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Concept of data Integration

What is Data Integration?

* Data integration is the process of combining data from various sources into one, unified view
for efficient data management, to derive meaningful insights, and gain actionable intelligence.

* Data integration is widely used in different areas of scientific circles and ordinary life as well.
The process of data integration becomes significant in a variety of situations both commercial
(when two commercial companies need to merge the database) and scientific (combining
research results from different data sources/repositories).
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Concept of data Integration

Data warehouse
* A large store of data accumulated from wide range of sources.

ETL Process

* ETL process extracts information from sources databases, transforms it and then loads into the
data warehouse.



Concept of data Integration

Importance of data integration
1. Every data has its own strength:

* Every data is designed for a reason. Each one represents information in a way no other format
can, with attributes, metadata, structure and schema. For eg ; CAD and GIS data can be
integrated to enhance a CAD drawing with specialized GIS information and attributes.

2. Take advantage of specialized application:

* Every piece of software that works with data represents, analyzes and transforms information
in a specialized way. By integrating data into format accepted by the application you are giving
yourself the power to open and use your data in that software.

3. Reduce data complexity:

The information regarding the data will be available from different sources which helps in easy
understanding of the data and metadata. This helps in reducing the data complexity.



Concept of data Integration

Importance of data integration
4. Increases the value of data through unified system:

* Bringing the desperate/different data set together increases the value of information

5. Make data easily available:
* Centralizing your data makes it easy for anyone to retrieve, inspect and analyze it.

6. Make your data live:

* An integration data solution make it easy to keep information update. Eg; weather network
integrates non-spatial sensor data, metadata and outputs it to spatial applications like Google

earth.



Concept of data Integration

What is Spatia Data Integration?

* |tis the process of combining data of different themes, content, scale or spatial extent,

projections, acquisition methods, formats, schema, or even levels of uncertainty, so that they
can be understood and analyzed.

* Information is passed within datasets. Thus, providing more information and insight than each
type of data separately.

* Data integration is one of the main reasons why GIS software is used.

For example: layer stacking, combining a parcel data with other data with name, contour in topo
map etc.



Process of data integration

Process of data integration

Data integrations are complex and technical, but at the core are three steps are known as ETL:
extraction, transformation, and loading

1. Data extraction is when data is collected from all of the various data sources.

2. Data transformation is the process of transforming all of your data into a compatible format,
often with the help of a universal data model that defines the datasets with common

properties.

3. Data loading is when the right data is loaded into the appropriate database, ready for
analysis.

Data Integration Process

Source:
Extract Transform Load https://auth0.com/blog/all-you-
need-to-know-about-data-

management-and-integration/




Join and relate spatial and attribute data
Join

* Atable join appends all the columns from one table into the other table based on the unique
ID.

* Ajoinis usually used to attach more attributes to the attribute table of a geographic layer.

Different types of relationships in join are:
1. One to one relationship
2. Many to one relationship
3. One to many relationship
4. Many to many relationship
htepsyautho.com/slog/allyou-

need-to-know-about-data-
management-and-integration/



Join and relate spatial and attribute data
Joining
One to one relationship

* In such type of join, you establish a one to one relationship between the layer attribute table and table
containing the information you want to join.

 Combines two tables based on the value of a field that can be found in both tables (a "common field").
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Tutorial: https://youtu.be/JUVE6KUcSdAM  Fig: showing one to one relationship between NepalDistrict_Old and total population data.



Join and relate spatial and attribute data

Joining
Many to one relationship

In such type of joining , you establish a many to one relationship between the layer attribute table and
table contammg the |nformat|on you want to join.
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'Joining

Join and relate spatial and attribute data

One to many and many to many relationship

 When using data where one to many and many to many relationship exists you should use a

relationship class to establish between data sets.

Customer I Order
Customer Relationship table Order
Custo Custom
mer ID |Name |Location er ID |Order IO Date Order ID| Item Cost
1| Prajwal [KTM 1 100] 1st june 100|Books 1000
2| Bstro PKR 1 102| 2nd june 101| Jeans 1500
3| Subash |DEN 2 107| 3rd june 102| Shoes 2000

Fig: showing one to many relationship.
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'Joining

One to many and many to many relationship

Join and relate spatial and attribute data

Students
Customer Relationship table
Roll. |Name |Age Roll. |Course id
1| Prajw al 14 11C1
2| Astro 17 2|1C2
3| Subash 13 3|C3
4| Mahesh 20 4{C4d

Fig: showing Many to many relationship

Course
Order
Course |Name |Credit Hrs.
C1 Maths |4 hrs
Cc2 Phusics |4 hrs
C3 Science | Shrs
Cd English Ehrs

13



Join and relate spatial and attribute data
Relate

* Arelate operation temporarily connects two tables based on a common field but doesn’t
append the attributes of one to the other ; creates an entirely new table.

* One advantage of relates is that they are appropriate for all four types of relationships. This is

important for data query because a relational database is likely to include different types of
relationships.



Join spatial data

' Spatial Join

 Spatial join tool inserts the columns from one feature table to another based on location or
proximity.

Eg. Let’s say you have a set of land parcels. Each land parcel has a point inside of it. By running a
spatial join, you can transfer the point table columns into the land parcel layer.

So that means that if the points have the owner’s name, this field gets transferred to the land

|s.
Parten — SPATIAL JOIN—

. Source:
https://gisgeography.com/spatial

Tutorial: https.//youtu.be/pzi-eAyqUKw -join/
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Join spatial data

' Spatial Join
Types of spatial join
1. Intersect: Two features touch at any location ™~
2. Within a distance: Two features are within a set distance
3. Completely within: The join feature is within the target feature “‘
4. I|dentical: Both features match identically 5
5. Closest: The join feature is closest to the target feature Source:

https://gisgeography.com/spatial
-join/

- W




Projection and transformation of spatial data

Projection

* A projection is a mathematical technique to represent the Earth’s curved surface on a flat
surface.

* To represent parts of the surface of the Earth on a flat paper map or on a computer screen, the
curved horizontal reference surface must be mapped onto the 2D mapping plane.

* Mapping onto a 2D mapping plane means transforming each point on the reference surface
with geographic coordinates (¢, A) to a set of Cartesian coordinates (x, y) representing
positions on the map plane.

* A map projection provides a couple of distinctive advantages.
i. A map projection allows us to use two-dimensional maps, either paper or digital.

ii. A map projection allows us to work with plane coordinates rather than longitude and
latitude values.



Projection and transformation of spatial data

Projection

Map plane

Fig: showing example of a map
projection where the reference surface
with geographic coordinates (¢, A) is
projected onto the 2D mapping plane
with 2D Cartesian coordinates (x, y)..

Source:
https://webapps.itc.utwente.nl/li
brarywww/papers_2009/general/

"Reference surface principlesgis.pdf

e Aforward mapping equation transforms the geographic coordinates (¢, A) of a point on the
curved reference surface to a set of planar Cartesian coordinates (x, y), representing the

position of the same point on the map plane:
(%, y) =f(d, A)
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Transformation

Transformation

* A geographical transformation is a mathematical operation that converts the coordinates of a

point in one geographic coordinate system to the coordinates of the same point in another
geographic coordinate system.

* A geographic transformation always converts geographic (latitude—longitude) coordinates.
Some methods convert the geographic coordinates to geocentric (X,Y,Z) coordinates, transform
the X,Y,Z coordinates, and convert the new values back to geographic coordinates.

* Transformation results in either:
i. Changes in position and direction
ii. Uniform change of scale

iii. Changes in size and shape

* Different types of transformation: search yourself



Integration of cadastral data

Integration of cadastral data

A Cadastre is normally a parcel based, and up-to-date land information system containing a
record of interests in land. For this purpose it is necessary to collect data from different source.
Either primary or secondary data and integrate them centrally and distribute it when required.

Types of cadastral data integration

There are many different types of data integration followed in different parts of the world . We
mainly focus on two type which is currently used in Nepalese system of cadaster.

i. Database preparation by resurveying in real field.

* In this method spatial data collection is performed by total station in the field. Along with the
spatial data there will be the requirement of attribute data of all the parcels surveyed. We may
collect those data primarily or we also may use the existing data secondarily. Point data is then
imported in the GIS software. All the points are joined to form a parcel as in the real field and a
database is prepared by adding the attribute data respectively.



Integration of cadastral data

Types of cadastral data integration
ii. Database preparation by digitizing the existing maps

* |In this method, the paper maps which were previously prepared by different surveying
techniques with comparatively low accuracy than the first method are scanned in the scanners
to form a softcopy maps. The parcel boundaries are then digitized in a feature class within a
database. Attribute data are added in each of the parcel to prepare a final data base.

There are various other methods of data integration but in context on Nepal above mentioned
methods are mostly used which are also applicable in most of the parts of world.
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Suggestions:
Try to relate the definitions with the practicals.
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2.1 Introduction

What is Spatial Analysis?

* |tis the process of transformations, manipulations, and methods that can be
applied to geographic data to add value to them, to support decisions, and to
reveal patterns and anomalies that are not immediately obvious.

e Spatial analysis turns raw data into useful information.

* |tis a set of methods whose results change when the locations of the objects
being analyzed, or the frame used to analyze them, changes.

* Examples: hospital site suitability analysis, crime analysis etc.



Source:
https://www.y
outube.com/w
atch?v=INjrAX
GRda4&ab_ch
annel=Harvard
X

2.1 Introduction
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2.1 Introduction

Why spatial analysis is important?

Spatial analysis is important for the following reasons:

V.

Spatial analysis helps in recognizing patterns from the distribution of features.

It helps in identifying change over time. E.g landuse change over time,
deforestation, urban expansion etc.

It enables spatial modeling (or suitability analysis) and helps in decision
making. E.g identifying best location to open a new school.

It helps in prediction of certain phenomenon. E.g drought prediction
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2.1 Introduction

Types of spatial analysis (Functions of spatial analysis)

On the basis of data structure
1. Vector-based Analysis

i. Data management functions
ii. Data Analysis functions

iii. Measurement function

iv. Spatial Selection

v. Vector Overlay functions



2.1 Introduction

Types of spatial analysis (Functions of spatial analysis)
On the basis of data structure
2. Raster-based Analysis
i.  Spatial Interpolation methods
ii. Raster analysis including topological overlay
iii. Map calculations
iv. Spread computations
v. Classification function

vi. Reclassification



2.1 Introduction

' Types of Spatial Analysis (function of spatial analysis)

Generally functions of spatial analysis are:

1. Classification, retrieval, measurement and generalization functions
2. Overlay functions

3. Neighborhood functions

* Search function

* Buffer zone generation

* Interpolation functions

* Topographic functions (slope angle, slope aspect, slope length, contour line)
4. Connectivity function(these all are done on a network)

* Network functions

* Visibility functions

e Contiguity functions



2.2 Classification and Measurement function

Coordinate and Distance measurement in vector data

* The location property of a vector feature is always stored by the GIS: a single coordinate pair
for a point, or a list of pairs for a polyline or polygon boundary.

* Measuring distance between two features is another important function. If both features are
points, say p and g, the computation in a Cartesian spatial reference system are given by the
well-known Pythagorean distance function.

. - | o a 9
dist(p, q) = n,L,-'{.:',;- -?fq}‘ P (yp Yq)®



2.2 Classification and Measurement function

Coordinate and Distance measurement in Raster data

* Location of an individual cell derives from the raster’s anchor point, the cell resolution, and
the position of the cell in the raster. Again, there are two conventions: the cell’s location can
be its lower left corner, or the cell’s midpoint. These conventions are set by the software in
use, and in case of low resolution data they become more important to be aware of.

