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Abstract 
here is quite a lot of advanced statistical 

analysis tools are improved depending on 

geographical information system (GIS). 

These tools basically deal with geographical 

distribution of a visible fact Include spatial 

association; pattern analysis, scale, zoning, geo-

statistics, Classification, spatial sampling and 

spatial boundaries are especially difficult problem 

areas for further Research. Review the spatial 

statistics which help the researcher to understand 

pattern, relationship and trend of spatial data. To 

comprehensively conduct 

a review of several 

available techniques, 

models, frameworks and 

approaches for spatial 

statistics which help the 

researcher to understand 

pattern, relationship and 

trend of spatial data. We 

applied SLR (Systematic 

Literature Review) 

methodology, on 22 

selected primary studies 

was been reviewed and 

thoroughly analyzed. 

T 

MPRI-JNSA 
INTERNATIONAL JOURNAL OF 
NATURE AND SCIENCE ADVANCE RES. 
VOL. 18 NO.9 JUN-2022 ISSN: 2669-4382 

 

KEYWORDS: 

contouring, 

interpolation 

method, kringing, 

visualization 

method Spatial 

Statistical Analysis; 

graphic 

representation of 

spatial data, Spatial 

Autocorrelation; 

regression, 

orthogonal function 

and singular value 

decomposition. A 

Systematic 

Literature Review. 



 

 
 

 
70 

MEDITERRANEAN PUBLICATION 
AND RESEARCH INTERNATIONAL 

INTERNATIONAL JOURNAL – NSAR 
VOL. 18 NO.9 JUN-2022 ISSN: 2669-4382 

EDITOR-IN-CHIEF 
Prof. E. McLenna [Austrilia] 

Maps are very important tools in this process. They 

are used to visualize spatial data, to expose and 

recognize spatial distributions and relations. The 

development of GIS was changed method of those 

that working with spatial data in general to 

cartography approach and application. We realized 

that there is a high demand of additional 

explainalation of Spatial Statistics, because is n 

easier the researcher understands what type of and 

possible predict base on 

patterns, relationship and 

trend of data. And shed 

light on important 

decisions, and the ability 

to guide decisions in 

business, science, 

government, medicine, 

and industry.

 

INTRODUCTION 
he most common of these tools is the analysis of spatial distribution Also; 

the cartographic regulation has reacted to these changes. New concepts 

such as dynamic variables, digital landscape models, and digital 

cartographic models have been introduced. Map-based multimedia and 

cartographic animation, as well as the visualization of excellence aspects of spatial 

data, is core topics in contemporary cartographic research. 

Spatial statistics can be considered a distinct area of research. Traditional 

statistical theory bases its models on assumed independent observations. 

Although common sense tells us that in most real world situations independence 

among observations on a single variable is more the exception than the rule, 

independence is still a suitable benchmark from. 

Statistics is the branch of scientific method which deals with the data obtained by 

counting or measuring the properties of populations of natural phenomena. In this 

definition 'natural phenomena' includes all the happenings of the external world, 

whether human or not.  Kendall M G, Stuart A. (1943).  

Kriging is a powerful type of spatial interpolation that uses complex mathematical 

formulas to estimate values at unknown point based on the value at known point 

and also to explain the Contouring is the process of determination of elevation of 

various point on the land and fixing these point of same horizontal position in the 

contour map. The main objective of conducting contour survey is to identify any 

noticeable difference in elevation of the existing land. As well as Pattern is that 

characteristic of the spatial arrangement of objects given by their spacing in 

relation to each other. It should not be confused with the idea of dispersion, which 

is relative to some defining area, or with density, which is the average number of 
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objects in a given area. Patterns might consist of clusters of points, a more-regular 

than- random arrangement. 

Spatial autocorrelation investigates in term of what happens in one region related 

or not related to what happens in neighboring regions and its measuring 

processes depends on geographical data. They are used to visualize spatial data, 

to reveal and understand spatial distributions and relations second, visualization 

may be used to analyze. Here functions are required to access individual map 

components to extract information, and functions to process, manipulate, or 

summarized that information. 

Single value decomposition of matrix is factorize of matrix in to three matrices it 

has some interesting algebraic properties and conveys importance geometric and 

theoretical insight about linear transformation it also has some important 

application in data science. 

Regression analysis is power statistic methods that allow you to examine the 

relationship between two or more variable of interest and also there is many type 

of regression analysis, at their core they all examine the influence of one or more 

independent variable. Autocorrelation  function can be explain as a how data point 

in a time series are related, on average, to the preceding data point and also it 

measure the similarity of signal over difference delay time. a well-known British 

anthropologist sir, frascist Galton. (1822-1911) seem to be the first to introduce the 

word regression in his study on heredity. He found that on the average, height of 

children do not tend toward the parent height, but rather toward the average as 

compared to the parent. Galton termed this regression to mediocrity in hereditary 

status in journal of anthropological institute, vol.15 (1885), pp.246-263. 

