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Introduction

Spatial Interpolation (SI) is a term used to estimate a value of a data variable at an un-sampled site from measurements made
in close proximity or within a range of available data. This technique is based on Tobler’s First Law of Geography that states
that points close together in space are more likely to have similar values than points that are far apart. Use a neighborhood
of sample points to estimate a value at an un-sampled location (figure below).
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Interpolation uses a neighborhood of sample points of known values (blue color) to estimate a value at an un-sampled
location (rose color). This method of estimation is using a specific radius from the un-sampled point.

Various interpolation techniques are used, and these techniques use sample values and X, Y coordinates to estimate the
value of an un-sampled point. In general, different methods will generate unalike results with the same input data and no
method is more accurate than others under all conditions. Users seeking accuracy should take in consideration a number of
point samples and knowledge of the study area.

In order to produce a continuous representation of the phenomenon in question, interpolation makes use of sampling data.
There are various methods in GIS that use the interpolation method. Deterministic interpolation techniques create surfaces
from measured points. They are based on either the extent of the similarity, an example of such methods is the Inverse
Distance Weighted (IDW). There is also a degree of smoothing such as the Trend Surface Analysis method. Geostatistical
interpolation techniques such as Kriging are based on statistics and are used for more advanced prediction surface modeling,
and also includes errors or uncertainty of predictions. Kriging method is based on the theory of regionalized variables and it
is performed by placing an evenly spaced grid over the area for which we have known values and can obtain an estimated
surface. The basic idea of Kriging interpolation is that every unknown point can be estimated by the weighted sum of the
known points within a certain radius.
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Method of Interpolation
Trend Surface Analysis

Trend surface analysis is a simple way for describing large variations and its function is to find general tendencies of the
sample data, rather than to model a surface precisely. The trend analysis calculates the coefficients of a best-fit polynomial
surface to fit a set of spatially distributed data points.

In one dimension (1-D): z varies as a linear function of x

Z.=by+bx+e

Z - Axis
@

X - Axis

In two dimensions (2-D): z varies as a linear function of x and y

Z.=by+b;x+by+e

where Z is the interpolated parameter.

X and'Y are the coordinates of the wells.

b coefficient is estimated from the control points. e: error in prediction.

The aim of this method is to develop a general kind of spatial distribution of an observable fact. The surface can be mod-
eled using a linear or trend surface. Linear trends describe only the major direction and rate of change, while the trend surface
provides progressively more complex descriptions of spatial patterns.

Inverse Distance Weighting (IDW)

Inverse distance weighting is a very popular technique in GIS and considers one of the simplest interpolation methods. There
are a variety of methods that use weighted moving averages of points within a zone of influence. Interpolation techniques in
which interpolation estimates are made based on values at nearby locations weighted only by distance from the interpolation
location (figure below).
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where V), is the predictable value at point 0, Vi is the V value at control point i, Di is the distance between control point i and
0, and n is the number of known values used in the evaluation.

The weights are a decreasing function of distance and the user has control over the mathematical form of the weighting
function. The size of the neighborhood can be expressed as a radius or a number of points.

In general the simplified formula for IDW is:

V, =

Global Polynomial (GP)

Global Polynomial or GP fits a smooth surface that is defined by a polynomial to the input sample points such as the TDS
field in the attribute table of the well layer. The GP is similar to taking a piece of paper and fitting it in between the raised
TDS values. The result from GP interpolation is a smooth surface that represents gradual trends in the surface over the area
of interest. It is used by fitting a surface to the sample points when the surface varies slowly from region to region over the
area of interest. While examining and/or removing the effects of long-range or global trends. In such circumstances, the
technique is often referred to as trend surface analysis.

