aquifer permea-

bility, slope, and drainage density.

2.3.2. Parameter Mapping and Reclassification

1) Fracture density mapping

The elaboration of the fracture density map started with the production of the
lineament map. This is done by satellite image processing. In this work, the
Landsat 7 satellite scene 197-053 and 197-054 images acquired on February 02,
2018 were used. As the image was already geometrically rectified and georefe-
renced at acquisition, the treatments performed were mainly summarized in two
steps (enhancement and validation). The enhancement of the discontinuities was
done by applying the directional filters of Sobel. Their use allowed to manually
extract the lineaments and to elaborate the detailed lineament map. This map
was validated using the borehole flow rates of the two departments. The valida-

tion consisted in assessing the proximity of large flow boreholes to major linea-

DOI: 10.4236/jgis.2022.145030

530 Journal of Geographic Information System


https://doi.org/10.4236/jgis.2022.145030
http://glcfapp.umiacs.umd.edu:8080/esdi/index.jsp
https://earthexplorer.usgs.gov/

K. H. J. Kokobou et al.

ments. The validated fracture map was processed to determine quantifiable pa-
rameters such as fracture density. The production of the fracture density map is
done with ArcGIS 10.4 software. Different zones are then identified according to
the cumulative length of fractures on 5 x 5 km? grids.

2) Drainage density mapping

Drainage density is defined as the ratio of the total length of streams in a wa-
tershed to the area of the watershed [4]. The assessment of the hydrogeological
properties of the drainage network was based on the characterization of density
having a relationship with permeability. This map was developed by ArcGIS 10.4
software.

3) Land use map

The land cover map of the departments of Yamoussoukro and Toumodi was
produced from a Landsat 7 satellite image acquired in 2018. The maximum like-
lihood algorithm was chosen for the supervised classification. This method is
commonly used in the literature [18] [19]. This method was used to select five
land use classes in the area. These are the class “forest”; “degraded forest”; “crop
and fallow”, “habitat and bare soil” and “water”.

4) Slope mapping

The slopes are obtained from the DTM of Cote d’Ivoire from satellite images
SRTM (Shuttle Radar Topography Mission) of 30 m resolution. The slopes cal-
culated with ArcGIS 10.4 software are expressed in degrees. They were grouped
into four classes.

5) Establishment of the permeability map or hydraulic conductivity of aqui-
fers

The hydraulic conductivity was determined at the location of the boreholes
that capture the fractures located in this area. This parameter expresses the ca-
pacity of a ground to let water pass through it. They were calculated considering
the pumping tests. The deduction was made according to Equations (1) and (2).

T=Ke (1)
K=T/e (2)

with
K: hydraulic conductivity; T: transmissivity; e: thickness of the aquifer deter-
mined by the distance between the base and the top of the wells [20].

2.3.3. Reclassification of Parameters

The reclassification step consisted in assigning scores to the different classes of
the selected parameters according to their degree of infiltration by defining in-
tervals. This process makes it possible to standardize the parameters by defining
the degree of membership of each criterion in a common interval of 1 to 10. In-
deed, the strongly unfavorable class always has the lowest score contrary to the
strongly favorable class which has the highest score. However, the choice of scores
depends on the influence of the class on infiltration. The result of the reclassifi-

cation of the identified criteria, whose combination favors the good recharge or
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not of the groundwater is recorded in Table 1.

2.3.4. Determination of the Weights of the Parameters by the
Multicriteria Analysis Method (AHP)

The decision criteria are weighted using the linear combination method based
on the pairwise comparison technique according to the Analytical Hierarchy
Process (AHP) of Saaty [13] improved and used by [4] [16]. It produces stan-
dardized weights whose procedure consists of comparing the relative importance

of all elements belonging to the same level of the hierarchy taken two by two,

Table 1. Ratings assigned to recharge parameters ([4] [21]).

I?:::i:i‘:::er recharge Qualitative criteria ifglgt l;i:i(o)fl Odds
Drain density (DD) <5 Very low 9
(e /krn?) 5-10 low 7
10-15 Medium 5
15 - 20 High 3
>20 Very high 1
Land use Water Very high 9
Cultivation and fallow High 7
clear forest Medium 5
Dense forest low 3
Agglomerations and bare ground ~ Very low 1
Slope (Degree) <4 Very low 9
4-9 low 7
9-16 Medium 5
16 - 23 High 3
>23 Very high 1
fracture density (Km/Km?) <1 Very low 1
1-5 low 3
10-15 Medium 5
15 - 20 High 7
>20 Very high 9
Aquifer permeability <3 Very low 1
(x107* m/s) 3.8 low 3
10-15 Medium 5
14 -22 High 7
>22 Very high 9
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compared to the element of the level immediately above. This comparison was
based on a numerical scale (Table 2).