* The distance between two raster cells is the standard distance function applied to the
locations of their respective mid-points, obviously taking into account the cell resolution.

* Where a raster is used to represent line features as strings of cells through the raster, the
length of a line feature is computed as the sum of distances between consecutive cells.



2.2 Classification and Measurement function

Spatial selection queries

These queries are used to select certain features. Some of such techniques are:

1. Interactive spatial selection

* In such selection user point or draw spatial objects on screen. Such interactively defined
objects are called ‘selection objects’ and can be point, line, polygon etc. GIS then select such

features which are in overlap, intersect by such ‘selection objects’.
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Source: Principles of Geographic Information
System - Rolf A. de By (ed.) (ITC Education Text
Book Series; 1)

Fig: showing selection of 4 wards of a city represented by red (selected features) by selection object (circle) in [left] and attribute tabl%§election

in [right].



2.2 Classification and Measurement function

Spatial selection queries

2. Spatial selection by attribute conditions

* In such queries feature is selected using selected conditions on feature attributes. These conditions
are formulated in SQL if attribute data reside in a geodatabase.
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2.2 Classification and Measurement function

' Spatial selection queries
2.1 Combining attribute conditions

* In such queries feature is selected using combined conditions on feature attributes. These conditions are
formulated in SQL if attribute data reside in a geodatabase.

E.g selecting Rohini and ward 3 and 5 of Omsatiya
("PALIKA" = 'Rohini') OR
("PALIKA" ='Omsatiya' AND ("WARD" >=3 AND "WARD" <=5))

3. Selecting the features based on their distance

* Such selection can be done within a given distance from the selection objects at a given distance or even
beyond the given distance.

- Which clinics are within the 2 kms of a selected school
- Which roads are within 200 mtrs of a medical clinic

4. Selecting the feature that intersect

Spatial selection using the intersect relationship between lines and polygon. E.g all buildings within that road.(see
Lab 1.5)



2.2 Classification and Measurement function

Classification of data (manual and automatic classification of data)

 Classification is a technique of purposefully removing detail from an input data set, in the hope
of revealing important patterns (of spatial distribution). In the process, we produce an output
data set, so that the input set can be left as it is(intact).

* We do so by giving a characteristic value to each element in the input set which is usually a
collection of spatial features that can be raster cells or points, lines or polygons.

* In classification of vector data, there are two possible results i) nothing changes with respect to
spatial extents of the original features. ii) adjacent features with the same category are merged
into one bigger feature.

* For example: The pattern that we look for may be the distribution of household income in a
city. Household income is called the classification parameter. If we know for each ward in the
city the associated average income, we have many different values. Subsequently, we could
define five different categories (or: classes) of income: ‘low’, ‘below average’, ‘average’, ‘above
average’ and ‘high’, and provide value ranges for each category. If these five categories are
mapped in a sensible colour scheme, this may reveal interesting information.



2.2 Classification and Measurement function

Classification of data (manual and automatic classification of data)

Household income range New category value

391-2474
2475-6030
6031-8164

8165-11587
11588-21036

bk WM =

(a) (b)

Figure 6-11: Two Classifications (a) with Original Polygons Intact (b) With Original
Polygons Merged

Source: Principles of Geographic Information
System - Rolf A. de By (ed.) (ITC Education Text
Book Series; 1)
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2.2 Classification and Measurement function

User-controlled (manual) classification of data

* |n manual classification user selects the attribute that will be used as the classification

parameter and defines the classification method.

 Classification method involves declaring the number of classes as well as the equivalance
between the old attribute values and the new classes usually via a classification table.

* |In such classification we must define the data format of the output, as a spatial data layer,
which will contain the new classification attribute. The data type of this attribute is always
categorical, i.e. integer or string, no matter what is the data type of the attribute(s) from which
the classification was obtained.

Here classification
parameter is
discrete.

Code COld category

New category

10

20
30
40
50
60
70
80

Planned resi-
dential
Industry
Commercial
Institutional
Transport
Recreational
Non built-up
Unplanned
residential

Residential

Commercial
Commercial
Public
Public
Public

Non built-up
Residential

Figure 6.10: An example
of a classification on a dis-
crete parameter, namely
land use unit in the city
of Dar es Salaam, Tan-
zania. Colour scheme:
Residential (brown), Com-
mercial (yellow), Public
(Olive), Non built-up (or-
ange). Data source: Dept.
of Urban & Regional Plan-
ning and Geo-information
Management, ITC.

Source: Principles of
Geographic
Information System -
Rolf A. de By (ed.) (ITC
Education Text Book
Series; 1)
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2.2 Classification and Measurement function

Automatic classification of data

* |tis a classification where GIS software automatically does the classification, in which a user
only specifies the number of classes in the output data set. The system automatically
determines the class break points.

Two main techniques of determining break points are:
a. Equal interval technique

* |n this technique the minimum and maximum values vmin and vmax of the classification
parameter are determined and the (constant) interval size for each category is calculated as
(vmax — vmin)/n, where n is the number of classes chosen by the user.

* This classification is useful in revealing the distribution patterns as it determines the number of
features in each category.

For example, if you create 5 classes with attribute values from 0-100, the 5 classes will be 0-20,
21-40, 41-60, 61-80, and 81-100. In the example above, 100 is the maximum, and O is the
minimum with 5 classes.



2.2 Classification and Measurement function

Automatic classification of data

a. Equal interval technique

Mame #of Letters |Mame #of Letters |Name #of Letters
lows - Hawaii 6 Gecrgia 7
Ohio < Kanzaz 6 Indiana 7
Utzah 4 Nevada [ Montana 7
Idaho 5 Oregon & Vermont 7
Maine 5 Alabams 7 '.l.'vumir_g 7
Texas > Arizona 7

Alazka E Florida 7

Name #of Letters |Name # of Letters | Name #of Letters
Arkansas B Nebrasks B California 10
Colorado B New York B New Jerzey 10
Delawars 8 Oklahoma 8 MNew Mexico 10
lifinois 8 |Virginia 8 |Washington 10
Kentucky B8 Louisiana 9 Connecticut 11
Maryland 8 Minnasota S Missiszippi 11
Michigan B8 Tennessee 9

Missouri B Wisconsin S

Name #of Letters |Name #of Letters |Name #of Letters

Morth Dakota

Fennsylvania

Rhede Island

12
12
12

South Dakota

Mazzachusatts

New Hampshire

WestVirginia

Morth Carolina

South Carolina

15

Source: https://gisgeography.com/equal-interval-classification-gis/
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2.2 Classification and Measurement function

Automatic classification of data
b. Equal frequency technique(quantile classification)

 Quantile classification divides classes so that the total number of features in each class is
approximately the same.

* |In this technique the total number of features is determined first and by the required number
of categories, the number of features per category is calculated.

* This technique is also known as quantile classification.

Quantile classification of US
states with 5 classes; here no of

41
total states(features) is 50. Source: https://gisgeography.com/equal-interval-classificatiofi-gis/



2.2 Classification and Measurement function

' Application of classification and measurement function

1. Useful for different local and central government agencies to keep the record of people living
there and the data related to the people living there. Like, household income, etc.

2. Useful for classification of the data regarding the census of country.

3. Useful in agricultural agencies to classify the soil types.

4. Useful in cadastral survey and land administration to classify the land types.

5. Similarly there are various other sectors where the huge number of data needs to be
classified.



2.3 Overlay functions and Neighborhood Analysis

Overlay functions

* |tis a technique of combining two spatial data layers and producing a third from them using
spatial overlay operators. For spatial overlay operators to work data layers should be
georeferenced in the same system and overlap in study area.

* The principle of spatial overlay is to compare the characteristics of the same location in both
data layers, and to produce a new characteristic for each location in the output data layer.

 Some of the Overlay functions are: Clip, Union, Intersect etc.
On basis of data structure there are two types of overlay functions. They are:
i. Vector Overlay Functions

ii. Raster Overlay Functions



2.3 Overlay functions and Neighborhood Analysis

Vector overlay operation
* |tis the overlay operation which is done on the vector data using vector overlay operator.
* |t can be done on point, line or polygon data layers.

* Vector overlay operators are useful, but geometrically complicated, and this sometimes results
in poor operator performance.

Some of the vector overlay operators are:
a. Polygon intersection operator
* |tis the standard overlay operator for two layers of polygons.

* The result of this operator is the collection of all possible polygon intersections; the attribute
table result is a join of the two input attribute tables.

* This operator is also called spatial join.



2.3 Overlay functions and Neighborhood Analysis

Vector overlay operation

a. Polygon intersection operator

First data layer

e
i I T e [ L e O [ e N B S S ' S Y+~ S BTN B o TN N - TR ST S I E T, VR (Y
144 1 ¢ | dddddddadi

4

[+

DN

Type

Q LULC vectorized — Features Total: 421, Filtered: 421, Selected: 0

SEERYE®P

-

E

21

| =

1 WaterBodies
1 WaterBodies
1 | WaterBodies
1 | WaterBodies
1 WaterBodies
1 | WaterBodies
1 WaterBodies
1 | WaterBodies
1 | WaterBodies
1 WaterBodies
1 | WaterBodies
1 | WaterBodies
1 WaterBodies
1 | WaterBodies
1 | WaterBodies
1 | WaterBodies
1 | WaterBodies
1 WaterBodies
1 | WaterBodies
1 | WaterBodies

1 WaterBodies

 Elhunas AN Coastitro: |

Source:
http://keshavrajbhusal.com.np/
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2.3 Overlay functions and Neighborhood Analysis

Vector overlay operation

. . () ButwalWards_44N — Features Total: 19, Filtered: 19, Selected: 0 - O X
a. Polygon intersection operator |, .. .= . . B
PROVINCE PR_NAME DISTRICT PALIKA TYPE WARD

1 5! Province No 5 RUPANDEHI Butwal Upamahanagar... 1

:2 5 Province No 5 RUPANDEHI Butwal Upamahanagar... 2
3 5 Province No 5 RUPANDEHI Butwal Upamahanagar... 3
4 5 Province No 5 RUPANDEHI Butwal Upamahanagar... 4
5 5 Province No 5 RUPANDEHI Butwal Upamahanagar... 5
& 5 Province No 5 RUPANDEHI Butwal Upamahanagar... 6
7 5 Province No 5 RUPANDEHI Butwal Upamahanagar... 7
8 5 Province No 5 RUPANDEHI Butwal Upamahanagar... 8
9 5 Province No 5 RUPANDEHI Butwal Upamahanagar... 9
10 5 Province No 5 RUPANDEHI Butwal Upamahanagar... 10

Source:
11 5 Province No 5 RUPANDEHI Butwal Upamahanagar... 11 https://www.youtube.c
12 5 Province No 5 RUPANDEHI Butwal Upamahanagar... 12 om/@spatialsight3356
13 5 Province No 5 RUPANDEHI Butwal Upamahanagar... 13 /videos
14 5 Province No 5 RUPANDEHI Butwal Upamahanagar... 14
15 5 Province No 5 RUPANDEHI Butwal Upamahanagar... 15
16 5 Province No 5 RUPANDEHI Butwal Upamahanagar... 16
17 5 Province No 5 RUPANDEHI Butwal Upamahanagar... 17
18 5 Province No 5 RUPANDEHI Butwal Upamahanagar... 18
Second data |ayer 19 5 Province No 5 RUPANDEHI Butwal Upamahanagar... 19 46