Kriging

Using geostatistical techniques, you can create surfaces incorporating the statistical properties of the measured data. Kriging
is based on statistics. These techniques produce not only prediction surfaces but also error or uncertainty surfaces, giving you
an indication of how good the predictions are. Many kriging methods are associated with geostatistics, but they are all in the
kriging family. Ordinary, simple, universal, probability, indicator, and disjunctive kriging, along with their counterparts in
cokriging, are all available in the Geostatistical Analyst. Not only do these kriging methods create predictions and error
surfaces, they can also produce probability and quantile output maps depending on user needs. Kriging is the estimation
procedure using known values and a semi-variogram to determine unknown values. The procedures involved in kriging
incorporate measures of error and uncertainty when determine estimations. Based on the semi-variogram used, optimal
weights are assigned to unknown values in order to calculate the unknown ones. Since the variogram changes with distance,
the weights depend on the known sample distribution. The basic equation used in ordinary kriging is as follows:
1 & . . 2
K(d)— 2n;(Z(Xl) Z(xl +d))
where d is the distance between known points, n is the number of pairs of sample separated by d; Z is the attribute value
(elevation of known points). The equation indicates that the semi-variance is expected to increase as d increases.
One of the most popular approaches is the ordinary kriging, which will be applied in this study. Ordinary kriging assumes
the model:

Z(s)=u+e(s),
where p is an unknown constant. One of the main issues concerning ordinary kriging is whether the assumption of a constant

mean is reasonable. Sometimes there are good scientific reasons to reject this assumption. However, as a simple prediction
method, it has remarkable flexibility. The following figure is an example in one spatial dimension:
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The data is a well with TDS values collected from Maawil watershed in Oman. The wells’ locations look like they are
distributed randomly. The data is simulated from the ordinary kriging model with a constant mean p. The true but unknown
mean is given by the dashed line. Thus, ordinary kriging can be used for data that seems to have a trend. There is no way to
decide, based on the data alone, whether the observed pattern is the result of autocorrelation among the errors e(s) with p
constant or trend, with p(s) changing with s.

Ordinary kriging can use either semi-variograms or co-variances (which are the mathematical forms you use to express
autocorrelation), use transformations and remove trends, and allow for measurement error.

Scenario 1: You are a hydrogeologist working for the water resources in Oman. You have been given a task to evaluate the
groundwater along the coast in the Maawil watershed. You have been asked to evaluate, first if the densities of the wells has
an effect on the salt intrusion and second, if the quality of groundwater downstream of the two dams, Maawil and Al-Kabir
has been improved. The two dams has been built to store the surface runoff produced by rain in the rainy season, and then
the stored water in the two dams gradually infiltrate to recharge the aquifer and improve its water quality. To answer these
two questions you have been asked to use a GIS technique.

Data and Coordinate System

There are four shapefiles Dam.shp, Stream.shp, Watershed.shp and Well.shp. The files are registered in UTM zone 40 and
the datum is WGS 1972 (WGS_1972_UTM_Zone_40N). Maawil watershed has 1,758 groundwater wells drilled mainly in
the upper Maawil catchment area (downstream from the Maawil and Al-Kabir dams). The wells contain complete informa-
tion about salinity (TDS) and nitrate (NO;).

Density of Groundwater Well

The Point Density calculates a magnitude-per-unit area from point features that fall within a neighborhood around each cell.
Adopting a bigger radii yields a more generalized density raster, and a smaller radius yields a more detailed raster. Only the
wells that fall within the neighborhood are considered when calculating the density. If no wells fall within the neighborhood
at a particular cell, that cell is assigned no data (NoData).
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GIS Approach

1. Start ArcMap and integrate the following file: Dam.shp, Stream.shp, Watershed.shp and Well.shp from \\Data\Q1
folder

2. Rename the Layers data frame “Well Density”

. Symbolize the Dam, Stream, Watershed and Well layers using proper symbols

4. R-click Well.shp/Open Attribute Table

w

Result: The table contains two fields (TDS and NO;) that are subject to analysis, close the well table