 
Interpolation of Contours: 
The process of spacing the contours proportionally between the plotted ground 
points is termed as interpolation of contours. This becomes necessary in the case 
of indirect contouring as only the spot levels are taken in this method. The 
intermediate contours may also be interpolated in direct contouring if the interval 
is large. While interpolation of contours the ground between any two points is 
assumed to be uniformly sloping. 
 
There are Three Methods of Interpolation  

1. By Estimation: The positions of the contour-points between grounds -points 

are estimated roughly, and the contours are then drawn through these points. 

This is a rough method and is suitable for small scale maps. 
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2. By Arithmetical Calculation: This is very but accurate method and is used for 

small areas where accurate results are necessary. 

3. By Graphical Method: Graphical method of interpolation is simpler as 

compared to arithmetical methods and also the results obtained are accurate. 

 

Definition of Contour: 

A contour or a contour line may be explained as the line of intersection of a level 

surface with the surface of ground. This means every point on a contour line has 

the same height as that of the understood intersecting surface. And also the 

process of tracing contour lines on the surface of the earth is called contouring 

and the maps upon which these lines are drawn are called contour maps 

 

Contour Interval and Horizontal Equivalent: 

The constant vertical distance between two consecutive contours is called the 

Contour Interval and the horizontal distance between any two adjacent contours 

is termed as the horizontal equivalent. The horizontal equivalent depends upon 

the slope of the ground. Sokal, R.R. & Oden, N.L. (1978) 

 

The Contour Interval should depend upon the following Factors: 

• The nature of the ground: The smooth and regularly sloping nation, the 

contour interval is small, but in broken and mountainous region, the contour 

interval should be large otherwise the contours will come too close to each 

other. 

• The purpose and extent of the survey: Contours interval is small if the area to 

be surveyed is small and the maps are required to be used for the design work 

or for determining the quantities of earth work etc., while wider interval shall 

have to be kept for large areas and reasonably less important works. 

• The scale of the map: The contour interval should be in the inverse ratio to the 

scale of e.g. the smaller the scale, the greater the contour interval. 

• Time and cost of field and office work: The smaller the interval, the greater is 

the amount of field -work and plotting-work.  

 

The Common Values of the Contour Interval Adopted for Various Purposes: 

1. For large scale maps of flat country, for building sites for detailed design work 

and for calculation of quantities of earth work: 0.2 to 0.5 m. 

2. For reservoirs and town planning schemes: 0.5 to 2 m. 
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3. For location surveys: 2 to 3 m. 

4. For small scale maps of broken country and General topographical work: 3 m, 

5 m, 10 m or 25 m. 

 

Some of Characteristic of Contours: 

•  All points in a contour line have the same elevation. 

•  Flat ground is indicated where the contour are widely separated and the steep 

ground where they run close together. 

• A uniform slope is indicated when the contour lines are uniformly spaced and a 

plane surface when they are straight, parallel and equally spaced. 

• A series of closed contour lines on the map represent a hill, if the higher values 

are inside. 

• A series of closed contours on the map indicate a depression, if the higher 

values are outside. 

•  Contour lines across ridge or valley lines at right angles. If the higher values are 

inside the bend or loop in the contour, it indicates a. 

•  Contour lines cannot end anywhere but close on themselves elders within or 

outside the limits of the map. 

•  Contour lines cannot merge or cross one another on map except in the case of 

an overhanging cliff. 

• Contours never run into one another except in the case of a vertical cliff In this 

case, several contours coincide and the horizontal equivalent becomes zero. 

• Depression between summits is called a saddle. It is represented by four sets of 

contours as shown in Fig. 8.7. It represents a dip in a ridge or the junction of 

two ridges. And in the case of a mountain range, it takes the form of a pass. 

Line passing through the saddles and summits gives water shed line. Sokal, R.R. 

& Oden, N.L. (1978). 

 

Methods of Contour Location 

 (1) Direct Method 

 (2) Indirect Method. 

 

 Direct Method Contour Location: 

In this method, the contours to be located are directly traced out in the field by 

locating and making a number of points on each contour. These points are then 
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surveyed and plotted on plan and the contours drawn through them. This method 

is the most accurate but very slow and tedious as a lot of time is wasted in 

searching points of the same elevation for a contour. This is suitable for small areas 

and where great accuracy is required. 

 

Procedure of Direct Contours: 

To start with, a temporary B.M. is established near the area to be surveyed with 

reference to a permanent B.M. by taking flying levels. The level is then set up in 

such a position so that the maximum number of points can be commanded from 

the instrument station. The height of instrument is determined by taking a back 

sight on the B.M. and adding it to the R.L of the bench mark. 

