
Introduction to Geographic 

Information Systems 

Introduction 



The real world and 

representations of it 



The Purpose of GIS 

The three important stages of working with 

geographic data: 
 

1. Data preparation and entry: The early stage in which data 

about the study phenomenon is collected and prepared to be 

entered into the system. 

 

2. Data analysis: The middle stage in which collected data is 

carefully reviewed, and, for instance, attempts are made to 

discover patterns. 

 

3. Data presentation: The final stage in which the results of earlier 

analysis are presented in an appropriate way. 

















Spatial Data Models 

Raster 

exhaustive regular or irregular partitioning of space 

associated with the field view 

location-based 

 

Vector 

points, lines, polygons 

associated with the object view 

object-based 



 Spatial Interpolation 



 Proximity Polygons 

Water Resources: Best to calculate the areal weighted average rainfall over an area 



 Spline Method 

The Spline tool uses an interpolation method that estimates values using a mathematical function 
that minimizes overall surface curvature, resulting in a smooth surface that passes exactly through the 
input points. 
 
Conceptual background 
Conceptually, the sample points are extruded to the height of their magnitude; spline bends a sheet 
of rubber that passes through the input points while minimizing the total curvature of the surface. It 
fits a mathematical function to a specified number of nearest input points while passing through the 
sample points. This method is best for generating gently varying surfaces such as elevation, water 
table heights, or pollution concentrations. 
 
The basic form of the minimum curvature Spline interpolation imposes the following two conditions 
on the interpolant: 

• The surface must pass exactly through the data points.  
• The surface must have minimum curvature—the cumulative sum of the squares of the second 

derivative terms of the surface taken over each point on the surface must be a minimum.  
 
The basic minimum curvature technique is also referred to as thin plate interpolation. It ensures a 
smooth (continuous and differentiable) surface, together with continuous first-derivative surfaces.  
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Spline Method 

Spline types 
There are two Spline methods: Regularized and Tension.  
 
Regularized spline type 
The Regularized method creates a smooth, gradually changing surface with values that may lie outside the sample 
data range. Higher values of weight parameter lead to smoother surfaces.  
 
Tension spline type 
The Tension method controls the stiffness of the surface according to the character of the modeled phenomenon. 
It creates a less smooth surface with values more closely constrained by the sample data range. 

Water Resources: Best for interpolation of: 
• Rainfall distribution in nearly flat areas 
• Water head in the aquifer 
• Elevation of smooth terrain  
• If the points are evenly distributed 



IDW Method 
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Controlling the influence with the Power parameter 
 
IDW relies mainly on the inverse of the distance raised to a mathematical power. The Power parameter lets 
you control the significance of known points on the interpolated values based on their distance from the 
output point. It is a positive, real number, and its default value is 2. 
 
By defining a higher power value, more emphasis can be put on the nearest points. Thus, nearby data will 
have the most influence, and the surface will have more detail (be less smooth). As the power increases, the 
interpolated values begin to approach the value of the nearest sample point. Specifying a lower value for 
power will give more influence to surrounding points that are farther away, resulting in a smoother surface. 
 
An optimal value for the power can be considered to be where the minimum mean absolute error is at its 
lowest. 

IDW Method 

Water Resources: Best for interpolation of: 
• Elevation of rough terrain  
• If more data points are available in the focus area 
• Water quality of localized effect 



Kriging is an advanced geostatistical procedure that generates an estimated surface from a scattered set of 
points. use the Kriging tool effectively involves an interactive investigation of the spatial behavior of the 
phenomenon 
 
What is kriging? 
The IDW (inverse distance weighted) and Spline interpolation tools are referred to as deterministic 
interpolation methods because they are directly based on the surrounding measured values or on specified 
mathematical formulas that determine the smoothness of the resulting surface.  
 
A second family of interpolation methods consists of geostatistical methods, such as kriging, which are based 
on statistical models that include autocorrelation—that is, the statistical relationships among the measured 
points. Because of this, geostatistical techniques not only have the capability of producing a prediction surface 
but also provide some measure of the certainty or accuracy of the predictions. 
 
Kriging assumes that the distance or direction between sample points reflects a spatial correlation that can be 
used to explain variation in the surface. The Kriging tool fits a mathematical function to a specified number of 
points, or all points within a specified radius, to determine the output value for each location.  

Kriging Method 
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Semi-Variogram Models 
The Kriging tool provides the following functions from  
which to choose for modeling the empirical semi-variogram: 

• Circular  
• Spherical  
• Exponential  
• Gaussian  
• Linear  

The selected model influences the prediction of the unknown values, particularly when the shape of the curve 
near the origin differs significantly. The steeper the curve near the origin, the more influence the closest 
neighbors will have on the prediction. As a result, the output surface will be less smooth. Each model is 
designed to fit different types of phenomena more accurately. 

Kriging Method 

Spherical  Exponential  



Spatial Referencing 

For that We need a reference 



GIS user may encounter the following items in 

the map legend: 

• the name of the local vertical datum 

• the name of the local horizontal datum 

• the name of the reference ellipsoid and the 

fundamental point  

• the type of coordinates associated with the 

map grid lines 

• the map projection 

• the map scale 

• the transformation parameters from a global 

datum to the local horizontal datum. 