FID | Well_ID | Shape | WELL_DEPTH | WATER__LEV | YIELD | TDS | NO3

» 0 1| Point 9.3 8.8 302.7]10.62
1 2 | Point 8.0 8.6 313| 15.04

2 3 |Point 46 330.9| 7.08

3 4 |Point 16.0 345| 7.08

4 5 | Point 18.9 17.7 5.0 359.7| 4.42

5 6 | Point 17.5 16.1 59 367.4(11.06

6 7 | Point 13.8 13.7 369.9| 11.95

7 8 | Point 12.9 11.9 0.5 378.7| 6.64

8 9 | Point 14.0 13.9 378.9]/15.04

Symbolize the Wells Based on TDS

5. Double click Well layer/Symbology/Quantities/Graduate Symbols/Field Value = TDS/Classes 5/click Classify/
Method = Manual/Under Break Values, type 1000, 2000, 3000, 5000, and leave the last number (29632) as it is/click an
empty place and click OK

6. Click Label header/Format Labels/Decimal = 0/Check Show thousand separator/OK

7. R-click each symbol of the Well layer in the TOC, change the color based on your taste

Well
DS
2 303 -1,000
@ 1,001 - 2,000
@ 2,001 - 3,000
@ 3.001 - 5,000
@ 5.001 - 29,632

Result: The highest salinity with the bigger symbols is displayed along the coast of Oman.
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8. Launch ArcToolbox
9. Right click an empty place below ArcToolbox/Environment/click Workspace
a. Current Workspace: \W\Data\Q1
b. Scratch Workspace: \\Result
10. Open Raster Analysis in the Environment Setting
a. Cell Size: As Specified Below
b. Type: 50
c. Mask Watershed
11. Click OK
f’% Environment Settings - RIES Raster Analysis
Cell Size
A Workspace [As Spedified Below ,I
Current Workspace —
Book_2017\Ch13_Interpolation\Q1 0
Scratch Workspace Mask
k_2017\ch13 InterpolatonResut (3] ||  [Watershed =l
12. ArcToolbox/Spatial Analyst Tools/Density
13. Double click Point Density
14. Input point features: Well
15. Population field: None
16. Output raster: \Result\Well_Density.tif
17. Output cell: 50
18. Neighborhood Circle
19. Radius: 50
20. Units: Cell
21. Area Units: SQUARE_KILOMETERS
22. Click OK
23. D-click Well_Density/Symbology/Label Header/Format Labels/Decimal = 0 and show thousands separators/OK/OK
24. Drag Well layer and place it below Well_Density
25. Right click Well_Density/Properties/Display tab/Transparency 30%/OK

Result: The Well_Density raster map displays and shows the cell densities using the salinity (TDS) field. Wells that have
high salinity demonstrate bigger densities. This is true that the density of the wells in one location could affect the cone of
depression through reducing the water table below the sea level of Gulf of Oman. This causes the sea saline water to invade
the shallow aquifer along the coast and increase its salinity to a higher concentration.
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“, Point Density (=]

Input point features

[Well - &

Population field
DS

Output raster =

k_2017\Ch13_Interpolation\Resuit\Wel_Density @]
Output cell size (optional)

® =
Neighborhood (optional)
(orde v)

Neighborhood Settings

Radius: 1000.000000

Units: @ Cell @ Map

Area units (optional)

Trend Analysis

The Trend Analysis tool can help identify trends in the input dataset and provides a 3-D perspective of the data. The wells
are plotted on the X,Y plane and TDS value is represented by the Z-dimension. Polynomials are then graphed on the scat-
terplots on the projected planes. An additional feature is that you can rotate the data to isolate directional trends. By default,
the tool will select second-order polynomials to show trends in the data, but you may want to investigate polynomials of
order one and three to assess how well they fit the data.

The trend surface analysis is a useful tool in early data analysis for delineating basic information and trends regarding the
distribution of data. This type of analysis will be performed on the TDS to detect any trend in the salinity

26. Activate the Geostatistical Analyst (Customize/Toolbars)
27. Geostatistical Analyst/Explore Data/Trend Analysis

28. Uncheck Projected Data

29. Uncheck Sticks

30. Layer: Well

31. Attribute: TDS

32. Click the rotate arrow to rotate the graph
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Result: The 3-D diagram shows two trend projections: The west-east trend (XZ — green line) and the north-south trend
(YZ-blue). The XZ plane dips from west to east, which means that the TDS concentration increase toward east (toward the
coast of Oman) and more or less in the north-south direction. This relationship is clear when you rotate the graph (second image).