2.3 Overlay functions and Neighborhood Analysis

Vector overlay operation

() LULCWards._Intersect — Features Total: 493, Filtered: 493, Selected: 0 - O X
a. Polygon intersection operator |7 *“"® = : cTEEE . ¥E TR
4 DN Type = PROVINCE PR_NAME DISTRICT PALIKA TYPE_2 WARD
1 1 WaterBodies 5 Province No 5 RUPANDEHI Butwal Upamahanagar... 1
;2_ 1 WaterBodies 5 Province No 5 RUPANDEHI Butwal Upamahanagar... 1
3_ 1 WaterBodies 5 Province No 5 RUPANDEHI Butwal Upamahanagar... 2
4_ 1 WaterBodies 5 Province No 5 RUPANDEHI Butwal Upamahanagar... 12
5_ 1 WaterBodies 5 Province No 5 RUPANDEHI Butwal Upamahanagar... 11
6_ 1 WaterBodies 5 Province No 5 RUPANDEHI Butwal Upamahanagar... 12
Y_ 1 WaterBodies 5 Province No 5 RUPANDEHI Butwal Upamahanagar... 12
8_ 1 WaterBodies 5 Province No 5 RUPANDEHI Butwal Upamahanagar... 11
9_ 1 WaterBodies 5 Province No 5 RUPANDEHI Butwal Upamahanagar... 11
? 1 WaterBodies 5 Province No 5 RUPANDEHI Butwal Upamahanagar... 11
T 1 WaterBodies 5 Province No 5 RUPANDEHI Butwal Upamahanagar... 11
? 1 WaterBodies 5 Province No 5 RUPANDEHI Butwal Upamahanagar... 11
: 1 WaterBodies 5 Province No 5 RUPANDEHI Butwal Upamahanagar... 11
: 1 WaterBodies 5 Province No 5 RUPANDEHI Butwal Upamahanagar... 12
? 1 WaterBodies 5 Province No 5 RUPANDEHI Butwal Upamahanagar... 12
? 1 WaterBodies 5 Province No 5 RUPANDEHI Butwal Upamahanagar... 11
? 1 WaterBodies 5 Province No 5 RUPANDEHI Butwal Upamahanagar... 11
/_ K 1 WaterBodies 5 Province No 5 RUPANDEHI Butwal Upamahanagar... 12
After |ntersect|0n; attr Ute table Va|UES are ? 1 WaterBodies 5 Province No 5 RUPANDEHI Butwal Upamahanagar... 11
J0|ned . ; 1 WaterBodies 5 Province No 5 RUPANDEHI Butwal Upamahanagar... 11
21 1 WaterBodies 5 Province No 5 RUPANDEHI Butwal Upamahanaqgar... 17




2.3 Overlay functions and Neighborhood Analysis

Vector overlay operation
b. Polygon clipping operator

* It takes a polygon data layer and restricts its spatial extent to the outer boundary of second
input layer polygon.

CLIP BY

Fig: showing polygon clipping operation

Source: Principles of Geographic Information
System - Rolf A. de By (ed.) (ITC Education Text 48
Book Series; 1)



2.3 Overlay functions and Neighborhood Analysis

Raster overlay operation
* |tis the overlay operation which is done on the raster data.

* Raster overlays do not suffer from geometrical complication, as most of them perform their
computations cell by cell, and thus they are fast.

* GISs that support raster processing—as most do—usually have a language to express
operations on rasters. These languages are generally referred to as map algebra or sometimes

raster calculus(raster calculator in case of QGIS).
When producing a new raster a statement of the following format shall be provided:

Output raster name = Raster calculus expression

* When the expression is evaluated, the GIS will perform the calculation on a pixel by pixel basis,
starting from the first pixel in the first row, and continuing until the last pixel in the last row.



2.3 Overlay functions and Neighborhood Analysis

Raster overlay operation

There is a wide range of operators and functions that can be used in raster calculus. Some of
them are:

a. Arithmetic Operators
* It includes multiplication (x), division (/), subtraction (-) and addition (+).

* |t also includes modulo division (MOD) and integer division (DIV). Modulo division returns the
remainder of division: for instance, 10 MOD 3 will return 1 as 10-9 = 1. Similarly, 10 DIV 3 will

return 3.

* More operators are goniometric: sine (sin), cosine (cos), tangent (tan), and their inverse
functions asin, acos, and atan, which return radian angles as real values



2.3 Overlay functions and Neighborhood Analysis

Raster overlay operation

There is a wide range of operators and functions that can be used in raster calculus. Some of

them are:

a. Arithmetic Operators

Figure 6-8: Examples of Arithmetic Operators

Source: Principles of Geographic Information
System - Rolf A. de By (ed.) (ITC Education Text
Book Series; 1)

5|5[2]2|A 15 (15 12 [12 | C1
5(5|5 = C1=A+10" [15]15 |15 [12
5.2 2 .2 .18 .12 .12_1.2 99 [1010] C2
6|6|6|6 16 (16 16 16| 519 (9 [0
7 10
alala]a]® | C2:=A+B ';H: 11 [11 |-60]-60
4(4(4]|8 11 |11 |11 |60
C3:=((A-B)Y(A+B))*100
1(1(8]|8 71 |71]-14|-14

C3

51



2.3 Overlay functions and Neighborhood Analysis

‘Raster overlay operation

b. Comparison and Logical Operators

* Comparison operators includes (<=, =, >=, > and <>) operation.

* The comparison and logical operators produce rasters with the truth values true and false.

* Logical connectives such as AND, OR and NOT are also supported in many raster calculation.
Another connective that is commonly offered in raster calculation is exclusive OR (XOR).

The expression a XOR b is true only if either a or b is true, but not both.



2.3 Overlay functions and Neighborhood Analysis

Raster overlay operation

b. Comparison and Logical Operators

A
FIF|F D1
FIF
FIF| |FH . D2
ElElg|| D1 := (A="forest") AND (B < 500)
FIF
F = forest
D2 := (A = "forest") OR (B < 500 i
7 =700 m. A imESL ) s ) D3
6 = 600 m.
4=400m. B D4
; ; ;; : D3 = (A = "forest") XOR (B < 500) "
4|4(4]4 |4
616|444
6161616 [6- D4 :=(A="forest") AND NOT (B < 500) i

Source: Principles of Geographic Information
System - Rolf A. de By (ed.) (ITC Education Text
Book Series; 1)

Examples of logical expressions in map algebra. Green cells represent true values, white cells
represent false values. Here A is a classified raster for land use, and B holds elevation values. 53



2.3 Overlay functions and Neighborhood Analysis

Raster overlay operation
c. Conditional Expressions

* The general format is:
Output raster = CON (condition, then expression, else expression).

Here, condition is the tested condition, then expression is evaluated if condition holds, and
else _expression is evaluated if it does not hold.

A C1
FIFI|F 71717]o|o
FI|F M Il 7]10|0|0
F|F F » 0]|4]4]0]4
elElE]| |[C1:=CcON(A="F"B,0) olola|a]|a
E o|lo|lol|le |6
3
B 1010/10| 0|0
2 en X >jajio|o0o|o0|0
2| | €2 :=CON ((A="F") AND (8=7), 10, 0) Glololols
4 | |7 =700m. ololo|o]o
-6 =600m. 010101919 source: Principles of Geographic Information
i A=aaum System - Rolf A. de By (ed.) (ITC Education Text
L. ] ] ] e ] Book Series; 1)
Examples of conditional expressions in map algebra. Here A is a classified raster holding land use 4

data, and B is an elevation value raster.



Neighborhood function (Generating buffer zone)

' Neighborhood function
e Neighborhood operations evaluate the characteristics of an area surrounding a specific location

To perform neighborhood analysis, we must:

i. State which target locations are of interest to us, and define their spatial extent.

ii. Define how to determine the neighborhood for each target.

iii. Define which characteristic(s) must be computed for each neighborhood (we indicate what it
is we want to discover about the phenomena that exist or occur in the neighborhood. This might
simply be its spatial extent, but it might also be statistical information).

E.g Our target might be a road. Its neighborhood could be defined as: parcels within 60 m of
road, characteristic we might be looking could be spatial extent of parcels.

Some of the neighborhood function are buffer zone generation, thiessen polygon generation,
flow computation etc.
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Neighborhood function (Generating buffer zone)

' Neighborhood function

Which parcels are within 60m of the road?

Source: https://planet.uwc.ac.za/n
isl/GIS/Web_Page/page_3 6:htm



Neighborhood function

1. Proximity computations/analysis
e We use geometric distance to define the neighborhood of one or more target locations.
e The most common and useful technique is buffer zone generation.

1.1 Buffer zone generation

e |t is done with the both vector and raster data.

e The principle of buffer zone generation is simple: we select one or more target locations, and
then determine the area around them, within a certain distance.

* |n vector-based buffer generation, the buffers themselves become polygon features, usually in
a separate data layer, that can be used in further spatial analysis.

e Buffer generation on rasters is a fairly simple function. The target location or locations are
always represented by a selection of the raster’s cells, and geometric distance is defined, using
cell resolution as the unit. The distance function applied is the Pythagorean distance between

the cell centres.
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1.1 Buffer zone generation

Buffer zone generation around main and
minor roads. Different distances were
applied: 25 metres for minor roads, 75
metres for main roads.

Neighborhood function

Source: https://planet.uwc.ac.za/n
isl/GIS/Web_Page/page_3 6:itm



Neighborhood function

2. Flow computation
e |t determine how a phenomenon spreads over the area, in principle in all directions, though

with varying difficulty or resistance.

3. Raster based surface analysis
e |t includes slope angle calculation, slope aspect calculation, visibility analysis, automatic

catchment delineation etc.



Application examples of overlay and neighborhood function

' Application examples of overlay function

1. Overlay operation can be used in site suitability analysis to find the best location to construct
a new school, hospital, police station, industrial corridors etc.

2. It is also used in multicriteria decision analysis(MCDA) for overlaying multiple layers.

For example criteria of nuclear waste repository, site should be an area of suitable geology, site
must not be easily accessible, site must be away from high population and site must be outside
the area of conservation.

3. Some specific applications of overlay operation include habitat suitability assessment for

pandas, site selection for a new business, or city expansion planning.



Application examples of overlay and neighborhood function

' Application examples of overlay function

4. Proximity analysis is often used in urban based applications to consider areas of influence and
ownership queries.

5. Proximity to roads and engineering infrastructure is typically important for development
planning, tax calculations, and utility billing.

6. Raster based surface analysis are used in slope angle calculation (the calculation of the slope
steepness, expressed as an angle in degrees or percentages, for any or all locations), slope

aspect calculation, hillshading etc.
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2.4Network analysis function

Network analysis function

* It is a kind of spatial analysis which is done on a network (a connected set of lines, representing
some geographic phenomenon, typically of the railways, streams, roads, waterlines, pipelines,
telecommunication lines etc).

* It analyses the movement of people, connectivity and accessibility of railway, roads, pipelines
and telecommunications, flow of matter and energy and movement of goods and services.

* Network analysis can be performed on either raster or vector data layers, but they are more
commonly done in the vector.

Some of the most important network analysis are:
i. Point-to-point analysis

ii. Finding Coverage

iii. Netwok allocation

Iv. Origin-Destination — OD Cost Matrix
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Network analysis function

2.4 Network analysis function

Road connectivity in Delhi University north Campus

Source:
http://epgp.inflibnet.ac.in/e
pgpdata/uploads/epgp _con
tent/S000017GE/P001788/
MO027032/ET/15172071137
_GIS_SEEMA_NetworkaNAL
YSIS.pdf
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2.4 Network analysis function

i. Point-to-point analysis
* |t consists of a set of points to find the most optimal route based on specific criteria.