Reference Model (reference ellipsoid) 

A reference system is then needed 
to be “put-on” a model that closely 
fits the surface of the earth. 
• In geometric geodesy, the earth is 
represented by an ellipsoid of 
revolution whose dimensions fits 
closely the surface of the earth. 
• This ellipsoid of revolution is 
known as the reference ellipsoid 
(other older literature termed this 
as “spheroid”). 
• The coordinate system and the 
reference system are the essential 
components of a reference 
framework. 







Three coordinate systems are commonly in 
use: 
 

1. The Cartesian-Space Rectangular 
Coordinate System 

2. The Geodetic Coordinate System 
3. The Map-Grid Coordinate System 

Coordinate Systems 



a rectilinear type of 
coordinate system on a three-
dimensional surface where the 
position of the points is 
expressed as coordinates of a 
righthanded orthogonal 
system whose origin coincides 
with the center of the 
ellipsoid, XZ-plane defines the 
zero meridian and XY plane 
defines the equator 
 
Uses (X,Y,Z) as its coordinate 
components 

Cartesian-Space Rectangular Coordinate 
System 



a curvilinear type of coordinate system on three-
dimensional space which uses a an surface to define the 
position of point on the earth. 
 
This coordinate system also uses three parameters to 
define the position of a point: 
1. Geodetic latitude (φ): the angle between the ellipsoid 
normal through the point and the equator. (0≤ φ ≤ 90N or 
S) 
2. Geodetic Longitude (λ): the angle in the equatorial 
plane between the zero meridian and the meridian of 
the point. (0 ≤ λ ≤180E or W) 
3. Ellipsoidal height (h): the distance along the normal 
from the surface of the ellipsoid to point P. 

Geodetic Coordinate System 
(Geographic Coordinate System) 



Angle from equator:  latitude Φ 

Angle east of Greenwich: longitude λ 



A rectilinear type of coordinate system on a planar 
surface where the horizontal position of a point is 
defined. 
The idea of which is to make the curved surface of 
the Earth by some mathematical transformation 
(map projection) into a plane. 
 
It uses basically two parameters to define the 
position of a point: 
1. Northing, N (or y) 
2. Easting, E (or x) 
 
• The third component of the position of a point 
which is the Elevation becomes an attribute in this 
coordinate system 

Map-Grid Coordinate System 
(Projected Coordinate system) 





The creation of a map projection involves three 

steps: 

1. Selection of a model for the shape of the Earth or 

planetary body (usually choosing between a sphere 

or ellipsoid). Because the Earth's actual shape is 

irregular, information is lost in this step.  

2. Transformation of geographic coordinates (longitude 

and latitude) to plane coordinates (eastings and 

northings or x,y)  

3. Reduction of the scale (it does not matter in what 

order the second and third steps are performed) 

Map Projections 



Globe 



Need for Projection!! 
Earth is ellipsoidal while maps are planner 



Limitations on Projection Systems 





Projection 
Methods 
summary 



Projection Methods 



Projection Examples 
Conical 



Projection Examples 
Conical 



Projection Examples 

 



Mercator  
with one standard parallel  
with two standard parallels  

Cylindrical 

Cassini-Soldner  
(n.b. Not conformal)  

Transverse 
Cylindrical 

Transverse Mercator Group  
Transverse Mercator (including south oriented) Universal Transverse 
Mercator Gauss-Kruger  
Gauss-Boaga  

Transverse 
Cylindrical 

Oblique Mercator Group  
Hotine Oblique Mercator  
Oblique Mercator  
Laborde Oblique Mercator 
 Space Oblique Mercator (Not strictly conformal)  

Lambert Conic Conformal  
with one standard parallel  
with two standard parallels  

Conical 

Stereographic 
Polar 
Oblique and equatorial  

Azimuthal 

Common Projection Types 

http://www.posc.org/Epicentre.2_2/DataModel/ExamplesofUsage/eu_cs34f.html
http://www.posc.org/Epicentre.2_2/DataModel/ExamplesofUsage/eu_cs34g.html
http://www.posc.org/Epicentre.2_2/DataModel/ExamplesofUsage/eu_cs34g.html
http://www.posc.org/Epicentre.2_2/DataModel/ExamplesofUsage/eu_cs34g.html
http://www.posc.org/Epicentre.2_2/DataModel/ExamplesofUsage/eu_cs34h.html
http://www.posc.org/Epicentre.2_2/DataModel/ExamplesofUsage/eu_cs34i.html
http://www.posc.org/Epicentre.2_2/DataModel/ExamplesofUsage/eu_cs34c.html
http://www.posc.org/Epicentre.2_2/DataModel/ExamplesofUsage/eu_cs34j.html


Projection properties 

Distance, Area, and Shape 

 

Equal area projections: preserve the property of area. On an 

equivalent projection all parts of the earth's surface are shown 

with the correct area. However, latitudinal distances are never 

accurate.  

Conformal projections: preserve right angles between lines of 

latitude and longitude and are primarily used because they 

preserve direction. Area is always distorted on conformal maps.  

Equidistant: preserve correct distance relationships along a few 

lines on the map. For example, an equidistant azimuthal 

projection has the distance to the outside of the map portrayed 

correctly.  



Local Projected Coordinates 

Palestine Grid 



Local Projected Coordinates 

Israel Grid 


