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Exploring a GIS map 

 A big difference between static paper or electronic maps and GIS 

maps is that GIS maps are dynamic. 
 

 You can zoom in and out to see different areas with more or less 

detail. 
 

 You can decide what features you want to see and how they are 

symbolized. 
 

 You can access a database of information about all the features 

shown on the map. 
 

 You can do calculations on feature attribute level and on geometry 

level (e.g. calculate the area of a feature in km²). 
 

 You can combine different spatial and non-spatial information. 
 

 … 

 



How is a GIS map organized? 

 A GIS map consists of one or more 

data frames. 
 

 A data frame contains a collection of 

thematic layers. 
 

 Layers, in turn, contain a collection 

of features that represent real-world 

objects. 
 

 On a GIS map, features have a 

location, shape, and a symbol.  

 
 Features grouped into a layer have the same shape and 

characteristics and are located within the same geographic extend. 
 

 To make a GIS map, you can add as many layers as you want. 



Representing the real world 

 In the real world, geographic 

objects have a wide variety of 

shapes. 
 

 In a GIS map geographic objects 

are primarily represented as 

point, line, and polygon features. 
 

 

 Each feature shape has its 

own unique set of 

characteristics. 
 

 A point is composed of one 

coordinate pair representing 

a specific location on the 

earth's surface. 
 

 A line is a sequence of two 

or more coordinate pairs. 
 

 A polygon is composed of 

one or more lines whose 

starting and ending 

coordinate pairs are the 

same.  



Linking features to information 

 On a GIS map, there's more to a feature than its location and 

shape. There's all the information associated with that feature. For 

a road, this might include its name, speed limit, and whether it's 

one-way or two-way. For a city, this might include its population, 

demographic characteristics, number of schools, and average 

monthly temperatures. 
 

 A particular type, or category, of information associated with a 

feature in a GIS is called an attribute. For example, population can 

be an attribute of a city, country, continent, and other features. 
 

 Feature attributes are stored in an attribute table where each 

feature is a record (row) and each attribute is a column. The 

attributes for all the features in a layer are stored in the same 

attribute table. 



Attribute table 
This attribute table for a 

layer of countries stores 

each feature's ID number, 

shape, country name and 

abbreviation. 

 

 A feature on a GIS map is linked to its record in the attribute table 

by a unique numerical identifier (FID). 
 

 Every feature in a layer has an identifier. 
 

 It is important to understand this one-to-one relationship between 

feature, identifier, and attribute record. Because features on the 

map are linked to their records in the table, you can click a feature 

on the map and see the attributes stored for it in the table. When 

you select a record in the table, the linked feature on the map is 

automatically selected as well. 



Links between features and attributes 

In this map of Europe, 

Austria is selected. Its 

record is also selected 

in the attribute table. 

The unique identifier 

for Austria is stored in 

the FID field. 

 Links between features and attributes make it possible to ask 

questions about the information stored in an attribute table and 

display the answer on the map. 
 

 This linkage makes GIS maps much more informative than static 

maps. 



Understanding map scale 

 Scale is the relationship between the size of features on a map 

and the size of the corresponding objects in the real world. 
 

 Scale is commonly expressed as a ratio, or representative fraction 

(such as 1:24,000). 
 

 You will commonly see references to two types of maps: large-

scale and small-scale. Generally, a large-scale map, such as a 

map of city streets or a building plan, covers a small area in more 

detail. A small-scale map, such as a world map, covers a large 

area in less detail. 
  

 GIS maps are dynamic - you can change the scale to see more or 

less details. 



Examples for large and small scale 

 The map on the left is displayed at a larger scale than the map on 

the right. On the left, you see a small area of the earth's surface 

(the area around Ankara)  where features such as roads are 

visible.  
 

 On the right, you see a bigger area of the earth's surface (the 

whole Europe), but with less detail. 

1 : 250.000 1 : 50.000.000 



Referencing Data to Real Locations 

 A GIS represents reality, it is not reality. 
 

 To be useful, a GIS map must accurately represent feature 

locations. 
 

 To determine the location of features in the real world or on a map, 

you need a reference system. 
 

 A reference system is a set of lines of known locations that can be 

used to determine the location of features that fall between the 

lines. 
 

 In a GIS, the reference systems used to determine feature 

locations are called coordinate systems.  



Understanding coordinate systems 

 There are two types of coordinate systems: geographic and 

projected. 
 

 A geographic coordinate system is used to locate objects on the 

curved surface of the earth. 
 

 A projected coordinate system is used to locate objects on a flat 

surface (e.g. a paper map or a digital GIS map displayed on a flat 

computer screen). 
 

 Each of these coordinate systems attempts to model the earth and 

feature locations accurately, but no system is completely accurate. 