Find Nearest/Closest: Where is the closest destination? It finds the nearest destination based on
a starting point with multiple potential destinations.

Shortest Distance: What's the fastest route? This analysis gathers all distances, as you travel out
from one point to the other. Then, it finds the route with the least distance.

Fastest/Quickest route: Which route takes the least amount of time? This network analysis takes
into account speed limits, road classification, and other costs to determine the least travel time.



2.4 Network analysis function

i. Point-to-point analysis

Route solver
Find the shortest path

between two stops using a
distance-based cost attribute.

Closest fadility solver
.1 Find the routes from an incident
: to all facilties that can be reached
™ 1 265 within 15 minutes of driving.

Route solver
Find the quickest route

between two stops using 3 | & : | g
time-based cost attribute. = e [ 1) \\\ / e e — 94 il 7 = 4
S __;J_b_f & 5/ /o ]
Figl: The quickest pathis ShOW_n in qu-e Fig2: The shortest path is 4.4 miles, Fig3: The closest hospital(facility) within
and has a total length of 4.5 miles, which  \yhjch takes 9 minutes to traverse. 15mins of accident spot.

takes 8 minutes to traverse
Source: https://desktop.arcgis.com/en/arcmap/latest/extensions/network-analyst/types-of-network-analyses.htm



2.4 Network analysis function

ii. Finding Coverage

* In this type of network analysis, drive-time areas correspond to the distance that can be

reached within a specific amount of time.

-y

* Fire station ?
Service are )

"
| | 4
! R i : L5

Fig: areas that can be reached within 5-minute drive distance from fire station.

Source:
https.//qgistbok.ucgis.org/bo
k-topics/2022-quarter-
02/location-and-service-
area-problems
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2.4 Network analysis function

iili. Network allocation

* In network allocation, we have a number of target locations that function as resource centres,
and the problem is which part of the network to only assign to which service centre.

It includes:

I.  The capacity with which a centre can produce the resources (whether they are medical
operations, school pupil positions, or bottles of milk), and

ii.  The consumption of the resources, which may vary amongst lines or line segments. After all,
some streets have more accidents, more children who live there, more industry in high
demand of electricity.
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2.4 Network analysis function

Network allocation

E.g network within 2km of school(represented by star) where the students live; demographic
study data showed more student live there than the schools capacity and network was reduced
to some portion and now only students in that network are admitted in school which is under

schools cabacitv.

E |
’N
¥: Source:
https://webapps.itc.utwent

\ e.nl/librarywww/papers 20
09/general/principlesgis.pdf

1 \
A SN
%

Fig: network allocation 68


https://webapps.itc.utwente.nl/librarywww/papers_2009/general/principlesgis.pdf

Process of network analysis

Ending Point

2.4 Network analysis function

Starting Point

Source:
https://docs.qgis.org/3.4/e
n/_images/start_end_point.
png
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2.4 Network analysis function

Process of network analysis
The general procedure for network analysis in gis are:
1. Organizing Network Analysis toolbar:

* In any GIS system, like QGIS, first thing is you need to open the Processing Toolbar. There you
need to search for ‘Network Analysis” and select desire algorithm according to your data and

Processing Toolbox = =

purpose of analysis. S )
| Q, kearch..

b L) Recently used
r 3} Cartography
* () Database
¥ File tools
v (2} Graphics
v} Interpolation
» 3 Layer tools
. Service area (from layer)
. Service area (from point)
« Shortest path {layer to point)
. Shortest path {point to layer)
. Shortest path {point te point)
» (2 Raster analysis Source:
» ) Raster terrain analysis :
» (X Raster tools d https://docs.qgis.org/3.4/e
» G} Vector analysis n/_images/start_end_point.
v (3 Vector creation — - -
v} Vector general png
b} Vector geometry
) Vector overlay
r 3 Vector selection
b} vector table
*
2
2

dm GDAL 70
4 GRASS
& SAGA



2.4 Network analysis function

Process of network analysis

2. Adding a Dataset to Your GIS Program

* Once you open the toolbar then you need to add the required dataset in parameters settings.
Data may be network points or network lines.

Shortest Path (Point to Point)

L .

Parameters | Log Shortest path (point to
Vector layer representing network point]

" network_lines [EPSG:3857] i U This algorithm computes optimal
{shortest or fastest] route between
given start and end points
Path type to calculate
Shortest
Start point (%, y}
-337692.99174418324,14891793.808113473 [EPSG:32734]
End point (x, y)
-338431.3080566399,14891487.742442127 [EPSG:32734]
p— p . Source:

vanced parameters )

S https://docs.qgis.org/3.4/e
AR —— n/_images/start_end_point.
LLreate temporary layer) asn

; png
V| Open output file after running algorithm

0% 71

[@|Help Run as Batch Process... #cClose || &PRun |



2.4 Network analysis function

Process of network analysis

3. Selecting path type to calculate:
* In QGIS, we can choose shortest and fastest type to calculate between two points.

4. Performing the Analysis
* Once you have done all of above step you can simply click run which performs the analysis.



2.4 Network analysis function

' Application of network analysis

1. Routing:

* Finding the shortest route from A to B through a road network is crucial for emergency

services(like ambulance), business journeys, or simply planning routes for holiday makers
touring a region.

* |t is used in delivery services(food or any goods delivery) to reach clients in shortest way.

2. Resource allocation:

* The objective is to create service areas around a service centre and, if implemented

successfully, allows an organisation to optimise the distribution of the resources based on the
capacity of each facility.

For example, enrollment of students from only within a particular network such that capacity of
students can be handled by school.



2.4 Network analysis function

' Application of network analysis
3. Isochrones (lines joining points of equal time):

* Applications of this operation are for the establishment of cost surfaces or zones for
transportation of goods and services.

For example, a furniture retailer may define zones A, B and C around the retail outlet. If you live
in Zone A you can have goods delivered free of charge, if you live in Zone B, you will be charged a
nominal fee, and if you live in Zone C you will be charged an exorbitant fee, because they don’t
want to have to send the delivery vans that far!

4. The Travelling Salesman Problem (TSP):

* The travelling salesperson has to visit a number of customers then return to base. She/he
needs to have details of the shortest tour possible for the sites to be visited. This is the obvious
application.



2.5 3D Analysis

3D representation of Earth surface(surface representation)

Physical surface of earth is not homogeneous and regular. Elevation varies from place to place.
We need to model the elevation of earth surface for various applications.

Different methods of terrain representation:

1. Traditionally elevation of terrain can be represented or modelled in many ways like
contouring, spot heights, layer tinting, hachuring, rock drawing, hybrid methods, shading etc.

2. In modern world, elevation of terrain is represented in the form of raster surface ( Digital
Elevation Model), TIN ( Triangulated Irregular Network), DTM, DSM etc.



2.5 3D Analysis

Methods for Generating contours
Contour can be generated through following methods:

1. Cartographic source: Topographic map can be scanned, georeferenced and digitalized to get
contours and point heights. Point heights can also be used later to generated contours
through various Interpolation techniques(IDW, Kriging etc.)

2. Stereo-pairs: It is traditional technique for generating contours where SPOT, Cartosat datasets
etc. are used.

3. Lidar data

Photogrammetric methods (analytical, digital): Stereo plotters and latest drone data
processing softwares can also generate contour by processing aerial images.

5. Using DEM in GIS softwares.



2.5 3D Analysis

‘Methods for generating 3D surface from 3D points

1. Interpolations methods

* Mathematical functions to represent the surface according to some specific methods based on
the set of measured data points.

By the size of the area for interpolation, two approaches are identified. They are:

i. Area based

* |In this approach the surface is constructed by using all the known points within this area and
the height of any point within this area can be determined by using this constructed surface.

ii. Point based



DEM Products '
Slope

* It measures the rate of change of elevation of a surface. It is the first derivative of elevation.

» Slope may be expressed as percent slope or degree slope. The lower the slope value, the flatter
the terrain; and the higher the slope value, the steeper the terrain.

e |tis obtained from DEM in GIS.

Source:
keshavrajbhusal.com.np

Tutorial:
https://www.youtube.com/watch?v=wBPXsToa-
9wé&ab channel=SpatialSight

Fig: showing slopes in degree 78




DEM Products

'Application of slope

» Slope maps are used by architects, landscape planners, hydrologist in designing structures and
predicting water flow.

* Slope is also an important input to analyses the most suitable routes across terrain for power
lines, highways, and military vehicles.

* It is also used as a criteria in many Multicriteria Decision Analysis(MCDA) for suitability analysis
like Landfill site selection, Landslide hazard zoning etc.



DEM Products
' Aspect

* Aspect is the directional component of slope. An aspect of 0 means that the slope is North-
facing, 90 East-facing, 180 South-facing, and 270 West-facing.

* Aspect measures are often grouped into the four principal directions or eight principal
directions.

When the terrain is flat, there is no slope. So this also means that there is no aspect.

* |f no slope exists, then the cell value will be -1. These are the grey cells in the aspect map
below. Where slope exists, aspect is measured clockwise starting north at 0°. It returns back as
360° north again. n

®
0 - 360
Tutorial: : }:’: @270 2°®
https://www.youtube.com/watch?v=NpYt- G
QW9VIM&ab_channel=SpatialSight f :
444 kol gL 180
v s / oyt [ North (315-45) ®
Prs S5¢ [ East s-15) Source:
' B South (135-225) https://docs.qgis.org/3.22/en/docs/user_manual/
Source:http://keshavrajbhusal.com.np/ [ West (225-315) processing_algs/qgis/rasterterraintinalysis.html?hi

ghlight=aspect



DEM Products
' Application of aspect

I. Forestry:
 Suitability site analysis for planting trees in forest, habitat suitability analysis.
ii. Farmers grow seed according to the amount of solar radiation based on slope aspect data.

iii. Ski site selection: For ski in snow, planners prefer north facing slope as it receives less
radiation which is planned using slope aspect data.

iv. Specialized agriculture: Using aspect data farmers in Swiss Alps grow crops in south facing
slopes as they are not affected by cold and dry winds which is essential for crop production.



DEM Products

Hillshade

* |tis a technique of hypothetical illumination of a surface by a light source on the basis of
illumination value by the relative position of sun on that cell or slope and aspect on that cell.

* Hill-shading creates a 3D effect that provides a sense of visual relief for cartography and a
relative measure of incident light for analysis. Hillshade is used for enhancing visualization of

terrain and topography. North 90
. 5_°§ 3
£ 270 80

Source:
https.//gisgeography.com/aspect-map/
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DEM Products e
'Application of Hillshade

i. Hillshades are often used to produce maps that are visually appealing. Used as a
background, hillshades provide a relief over which you can draw raster data or vector data.

Source:http://keshavrajbhusal.com.np/

Tutorial:
https://www.youtube.com/watch?v=no2l3k
HcaSM&ab _channel=SpatialSight

Fig: cartographic hillshade combined with elevation data showing terrain of butwal .



2.5 3D Analysis

' Surface Area

e Surface area is the total area that can be measured on the entire surface. This can only be
measured if the object is a three dimensional object.

e Surface area is a fundamental parameter derived from terrain analysis in GIS for modelling the
real world. Surface area can be calculated for DEM and TIN directly.

Volume

* The amount of space measured in cubic units that an object or substance occupies in
measured amount that a container or other object can hold in cubic capacity.