33. Close the Trend Analysis

I: Global Polynomial Interpolation

Geostatistical Analyst/Geostatistical Wizard

Methods

Deterministic methods: Global Polynomial Interpolation
. Input Data/Dataset

. Source Dataset: Well

. Data Field: TDS

Next

. Use Mean

®° N LA W~

Note: This step allows you to choose the order of polynomial from 1 to 10.

9. Select the Power 1
10. Next
11. The Root-Mean-Square (RMS) is 1936.07
12. Repeat the process by choosing 2, 3, 4, 5, 6, and fill the table below
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Geostatistical Wizard: Global Polynomial Interpolation
Methods Input Data El General Properties
| = Deterministic methods B Dataset Order of polynomial @

Inverse Distance Weighting Source Dataset well | | |[E Predicted Value

e [y $;F:°F”m ToS X 585146.9

Local Polynomial Interpolation Y 2617250

Power RMS

1 1,936.07
2 1,819.97
3 1,772.62
4 1,727.58
5 1,686.02
6 1,741.25
7 1,777.44
8 1,472.72
9 271,845.00
10 20,758.40

Note: This step shows two things: a Scatter plot (predicted values vs measured values) and a Table (Measured, Predicted, and

Error).

Result: The best polynomial is when the power is 8 as it generate lower RMS, which is 1472.72.

13. Go back and select the Power 8, then click Next
14. Click Finish then click OK

‘SourceID  Induded Measured Predicted Error
0 Yes 302.7 2846.... 2543.704.[:|
1 Yes 313 2517.... 2204.168.
2 Yes 330.9 12740... 12409.97.
3 Yes 345 563.4... 218.4939.
4 Yes 359.7 817.3... 457.6459.
5 Yes 367.4 668.7... 301.3075.
6 Yes 369.9 1024.... 654.5629.
7 Yes 378.7 1376.... 997.5547.
8 Yes 378.9 1029.... 650.6644.
9 Yes 380.8 830.6... 449.8524.
10 Yes 382.7 526.3... 143.6562.
11 Yes 384.5 1010.... 625.5928.
12 Yes 387.8 912.6... 524.8281.
13 Yes 391 -2760.... -3151.46.
14 Yes 392.3 81.41... -310.888.
15 Yes 397.4 612.7... 215.3409.
16 Yes 397.4 869.8... 472.4322.
17 Yes 398.1 623.9... 225.8112,
18 Yes 404.8 517.3... 112.5304.

' Predicted 1074

2343
1722 | i
1102
0481 |
0139 |

076 -0015 0729 1474 2219 2963

Measured -10™
| Regression function 10.67247914401269 * x + 7.
Prediction Errors
Samples 1756 of 1756
Mean 4.333709
Root-Mean-Square 1472.718

Result: Global Polynomial Interpolation Prediction Map layer is displayed in the TOC and has the same area extent of the

Well layer.
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Convert the GPI Predicted Map into ESRI Grid and Clip It Using the Mask Technique

Converting the Predicted Map output layer into ESRI grid is an essential step in order to clip the interpolated rater to fit the
watershed area using the Mask in the Raster Analysis.

15. Right click GPI Prediction Map/Data/Export to Raster
16. Click the Environment Item and make sure the Workspace and Raster Analysis are set as below:
17. Open Workspace
a. Current Workspace: \Data\Q1
b. Scratch Workspace: \Result
18. Open Raster Analysis
a. Cell Size: As Specified Below

b. Type 50

c. Mask Watershed
19. OK
20. Input geostatistical layer: Global Polynomial Interpolation
21. Output Raster: \\Result\GPI
22. Output cell size: 50
23. Click OK

. Environment Settings =
2 Workspace

E:\Bajj_Book_2017\Ch13_Interpolation\Result

¥ Qutput Coordinates

¥ Processing Extent
¥ XY Resolution and Tolerance

¥ M Values

: =l P
e *, GA Layer To Grid 1
¥ Geodatab
¥ Ge:da:b”e Ad d Input geostatietcalayer
i | Global Polynomial Interpolation _:| @
¥ Fields
e e Output surface raster
B :_2017\Ch13_Interpolation\Result \GPI
¥ Cartography
"c Output cell size (optional)
v Loverage ———
S0
A Raster Analysis
Cell Size Number of points in the cell (horizontal) (optio...
(s Speafied Below v 1
. @ Number of points in the cell (vertical) (optional)
|
| Watershed | @ la L} | }

Result: The GPI grid is created and added to the TOC and it is clipped to the Watershed area.

