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Motivations of the Stud

Pond
. Semi-arid area
. Limited Resources
. Drougth
. Population _
Aquifer
. Important Agricultural
. Dependent of Groundwater
;2018
. Localize in Importants Hidrogeological
. Groundwater is a valuable and important natural resource
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https://www.sciencefriday.com/person/ariel-zych/
https://www.sciencefriday.com/person/ryan-hollister/
https://www.sciencefriday.com/person/xochitl-garcia/

Goals :
1.

2.
3.
4.
5.

Integrate methodologies (GIS, Remote Sensing and Statistic)
Analyze variables (8) and reclassify them according to their hierarchy
Identify the factors that most affect groundwater potential

Assess, and delineate the groundwater potential

Validate the model with statistical

(Esu



Methods :

Thematic Maps
Reclassify
Comparison of criteria and weight with Analytical Hierarchy Process (AHP)

Validation is done by considering the locations of the groundwater wells in the
data sets, overlaying it on the result, analyzing its density and the statistical
probability of the existence of groundwater.

Numerical-spatial correlation between wells and potential areas through
Moran's Index (P-Value and Zscore)

The receiver operating characteristic curve (ROC) and area under the curve
(AUC) analysis were used to explore the accuracy of the model.
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AREA OF STUDY
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DATASET

The lithology, soil, hydrogeology data sets are acquired from different online sources,
Geological Service of Brazil (CPRM), Brazilian Enterprise of Agriculture and Livestock a
(EMBRAPA).

The satellite images that will compose the study will be the Landsat 8, with 30x30m
resolution, where it will be used to generate the Lineament Density layer, and the land use
and occupation. The Shuttle Radar Topography Mission (SRTM), with 30 m resolution, will be
used to develop information on the drainage and slope layers.

The point data of mean monthly precipitation quadratic was acquired from the National
Institute of Meteorology (INMET) and used to develop the rainfall layer. The well data for
method validation, will be sourced from the Groundwater Information System (SIAGAS),
Water Resources Superintendence of Bahia (SRH), National Water Agency (ANA), Institute of
Environment and Water Resources (INEMA), Water User Registry (CNRH), Hydric Energy and
Basic Sanitation Company (CERB), Geological Service of Brazil (CPRM)
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RECLASS DATAS FOR AHP

Index Value The first step was data acquisition processing, the second step consisted
of reclassification. ( Litology, Soils, Density Drain, Density of Lines,

Rainfall, Slope, Elevation , Land Use)

1 Very Low
It is noteworthy that to perform the analysis it is necessary that the data
sets have the same number of classes. That is, it is necessary to establish
2 Low intervals between the existing values for each indicator.

The AHP proposed by Saaty determines the degree of probability according
3 Moderate to the correlation of each variable among themselves, through the overlay
of variables, each variable analyzed has differentiated values that, after
indexed, compose the degree of probability.
4 Higth
Based on the result obtained one can classify the degree of probability of
occurrence of the potential areas of groundwater (Very High, High,
5 Very Higth Moderate, Low and Very Low).
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MATRIX AHP/ NORMALIZATION

Jatiinen s,
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Matrix AHP - Saaty E'evzz‘gsfg'?v‘i“i°“ EG U 2

Declividade = Slope ;“-..q
Litologia = Litology - mpgm-*
Solos = Soils
Precipitacao = Rainfall
Densidade Drenagem = Drain Density | U E FS
Densidade de Lineamento = Line Density et ™
Uso e Ocupacao do Solo = Land Use