Tutorial: Cut Fill volume analysis: https://youtu.be/JIkOmhWJST8o



2.5 3D Analysis

Contouring:-

* Contour is an imaginary line of constant elevation on the ground surface. The corresponding
line on a map is called a contour line. The distribution of the line shows how elevation change
across a surface.

e Contouring is the standard method of representation of terrain.

e Contour in GIS can be generated using raster surface ( DEM) and vector terrain representing
surface TIN.

Contour Lines

Source:
https://adventure.howstuff
works.com/outdoor-
activities/hiking/how-to-
read-a-topographic-
map2.htm

Contour
Interval
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2.5 3D Analysis

Verical profile generation
* A vertical profiles shows changes in elevation along a line such as hiking trail, road or a stream.
The manual method usually involves the following steps:

i. Draw a profile line on a contour map.

ii. Mark each intersection between a contour and the profile line and record its elevation.
iii. Raise each intersection point to a height proportional to its elevation.

iv. Plot the vertical profile by connecting the elevated points.

L —

——/'~/

Elevation
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/
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801

Source: Kang-Tsung (2019). Introduction to
Geographic Information Systems. 5th
Edition. McGraw Hill. ISBN: 0070658986




3D Analysis; Verical profile generation

Profile Tool

Profile | Table Settings

54 |Y : 54.538

‘X 1 93.779

0 20

Reset view | Height v V| Interpolated profile Graph - PNG v

55.13 =

maximum 180 .P‘\;SS_‘?I‘J_(:P\ 1

4

Layer

S
spatlalsight

@

Band/Field  Search buffer

Options
Selection
minimum
a7.57 |%
Save as

Add Layer

V| Show cursor

Same axis scale

Remove Layer

Temporary polyline |

Link mouse position
on graph with canvas

Click for polyline and double click to end (right click to cancel then quit) Coordinate 732654.8,3051795.1 % Scale | 1:1347

Source: https://www.facebook.com/photo/?fbid=125886130371043&set=a.111287168497606

v | @ Magnifier| 100%

-
-

Rotation

|-10.0 €3

FN
v

v Render @epsciazess @



2.5 3D Analysis
- Digital Elevation Model (DEM)

* |t is the most versatile and useful representation of terrain in GIS. This is a raster
representation, in which each grid cell records the elevation of the Earth's surface, and reflects
a view of terrain as a field of elevation values.

A DEM refers to bare-earth elevations, disregarding(exclusion) of the built (e.g., buildings) or
natural (e.g., vegetation cover) features.

« DEM are used often in GIS and are most common basis for producing relief maps.

* The data sources for DEMs include topographic maps, aerial photographs, satellite images
(from both passive and active systems), light detection and ranging (LiDAR) data, and data
collected by unmanned aerial systems-based photogrammetry and terrestrial laser scanning.



2.5 3D Analysis
-Applications of Digital Elevation Model (DEM)

* Creation of relief map.
* Providing rendering of 3D visualizations by overlay of dem with satellite imagery.
e Rectification of aerial photographs.

 TERRAIN STABILITY: Areas prone to avalanches are high slope areas with sparse vegetation. This
is useful when planning a highway or residential subdivision.

« HYDROLOGIC MODELING: Hydrologists use DEMs to delineate watersheds, and calculate flow
accumulation and flow direction in HEC-RAS and other GIS softwares.

* It is also used in surface analysis(creating Slope, Aspect, Hillshade, Viewshade etc.)

e Construction: Highway, railway, irrigation, (longitudinal and cross-section) survey.



2.5 3D Analysis

' Digital Surface Model (DSM)

» Adigital surface model (DSM) represents elevation, which includes the built and natural
features on the Earth’s surface.

* DSMs can be prepared from LiDAR data, because a LiDAR system can detect multiple return
signals from objects of different elevation values.

Applications of Digital Elevation Model (DSM)

* RUNWAY APPROACH ZONE ENCROACHMENT: In aviation, DSMs can determine runway
obstructions in the approach zone.

* VIEW OBSTRUCTION: Urban planners use DSM to check how a proposed building would affect
the viewshed of residents and businesses.

* |tis also used in flood hazard management because knowing DSM data of flood zone helps in
effective planning.



2.5 3D Analysis '

Digital Surface Model (DSM) vs DEM

4 Z, elevation DSM
i Digital Surface Model

Y

———— . ——— . —— " ———— " ———— . ——

4 Z, elevation DTM

el e o —— - —— - —— - —————— . —— " ———— - ——— -
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2.5 3D Analysis

DEM vs DSM

egend
1,547.939941

egend
1,550.930054

Source:
http://keshavrajbhusal.com 1,511.352539 1,511.417725

.np/ 9z
Fig: (1)DEM (2)DSM
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Define visualization

Introduction

* Visualization is simply the representation of an object or set of information as a chart or other
image. In GIS, cartographic visualization is the translation or conversion of spatial data from a
database into graphics(mainly maplike products).

* During the visualization process, cartographic methods and techniques are applied.

* Visualization process can be simple or complex, while the production time can be short or long
depending on visualization purpose and environment (personal computer, WWW etc.).

spatial
database

visualisation process

translation of spatial data into maps guided by

“How to say what to whom, and is it effective?”

applying cartographic methods and techniques

Fig: showing visualization process

ol
g

OVERIJSSEL

Source:
https://webapps.itc.utwent
e.nl/librarywww/papers_20
09/general/principlesgis.pdf
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Introduction

‘Various visualization technique (Hard and softcopy)[Dissemination Techniques of Maps]
Hardcopy

* Maps are disseminated in physical paper by photocopying or offset printing using printers.

Application software
Prodwces dizital map file
(vector and'or raster)

L,

: Printer driver
 Comverts digital map file into page description data
(in & pamicalar page description lansuags)

b Raster Image Processor (RIP)

Interprets page descrpion data and produces raster mmage

PI:I]]!:]-II.E device Source:
Processes raster image and prints the map https://webapps.itc.utwent

e.nl/librarywww/papers_20
09/general/principlesgis.pdf

Fig: digital map printing process process 97



Various visualization technique [Dissemination Techniques of Maps]

Hardcopy
Advantages
* No device needed: You do not need a computer, mobile or other electronic device to access it.

* Offline Access: One of the key advantages of paper maps is that they may be consulted even
when there is no signal or internet connection.

* Are easier to understand due to the limited features: Paper maps are easier to understand due
to the limited features shown on the maps at a time.

* Used for data comparison: Paper maps can be used to make data comparison for historical
purposes because they are static.



Various visualization technique [Dissemination Techniques of Maps]

' Hardcopy
Disadvantages

* Cannot be updated easily: Paper maps are printed on paper and can therefore not be updated
on the same paper. This means that you cannot make any changes on the map based on the
changes in landforms.

* Paper maps are limited to specific area based on the scale of the map: Paper maps are
representations that are limited on a specific area of the land and not the entire geographical
location.

e Storage requires physical space: Storage of paper maps requires that you keep them in a
dedicated place in your house or in your suitcase since it can be physically handled.

* Extra Care is Required: If the map becomes wet, it will become unreadable and useless.



Various visualization technique [Dissemination Techniques of Maps]

' Softcopy (Digital Map)

* It includes map displays on monitor screen and WWW (WebMap)

* WWW is the major medium for the dissemination of maps to users. E.g Google map, Google

earth etc.
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Various visualization technique [Dissemination Techniques of Maps]

' Softcopy (Digital Map)
Advantages

* Can be easily updated: Digital map is mostly real time representations of an area and can
therefore be updated easily because the changes will be updated automatically. Offline Access:
One of the key advantages of paper maps is that they may be consulted even when there is no
signal or internet connection.

* Digital maps can represent all features at the same time: Digital maps can be used to represent
all features of a given area at the same time. They allow filtering for specific features but can
also show the entire area.

* Digital maps are not limited to any area: Digital maps are not limited to show only a specific
area based on scale. They can be widened to show the entire area.

* Panning, zooming and other interactive features.



Various visualization technique [Dissemination Techniques of Maps]

Softcopy (Digital Map)
Disadvantages
* Device needed: You need a computer, mobile or other electronic device to access it.

* No offline Access: One of the key disadvantage of softcopy maps is that they require signal or
internet connection to access them. People in remote areas without internet access can’t use
them.



Map Data Types

' Fundamentally, maps display only two types of data: qualitative and quantitative.

Qualitative data type
* Qualitative data is nominal, meaning types, but no specific order to them.

* Map with qualitative data in geographic units should get equal attention, and none should
stand out above the others.

* The categorical differences in qualitative data can be shown with symbols that vary by color
hue (e.g., red, green, blue) and shape (e.g., circles, squares, triangles).

Examples Land Use land cover classification, Soil types, political boundaries etc.

Source:

https://webapps.itc.utwent
e.nl/librarywww/papers_20
Fig: Map with delineated the boundaries of a 09/general/principlesgis. pdf

province’s watersheds 103




Map Data Types

Quantitative data type

* Map with quantitative data in geographic units gets unequal attention, and some features
stand out above the others.

* The categorical differences in quantitative data can be shown with symbols that vary in size

and color value.

Examples Dot density map, graduated color map etc.

Source:
https://webapps.itc.utwent
e.nl/librarywww/papers_20
. . . . 09/general/principlesgis.pdf
Fig: Map showing absolute quantitative date

of total population in municipalities 1od




Quantitative data types

Quantitative data can be further classified as ordinal, interval, or ratio data.
Ordinal

* Ordinal data are categorical data where there is a logical inherent ordering to the categories.
* Data with a clear element of order, though not quantitatively determined (ordered).

This includes:

i.  Fire danger: low, medium, high

ii. Risk of flooding: low, medium, high

* Examples of ordinal data often seen on reference maps include political boundaries that are classified
hierarchically (national, state, county, etc.) and transportation routes (primary highway, secondary highway, light-
duty road, unimproved road).

BOUNDARIES

NRIORE v cuwsivn anines iR e g

State or-torrhoniel i vnnaTiss e IR R bl ek

COUTRY OF OUUIVIMINE «.5:x:0 n v ms:minia 00 0:50500 pom mom minsos b o -

Civil township or equivalent ................... __ _| Source:

| i —— https.//webapps.itc.utwent

ncorporated-city or equivalent . ..............00beeen = e.nl/librarywww,/papers_20
Park, reservation, or monument ...............0b— . ] 09/general/principlesgis.pdf
ST SO S | S

Figure 3.10.1 Attribute data measured at the ordinal level: Ranked categories of boundaries depicted on

BRI G o bt i B - o o S



Quantitative data types

Interval
e Continuous data without an inherent 0 value.
* Internal data are continuous values (not categorical) but there is no definite 0 value.

* Examples include: Temperature



Quantitative data types
. Ratio
 Continuous data with an inherent 0 value.

* The ratio values are calculated and expressed a series of ratios or proportional values, such as
percentage, per km, per inhabitant. This kind of data is the most common.

 Examples include: Precipitation, Population density, Elevation

L
Source:

https://www.espon.eu/sites/default/files/attachme
nts/MAPPING_GUIDE_EXTERNAL.pdf

Fig: GDP per inhabitants of a city 107




Visual Variables

Visual variables
 Visual variables are distinctions that we can use to create and differentiate symbols on a map.

* We can make point, line, and area symbols on the map appear more or less distinctive and
prominent by altering their shape, size, color, etc.