Classify the GPl Map
Classify the grid manually into 10 classes

24. Double click GPI/Symbology tab/under show: highlight Classified/Classes change to 10
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25. Click Classity/Method = Manual

26. Under Break Values replace the numbers by 500, 1000, 1500, 2000, 3000, 4000, 5000, 10000, 15000, and 30000
27. Click OK

28. Click Label Header/Format Label/and make the decimal O

29. Click OK

30. Change the first figure under label to “0-500"/OK

31. In the TOC, r-click the symbol of 15,001-30,000 and change the color into Tuscan Red.

32. Continue changing the color as in the table below

General | Source | Key Metadata | Extent | Display | Symbology | Fields Visbity | Time | e
?::‘w — Draw raster grouping values into classes @ E 1,000
ique Values 1,500
oo S 2000
gt;rf:édor Value <VALUE> « | Normalization <None > 3,000
4,000 Rounding
Classification . 5,000 = o dachl
Geometrical Interval @Ia_ssesl? ‘.) ’ Classify... 10,000 .9 Number deam. places
A ———— 15,000 ) Number of significant digts
i | D || x0.000 0
[ GPI . TDSR:mEe Color
<VALUE> 332- 500 Apatite Blue
@m0 - 500 501 - 1,000 Cretan Blue
E 50;0; 1-20;0 1,001 - 1,500 Solar Yellow
IR 1,501 - 2,000 Light Appl
{1,501 - 2,000 z S PPS
2,001 - 3,000 | 12,001 -3,000 Leaf Green
- 3001 - 4.000 3,0’01 - 4,000 Fir Green
[14,001 - 5,000 4,001 - 5,000 Lilac
I 5,001 - 10,000 5,001 - 10,000 Ginger Pink
I 10,001 - 15,000 10001 - 15,000 Mars Red
I 15,001 - 30,000 15,001 - 30,000 Tuscan Red

Result: The generated GPI salinity maps for the watershed area indicates that the interpolated surface downstream from the
two dams was dominated by the low TDS with the exception from the lower left side of the watershed. In general, the water
quality demonstrates improvement away from the coast of Oman.

ll: Inverse Distance Weighting (IDW)
You will use now the Inverse Distance Weighting interpolation techniques

Insert Data Frame and call it IDW

Copy the Well, Stream, Dam, and Watershed layers into it from the GPI data frame
Geostatistical Analyst dropdown/Geostaistical Wizard

Deterministic methods: Inverse Distance Weighting

Source Dataset: Well

Data Field: TDS

Next

Check Use Mean

® NN R L=

9. Click to optimize Power value (icon in the upper right corner)

Result: The power changes from 2 to 1. This means that this is the optimal power value that will generate the minimum
RMS, which is 1273.06.
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El General Properties l—\ | General Properties
&

1 \L [

Note: Geostatistical Analyst uses power values greater or equal to 1. When p = 2 (default value), the method is known
as the inverse distance squared weighted interpolation. Although there is no theoretical justification to prefer this value

over others. The effect of changing “p” should be investigated by previewing the output and examining the cross-
validation statistics.