Geographic coordinate system 

 A geographic coordinate system is a reference system for 

identifying locations and measuring features on the curved surface 

of the earth. 
 

 It consists of a network of intersecting lines called a graticule. 
 

 The intersecting lines of the graticule are longitude and latitude. 

 In a geographic coordinate system, 

measurements are expressed in 

degrees, minutes, and seconds. 
 

 A degree is 1/360th of a circle. 
 

 Each degree can be divided into 60 

minutes, and each minute can be 

divided into 60 seconds. 



Geographic coordinate system 

 Lines of longitude are called meridians. 
 

 Measures of longitude begin at the prime meridian (which defines 

the zero value for longitude) and range from 0° to 180° going east 

and from 0° to -180° going west. 

 Lines of latitude are called 

parallels. 
 

 Measures of latitude begin at the 

equator and range from 0° to 90° 

from the equator to the north pole 

and from 0° to -90° from the 

equator to the south pole. 



Geographic coordinate system 

 Longitude and latitude are actually angles measured from the 

earth's center to a point on the earth's surface. 

 For example, consider the location referenced by the following 

coordinates: 
 

 Longitude: 50 degrees East (50° 00' 00") 

 Latitude: 40 degrees North (40° 00' 00") 

 The longitude coordinate refers to the 

angle formed by two lines, one at the 

prime meridian and the other 

extending east along the equator. 
 

 The latitude coordinate refers to the 

angle formed by two lines, one on the 

equator and the other extending 

north along the 60° meridian. 



Understanding spheroids 

 A geographic coordinate system attempts to model the shape of 

the earth as accurately as possible. 
 

 Many models of the earth's shape have been made over the years, 

and each has its own geographic coordinate system. 
 

 All are based on degrees of latitude and longitude, but the exact 

latitude-longitude values assigned to individual locations will vary. 

 Two shapes that are 

commonly used to 

model the earth are a 

sphere and a 

spheroid. 



Understanding spheroids 

 Assuming that the earth is a sphere greatly simplifies mathematical 

calculations and works well for small-scale maps (maps that show 

a large area of the earth). 
 

 But a sphere does not provide enough accuracy for large-scale 

maps (maps that show a smaller area of the earth in more detail).  
 

 A spheroid is a more accurate model of the earth, but it's also not 

perfect. 
 

 For example, the World Geodetic System of 1972 (WGS72) and 

World Geodetic System of 1984 (WGS84) spheroids are most 

commonly used to represent the whole world, while in North 

America, the Clarke 1866 and Geodetic Reference System of 1980 

(GRS80) spheroids are most commonly used. 



Understanding datums 

 A geographic coordinate system needs a way to align the spheroid 

being used to the surface of the earth for the region being studied. 
 

 For this purpose, a geographic coordinate system uses a datum. 
 

 A datum specifies which 

spheroid you are using as 

your earth model and at 

which exact location (a single 

point) you are aligning that 

spheroid to the earth's 

surface. 

Source: ESRI 



Projected coordinate systems 

 The surface of the earth is curved but maps are flat. 

 To convert feature locations from the spherical earth to a flat map, 

the latitude and longitude coordinates from a geographic 

coordinate system must be converted, or projected, to planar 

coordinates. 
 

 A projected coordinate system is a reference system for identifying 

locations and measuring features on a flat surface. 

 
 It consists of lines that intersect 

at right angles, forming a grid. 
 

 Projected coordinate systems, 

which are based on Cartesian 

coordinates, have an origin, an 

x and a y axis, and a unit for 

measuring distance. 



Projected coordinate systems 

 The origin of the projected coordinate system (0,0) commonly 

coincides with the center of the map. 
 

 This means that x and y coordinate values will be positive only in 

one quadrant of the map (the upper right). 
 

 On published maps, it is desirable to have all the coordinate values 

be positive numbers. 

Source: ESRI 



Projected coordinate systems 

 To offset this problem usually two numbers are added to each x 

and y value. 
 

 The numbers should be big enough to ensure that all coordinate 

values, at least in the area of interest, are positive values. 
 

 The number added 

to the x coordinate 

is called a false 

easting. 
 

 The number added 

to the y coordinate 

is called a false 

northing. 
Source: ESRI 



Working with coordinate systems in ArcGIS 

 All geographic datasets have a geographic coordinate system 

(GCS). 
 

 Some datasets also have a projected coordinate system (PCS). 
 

 When you add a dataset to ArcMap, it detects the geographic 

coordinate system and the projected coordinate system if there is 

one. 
 

 If all the data you want to display on a map is stored in the same 

geographic coordinate system, you can just add it to the map. 
 