* The term ‘visual variable’ was introduced in 1967 by Jacques Bertin.
* The choice of visual variable depends on the type of data to be displayed.

e Qualitative Visual Variables: Hue, Orientation, Shape, Texture ; Quantitative Visual Variables:
Value and Size

* The visual variables enable observers to perceive:

1. What is of equal importance(e.g through seeing same size or color used)

2. Order (e.g. the population density varies from low to high—represented by light and dark colour tints,
respectively)

Quantities (e.g. symbols changing in size with small symbols for small amounts)

4. An instant overview of the mapped theme.



Visual Variables

Visual variables types

differences symbols

in: point line area
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Source:
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Visual Variables

Visual variables types

1. Colour/Hue:

* Hue is great for identifying items as unique, or of a type of item.
* |t creates a perception of groups or likeness.

2. Orientation: Orientation refers to the direction of a symbol.

3. Texture: Grain/Texture refers to the coarseness (resolution or spacing) of the graphic elements within a
symbol while value remains constant.

* It refers to the pattern used to fill the body of the symbol.
* |t can be to lines, using dash patterns, but it is mostly applied to areal symbols.
applied

4. Value/Saturation: is the lightness or darkness of a color, with black at the lower end and white at the
higher end.

* We generally perceive darker symbols on a map as being more important, or higher in magnitude.



Visual Variables

Visual variables types
5. Size: Size refers to the dimension of the symbol.
* In the case of points, it can be applied by changing the size of the symbol itself.

* In the case of lines, changing their thicknesses is the most usual way of applying this visual variable on
them.

* Itis not used in areal symbols, except in the case of using a texture fill, in which the size variable is
applied to the texture and not to the symbol itself.

6. Shape: It is defined by the perimeter of the object.

* This variable is mostly used in the case of point data, using a symbol of a given shape located at the
exact coordinates of the point to be rendered.

* It is difficult to apply to linear symbols and in the case of areal symbols it requires altering the shape of
the symbol itself.



Visual variables

Good vs Bad use of visual variables in mapping Absolute Quantitative data

Figure 7.15: Poorly de-
signed maps displaying
absolute quantitative data:
(a) wrong use of green
tints for absolute popula-
tion figures; (b) incorrect
use of colour

Source:
https://webapps.itc.utwente.nl/librarywww/papers 2009/q

eneral/principlesqis.pdf; pg no. 474

fig(1): symbols in red color varying in size displays the data correctly; greater symbol signifies greater population and so on.
Fig (a): Viewer might think that dark green region having more area of geographic units has got more population but that might

not be the case instead dark green region with smallest geographic units could have greater population

Fig(b): Due to too much use of color user can’t understand where is more population. e


https://webapps.itc.utwente.nl/librarywww/papers_2009/general/principlesgis.pdf

Visual variables e,

Good vs Bad use of visual variables in mapping Relative Quantitative data

Inhabitants per sq km
1 54-156
"1 157-328
B 339-525
B 526-1972

54-156
157-338
339-525

526-1972

Figure 7.17: Badly de-

signed maps representing

relative quantitative data:

(a) lightness values used

out of sequence; (b) colour
(b) should not be used

(1) @)

Source:
https://webapps.itc.utwente.nl/librarywww/papers 2009/q

eneral/principlesqis.pdf; pg no. 475

fig(1): Value has been used to display the density from low (light tints) to high (dark tints). This helps viewer to understand info easily.

Fig (a): Incorrect application of the visual variable value. In this map, the value tints are out of sequence. The user has to go through quite some
trouble to find out high-density areas.

Fig(b): Colour has been used in combination with value. Might reader may think brown color has more population density at first. Thismap
misguides the viewer.


https://webapps.itc.utwente.nl/librarywww/papers_2009/general/principlesgis.pdf

Types of Maps

' Types of map for visualization

1. Static map

* The digital equivalents of paper map.

* |s often digital scan of a paper map or an export from a GIS package.

* They can be shared in web and offer more than view-only functionality, they may present an
interactive view to the user by offering zooming, panning, or hyperlinking to other
information..

* Scale of the map cannot be changed.

* Areas off the edges of the map cannot be viewed and components of the map cannot be
toggled on or off.



Types of Maps

- Types of map for visualization

2. Dynamic map
e Appearance changes frequently or automatically.

 Dynamic maps are about change; change in one or more of the spatial data components. On
the WWW, several options to play animations are available. The so-called animated-GIF can be

seen as a view-only version of a dynamic map.

* Data of dynamic maps are connected with the database and are updated in map whenever the
database is updated.



Types of Maps

Types of map for visualization
3. Interactive Maps
* Appearance changes according to user input( zoom in, zoom out, popup).

* Interaction; zooming into a particular part of the map that you are interested in, inspecting
feature properties, editing existing content, panning etc.

* Most popular web map on the internet.

E.g google map, google earth etc.



Types of Maps

‘Base and thematic map
1. Base map

* A basemap is a layer that provides geographical context to the map and other dataset layers above it.

* The function of the basemap is to provide background detail necessary to orient the location of the
map. It also makes map aesthetically appealing.

* Typical GIS data and imagery that make up the layers for a basemap: streets, parcels, boundaries
(country, county, city boundaries), shaded relief of a digital elevation model, waterways, and aerial or
satellite imagery.

* Without the base map layer, there would be no geographical context and the map would be useless.

Depending on the type of map, any combination of those layers can be used. For example, A map showing
hiking trails could use a basemap containing a digital elevation model or topo lines that shows elevation,
thus allow viewers to understand the rise and fall of a trail’s path.



Types of Maps

Base and thematic map

Fig: Trail map with shaded
relief basemap.

X (Y ‘

Source:
http://shadedrelief.com/
3D _Terrain_Maps/3dterr
ainmapssho.html
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Base and thematic map

Types of Maps

University of Vienna
Campus 2 [

by
.\ p ..‘ o
i Topographic map as base

Administrative boundaries as
base map map

Different base map layers, depending on the map theme and purpose
119



Types of Maps

‘Base and thematic map
2. Thematic map

* Thematic maps mainly display phenomena and occurrences spatially but unlike topographic maps the
exact location is of a secondary importance.

However users can associate values to an approximate location by using reference data such as
administrative boundaries.

* A thematic map fundamentally consists of the topographic base map to provide background
information and the superimposing thematic content.

* They are usually made with a single purpose in mind of revealing the spatial distribution of one or two
attribute data sets.

 Thematic maps display effectively qualitative(categorical), quantitative(numerical), absolute values and
relative values.



Types of Thematic map

- Depending on the type of the data to be displayed, the user will have to decide on the type of the

thematic map.

i. Choropleth Map(Choro + pleth = area + value; Value applied to area)

Choropleth maps depict quantities aggregated to their regions by filling the entire region(district,
province etc.) with a shade or color. Typically, the quantities are grouped into “classes” (representing a
range in data value) and a different fill is used to depict each class.

The more dense an object is distributed within an area the darker the colour or the more dense the
pattern should be.

The map maker uses a type of data classification (equal interval data classification, quantile, natural
breaks etc. ) to produce its own unique choropleth map. Each data classification method impacts the
reader differently.

Choropleth maps are common ways to represent social and economic phenomenon.

E.g population density per square km of a district



Types of Thematic map

Choropleth Map:
Population Density, 2007

Source:
https://alg.manifoldapp.org
/read/introduction-to-
cartography/section/c3c062
72-8b8b-49e7-a957-

da0d06550b73
)
.o ‘~
’ Persons per Square Mile
b S 1-47
48 - 106
107 - 339
o 340-799
“NER ' 800 - 1184
Fig: Population density per square mile of county shown by varied saturation of green hue. 1)

lighter color green represents lower population density in the darker color green represents a higher population density



Choropleth map

When to use choropleth map?
I. When your data are attached to enumeration units (e.g municipalities, provinces, wards etc.).

ii. When your data are standardized to show ratios/rates. for e.g number of people in a each municipality
divided by the area of that municipality = number of people per square mile/km)

* The raw counts tell you how many people exist in each municipality, and the ratio tells you how tightly
packed-in those people are.

 Standardization/Normalization allow your readers to compare places that are very different. For example,
you can directly compare a large place (like Canada) with a smaller place (like Switzerland). Although Canada
has more people than Switzerland, it has a far lower population density; without standardization, that fact
might not be obvious.

iii. When your data have a continuous statistical surface (measure the phenomena anywhere). For example,
number of people is a count and not appropriate for choropleth maps; number of people per square mile is a
ratio and is a continuous statistical surface (even if it drops to zero over uninhabited places, every location has
a data value) and, thus, is appropriate for choropleth maps.



Types of Thematic map

. Choropleth Map:

Disadvantage:

* Because the data must be in ratio standardization, and relate to a defined physical area, much of the
specifics of the data become lost, as the map only represents the average of what is occurring in these
pre-defined physical units.

* Smaller places are easily overlooked on a choropleth map—even if they have large data values—while
large countries such as Canada dominate the map no matter what color they are.

Advantage:
* They can cover large amounts of data over large geographical areas, without confusion to the reader.



Types of Thematic map

. ii Proportional Symbol Map

 The main idea behind proportional symbol maps is that a larger symbol means “more” of something at
a location.

* Its symbology is unclassed. In other words, proportional symbol maps scale dots with absolute
magnitude.

Advantage:

i.  One advantage of proportional symbol maps over dot density maps is it is generally easier for map
readers to extract numbers from the map since estimating the size of a symbol is less tedious than
counting many little dots.

ii. An advantage of proportional symbol maps over choropleth maps is that the size of the enumeration
unit doesn’t matter. For e.g if a country with a small geographic area, such as the Netherlands, has a
large data value attached to it, it will have a large symbol over it.

iii. Proportional symbol maps can use either raw data (totals, counts) or standardized data (percentages,
rates, ratios).

Disadvantage:

* Displaying data for large enumeration units symbols become congested and hard to read.



Types of Thematic map

. ii Proportional Symbol Map
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Types of Thematic map

. iii Gradual Symbol Map
* It also represents magnitude of data by its size.

* |Its symbology is classed. It creates classes using data classification techniques like equal interval,
guantile, and natural breaks.

Advantage

* An advantage of graduated symbol maps over choropleth maps is that the size of the geographic feature
doesn’t matter.



iii Gradual Symbol Map

Types of Thematic map
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Types of Thematic map

iv Dot Density Map(Dot Distribution Maps)
* Dot-density maps depict a quantity for a given area by filling it in with small dots.

* Instead of larger symbols meaning “more” of something like in the previous two maps, dot distribution
maps shows “more” dots.

* They are easy to understand and, at a glance, show us instantly where things clump or cluster.
For example, here is a dot distribution map for US census tracts where each dot is 50,000 people.

Advantage:

* On a dot density map you can map raw data / simple counts (e.g., number of farms) or rates and ratios
(e.g., number of farms per sq kilometer).

* Your data need not be tied to enumeration units and hence some of the concerns inherent in
choropleth maps can be side-stepped with dot density maps (unless, of course, your data are reported
by enumeration units.

Disadvantage:

* One of the disadvantages of dot density maps is that it’s difficult to extract quantities from them. t’s
tedious to count small-sized dots for a large quantity.



Types of Thematic map

iv Dot Density Map(Dot Distribution Maps)
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Map design Principles

Map Design Concept and importance

* The purpose of map design is to enhance a map so that it is easy to understand and able to communicate the
correct message or information.

* A well-designed map is balanced, coherent, ordered, and interesting to look at, whereas a poorly designed
map is confusing and disoriented.

* Map design is both an art and a science.

* There may not be clear cut right or wrong designs for maps, but there are better or more-effective maps and
worse or less effective maps.

