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1. Infroduction — Spatial Analysis and Modeling

Spatial analysis is the set of all possible mathematical/statistical analysis with spatial datasets to address
environmental queries and challenges in the GIS domain.

With Spatial Modeling, mathematical analysis are re-purposed.

The course intends to provide knowledge and skills necessary to investigate the spatial patterns, which result
from social and physical processes operating on or near the Earth’s surface.

The focus is on understanding the essential theoretical and practical concepts of spatial analysis, including;

measures of geographical data distribution,

spatial autocorrelation and interpolation,

to find and apply the best analytical tool for solving GIS based problem and to correctly and appropriately
Interpret and present outputs.
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The Spatial Analysis and Modelling

incorporates the functions of;

Data input,

Editing and verification,

Data storage and database management,
Data analysis,

modeling and cartographic manipulation,

Data output and presentation, User

interface / interaction.

.1 The Functions in Spatial Analysis and Modeling

L The common analysis expected in this course are not

limited to;

v’ Viewing, geo-coding,

v' Spatial interpolation,

v' Overlay analysis,

v' 3D modeling and mapping using raster and vector
data sets.

v' Surface analysis/Raster data analysis

v" Vector data analysis



2. Introduction - Spatial Data and Attribute Data

The GIS database contains:
1. Map data
- depicting location of geographical objects

2. Attribute data

- describing physical characteristics of each object.
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2.2 Spatial and Non-spatial data

Geographic database is a place where geographic data are stored.

This database can be considered as a collection of spatially referenced data

that acts as a model of reality.
There are two important components of this geographic database:

1. its geographic position (Spatial)

2. its attributes or properties (Non-Spatial).

In other words, spatial data (where is it?) and attribute data (what is it?)
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2.3 Data Analysis Platform /\\

Using Various GIS Software, the attribute data are
populated from each spatial data.

The Software use for Spatial analysis and Modeling;

ArcGlIS

- QGIS

- Mapinfor

- Global Mapper

- R-Studio (GIS platform with the addifion of
external packages)

- Other

Specific information are extracted from spatial data
to create attribute tables following the rule
of attribute data types.

https://geography.wisc.edu/gis/1001-2/



2.4. ArcGlIS platform to analysis and visual spatial and attribute data

Q Mape - ArcMap

File Edit View Bookmarks Insert Selection Geoprocessing Customize Windows Help
RT3k 53« = K- T x| @ SN R TR Labeling~ @ 4 % < 4 % | Fast
Identify BX B _ : Georeferencing * | |kanenakos3 tif vl R @Q-[ ]_ Drawing- &

Identiy from: | | RSrYAENNCN ~ 5 & &~ _ - Editor-

-} GPS_SV03
KNK10

famly_sze comn_agri avai_eled
cocoa, vanilla
cocoa, vanilla

cocoa, vanilla

20-k100
20-k100
k20-k100

=
Q

=

20-k100
20-k100
100-k500
0-k100
00-k500
00-k500
0-k100
0-k100
20-k100
100-k500
20-k100
00-k500
0-k100
20-k100
20-k100
20-k100
0-k100
0-k100
20-k100

cocoa, vanilla
: cocoa, vanilla
Location: ke 3 ot P ; ol d cocoa, vanilla
- ; , i - cocoa, vanilla
Field Value 4 > ; cocoa, vanilla
FID 98 LA % B ; a B ] cocoa,coffee
Shape Point ZM A : 3 e L : cocoa, vanilla
Id 0 4 o * : 7 ] cocoa,coffee
Name KNK10 : } . ! q ; i 5 E cocoa,coffee
Descript - 4 ¢ . : \ - ; cocoa, vanilia
Type WPT : s 3 b ¢ ) o cocoa, vanilla,chicken
Comment g g ] o RS o \ 73 cocoa, vanilla
Symbol  ARROW 2 sl L e e : cocoa, vanilla
DateTimeS 2021-12-20T01:48:197 : : - ’ \ R £ » cocoa, vanilia,coffee
Elevation  431.2 : e PR A > : cocoa, vanilla
famly_sze 4 ¥ 0 Lo T S S X ¢ i cocoa, vanilla
! ; A s g cocoa, vanilla

yes,6 watts

=|x
bk
oo
oo

a3

i

yes,6 watts

R

yes, 6 watts

es 6 watts
es,6 watts

comn_agri vanila,cocoa 3 Py § 5
ernings_pe k100-k500 1) X it 3 o g van?lla
avai_elect  yes,6 watts % X Ny Y > vanilla
sorce_of_i taro,banana,peanuts,greens,rice-cocoa,coffee, vanilla ;
Elect_dman yes-high cocoa, vanilla 20-k100

s - cocoa, vanilla 20-k100 na
sme_plan  yes-small trade store with refrigerator -Small :
R vanila,cocoa k20-k100 yes,6 watts
teriff yes-agree to pay

vanila,cocoa k20-k100 yes,6 watts

es,6 watts
es,6 watts
es 6 watts

=

=

‘ 0 » » [El= (0 out of 232 Selected)
GPS_SV03
B Table Of Contents|E Table|

>
147.704 -6.581 Decimal Degrees




Q Untitled - ArcMap

3. Attribute Data
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The attributes refer to the properties of
spatial entities. They are often referred
to as non-spatial data since they do not
in themselves represent location

information.