The staff readings required to fix points on the various contours from the height 

of instrument. As an example, if the height of instrument is 72.58 m, then the staff 

readings required to locate the 72, 71 and 70m contours is 0.58, 1.58 and 2.58 m 

respectively. The staff is held on an approximate position of point and then moved 

up or down the slope until the desired reading is obtained. 

The point is marked with a peg. Similarly various other points are marked on each 

contour. The line joining all these points gives the required contour. It may be 

noted that one contour is located at a time. Having fixed the contours within the 

range of the instrument, the level is shifted and set up in a new position. The new 

height of instrument and the required staff readings are then calculated in a similar 

manner and the process repeated till all the contours are located. 

The position of the contour points are located suitably either simultaneously with 

leveling or afterwards, a theodolite or a compass or a plane table traversing is 

usually adopted for locating these points. The points are then plotted on the plan 

and the contours drawn by joining the corresponding points by dotted curved 

lines. 

 

Direct Method by Radial lines: 

This method is suitable for small areas where a single point in the centre can 

command the whole area. Radial lines are laid out from the common centre by 

theodolite or compass and their positions are fixed up by horizontal angles and 

bearings. Temporary bench marks are first established at the centre and near the 

ends of the radial lines. The contour points was then located and marked on these 

lines as explained above and their positions are determined by measuring their 
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distances along the radial lines. They are then plotted on the plan and the contours 

drawn by joining all the corresponding points 

 

Indirect Method Contour Location: 

In this method, the points located and surveyed are not necessarily on the contour 

lines but the spot levels (spot level means the R.L. of a point on the surface of the 

ground) are taken along the series of lines laid out over the area. The spot levels 

of the several representative points representing hills, depression, ridge and valley 

lines, and the changes in the slope all over the area to be contoured are also 

observed. Their positions are then plotted on the plan and the contours drawn by 

interpolation. This method of contouring is also known as contouring by spot 

levels. This method is commonly employed in all kinds of surveys as this is method, 

quicker and less tedious as compared with the direct method. 

 

Advantage and Disadvantage of Direct and Indirect Methods of Contouring: 

Direct Method: 

o The method is most accurate but is very slow and tedious. 

o It is used for small areas where great accuracy is desired. 

o It is not very useful when the around is hilly. 

o The calculation work of reducing the levels is comparatively more since the 

number of points in command from one set -up of the level is very less. 

 

Indirect Method: 

1) The method is not very accurate but is cheaper, quicker and less laborious. 

2) It is used for large areas where great accuracy is not the main consideration. 

3) Tacheo-metre method of contouring is mainly used for preparing, contour 

plans of hilly area. The indirect method by cross -sections is used in route 

surveys such as a railway, a canal etc. 

4) Area in command from one set -up of the tacheo-metre is more, therefore, the 

calculation work is less. Sokal, R.R. & Oden, N.L. (1978). 

 

Difference Statistical Graphical Pattern and its Various Applications 

Statistical graphics are a critical component of modern data analysis. They play an 

important role in every stage of analysis: for exploratory data analysis to 

determine the broad features of data and relationships between variables; to 
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diagnosis of model inadequacies and model refinements; for data summary, 

storage and retrieval; and for compact, forceful reporting of results. 

• Graphics are most powerful when used to promote comparisons, and the 

best graphics are those that transfer complex information simply, 

efficiently and unambiguously.  

• The power of statistical graphics arises from the fact that they can convey 

large quantities of information both quickly and efficiently, 

• They are useful for recording and storing large data sets, during analysis of 

data they assist in describing and summarizing the data, and they can be 

tightly integrated with formal analytical statistical tools such as model-

fitting techniques so that the analysis process can be refined. 

• Graphics are an indispensable tool for communicating numerical 

information and the results of analyses, and are often very powerfully used 

to add force to articles and reports. Graphics are a particularly important 

tool for exploratory data analysis where they can reveal otherwise difficult 

to find structure in data 

• Graphics can set the groundwork for model-building, suggesting possible 

models by evincing structure in even high-dimensional data sets, and 

graphics plays a central role in model diagnostics where model deficiencies 

are exposed through viewing some diagnostic plots. 

 

Difference Use of Statistical Graphical Pattern 

o Graphs depicting theoretical relationships, such as probability density 

functions, contours of multivariate densities, values of risk functions for 

different estimators, and theoretical descriptions of graphical methods.  

o  Computational graphs and charts, used as substitutes for tables, for example, 

Fox charts, monograms, and especially charts with small, detailed grid lines. 

o  Organizational graphs and charts, for example, maps, certain skull diagrams, 

Venn diagrams, flow charts. These graphs do not contain numerical 

information per se, but are usually used to enhance our understanding of a 

problem or to organize information in a tidy way.  

o Graphs intended to display data and results of analysis, for example, time 

series charts,   histograms, results of Monte Carlo studies, and scatter plots 

(even those with an accompanying regression line). 
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o Plots and graphs with elements of both data display and analysis, for example, 

charts from older papers involving primitive forms of analysis, and graphs of 

posterior distributions. 

o Analytical graphs, for example, residual plots; half- normal and other 

probability plots, where conclusions are drawn directly from graph; graphic 

methods of performing calculations, and spectrum estimates from time series. 