Once all the combinations are made, it will be a question of deducing the ei-
genvector (Vp) (Equation (3)) and the weighting coefficient (Cp) (Equation (4)).

The principle of determination is as follows:

Vp=§WI--- Wk 3)
With k = number of parameters compared; Wk = main values assigned to the
variables;
v
Cp=—t (@)
Vpl+---+ Vpk

The sum of the Cp of all the parameters of a square matrix must be equal to 1
(one). A high Cp, will tend to accentuate the recharge while a low Cp will reduce
it. Table 3 summarizes the different binary combinations performed as well as
the values of the corresponding eigenvectors and weighting coefficients.

In a study that relies on the subjectivity of values, it is imperative to determine
the consistency of judgments [22]. Indeed, since the values assigned often present
a certain degree of inconsistency, a synthesis of all the judgments proves wise. To
verify the consistency of the judgments, [23] determined an assessment criterion
which is the consistency ratio (CR). If this ratio is less than 10%, then the assess-
ments are consistent; if it is more than 10%, they need to be revised. The verifica-
tion principle is divided into several successive steps (Equations (5) to (11)):

e Normalization of the matrix [A]. It consists in dividing each element of a

column by the sum of this column:

[A]=Y Zwvﬁn 5)

Table 2. Scale of evaluation of different parameters towards infiltration ([4] [16]).

Class Very high High High to Medium Medium Medium to low low Very low

Odds 10 8 6.5 5 3.5 2 1

Table 3. Matrix of weighting factors.

Parameters Df K P DD (O] Vp Cp
Df 1 3 3 5 7 3.160 0.459
K 1/3 1 3 4 5 1.817 0.264
1/3 1/3 1 3 4 1.055 0.153
(0N 1/5 1/4 1/3 1 3 0.548 0.080
DD 1/7 1/5 1/4 1/3 1 0.297 0.043
Sum 2 4.78 7.58 13.33 20 6.877 1.000

K: alteration permeability, OS: land use, P: slope, DD: drainage density, Df: fracture den-
sity.
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e Computation of the priority vector [C]. It consists in calculating the average

of each line:
1
[C]=[A] x= (6)

e Multiplying each note of the matrix by the corresponding priority vector al-

lows to deduce the global priority [D].
[D]=> Wnx[C] (7)

e Division of each global priority by its corresponding priority vector to find

the rational priority [E].

[D]
[E] [ (8)

e Calculation of the average of the rational priorities Ymax.

Ymax = E 9)
n

e Calculation of the coherence index (IC).
IC:Ymax—n (10)
n—1
e Deduction of the consistency coefficient (RC).
Ic

Jla = 11
Ia (11)

where (Ia) is the random index. The values of (Ia) are recorded in Table 4.

2.3.5. Mapping of Potential Recharge Areas for the Yamoussoukro and
Toumodi Aquifers

The computational method used in the GIS for overlaying the data is the opera-
tional approach of the single synthesis criterion of Roy in [22]. The principle is
to sum the different layers according to their importance in groundwater re-
charge. The probability that the recharge in a zone is high is related to the values
of the classes of parameters that intersect. In fact, it will depend on the index of
the zones that favor recharge. Therefore, the calculation of the recharge index

(Ir) is performed in GIS according to Equation (12).
Ir =0.459 [Df] + 0.264[K] +0.153 [P] + 0.0SO[OS] +0.043 [DD] (12)

where Ir: is the sum of the weighted scores calculated for each pixel of the raster
from the score of the five parameters.

The probability of recharge is related to the values of the classes of the crossed
parameters. This depends on the index of recharge-promoting areas. Thus, [24]
defined a method (Equation (13)) to help interpret the classes to which the

Table 4. Random index ([13]).

Number of variables 2 3 4 5 6 7 8 9 10 11

Ia 0.00 0.58 090 1.12 1.24 132 141 145 149 1.51
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recharge class values relate.

Irp:(P(Irmax—lrmin))/100+lrmin (13)

With Irp = recharge index in percentage; P = corresponds to a percentage
class; Imax = maximum recharge index; Irmin = minimum recharge index.

Following this same logic, the Ir recharge index values were interpreted (Equ-
ation (14)).

Since the weighting coefficient is fixed, the minimum rating that a parameter
can have is 1 and the maximum rating is 10. Substituting the different values of

maximum and minimum rating, the equation becomes (Equation (14)):
Ir=(Px6.2)/100+1 (14)

All the operations performed to arrive at the mapping of potential recharge

areas are grouped in the conceptual data model (Figure 2).
3. Results and Discussion

3.1. Results
3.1.1. Fracture Map

The detailed lineament field includes all lineaments surveyed (in total, 1718)

scenes 197-053/197-054

[Aquifer permeability data] [Landsat 7 image of the }

[ Digital terrain model ]

|

Aquifer Land cover Fract Drainage
permeability ractures Slope map densi 8
map map map ensity map
[ [ I I |

Interpolation-Rasterization-Reclassification and Codification of criteria

'

0.459.Df w M 0.080.08 0.043.DD
+ + + +

l

I Recharges Index map I

}

EOF POTENTIAL RECHARGE AREAS

le——

Figure 2. Conceptual data model.
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during the manual extraction phase. The cumulative length of the lineaments is
equal to 14.694 Km with an average of 2.6 Km over an area of 4.789 Km” (Figure
3).