 If some of the datasets also have projected coordinate systems, 

even if they are different, you can also just add them to the map, 

because ArcMap will automatically make an "on-the fly projection“.  
 

 The geographic coordinate system is the common language. 



Working with coordinate systems in ArcGIS 

 ArcMap can convert the geographic coordinate system to any 

projected coordinate system and it can convert any projected 

coordinate system back to the geographic coordinate system. 
 

 The first layer you add to an empty data frame determines the 

coordinate system for the data frame. 

 If that layer has a projected coordinate system, the data frame will have that 

same projected coordinate system. 

 If you add a layer that has the same geographic coordinate system but a 

different projected coordinate system (or no projected coordinate system at 

all), ArcMap will perform an on-the-fly projection and convert the data to the 

data frame's projected coordinate system. 
 

 If you try to add a layer that has a different geographic coordinate 

system, ArcMap will display a warning message telling you that it 

may not be able to properly align the data. 



Understanding map units and display units 

 Map units are the units in which the coordinates for a dataset are 

stored. They are determined by the coordinate system. 

 If the data is stored in a geographic coordinate system, the map units are 

usually decimal degrees (degrees, minutes, and seconds expressed as a 

decimal). 

 If the data is stored in a projected coordinate system, the map units are usually 

meters. 

 Map units can be changed only by changing the data's coordinate system. 
 

 Display units are independent of map units - they are a property of 

a data frame. 

 Display units are the units in which ArcMap displays coordinate values and 

reports measurements. 

 You can set the display units for any data frame and change them at any time. 



Types of map projections 

 Imagine you could project a light source through the earth's 

surface onto a flat surface. You would be able to trace the shapes 

of features from the earth's spherical surface onto the flat surface. 

 

 

 

 

 

 

 

 There are three types of surfaces that a map can be projected 

onto: a cylinder, a cone, and a plane. Each of these surfaces can 

be laid flat without distortion. 



Projections based on a cylinder 

 Cylindrical projections produce maps with straight, evenly-spaced 

meridians and straight parallels that intersect meridians at right 

angles. 



Projections based on a cone 

 Conic projections produce maps with straight converging longitude 

lines and concentric circular arcs for latitude lines. 



Projections based on a plane 

 Planar projections produce maps on which the latitude lines 

converge at the north pole and radiate outward. The longitude 

lines appear as a series of concentric circles. 



Understanding distortion 

 Converting locations from a spherical surface to a flat surface 

causes distortion, regardless of the projection surface that is used. 

The four spatial properties on a map that are subject to distortion 

are: 

 Shape 

 Area 

 Distance 

 Direction 
 

 Each map projection is good at preserving one or more (but not all) 

of the four spatial properties. 
 

 Anyone who uses maps should know which projections are being 

used and which spatial properties are distorted and to what extent. 
 

 When choosing a map projection, think about which properties you 

want to preserve. 



Geographic data models 

 A data model defines how to 

abstract real-world features into 

a format that can be understood 

by a computer. 
 

 Two common data models used 

to represent geographic data 

are the vector data model and 

the raster data model. 
 

 



Vector data model 

 The vector data model is based on the assumption that the earth's 

surface is composed of discrete objects such as trees, rivers, 

lakes, etc. 
 

 Objects are represented as point, line, and polygon features with 

well-defined boundaries. 
 

 Feature boundaries are defined by x,y coordinate pairs, which 

reference a location in the real world. 

 Points are defined by a single x,y coordinate pair. 

 Lines are defined by two or more x,y coordinate pairs. 

 Polygons are defined by lines that close to form the polygon boundaries. 
 

 In the vector data model, every feature is assigned a unique 

numerical identifier, which is stored with the feature record in an 

attribute table. 



Vector data model 

 In general, use the vector data model when you want to represent 

features that have discrete boundaries. 



Raster data model 

 In the raster data model, the earth is represented as a grid of 

equally sized cells. 
 

 An individual cell represents a portion of the earth such as a 

square meter or a square mile. 
 

 Unlike the vector data model, where x,y coordinates are used to 

define feature shapes and locations, in the raster data model, only 

one x,y coordinate pair is normally present. 
 

 This x,y coordinate pair (called the origin) is used to define the 

location of every cell (each cell's location is defined in relation to 

the origin). 
 

 Each raster cell is assigned a numeric value, which can represent 

any kind of information about that geographic location. 

 



Raster data model 

 The raster data model is very useful for representing continuous 

geographic data which don't have well-defined boundaries and 

which usually change gradually across a given area. 

Source: ESRI 



Organizing vector data 

 The basic unit of the vector data 

model is the feature. 
 