* Map design overlaps with the field of graphic arts, and many map design principles have their origin in visual
perception.

Cartographers usually study map design from the perspectives of layout and visual hierarchy.
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Map design Principles

. Map Design Concept and importance

Layout

* Layout deals with the arrangement and composition of various map elements.

* Major concerns with layout are focus, order, and balance.

Focus

* A thematic map should have a clear focus, which is usually the map body or a part of the map body.

* To draw the map reader’s attention, the focal element should be placed near the optical center, just above
the map’s geometric center.

* The focal element should be differentiated from other map elements by contrasts in line width, texture,
value, detail, or color.

Balance

”

* A finished map should look balanced. It should not give the map reader an impression that the map “looks
heavier on the top, bottom, or side.

132



Map design Principles

. Map Design Concept and importance

Visual hierarchy

 Mapmakers create a visual hierarchy by placing map elements at different visual levels according to their
importance to the map’s purpose.

* The most important element should be at the top of the hierarchy and should appear closest to the map
reader. The least important element should be at the bottom.

Figure ground relationship
* One key to visual hierarchy is understanding figure-ground relationship.
* Some things appear prominently as foreground, and others as background.

* Color and contrast play an important role in figure-ground relationships. The less contrast in a map, the
poorer the figure-ground effect, and likely the poorer the overall hierarchy.

* Your map has some background color, whether it’s a blank white page or something else. For elements that
are important, use colors that are noticeably different from the background, especially in terms of lightness.



' Figure ground relationship

Good
use of
figure
ground
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Fig: Color and brightness contrast let the land come forward from
the ocean, and things like the river come forward from the land.

Map design Principles
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' Figure ground relationship

Bad use
of figure
ground

Map design Principles

Fig: Low contrasts make it harder and slower to understand map

Source:
https://w
ww.axism
aps.com/
guide/visu
al-
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Map design Principles

Map Design Concept and importance
Interposition

* Interposition is the interrupting of the edge of one object with another object that causes the object to
appear on top and closer to the viewer.

* A map title, a legend, or an inset map looks more prominent if it lies within a box, with or without a drop
shadow. When the map body is deliberately placed on top of the neatline around a map, the map body will
stand out more.

Fig: showing Interposition by Overlapping Squares .



Map design Principles

. Map Design Concept and importance

Contrast

Contrast is a basic element in map design, important to layout as well as to visual hierarchy.

A well-designed map with a high degree of visual contrast can result in a crisp, clean, sharp-looking map. The
higher the contrast between features, the more some features will stand out (usually features that are
darker or brighter).

Contrast in color can separate the figure from the ground. Cartographers often use a warm color (e.g.,
orange to red) for the figure and a cool color (e.g., blue) for the ground.

Features that have less contrast appear to belong together.

Too much contrast can create a confusing map appearance.

Transparency

Transparency can also be useful in creating a visual hierarchy by “toning down” the symbols of a background
layer.

For example to superimpose a layer showing major cities on top of a layer showing rates of population change
by municipalities.



Map design Principles

. Map Design Concept and importance

Contrast

@) )

Fig: Contrast is missing in (a), whereas the line contrast makes the state outline look more important than the county boundaries in (b). antrast in
size or width can make a state outline look more important than county boundaries and larger cities look more important than smaller ones.



Map design Principles

. Map Design Concept and importance

Legibility

* Legibility is the ability to be seen and understood.

* Legibility depends on good decision making when selecting symbols. Choosing symbols that are familiar and
are appropriate sizes results in symbols that are effortlessly seen and easily understood.
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Web map and digital map
. Web map

 Web map” often implies a map that is not simply on the web, but rather one that is powered by the web.
* A web map depends on the internet. It is usually interactive.

E.g google map

Features of a webmap

i.  Dynamic scales and content: Web maps are not static images. Different scales display varying levels of
detail. For instance, zooming in may reveal information that wasn’t apparent before. Real time info

ii. Interactive: Web maps are built to be interacted with by an end user, often in order for the user to explore
a dataset and learn something.

iii. Display real-time data updates: Web maps are useful for geovisualizing real-time data like weather, flight
info etc.

iv. Built of : Client side technology like html, css, javascript etc. and serverside technology like Django,
Postgres and Geoserver



Web map and digital map
. Web map

Elements of a webmap

I. Basemap

ii. Thematic layers
* Placed usually on top of basemap.
* Main reason why people see your map.

» Data based on particular theme(e.g population density in all districts of Nepal)

iii. Interactive elements
* Upon which user can interact.

E.g popup giving some info, charts, time slider etc.



Web map and digital map

Digital map
e Adigital map is on a computer and is relatively static.

* Is often digital scan of a paper map or an export from a GIS package.

Features
i. Itcan be uploaded in the web and accessed through the web.
ii. Iltrequires computer or any electronic device storage.

iii. Its scale does not change.
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Data Quality

Define Data quality

* Data quality refers to the degree of excellence exhibited by the data in relation to the representation of the
actual phenomena.

* |tis the degree of data excellency that satisfy the given objective.

e Data quality is a pillar in any GIS implementation and application as reliable data are indispensable to allow
the user obtaining meaningful results.

* |t gives the answers to the questions such as:

How good are the data?

Is information available allows a user to decide if the data are suitable for our purpose?
What is the positional and attribute accuracy?

Are the data complete?



Data Quality

Define Data quality

Spatial Data quality can be categorized into Data completeness, Data Precision, Data accuracy and Data
Consistency.

Data Completeness: It is basically the measure of totality of features. A data set with minimal amount of
missing features can be termed as Complete-Data.

Data Precision: Precision can be termed as the degree of details that are displayed on a uniform space.

Data Accuracy: This can be termed as the discrepancy between the actual attributes value and coded
attribute value.

Data Consistency: Data consistency can be termed as the absence of conflicts in a particular database.



Data quality

Data quality components
i.  Spatial or Positional accuracy
ii. Attribute accuracy
iii. Temporal Accuracy
iv. Logical Consistency
v. Lineage etc.

Spatial/Positional accuracy:
* |t refers to the absolute and relative accuracy of the positions of geographic features.
* 'Absolute accuracy' is the closeness of the coordinate values in a dataset to values accepted as or being true.

» 'Relative accuracy' is the closeness of the relative positions of features to their respective relative positions
accepted as or being true.

* The spatial accuracy generally includes:

i. A horizontal accuracy assessment

ii. A vertical accuracy assessment

iii. An explanation of how the accuracy assessments were determined.



Data quality components

Attribute accuracy:

e Attribute accuracy is the assessment of the reliability of the values assigned to the features in the dataset in
relation to their true real world values.

* The non spatial data linked to the location may also be inaccurate or imprecise. The inaccuracies may result
due to many types of mistakes.

* Non spatial data vary greatly in precision. Precise attribute information describes the phenomenon in
greater detail.

Temporal Accuracy

» Temporal accuracy refers to the update of the data or the measure of how well the database reflects the real
world situation at the present or a particular point of time in the past.

* Since the positional and attribute components of the spatial data may change together or independently, it
is also necessary to consider their temporal validity.

For example, For example the boundaries of the land parcel may remain fixed over a period of many years
whereas their ownership attribute changes from time to time.



Data quality components

Lineage:

* Describes the history of the spatial data, including descriptions of the source material from which the data
were derived, and the methods of derivation.

* It also contains the dates of the source material, and all transformations involved in producing the final
digital files or map products.

Logical Consistency :

* Logical Consistency means how well the logical relationship between the items in the dataset or spatial
objects in the dataset are maintained and whether or not the relationship makes sense.

* One way to test this is to check whether any given feature has contradictory attributes.

For example, suppose your database contains information about land cover, slope, and soil type. Areas with a
value of “lake” for land cover should have a value of “0%” for slope. If it has “10%” or “20%.” slope value then
its not logically consistent.



Accuracy Assessment

Accuracy Assessment :

e Accuracy can be defined as the degree of closeness to which the information on map matches the real
world.

Assessment is the act of for making creating comparisons forming an opinion making judgement and taking
corrective actions required on something.

Thus, Accuracy assessments essentially determine the quality of the information derived from gis data.

* Accuracy assessments attempt to identify and quantify error. In these assessments, we compare map data
with reference or ground truth data.

General Steps for Performing Accuracy Assessment:
1. Develop a sampling system

2. Collect reference data

3. Compare reference data to the map

4. Compute accuracy metrics



Accuracy Assessment

General Steps for Performing Accuracy Assessment:
1. Develop a sampling system

* Sample points are the reference data points from which the accuracy of the obtained data are determined
and assessed.

 When collecting your reference data your locations should be unbiased. To achieve this you need to develop
some sort of sampling scheme.

* In systematic sampling the sampling points are spaced uniformly at fixed intervals or along a grid.
* |n stratified random sampling the number of random points is allocated based thematic classes.

For example if we have 10 classes and 100 sampling points, each class would be allocated 10 sampling points.

2. Collect reference data

* The reference data are collected directly from the field through the direct field data collection or from the
indirect ways like high resolution satellite imageries or any other alternative existing database.
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Accuracy Assessment

General Steps for Performing Accuracy Assessment:
3. Compare reference data to the map

» After the data has been collected and the geospatial analysis has been conducted it is time to compare the
results of the two.

* This is done relatively easily by comparing the obtained map data to the reference data.

4. Compute accuracy metrics
* Data are compared and the accuracy of the map is determined.

* The accuracy of maps are quantified through various measures.



Accuracy and Precision

' Accuracy of data
» Accuracy refers how close a measurement or observation is to the "true value”.
» Accuracy in GIS is the degree to which information on a map matches real-world values.
» The level of accuracy required for particular applications varies greatly.
» Highly accurate data can be very difficult and costly to produce and compile.

Precision of data
* Precision refers how close measure values are to each other.
» Precise data no matter how carefully measured may be inaccurate.

» The level of precision required for particular applications varies greatly. Engineering projects such as road
and utility construction require very precise information.

 Highly precise data can be very difficult and costly to collect.



Accuracy and Precision

Accuracy >

Accurate, but not precise Precise and accurate Source: https://wp.stolaf edu/it/gis-
precision-accuracy/
L
®
@
L
L ®
Not accurate and not precise Precise, but not accurate

g 156
Precision



RMSE

'Root Mean Square Error
* Root Mean Square Error (RMSE) is an indicator for the accuracy.

« RMSE is the measure of the difference between the locations that are known and locations that have been
interpolated or digitized.

« BRMS Error is derived by squaring the difference between the known and unknown points, adding them together,
dividing by the number of test points and taking the square root of that result.

n e
RMSE — Z}’i-—}’:

: 1
i=1

where, \
2 . means “sum’”

yi . is the observed value for the ith observation in the dataset
“i . is the actual value for the ith observation in the dataset

n : is the sample size



Accuracy Metrics

‘There are many different ways to look at the thematic accuracy of a classification. The error matrix
allows you calculate the following accuracy metrics:

Overall Accuracy and Error
Errors of omission

Errors of commission

User’s accuracy

Producer’s accuracy

Accuracy statistics (e.g., Kappa

Fig:

Reference Data

Water | Forest Urban Total
Water 21 6 0 27
m
©
(| Forest 5 31 1 37
=)
@
§ Urban 7 2 22 31
®)
Total 33 39 23 95

showing error matrix show of classified data vs reference data

Source:
http://gsp.humboldt.edu/olm/Courses/GS
P_216/lessons/accuracy/metrics.html



Accuracy Assessment

" Producers accuracy
* Producer's Accuracy is the map accuracy from the point of view of the map maker (the producer).
» This is how often are real features on the ground correctly shown on the classified map.