10. Change maximum and minimum neighborhood to 10 and 5 respectively
11. Sector type 4 sectors
12. Click next/Finish/Click OK

Geostatistical wizard - Inverse Distance Weighting step 3 of 3 - Cross Validation B 3
||,sou&m;lrune¢ Measured Predicted Eor || Fredicted 10°4
o Yes 302.7 2307.... 2005157 2963
HE fes 313 1858....  1545.052. -
| 2 Yes 3309 432.2... 101.363L
3 Yes 345 620.8... 275.8874. 1985
= | 4 Yes 359.7  1188... 828.4628.
E General Properties s Yes %74 720. 46727 | 1497
| 6 Yes 369.9  8916.. 5217937
Power 1 7 ves 3787  1155.. 777.2918. 008
|8 Yes 378.9  8746.. 495.7590. 519 »
E Search Heighborhood |9 Yes 3808 117L.. 790.7590, o
10 ves 827 557.4.. 1747095 =
Neighborhood type Standard | 11 Yes 3845  5418.. 157.3258. o e e ;f;u edzf;
= - | 2 Yes 387.8  508.2.. 120.4522. || ==
Maximum nelghbors 10 | 13 Yes 391 S518.. 160.ss4, | . reocted
[ 14 Yes 3923 7180.. 325.7559. i | Regression function [0.682234363377623 = x +
Minimum neighbors S 15 Yes 3974  869.0.. 47L6172. Prediction Errors
16 Yes 397.4 1678.... 1281.257. Samples 1756 of 1756
Sector type @ 4 Sectors | 17 ves 3981  648.2.. 250.1036 Mean -25.09975
Lil18 Yes 404.8 665.1.,. 260.3358, || Root-Mean-Square 1294.257

Result: Inverse Distance Weighting Prediction Map is an output layer and has the same area extend as the Well layer. The
TDS ranges between 302.7 and 29,632 ppm.

Convert the IDW Predicted Map into ESRI Grid and Clip It Using the Mask Technique

13. Right click IDW Prediction Map/Data/Export to Raster
14. Click the Environment Item and make sure the Workspace and Raster Analysis are set as below:
15. Open Workspace

a. Current Workspace: \\Data\Q1

b. Scratch Workspace: \\Result
16. Open Raster Analysis

c. Cell Size: As Specified Below

d. Type 50

e. Mask Watershed
17. Click OK
18. Input geostatistical layer: Inverse Distance Weighting
19. Output Raster: \Resul\IDW
20. Output cell size: 50
21. Click OK
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., GA Layer To Grid = B 3
Input geostatistical layer
Ilnverse Distance Weighting LI @
Qutput surface raster
E:\Dhuleil\Result IDW
Output cell size (optional)

0 =
Number of points in the cell (horizontal) (optional)
1

Number of points in the cell (vertical) (optional)

Classify the IDW Map
Classify the IDW manually into 10 classes 500, 1000, 1500, 2000, 3000, 4000, 5000, 10000, 15000, and 30000

22. D-click IDW/Symbology tab/under show: highlight Classified/Classes 10

23. Click Classify/Method = Manual

24. Under Break Values replace and the numbers by 500, 1000, 1500, 2000, 3000, 4000, 5000, 10000, 15000, and 30000
25. Click OK

26. Click Label Header/Format Label/and make the decimal O

27. Click OK

28. In the TOC, r-click the symbol of 15,001-30,000 and change the color into Tuscan Red.

29. Continue changing the color as in the table below

Break Values
TDS Range Color
500 = :
1.000 332-500 Apatite Blue
1’ 500 501 - 1,000 Cretan Blue
! 1,001 - 1,500 Solar Yellow
2/000 1,501 - 2,000 Light Appl
3,000 2’001 -3 000 L::g mepp :
4,000 3’001 -;000 Fi aGre .
5000 4,001 ) s’ooo L;a -
10,000 — =
15,000 5,001 - 10,000 Ginger Pink
29' 279 10001 - 15,000 Mars Red
15,001 - 30,000 Tuscan Red

Result: The generated IDW salinity maps for the watershed area indicates that the interpolated surface downstream the two
dams was dominated by TDS less than 1,500 mg/I. The salinity of the wells are high along the coast and decrease in the west
direction. This shows that the two dams are used as an artificial recharge and are improving the water quality of the aquifer.
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Interpolation Using Kriging

Kriging is the best possible interpolation method based on regression against observed z values of surrounding data points
and weighted according to spatial covariance values. Kriging assigns weights according to a data-driven weighting function,
rather than an arbitrary function. It is still just an interpolation algorithm and will give very similar results to others tech-
niques such as IDW and GPI. There are various types of kriging and in this exercise, you will conduct an interpolation based

on

30.
31.
32.
33.
34.
35.
36.
37.
38.
39.
40.