L’exploitation de la carte détaillée des linéaments permet d’élaborer de nom-
breux fichiers thématiques a partir desquels sont définies et caractérisée la géométrie
des aquifers souterrains (densité de fracturation, distribution des longueurs et des

orientations des linéaments ...).

3.1.2. Fracture Density Map

In order to better observe the spatial distribution of fracture density according to
the number of fractures per unit area, the iso value map of distribution of this
parameter was constructed (Figure 4).

The density is variable over the whole area. The fractures are therefore distri-
buted differently over the entire study area. A global analysis of this map shows
that the departments of Yamoussoukro and Toumodi are strongly fractured and
therefore favourable to infiltration. Indeed, the medium, strong and very strong
classes represent about 70.5% of the study area. On the other hand, areas of low
fracture density occupy about 29.5% of the study area. Nevertheless, it should be
noted that the zones of very high fracturing density occupy about 8.5% of this

area and seem to be distributed over the whole area.

3.1.3. Hydraulic Conductivity Map
Data interpolation showed that almost the entire area is covered by hydraulic

conductivities with values between 1.06 x 107 and 9.87 x 10 m/s (Figure 5).
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Figure 3. Map of the detailed lineament survey of the departments of Yamoussoukro and Toumodi.
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Figure 5. Map of hydraulic conductivity of the aquifer.
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More than 80% of the area is covered by low conductivity. However, there are
high values in the south in the Kpouebo sub-prefecture and a few sites scattered

throughout the rest of the area.

3.1.4. Slope Map

The relief of the Yamoussoukro and Toumodi departments is relatively hilly.
Structuring into four classes indicates that the spatial coverage is characterized
by 33.5% low slope; 48.7% medium slope; 12.5% steep slope and 6.3% very steep
slope (Figure 6). The steepest slopes are found in the sub-prefectures of At-

tiégouakro, Angonda and Kpouébo due to the existence of mountain ranges.

3.1.5. Land Use Map

The spatial distribution map of land use shows six (6) classes (Figure 7). The
class Habitats and Bare Soil represents 5.7% of the study area, the forest islands
constitute 26.1%, the degraded forest represents 23.7%, in addition the crops and
fallow land occupy 43.6% while water represents 0.9%.

3.1.6. Drainage Density Map
The drainage density map shows (4) four surface classes (Figure 8). The low
density class is 22.1%, the medium density class is 35.3% of the study area, the
high density class is 25.4% and the very high density class is 17.2% of the area.
Table 5 presents the results of the judgment audit.
With an RC equal to 5.8%, the prioritization matrix presented (Table 5) is

X 220000 240000 260000 280000 300000
§ 1' »
(=]
o0
o~
(=]
(=]
- -
S
o~
= Lo
(=]
&7 Legend r
S
Slope (degree) §
- Low E
=)
(=]
§"- Medium |
~
(=]
- | High R=)
|-
. ~
g.mm Very high |
(=]
& Locality
(=]
- .8
A 5 Study zone =
o ©~
(=]
(=1 -
S
=~ 0 5 10 20 _ .
tssttsss Kilometers : 3
< v LN e w LA
220000 240000 260000 280000 300000
Figure 6. Slope map.
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considered consistent. Therefore, the assigned judgments can be used for the

determination of recharge areas in Yamoussoukro and Toumodi departments.

3.1.7. Recharge Index Map

Overlaying the different thematic maps obtained in a GIS made it possible to es-

tablish a map of groundwater recharge indices for the departments of Yamous-

soukro and Toumodi (Figure 9), and from this map, the map of potential re-

charge areas.

The recharge index values range from 1 to 7.2. They highlight the areas where

the degree of recharge is significant. Equation 17 yielded five recharge classes

that range from “Poor” to “Excellent”. The values of these indices are recorded

in Table 6.

Table 5. Checking the consistency of judgments.