 

Discuss Surface Modeling and Its Advantages over Other Techniques 

Surface modeling is a mathematical method usually provided in computer-aided 

design applications for displaying solid-appearing objects. Surface modeling 

makes it possible for users to look at the specific object at specific angles with solid 

surfaces. Surface modeling is a popular technique for architectural designs and 

renderings. Surface modeling has wide range of applications such as in consumer 

products, marine vehicles, body panels of automobiles and aircraft structures.  

 

Typical Processes Involved in Surface Modeling are; 

1 Generation of a model combining the three-dimensional surfaces and solids. 

2 Conversion of the model to procedural surfaces, taking advantage of 

associative modeling. 

3 Validation of imperfections with surface analysis tools. 

4 Rebuilding surfaces of objects to apply smoothness to the object. 

 

Advantages of Surface Modeling over other Techniques Include; 

1. Make change to an imported model: importing existing models into CAD 

environment can present a lot of issues like it opens without any details of the 

feature it’s made up of. Surface modeling allows you to delete or replace faces 

of the model in order to make your desired changes. 

2. Design more complex shapes: solid modeling tools have their limitations like 

having to build several sides at once. Surface modeling lets you build out face 

individually, giving control over the exact contour and direction. 

3. Create a fillet or draft between faces: when using solid modeling it is difficult 

to create draft or fillet between two or more faces of an object. This can occur 

when resulting change would create a self-intersecting face, but in surface 

modeling you can delete the face, reconstruct it, and stitch it back to the 

existing design. 
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4. Surface modeling is better for shaping mesh objects giving designers the 

ability to create levels of smoothness and manipulate mesh faces by dragging 

the edges in order to perfect the design. 

 

The Main Goals of Least Square Method of Statistical Analysis 

The method of least squares is a standard approach in regression analysis to 

approximate the solution of over determined systems (sets of equations in which 

there are more equations than unknowns) by minimizing the sum of the squares 

of the residuals made in the results of every single equation.  

 

Goals of Least-Squares Method 

1. The least squares method is a statistical procedure to find the best fit for a set 

of data points by minimizing the sum of the offsets or residuals of points from 

the plotted curve. 

2. Least squares regression is used to predict the behavior of dependent 

variables. 

The goal of Least-Squares Method is to find a good estimation of parameters 

that fit a function, f(x), of a set of data, x 1   . . . x n. The Least-Squares Method 

requires that the estimated function has to deviate as little as possible from f(x) 

in the sense of a 2-norm. Generally speaking, Least-Squares Method has two 

categories, linear and non-linear. We can also classify these methods further: 

ordinary least squares (OLS), weighted least squares (WLS), and alternating 

least squares (ALS) and partial least squares (PLS).  

 

The Basic Concept of System Modeling 

System modeling is the process of developing abstract models of a system, with 

each model presenting a different view or perspective of that system.  

System modeling has now come to mean representing a system using some kind 

of graphical notation, which is now almost always based on notations in the 

Unified Modeling Language (UML).  

System modeling helps the analyst to understand the functionality of the system 

and models are used to communicate with customers. Perhaps the most 

fundamental concept in systems modeling is abstraction, (A view of an object that 

focuses on the information relevant to a particular purpose and ignores the 

remainder of the information). 
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Which concerns hiding unimportant details in order to focus on essential 

characteristics, Systems that are worth modeling have too many details for all of 

them to reasonably be modeled, Apart from the sheer size and structural 

complexity that a system may possess, a system may be behaviorally complex as 

well, with emergent properties, non-deterministic behavior, and other difficult-to-

characterize properties. 

 

Various Methods of Kriging that you are Familiar with 

Kriging can be defining as the method of interpolation for which the interpolated 

values are modeled by a Gaussian process governed by prior covariance. Under 

suitable assumptions on the priors, kriging gives the best linear unbiased 

prediction of the intermediate values. 

 

Difference Method of Kriging  

1. Ordinary kriging: assumes constant unknown mean only over the search 

neighborhood. 

2. Simple kriging: assumes stationary of the first moment over the entire 

domain with a known mean 

3. Universal kriging: assumes a general polynomial trend model, such as linear 

trend model. 

4. IRFk-kriging: assumes  to be an unknown polynomial   

5. Indicator kriging: uses indicator functions instead of the process itself, in 

order to estimate transition probabilities. 

6. Disjunctive kriging: is a nonlinear generalization of kriging. 

7. Lognormal kriging: interpolates positive data by means of logarithms. 

 

The properties of kriging  

• The kriging estimation is unbiased.  