Ordinary Kriging.

Insert Data Frame and rename it Kriging

Copy the Well, Stream, Dam, and Watershed layers into it from the IDW data frame
Geostatistical Analyst dropdown/Geostaistical Wizard
Geostatistical methods: Kriging/CoKriging

Source Dataset: Well

Data Field: TDS

Next

Check Use Mean/OK

Kriging Type: Ordinary

Output Surface Type: Prediction

Next

Geostatistical wizard - Kriging step 2 of 5

Kriging Type
oy = =)
boios
Universal
| Indicator
Probabilty
: — Disjunctive
Methods Input Data
[= Deterministic methods |E Dataset
Inverse Distance Weighting Source Dataset well
Global Polynomial Interpolation | pata Field TDS
Radial Basis Functions E Dataset 2
Local f’oi}monial Interpolation Source Dataset <none> Output Surface Type
= Geos'ta.nbst:cal methods 'E Dataset3 m_m
Krw , COKFW Source Dataset <none > Pmckho:lv Standard Error
41. Under Model # 1
42. Change the Type to “Gaussian”
_ Semivariogram
¥ .10-?
Model #1 o
Type Gaussian || oss
Major Range 4485.38 el
Anisotropy False 0 103 2059 3089 4119 5149 6178 7208 8238 é_is:;
x e = Model * Binned < Averaged Distance (Meter), h -10~
Calculate Partial Sill True Model zmmu-um»sm:mmam . :

Note: The mathematical model that used in the Semi-variogram allows you to use different models (Stable, Circular,
Spherical, Gaussian, Exponential, and others). In this exercise we are going to use the Gaussian model.
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43. Under “General”
44. Click the Optimize model then click OK (to calculate the new value for the parameters of Gaussian model (Model # 1)
using the iterative cross validation technique)

. —
_ _ e -
General . Pressing OK will calculate new values for the parameters of Model 21
Optimize model @ B ing an itentive R
Variable Semivariogram Do you want to proceed?

45. Click Next

46. Neighborhood Type: Standard
47. Maximum neighbors: 10

48. Minimum neighbors: 5

49. Sector Type 1 Sector

50. Next

Dataset =0 [Well - TDS]