* |t is also the number of reference sites classified accurately divided by the total number of reference sites
for that class.

* Producer's Accuracy Example based on the above error matrix:

Water: Correctly classified reference sites = 21 Total # of reference sites = 33
Producer’s Accuracy = 21/33 = 64%

Forest: Correcitly classified reference sites = 31 Total # of reference sites = 39
Producer’s Accuracy = 31/39 = 80%

Water: Correcitly classified reference sites = 22 Total # of reference sites = 23
Producer’s Accuracy = 22/23 =96%



Accuracy Assessment

~ User accuracy
» The User's Accuracy is the accuracy from the point of view of a map user, not the map maker.

» The User's accuracy essentially tells use how often the class on the map will actually be present on the
ground ( referred to as reliability).

« The User's Accuracy is calculated by taking the total number of correct classifications for a particular
class and dividing it by the row total.

» User's Accuracy Example based on the above error matrix:

Water: Correctly classified sites = 21 Total # of classified sites = 27 User's Accuracy = 21/27 = 78%
Forest: Incorrectly classified sites = 31 Total # of classified sites =37 User's Accuracy = 31/37 = 84%
Water: Incorrectly classified sites =22 Total # of classified sites =31 User's Accuracy = 22/31 = 70%
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Project definition

. Project

* A project is a sequence of unique, complex and connected activities having one goal or purpose that must be
completed by a specific time, within budget and according to specification.

* Project is temporary and has a definite beginning and end. End is reached when the projects objectives have
been achieved or because its objectives will not or cannot met.

* The project is bounded by three constraints: Time, Scope and Cost (Resources).

GIS Project
* The GIS project is the project that is done by using GIS.

 The components of GIS such as Data, Users, Hardware, Software and Methods are used for successful
completion of project.

Some of the examples of GIS project are: Preparation of Topographical Map, Suitability Analysis, Network
Analysis, Selection of Suitable site for waste disposal, Fixing Transmission line alignments and so on.



GIS Project Development

Stages of GIS Project Development
1. Project Conception and Initiation
* |tis the start of the project and the goal of this phase is to define the project at a broad level.
* This is when you will research whether the project is feasible and if it should be undertaken or not.

* |f the project is a “go” then the project charter is created, that outlines the purpose and requirements of the
project.

2. Project Planning

In this phase planning is done. Planning a GIS requires a commitment of resources and people.

Project planning is developing a road map that everyone will follow.

Typically begins with setting goals. Goals should be SMART (Specific Measurable Attainable Realistic and
Timely).

Scope of the project is defined and a project management plan is developed in this phase of project
development.



GIS Project Development

- Stages of GIS Project Development

3. Project Execution and Implementation

Execution of the project basically involves the activity of the GIS team. This refers to the application
development/customization, database creation, data encoding, data modelling and so on.

This is the phase where all the activities are carried out in order to achieve the specific goal defined while
creating the project.

In this stage team is developed and different resources are assigned.

Real implementation of project is done in this stage of the project.
4. Project Evaluation
* |n this phase output are tested and evaluated to see if the GIS project meets its goals or not.

* This stage is done so as to control and check quality. Quality control involves agreement upon the quality
standards that are applicable to project and then determining how to satisfy them.

* Quality checking involves the monitoring of the project results to determine whether they comply with
quality standards.



Project Design

. Project design is generally done in three stages; Conceptual Design, Logical design, Physical design

1. Conceptual Design
* Conceptual design defines the overall picture of the project.

* General work flow of the project is defined. The general steps needed to complete the project are defined in
this phase.

2. Logical design
* Logical design is the detailed version of conceptual design phase.

* |n this phase each and every steps and methods are defined in details. How each step is carried out is
defined in this phase.

167



Project Design

Project design is generally done in three stages; Conceptual Design, Logical design, Physical design

3. Physical design

Physical design is the implementation phase of the logical design phase.

In physical design phase data models are designed that are required for the completion of the project.

The resources required for the project are listed, possible problems that might be raised while carrying out
the project is listed and possible solution is discussed.

List of possible outcomes is also defined in this phase.

Physical design phase generally contains following:
i.  Design data models required for the project.

ii. List the resources required for the project.

iii. Discuss the possible problems.

iv. List out the expected project out comes.
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Concept of SDI

' Spatial Data Infrastructure

« Spatial data infrastructure (SDI) is the infrastructure that facilitates the discovery, access, management,
distribution, reuse, and preservation of digital geospatial resources. These resources may include maps, data,
geospatial services, and tools.

« The SDI provides a basis for spatial data discovery, evaluation, and application for users and providers within
all levels of government, the commercial sector, the non-profit sector, academia and by citizens in general.

« SDI is a set of institutional, technical and economical arrangements to enhance the availability for correct, up-
to-date, fit-for-purpose and integrated geoinformation, timely and at an affordable price. SDI also support
decision making processes related to countries sustainable development.

* |t provides a unified platform where people can go and search geospatial data, maps, services, and other
digital resources.



Concept of SDI

Spatial Data Infrastructure

&

Data Services

o
1. Publish Data & Service 3. Consume
\_  Providers J

~ B

2. Search & discover

< La ptops __l

| e D Phones
Metadata Web > ,
DBMS interface Tablets

Source: https://gistbok.ucgis.org/bok- 173
slide/spatial-data-infrastructure



Concept of SDI

SDI Components
Basic components of SDI are data, users, policies and institutional arrangements, and technology and standards.
i. Data: Fundamental Datasets (digital base map, thematic, statistical, place names)

ii. Users: It includes people data provider as well as data consumer including different organizations and general
public.

iii. Policies: Institutional framework (governance, data privacy & security, data sharing, cost recovery)

iv. Technology: It includes Access, Distribution, Storage (hardware, software, networks, databases, technical
implementation plans)

« Geoportals

v. Standards: (Data Models and Metadata)

« Documented agreements containing technical specifications or other precise criteria to be used consistently as
rules, guidelines, or definitions of characteristics, to ensure that materials, products, processes and services are
fit for their purpose.



SDI Components

' Geoportals

» Geoportals areprobably the most visible part of SDIs, since they are the main interfaces through which
people can search and find geospatial resources.

» Geoportals are typically developed using Web-based technologies and a database management system
(DBMS) is used to store and manage the metadata of the geospatial resources contained in the SDI.

« A Web interface, which often contains a map, enables end users to interact with the system and to conduct
searches.

* It helps users to discover the existing geospatial resources.
Some examples of such geoportals are: hiips://nationalgeoportal.gov.np/#/, Local Government - Data.gov etc.



https://nationalgeoportal.gov.np/#/
https://data.gov/local.html

SDI

' Importance of SDI

VA

Easy data access: It provides a unified platform where people can go and search geospatial data, maps,
services, and other digital resources.

Less costly integration: Integration of data from different sources can be done with reduced cost. Data can
be stored in some of predefined standards and formats which ultimately helps in reducing the cost and
complexity.

Interoperability: Promotes interoperability. Data can be accessed, shared and used between two system.

Reduces data redundancy: As multiple government agencies are sharing their data on one platform, SDI
reduces data redundancy and the extra efforts in collecting duplicated geospatial data which saves time and
money.

Reduces cost: SDI allows geospatial data to be collected once and reused multiple times in different
applications.



SDI

Metadata
« Metadata is data about data.
* |t provides information about the data in more details such as what, how, who, when about data.
« Metadata is a simple mechanism to inform others of the existence of the data sets, their purpose and scope.
* Metadata describes the content, quality, condition, limitations and restrictions and other characteristics of data.

Advantage of metadata:

I. It tell others what datasets are available. This helps prevent duplication of efforts, especially among
government agencies.

ii.  To provide some legal protection in the event of misuse of datasets.

iii.  To inform a potential user how the data was collected, for what purpose and if any specific parameters were
used. This would allow a potential user to decide whether it would be suitable for his/her purposes.



SDI
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SDI

' Clearinghouse

» A (spatial data) clearinghouse is a distributed network of spatial data producers, managers and users that are
linked electronically together.

Clearinghouse can be defined as a service for searching, viewing, transferring, ordering, advertising and
disseminating over the internet geo-data stored at many different locations in digital format.

Clearinghouse uses standards-based Web technology for the publication and discovery of available geospatial
resources through the Geospatial Platform portal.

Clearing housing is a distributed system of agency servers located on the Internet that contain field-level
descriptions of available and planned digital spatial data, applications, and services.

The fundamental goal of clearinghouse is to provide access to digital spatial data and related online services
for data access, visualization, or order.

A clearinghouse allows data providers to register their geographic data sets, the quality of these data and also
the instructions for accessing them. Each data provider provides an electronic description of each spatial data
set.

The clearinghouse thus functions as a detailed catalogue service with support for links to spatial data and
browsing capabilities.



Different levels of SDI

'GSDI (Global Spatial Data infrastructure)

GSDI was established with the vision of “developing Spatial Data Infrastructures in nations around the globe to
facilitated extensive knowledge-sharing across an international network of geospatial professionals, and to
publish SDI news appreciated by many thousands of readers globally.”

The GSDI will work toward this vision through five main goals.

1. Continue to promote and develop awareness and exchanges on infrastructure
issues for all relevant levels from local to global.

2. Promote and facilitate standards-based data access/discovery through the
Internet.

3. Promote, encourage, support, and conduct capacity building.

4. Promote and conduct SDI development research.

5. Collaborate with others to accomplish its Vision and Goals.



Different levels of SDI

'RSDI (Regional Spatial Data Infrastructure)

« There are many regional organizations and groups that are made up of countries from a particular region.
These organizations and groups often cooperate to address common economic, social and environmental
issues. The primary purpose of this cooperation is to organize economic activity in such a way as to maximize
regional and individual country benefit.

 In today’s world, regional and global cooperation that is dedicated to centralized planning on a world or
regional scale, is increasingly important. Such organizations and groups as are organic structures in which
each part is expected to serve the whole.

« Some of the examples of RSDI are:
i.  Asia-Pacific SDI(APSDI), European Geographic Information Infrastructure (EGIl)
ii. Permanent Committee on GIS Infrastructure for Asia and the Pacific (PCGIAP)



Different levels of SDI

‘National SDI

« National Spatial Data Infrastructure (NSDI) is defined as the technologies, policies and people necessary to
promote sharing of geospatial data throughout all levels of government at the national level.

» Nepal also has its own national SDI in the form of national geoportal but is not in full phase.

« The national geoportal was established with the vision to enhance the public reach and easy access to the
authentic Geospatial Dataset provided by the Survey Department, Nepal.

Local SDI

 Established with the aim of providing spatial data services in local level. It is managed and controlled by local
organization.



SDI

‘Present Situation and Challenges of SDI in Nepal
* In Nepal, SDI has been developed and still a lot of work is to be done in it.

It is used as a tool for national spatial data collection, storage, processing and dissemination.

NSDI is the common portal to use geospatia data in effective and efficient way and link with another attribute
database.

Survey Department is the nodal agency for developing NSDI.
NSDI helps to reduce duplication of efforts, avoid redundant expenditures and eliminate corruption practices.
Some major works done by DOS for SDI in Nepal are:

I.  Development of national geoportal where all the spatial data are stored and can be downloaded by user in
free or with some charge. Some datsets available are: Land use, Administrative units and other dataset are
still to be added.

ii. Land Information System (LIS) is under development. Open Source Based System is also being developed.
iii. Cadastral Information System is being Transformed to Digital System for developing NSDI.
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