 The basic storage unit for features 

is called a feature class, which is 

a collection of features that share 

the same geometry type and the 

same attributes and that are 

located within a common 

geographic extent. 
 

 There are three common data 

formats that use feature classes to 

store collections of features: the 

geodatabase, coverage, and 

shapefile. 

 



The geodatabase 

 The geodatabase is a data storage format introduced by ESRI with 

ArcGIS software. In technical terms, the geodatabase is a 

relational database. 
 

 You can think of it as a container for storing geographic data. 

 

 The geographic data stored 

in a geodatabase may be a 

collection of vector feature 

classes (point, line, polygon, 

or annotation), raster 

datasets, and tables. 

Source: ESRI 



The geodatabase 

 Feature classes grouped into a feature dataset normally have 

some kind of spatial relationship to one another. 
 

 Feature class tables store feature geometry and attribute 

information. 
 

 Geodatabase tables that contain only feature attributes and no 

geometry are called nonspatial tables. 

Source: ESRI 



Coverages 

 They store a set of spatially related feature 

classes. 
 

 Point, line, and polygon coverages each 

contain a different set of feature classes 

that, together, define their features. 

 A coverage is a a file-based data format. 
 

 Coverages have a geometry type of point, line, or polygon. 
 

 A coverage represents only single thematic layer in which all 

features have the same attributes and are located within a 

common geographic area. 

 

Source: ESRI 



Shapefiles 

 Each file has the shapefile name and an 

extension. 
 

 The three main files associated with a 

shapefile have the .shp, .shx, and .dbf 

extensions. The information stored in 

these files allows the features and the 

attribute table to be displayed. 

 Like a coverage, a shapefile is also a file-based data format. 
 

 It stores a collection of features that have the same geometry type 

(point, line, or polygon), the same attributes, and a common spatial 

extent. 
 

 A single shapefile is actually composed of at least three up to eight 

files. 

Source: ESRI 



Raster data formats 

 Two common data formats based on the raster data model are 

grids and images. 
 

 Grids are a file format used to store both discrete features such as 

buildings, roads, and parcels, and continuous phenomena such as 

elevation, temperature or air pollutant concentration. 
 

 Images can be displayed as layers in a map or they can be used 

as attributes for vector features. 
 

 To be displayed as a layer, images must be referenced to real-

world locations. 



Exploring ArcGIS Desktop 

 ArcGIS Desktop is a scalable product that 

includes three license levels: ArcView, 

ArcEditor and ArcInfo. 
 

 All three software products look and work 

the same, they differ only in how much 

they can do. 

 Each ArcGIS Desktop product includes two applications: ArcMap 

and ArcCatalog. 

 ArcMap is the application you work with to explore and analyze data and make 

maps. 

 ArcCatalog is the application you work with to manage data.  
 

 Additionally, ArcToolbox is an integrated application that contains 

many tools for GIS tasks. 
 

 You can access ArcToolbox from both ArcMap and ArcCatalog. 

 

Source: ESRI 



ArcMap 

 ArcMap is the ArcGIS application you use to explore and edit 

geographic data, perform analysis, and create maps, graphs, and 

reports. 
 

 When you work in ArcMap, you work with a map document file, 

which has the .mxd file extension. 
 

 The ArcMap interface consists of the table of contents and the 

map display area, as well as a number of toolbars and menus for 

working with the map and its data. 
 

 The order of layers within the table of contents is important - the 

layers at the top of the table of contents draw on top of the layers 

below them. 
 

 Therefore, you should put the layers that form the background of 

your map, such as the ocean, at the bottom of the table of 

contents. 



ArcMap 



ArcCatalog 

 ArcCatalog is the ArcGIS application designed for browsing, 

managing, and documenting geographic data. 
 

 From ArcCatalog you can access data stored on your computer's 

hard drives, local networks, and even the Internet. 
 

 To access data, you create a connection to its location (such as a 

folder on your C: drive). 
 

 Collectively, the connections you create are called the Catalog. 
 

 The ArcCatalog interface consists of the Catalog tree on the left 

and a preview pane on the right. 
 

 You use the Catalog tree to navigate and browse data. 



ArcCatalog 



ArcToolbox 

 ArcToolbox provides an organized 

collection of tools used for GIS 

analysis, data management and 

data conversion. 
 

 ArcToolbox is accessible from both 

ArcMap and ArcCatalog. 
 

 The number of tools you have 

depends on your ArcGIS license. 



ArgGIS Desktop Help 

 ArcGIS Desktop Help provides comprehensive explanations of 

procedures, tools, buttons, and commands, and you can access it 

from multiple locations within ArcMap and ArcCatalog. 
 

 Context-sensitive help allows you to click a tool or button and get 

information about it right there. 



Thank you very much for your attention 