Search Neighborhood

Neighborhood type  Standard

Maximum neighbors 10

Minimum neighbors S

Sector type QO 1Sector
@&g]m Measured Predicted Error StandardError Standardized Error Normal Value || Predicted 104
0 Yes 302.7 1332... 10.. 1136.43098... 0.90603285155... 1.3568491168111874 L3l 2063
1 Yes 313 1067.... 75.. 1129.32295... 0.66843374641... 1.1071635118511376
2 Yes 330.9 454.2... 12... 1291.89420... 0.09547210773... 0.13963020505476065 2697 |
3 Yes 345 399.7... S54.. 1283.03301... 0.04269953404... -0.0021412122890422935 s |
4 Yes 359.7 1161.... 80... 1299.87719... 0.61696585130... 1.065949489785042 .
5 Yes 367.4 528.6... 16.. 1052.51714... 0.15321502711... 0.2842798922593601 s |
6 Yes 369.9 677.7... 30.. 987.706502... 0.31171983675... 0.6052865642822993 : 7
7 Yes 378.7 980.4... 60.. 995.382688... 0.60453722080... 1.0460063662051153 1897 | /
8 Yes 378.9 651.2... 27.. 936.175163... 0.29092644342... 0.5596175772305472 /
9 Yes 380.8 110L... 72.. 1256.54840... 0.57363481423... 1.0144575575224994
10 Yes 382.7 391.5... 8... 1286.90398... 0.00685019369... -0.09506941305214478
11 Yes 384.5 413.0... 28.. 1292.42841.. 0.02209176945... -0.042122659778753846
12 Yes 387.8 418.5... 30... 1291.79216... 0.02377718925... -0.037836839586650406
13 Yes 391 453.7... 62.. 1292.12177... 0.04855769062... 0.014988947476076264
14 Yes 392.3 401.1.. 8. 1292.22412... 0.00687358815... -0.09220193949901234
15 Yes 397.4 745.8... 34.. 1276.51971.. 0.27296928446... 0.5265309488645167
16 Yes 397.4 1565.... 1l.. 1227.37708... 0.95187457261... 1.339836316821764
17 Yes 398.1 524.5... 12.. 1312.17467... 0.09635121464... 0.14251368623118377
18 Yes 404.8 397.4... -7. 1289.91171.. -0.0056845506... -0.12522971048942422
19 Yes 416 1203.... 78.. 1277.52602... 0.61658178364... 1.0634334553954186 DA
20 Yes 422.4 645.6... 22... 1085.33722... 0.20574245409... 0.39009102728664735 b
21 Yes 430.7  61L3.. 18.. 951.758516... 0.18982000594... 0.3594636294905613 003 0617 1203 178 3
2 Yes 433.3 392.6... -4.. 1292.57123... -0.0314625078... -0.19173486930719585 | - N
23 Yes 434.6 922.4... 48.. 1291.78167... 0.37769401771... 0.7246303762267812 |\ Predicted /, Emor ), Standardized Emor /, N{
24 Yes 436.5 391.9... -4.. 1293.52850... -0.0344371386... -0.19755393159378376 [Regression function [0.7567906207
25 Yes 438.4 432.7... 5. 1291.89026... -0.0043802044... -0.12235282074301912 Prediction Errors
2% Yes 441.6 903.5... 46... 1229.06368... 0.37583269400... 0.719073434230064 Samples 1756 of 1756
27 Yes 457.6 820.5... 36.. 1290.5617L.. 0.28123181909... 0.5463113588403057 Mean .20.04342
28 Yes 466.6 611.9... 14.. 0940.919330... 0.15446863958... 0.28576653346954095 Root-Mean-Square 1270.047
2 Yes 467.8 602.9... 13.. 1293.71766... 0.10446975257... 0.16562632020047374 Maan Standarhied 0.01503653
30 Yes 467.8 753.5... 28... 1190.00047... 0.24016320618... 0.45407867803426605 « || RootMean-Square Stan... 1.082762
< | m | » Average Standard Error 1163.236

51. Click Finish then click OK
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Result: Kriging Prediction Map is an output layer and has the same area extend as the Well layer. The TDS ranges between
302.7 and 29,632 ppm.

Convert the Kriging Predicted Map into ESRI Grid and Clip It Using the Mask Technique

52. Right click Kriging Prediction Map/Data/Export to Raster
53. Click the Environment Item
54. Open Workspace and make sure the Workspace and Raster Analysis are set as below:
f. Current Workspace: \\Data\Q1
g. Scratch Workspace: \\Result
55. Open Raster Analysis
h. Cell Size: As Specified Below
i. Type 50
j- Mask Watershed
56. Click OK
57. Input geostatistical layer: Kriging Prediction Map
58. Output Raster: \\Result\Kriging
59. Output cell size: 50
60. Click OK
61. In Model # 1 Select the Type “Spherical”
62. Anisotropy select True/Next
63. Accept the Default/Next

Classify the Kriging manually into 10 classes 500, 1000, 1500, 2000, 3000, 4000, 5000, 10000, 15000, and 30000 as in
the IDW and match the color as below.

TDS Rang,e Color
332-500 Apatite Blue
501 - 1,000 Cretan Blue
1,001 - 1,500 Solar Yellow
1,501 - 2,000 Light Apple
2,001 -3,000 Leaf Green
3,001 - 4,000 Fir Green
4,001 - 5,000 Lilac

5,001 - 10,000 Ginger Pink
10001 - 15,000 Mars Red
15,001 - 30,000 Tuscan Red

Question1: Comment on the salinity interpolation.

Question2: Run the GPI, IDW, and Kriging using the nitrate (NO;) variable.
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