Df K P OS DD C D E Ymax IC RC
Df 0.500 0.628 0.396 0.375 0.350 0.450 2.445 5.436
K 0.165 0.209 0.396 0.300 0.250 0.264 1.443 5.467
P 0.165 0.069 0.132 0.225 0.200 0.158 0.822 5.195 5.261 0.065 0.058
OS 0.100 0.052 0.044 0.075 0.150 0.084 0.424 5.038
DD 0.070 0.042 0.033 0.025 0.050 0.044 0.227 5.169
240(20 260‘000 280‘000 309000

0 5 10 20

Legend
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Figure 9. Recharge index map.
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3.1.8. Map of Potential Recharge Areas for the Yamoussoukro and
Toumodi Aquifers

The map of potential recharge areas is presented in Figure 10. Analysis of this
map reveals five (5) classes (Bad, Poor, Good, Very good, Excellent) of potential
groundwater recharge areas in the departments of Yamoussoukro and Toumodi.
The “Poor” zones (26.2%) are concentrated in the sub-prefectures of Djékanou,
Lolobo and Angonda. As for the “poor” class zones (30.69%), they are found
throughout the zone. On the other hand, the “good”, “very good” and “excel-
lent” classes represent 43.11% of the entire study area. However, the “Excellent”

class covers 5.46% and seems to be scattered throughout the area.

3.2. Discussion

Remote sensing and GIS offer the possibility of obtaining numerous data sources.

These can be in the form of thematic maps that can help characterize potential

Table 6. Classes and indices of areas favorable to groundwater infiltration.

Classes of zone favorable
to recharging

Normalized recharge

indices (%) Ir Recharge degree

0 510
240000

e

1.0-3.0 0-30 2.86 Bad
3.1-39 30 - 45 3.79 Poor
4.0-4.7 45 - 60 4.72 Good
48-57 60 - 75 5.65 Very good
58-72 75 -100 7.2 Excellent
=, 260000 280000 300000
3. L
(=]
o0
&~ =)
(=4
- -
(=}
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o o~
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° o Legend
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Figure 10. Map of potential recharge areas.
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recharge areas over a large area. These include land use maps, slope maps, drai-
nage network maps, lineament maps and alteration permeability maps. The
multi-criteria analysis mapping approach was used in this study to determine
the spatial variability of recharge from their integration into GIS. On the map of
potential recharge areas, five classes of recharge degree (Bad, Poor, Good, Very
Good and Excellent) were revealed. The high recharge areas are located in areas
of strong fracturing. This result is in contradiction with the work of [25] who
argue that highly fractured zones are the permeable places through which water
percolates and whose fracture density mapping is very useful in identifying po-
tential recharge zones in basement environments. However, despite the evolu-
tion that the use of lineaments in hydrogeology in the search for groundwater
has undergone ([26] [27]), it remains much controversial in the literature [3].
Indeed, some hydrogeologists ([28] [29]) estimate that only 30% of the linea-
ments observed on an image are considered to be at the same location with the
same orientation. Furthermore, in hydrogeology, it is well known that the denser
the drainage network, the greater the runoff and therefore the less water availa-
ble for aquifer recharge [30]. The degraded forest and the crops and fallow land
that make up the bulk of the vegetation cover in the high recharge potential area
have a high degree of weathering permeability with relatively low slopes. This
can be explained by the fact that land use, which refers to a large number of pa-
rameters present on the ground surface, influences recharge. The most impor-
tant hydrogeologically are vegetation cover and impervious surfaces. Impervious
surfaces (buildings, roads, etc.) considerably delay the recharge process [31],
while vegetation cover improves recharge, as it favors the confinement of water
in the soil preventing direct evaporation.

The method adopted in this study seems reliable, as the application of it has
shown good results with other authors, [16] in Algeria; [3] in Biankouma (Cote
d’Ivoire) and [4] in Bonoua (Cote d’Ivoire). However, this method has limita-
tions. Indeed, according to [26] cited by [4], the major difficulty lies in the defi-
nition of class boundaries and weights that are assigned to the different parame-
ters entering the realization of the GIS. The choice of the class limits is most of-
ten made according to the operator’s faculty of discernment and his sense of
judgment.

4. Conclusion

The multi-criteria analysis method based on cartographic data provided by re-
mote sensing and GIS allowed the delineation of potential recharge areas for the
Yamoussoukro and Toumodi departments. The map of potential recharge areas
provides important preliminary information on the spatial distribution of ground-
water recharge. It is subdivided into five classes, with the cumulative high re-
charge classes covering 43.11% of the study area. The majority of the recharge
areas are located in the sub-prefectures of Yamoussoukro, Kokoumbo Attiegou-
akro, Toumodi and Kpouébo. The set of maps obtained from this study provides

a general overview of the hydrogeological characteristics of the departments of
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Yamoussoukro and Toumodi. It is therefore a decision-making tool for ground-
water exploration. However, this method should be confirmed by in-situ mea-
surements before it can be used in decision making. In addition to a more ri-
gorous validation involving refined measurements at different points, the valida-
tion could also lead to the definition of new criteria or to the modification of the

weightings assigned to them.
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