• The kriging estimation honors the actually observed value:  (assuming no 

measurement error is incurred). 

• The kriging estimation  is the best linear unbiased estimator  if the 

assumptions hold. However (according to Cressie 1993):  

I. As with any method: If the assumptions do not hold, kriging might 

be bad. 

II. There might be better nonlinear and/or biased methods. 

https://en.wikipedia.org/wiki/Interpolation
https://en.wikipedia.org/wiki/Gaussian_process
https://en.wikipedia.org/wiki/Covariance
https://en.wikipedia.org/wiki/Best_linear_unbiased_prediction
https://en.wikipedia.org/wiki/Best_linear_unbiased_prediction
https://en.wikipedia.org/wiki/Moment_(mathematics)#Mean
https://en.wikipedia.org/wiki/Polynomial
https://en.wikipedia.org/wiki/Indicator_function
https://en.wikipedia.org/wiki/Log-normal_distribution
https://en.wikipedia.org/wiki/Logarithm
https://en.wikipedia.org/wiki/Best_linear_unbiased_estimator
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III. No properties are guaranteed, when the wrong covariogram is 

used. However typically still a 'good' interpolation is achieved. 

IV. Best is not necessarily good: e.g. in case of no spatial dependence 

the kriging interpolation is only as good as the arithmetic mean. 

• Kriging provides as a measure of precision. However, this measure relies 

on the correctness of the covariogram. 

 

The Benefits of Kriging Method 

a. It is an exact interpolator (if the control point coincides with a grid node). 

b. It minimizes the mean square error (MSE). 

c. It can use a spatial model to bias the interpolation process. 

d. It is a robust technique (i.e., small changes in covariogram parameters 

equate to small changes in the results). 

e. Kriging variance: 

 

The Limitation of kriging Method 

1. It tends to produce smooth images of reality (like all interpolation 

techniques). 

2. With kriging, short-scale variability is poorly reproduced. 

3. It underestimates extremes (high or low values). 

4. It requires that a spatial covariance model be specified, which may be 

difficult to infer from sparse data. 

 

Various Methods of Visualization and their Applications 

Two-Dimensional (2D) Data Sets 

Scientific visualization using computer graphics gained in popularity as graphics 
matured. Primary applications were scalar fields and vector fields from computer 
simulations and also measured data. The primary methods for visualizing two-
dimensional (2D) scalar fields are color mapping and drawing contour lines. 2D 
vector fields are visualized using glyphs and streamlines or line integral 
convolution methods. 2D tensor fields are often resolved to a vector field by using 
one of the two eigenvectors to represent the tensor each point in the field and 
then visualized using vector field visualization methods. 
 

Three-Dimensional (3D) Data Sets 

For 3D scalar fields the primary methods are volume rendering and ISO surfaces. 

Methods for visualizing vector fields include glyphs (graphical icons) such as 
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arrows, streamlines and streak lines, particle tracing, line integral convolution 

(LIC) and topological methods. Later, visualization techniques such as hyper 

streamlines were developed to visualize 2D and 3D tensor fields. Dykes, J. (1995). 

 

Applications of Visualization 

This gives a series of examples on how scientific visualization can be applied today. 

 

Applications of Visualization in the Natural Sciences 

1. Gravitational waves: Researchers used the Globes Toolkit to harness the 

power of multiple supercomputers to simulate the gravitational effects of 

black-hole collisions. 

2. Massive Star Supernovae Explosions: In the image, three-Dimensional 

Radiation Hydrodynamics Calculations of Massive Star Supernovae Explosions 

the DJEHUTY stellar evolution code was used to calculate the explosion of SN 

1987A model in three dimensions. 

3. Molecular rendering: Visit’s general plotting capabilities were used to create 

the molecular rendering shown in the featured visualization. Dykes, J. (1995). 

 

Applications of Visualization in Geography and Ecology 

a. Terrain visualization: Visit can read several file formats common in the field 

of Geographic Information Systems (GIS), allowing one to plot raster data 

such as terrain data in visualizations.  

b. Tornado Simulation: This image was created from data generated by a 

tornado simulation calculated on NCSA's IBM p690 computing cluster.  

c. Climate visualization: This visualization depicts the carbon dioxide from 

various sources that are advocated individually as tracers in the atmosphere 

model. 

 Dykes, J. (1995). 

 

Applications of Visualization in Mathematics 

Scientific visualization of mathematical structures has been undertaken for 

purposes of building intuition and for aiding the forming of mental models. Higher-

dimensional objects can be visualized in form of projections (views) in lower 

dimensions. The lower-dimensional projections of higher-dimensional objects can 

be used for purposes of virtual object manipulation, allowing 3D objects to be 

https://en.wikipedia.org/wiki/Geovisualization
https://en.wikipedia.org/wiki/Terrain_rendering
https://en.wikipedia.org/wiki/VisIt
https://en.wikipedia.org/wiki/Geographic_Information_Systems
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manipulated by operations performed in 2D, and 4D objects by interactions 

performed in 3D. Dykes, J. (1995). 