NORMALIZATION

Densidade de Drenagem
Densidade de Lineamento
Uso e Ocupagao do Solo

Elevacio 0,25 03077 03333 0,2857 0,2857 0,1481 0,1481 0,1765 24%
FATORES Declividade 0,125 0,1538 02222 01905 0.1429 0,1481 0,1481 0,176 16%
EIE'E_;ED Litologia 00833 00769 0,1111 0,905 01428 0,1481 0,1481 0,1176 13%
Declividade -
Litologia Solos 00833 00769 00556 0,0852 01428 0,1481 0,1481 0,1176 11%
Solos Precipitacio 0125 01538 01111 00952 01428 02222 02222 01765 16%
Prm'_p'ta'?m Densidade de Drenagem 0125 00769 00556 0,0476 0,0476 0,0741 00741 0,1176 8%
Densidade de Drenagem
Densidade de Lineamento Densidade de Lineamento | 0125 00763 00556 00476 00476 00741 00741 0,1176 8%
Uso e Ocupacio do Solo Uso e Ocupacio do Solo L 00833 00769 00556 00476 00476 0037 0037 00588 || 6%




GROUNDWATER POTENCIAL ZONES

GWPZM =24 *EL+ 16 *DCL+ 13* LIT+ 11 *SOL + 16 *
PREC +8 * DD + 8* DL + 6 * USC

EL = Elevation DD = Drain Density
DCL = Slope DL = Line Density
LIT = Litology
SOL= Soils
PREC = Rainfall
USC = Land Use

Potencial Class Area (km?2)

Very Low 502,06

Low 3599,28
Potencial Zones

' . fﬂ:ﬁiﬂ j ek Moderate 2079811

: :- % .ﬂ# : . [ ] Moderate .

._;_.",“"'"'_ WA B Higth ngth 35241,37
,,*"*-' L TR Il Very Higth

Very Higth 15570,14
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VALIDATION- WELLS DENSITY

Density of Wells (Km/km?)
[]0-227.44
[]1227,44- 671,82

d ® Wells

Potencial Zones
[] Very Low

£| Lh?:derate 671,82 - 111621

| Higth I 1116,21-1 560,60

E‘d ; Higth B 1 560,60 - 2 004,98
ery Hig

2004,98 - 2 449,37
B 2 449,37 - 11 585,96
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VALIDATION - WELLS STATISTIC

OVERLAY

Potencial Zones | ____N°ofWells __

Very Low 10
Low 42
Moderate 1000
Higth 1807
Very Higth 289



Maoran's Index:

I-score: 21

Critical Valus

VALIDATION - MORAN INDEX

24498 \\ Sagniticance Lewvel
|
o | p-values )

| F-sCora )

< -3 .38
1.38 1.9%6
1.96 1.65
1.65 = 1.65
1.65 - 1.96
1.96 - 1.38
= 2. 58

p-value: 0,000352
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Not Significant

High-High Cluster
High-Low Outlier
Low-High Outlier
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VALIDATION - CURVE ROC

Cut Normal | Non-Normal ROC Curve
Points: Cases Cases n 100% 100%

10 9,571428571

42 3,421
1000 11,21638074
1807 90,43944637
289 2445

A |WIN|—~

True Positive

3148 2559,648256
Area Under the Curve ,9341

Stderr ,0036

Fal ositive
- 0 0,2 wP 0,6 0,8 1
Confidence

Interval ,927 ,941

Accuracy of Test  Excellent 1\1;::? ‘EGU %&E%



The hydrogeological potential in the River Grande Basin apparently presents potential heterogeneities
of the different from the values, generated from the permeability characteristics of the rocks and the
physical aspects that allow the infiltration of the precipitated water to the underground reservoirs.

The Model has zones of potencial with correlation of wells, its is true if we look to numbers of wells in
Higth and Very Higths zones, mores 68%, and more 26% in moderate zones, a total of 94% in good
zones

The Wells has a spacialcorrelation with zones potencial wells, with a concentration behavior, with
Moran Index of 82 % conection bettwen zones and wells, with low P-Value and Higth Z-score, so a good
beahvior.

The Roc Curve has a good behavior, with AUC of 93% and confidence interval of 92% .

The model is reliable because it has a high concentration of wells in potential zones, these wells have a
strong positive correlation with these zones, creating specific zones of concentration. With a confidence

index confirmed by roc analysis.
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