 

Applications of Visualization in the Formal Sciences 

Computer mapping of topographical surfaces: Through computer mapping of 

topographical surfaces, mathematicians can test theories of how materials will 

change when stressed.  

a. Curve plots: Visit can plot curves from data read from files and it can be used 

to extract and plot curve data from higher-dimensional datasets using lineout 

operators or queries.  

b. Image annotations: The featured plot shows Leaf Area Index (LAI), a measure 

of global vegetative matter, from a NetCDF dataset. The primary plot is the 

large plot at the bottom, which shows the LAI for the whole world. The plots 

on top are actually annotations that contain images generated earlier. Image 

annotations can be used to include material that enhances visualization such 

as auxiliary plots, images of experimental data, project logos, etc. 

c. Scatter plot: Visit’s Scatter plot allows visualizing multivariate data of up to 

four dimensions. The Scatter plot takes multiple scalar variables and uses 

them for different axes in phase space. Dykes, J. (1995). 

 

Applications of Visualization in the Applied Sciences 

1. Porsche 911 model (NASTRAN model): The featured plot contains a Mesh plot 

of a Porsche 911 model imported from a NASTRAN bulk data file. Visit can read 

a limited subset of NASTRAN bulk data files, in general enough to import 

model geometry for visualization 

2. YF-17 aircraft Plot: The featured image displays plots of a CGNS dataset 

representing a YF-17 jet aircraft. The dataset consists of an unstructured grid 

with solution. The image was created by using a pseudo color plot of the 

dataset's Mach variable, a Mesh plot of the grid, and Vector plot of a slice 

through the Velocity field. 

3. City rendering: An ESRI shape file containing a polygonal description of the 

building footprints was read in and then the polygons were resample onto a 

rectilinear grid, which was extruded into the featured cityscape. 

4. Inbound traffic measured: This image is a visualization study of inbound traffic 

measured in billions of bytes on the NSFNET T1 backbone for the month of 
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September 1991. The traffic volume range is depicted from purple (zero bytes) 

to white (100 billion bytes).  

 

Spatial Autocorrelation 

Spatial autocorrelation is a general geographical phenomenon in nature, which 

indicates spatial association and spatial dependence of geographic object. Objects 

in natural systems have some degree of spatial clusters. Spatial aggregation of 

objects produces a variety of distinct spatial patterns that can be characterized by 

the size and shape of the aggregations, and can be quantified according to the 

degree of similarity between the objects in their attributes values. Spatial 

autocorrelation is often measured by examining how the similarity of objects 

varied at a location and nearby. If the objects located represent homogenous 

spatial patterns, then the pattern refers to the positive spatial autocorrelation.  

When the features located in geographic space are heterogeneous then the 

spatial patterns of the features are analyzed as negative spatial autocorrelation. 

Zero autocorrelation exists when attributes values are independent of location. A 

mosaic of patches with different spatial autocorrelation structures is normal in 

natural system. A spatial structure consists of their own magnitude and size that 

make them distinct which are usually easy to detect and interpret.  

Methods for analyzing patterns of spatial attributes include global and local spatial 

autocorrelation tests. Global spatial autocorrelation tests can verify the 

relationship between the attribute values and location of spatial objects through 

the tests of significance of statistics such as Moran’s I and Geary’s Yuji Murayama 

and Rajesh B. Thapa.( 2019).  

 

Autocorrelation using Various Relationships 

• Autocorrelation: is a statistical method that determines the degree of 

relationship between two different variables. It is also known as a “Bivariate” 

statistic, with bi- meaning two and Variate indicating variable or variance. The 

two variables are usually a pair of scores for a person or object.  

• Positive Relationship: or high degree of relationship between the two 

variables.  This also means that the higher the score of a participant on one 

variable, the higher the score will be on the other variable 

•  Negative Relationship: This means that the higher the score of a person on one 

variable, the lower the score will be on the other variable.  In other words, when 
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the value of gold is high, the stock market will be lower and when the stock 

market is doing well, the value of gold will be lower. 

 

Moran’s I Method 

The most common measure of spatial autocorrelation is Moran’s I. It uses the 

points or polygons of the regions to (without writing to) as well as variable values 

to compute the value of spatial autocorrelation (Moran, 1950). Its formula is:  

 

Moran’s I. 

Where I =

N ∑ 0𝑛
𝐼=1 ∑ 0ωij𝑛

𝐽=1 (xi −  x)(xj −  x)……………………………………….…(1) 

∑  
𝑛

𝑖=1
∑  

𝑛

𝑗=1
  𝜔𝑖𝑗(xj −  x) 2 

 

 N  =    is the number of observation “point or polygon” 

 𝑥   =    is   the mean of the variable value. 

 𝑥𝑖    =    the variable value at a particular location. 

  𝑥𝑗   =   is the variable value of another location. 

  𝑤𝑖𝑗 = is the weight indexing Location of I relative J. 

  N= number of neighboring region.     

General G-statistics Method 

 

General G-statistics is a common used measure in term of spatial autocorrelation 

according to this formula.  

General G- Statistics formula. 

 

      G =  ∑  𝑛
𝑖=1    ∑  𝑛

𝑗=1 𝜔𝑖𝑗(d) 𝑥𝑖 𝑥𝑗 ……………………………..…………….(2) 

∑  𝑛
𝑖=1    ∑  𝑛

𝑗=1 𝑥𝑖  𝑥𝑗  

              Where 

     𝑥𝑖 = the variable value at a particular Location. 

    𝑥𝑗  = the variable value at another Location? 

      d  = neighborhood distance 

    𝜔𝑖𝑗= is a weight metric has only 1 or 0. If j is within d distance of I and 0. 

           if it is  beyond that distance. 

     N=number of neighboring region. 
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Local measures of spatial autocorrelation: 

Local measures are used to calculate the spatial autocorrelation between each 

sub-region and its neighboring which shared the borders. There are local versions 

of the above three measures as follow: 

 

Local Moran’s I Method. 

The local version of Moran’s I as follows  Local versions of Moran’s I as follows                                                                                                                                                  

𝐼𝑖= 𝑍𝑖 ∑  𝑛
𝑗=1 𝜔𝑖𝑗𝑍𝐽………………………………..……………………………….(3) 

 

WHERE                                                                                                                                                                                                               

𝑍𝑖=𝑥𝑖 − x                                                                                                                                                                                                                      

       𝑆𝐷𝑥 

Wj = is a weight indexing location of I relative to j  

N = is number of neighboring region. 

 

 Local general G-statistics Method: Local general G-statistics is a common used 

measure in term of spatial autocorrelation according to this formula. 

Local General Statistics. 

 

  G =    ∑  𝑛
𝑗=1 𝜔𝑖𝑗𝑥𝐽                                                                                                                                                                                 

…………………………………………...........……….. (4) 

 

Where 

xj = is the variable value at another location  

wij= is a weight matrix has only 1 or 0 if j is within d distance of I and o if it is beyond 

that distance. 

N = is number of neighboring region. 

 

The sample of Global Test of spatial auto correlation in diseases and also to 

represent with result table. 

Table of Moran’s I 

Coefficient  Observe Expected St. d Z P-value 

Moran’s      

 

∑  𝑛
𝑗=1 𝑥𝐽         
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Local test of spatial auto correlation the local version of Moran’s I and general G 

statistics are use to test the cluster of disease or incident and also the result table 

should be represent. 

Locality Observation Cluster P-value 

 

Benefits Derivable from these Autocorrelations  

One of the potential benefits of a autocorrelation analysis is that sometimes a 

strong correlation between two variables may provide clues about possible cause-

effect relationships. However, some statisticians claim a strong correlation never 

implies a cause-effect relationship. 

1.   Milk use is positively auto correlated to cancer rates.  While this is not a 

popular finding within the milk industry, there is a moderately positive 

correlation with drinking milk and getting cancer (Paulo’s, 1990). Could drink milk 

cause cancer probably not 

2.   Weekly Spiritual Activities Attendance is negatively auto correlated with 

Drug Abuse.  A recent study demonstrated that adolescents who attended 

church weekly were much less likely to abuse illegal drugs or alcohol.  Does 

weekly church attendance cause a decrease in drug abuse?   

3.   Sexual Activity is negatively auto correlated with Increases in Education. 

Again, this is another example of a co relational design with a co relational 

analysis. People with less than a bachelor degree tend to be younger than those 

with post-graduate degrees.  Younger people tend to be more sexually active 

than older people. 

4.   An active sex life is positively auto correlated with longevity.  The 1997 

newspaper headline for this study published in a British medical journal read, 

Study suggests frequent sex equals long life. 

 

The various Spatial Patterns with example 

A spatial pattern is a perceptual structure, placement, or arrangement of objects 

on Earth. It also includes the space in between those objects. Patterns may be 

recognized because of their arrangement; maybe in a line or by a clustering of 

points. In attempting to recognize and understand spatial patterns on maps, ask 

you the following questions: 

1. Is there an area that is denser with objects than others.  

2. Is there an area that has fewer or no objects than others?  

3. Are there clusters of objects  
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4. Is there a randomness or uniformity to the location of the objects  

5. Does there seem to be a relationship between individual objects (is one object 

located where it is because of another). 

 

Types of Spatial Pattern 

1. Spatial point pattern: A point pattern is spatial pattern that is composed 

of closely arranged, somewhat organized, points. E.g. the map of cities in 

a country. 

2. Spatial line patterns: An example of spatial line patterns might be found 

on a map of roads or river networks. In addition to the above questions, 

ask yourself. 

a) Are the lines leading from one to another or leading from other 

features 

b) Are the lines connecting to each other in a meaningful manner 

3. Spatial area patterns: A few things to look for in terms of interpretation of 

area patterns are: 

a) Representative textures 

b) Colors and color transitions 

c) Areas that are adjacent or nearby to one another  

Example of where area pattern is used is the population density map of a 

 country. 

 

The Singular value decomposition (SVD) 

The Singular-Value Decomposition, or SVD for short, is a matrix decomposition 

method for reducing a matrix to its constituent parts in order to make certain 

subsequent matrix calculations simpler.SVD for real-valued matrices. 

1 A = U. Sigma. V^T 

 

Where: 

 A is the real m x n matrix that we wish to decompose, U is an m x m matrix, 

Sigma (often represented by the uppercase Greek letter Sigma) is an m x n 

diagonal matrix, and V^T is the transpose of an n x n matrix Where T is a 

superscript.  

 The Singular Value Decomposition is a highlight of linear algebra. 

The SVD is used widely both in the calculation of other matrix operations, such as 

matrix inverse, but also as a data reduction method in machine learning. SVD can 



 

 
 

 
88 

MEDITERRANEAN PUBLICATION 
AND RESEARCH INTERNATIONAL 

INTERNATIONAL JOURNAL – NSAR 
VOL. 18 NO.9 JUN-2022 ISSN: 2669-4382 

EDITOR-IN-CHIEF 
Prof. E. McLenna [Austrilia] 

also be used in least squares linear regression, image compression, and devoicing 

data.  

Alter O, Brown PO, Botstein D. (2000). 

 

The Properties of SVD Matrices 

The properties of SVD matrices are as follows: 

1. The singular values of a rectangular matrix A are equal to the square roots 

of the Eigen values λ1, λ2, . . ., λm of the matrix AT A. 

2. The rank of the matrix A is equal to the number of positive singular values 

Rank (A) = r,  r ≤ m. 

3. The Euclidean norm of A is equal to the largest singular value, 

||A||2 = S1. 

4. The first r columns of the matrix U form an orthogonal basis for the space 

spanned by the columns of A. 

5. The first r columns of the matrix V form an orthogonal basis for the space 

spanned by the rows of A. 

 

THE APPLICATIONS OF SINGULAR VALUE DECOMPOSITION (SVD) 

i. Pseudo inverse of a matrix computation 

ii. Solving homogeneous linear equations 

iii. Total least squares minimization 

iv. Low-rank matrix approximation  

v. Separable models which often arise in biological systems, and the SVD 

factorization is useful to analyze such systems.  

vi. Finding the nearest orthogonal matrix to a given matrix M = ATB.  

vii. The Kabsch Algorithm uses SVD to compute the optimal rotation (with 

respect to least-squares minimization) that will align a set of points with a 

corresponding set of points.  

viii. Signal processing, image processing and big data  

ix. Study of linear inverse problems  

x. Analysis of regularization methods. 

Alter O, Brown PO, Botstein D. (2000). 

 

The problems associated with spatial autocorrelation in GIS 

 Spatial Autocorrelation (Spatial Dependency) 
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Spatial autocorrelation in GIS helps understand the degree to which one object is 

similar to other nearby objects. Spatial autocorrelation measures how much close 

objects are in comparison with other close objects. 

 

Why is spatial Autocorrelation Important? 

One of the main reasons why spatial auto-correlation is important is because 

statistics relies on observations being independent from one another. If 

autocorrelation exists in a map, then this violates the fact that observations are 

independent from one another. 

Another potential application is analyzing clusters and dispersion of ecology and 

disease.  

a) Is the disease an isolated case?  

b) Is it clustered or spreading with dispersion Ord, J.K. and Getis, A. 1995: 

 

Some Issues with Spatial Autocorrelation in GIS 

In general, spatial autocorrelation has a lot of utility for GIS users as it provides an 

indication of clear spatial correlation for given data?  

However, studies have noted there are faults with using standard autocorrelation 

methods such as Moran’s I. For instance, most method assumes an initial 

independence of datasets. This assumption may not be valid and techniques might 

be needed to adjust assumptions so that autocorrelation is determined based on 

initial bias as well.  

Alternative techniques adjust for biases. Studies have shown that assumptions for 

statistical tests need to be investigated prior to applying spatial autocorrelation. 

With such adjustments and application along with more typical autocorrelation 

techniques, spatial dependency of data is better assessed for their empirical 

qualities.  

Ord, J.K. and Getis, A. (1995). 
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