Attribute data is information appended
in tabular format to spatial features.
Attribute data can contain information

about the ‘what’, ‘where’, and ‘why".



3.1 Attribute Data Type
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3.2. Attribute Data Types- Specification

3.2.1 Character Data (Text)

v' The character property (or string) is for text based values such as the name of a street or descriptive
values

such as the condition of a street.

v Character attribute data is stored as a series of alphanumeric symbols.

3.2.2. Numeric Data

Integer and floating are numerical values.

v Within the integer type, there is a further division between short and long integer values.

v As would be expected, short integers store numeric values without fractional values for a shorter
range
than long integers.

v Floating point attribute values store numeric values with fractional values. Therefore,

floating point values are for numeric values with decimal points.
Source: Dempsey, 2013



3.2.3. Date/Time Data

Date fields contains date and time values.

3.2. 4. BLOB Data

BLOB stands for binary large object and this attribute type is used for storing information such images,

multimedia, or bits of code in a field. This field stores object linking and embedding (OLE) which are
objects created in other applications such as images and multimedia and linked from the BLOB field

Source: Dempsey, 2013



3.3. Attribute Field properties

Shapefile Properties

When creating a new table or feature class
number of fields are specified to be included
iINn an afttribute table through a properties
dialog box.

Figure here provides an example based on
the ArcMap user interface of what this type of
dialog box looks like. e
You can also specify settings for
fields, such as the field type and the | =
maximum size of the data that can be stored  ksimiakidtirticiautiidr it
in the field.




3.3.1 ArcGlIS Display of Field properties
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4. Infroduction - Attribute Table Join and Relates

v Most database design guidelines promote organizing your database into multiple
tables—each focused on a specific topic—instead of one large table containing all the
necessary fields.

v Having multiple tables prevents duplicating information in the database because you
store the information only once in one table.

v" When you need information that isn't in the current table, you can link the two tables
together.

For example, you might obtain data;

- from other departments in your organization,
- purchase commercially available data,
- download data from the Internet.

v If this information is stored in a table, such as a dBASE, INFO, or geodatabase table,
you can associate it with your geographic features and display the data on your map.

Source: ESRI, 2008



4.1 Join and Relates

ArcMap provides two methods to associate data stored in tables with geographic features:

1. Joins
2. relates.

Joins are used for 1-to-1 relationships, or many-to-1 relationships between the attribute table and an
external table.

Relates are used for 1-to-many relationships, or many-to-many relationships between the attribute table
and an external table.

When you join two tables, you append the attributes from one onto the other based on a field
common to both.

Relating tables defines a relationship between two tables—also based on a common field—but

doesn't append the attributes of one to the other; instead, you can access the related data when
necessary.

Source: ESRI, 2008



4.2 Example: Join and Relates

| NFL_Team |
San Francisco San Francisco ' San Francisco 4%ers '

' Houston Houston Texans Houston Texans

| Miami Miami Dolphins Miami Dolphins
Chicago Chicago Bears Chicago Bears

| New York ' New York Jets New York | Jets

PLAYER

i San Francisco 49ers ' RELATE 'Houston Texans Deshaun Watson
'Houston Texans 'Houston Texans JJ Watt

:] Miami Dolphins ' 'i Houston Texans DeAndre Hopkins
| Chicago Bears

| New York Jets

Source: GISGeography 2022




4 3. One to One

There are four types of relationships possible between records within tables in a relational
database:

one-to-one — One record in the first table is related to one (and only one) in the second table. For example, the
attribute data for a series of water quality sampling stations could be stored in a related table. There would be the
same number of stations as records in the attribute table with a relationship established through a station
identifier attribute common to both tables.

(=) Us_Cities.shp MFL_Team.xlsx

1-1 Relationship
San Francisco San Francisco
(Wam | Dophins _|

Hu 5_Cities.shp MFL_Team.xlsx

Join Table

NFL_Team
San Francisco San Francisco 45%ers
Wom  |Dophins | [Wam ___|Dophins |

Source: Blyth and Cake, Module 1 (2007) and GIS Geography, 2022




4.4. One to Many

one-to-many — One record in a table is related to many records in another table. When one record has

multiple matching IDs in another table, this is a one-to-many relationship (1-M). And it’s best to use
“relate” for 1-M relationships.

For example, let’'s say we have a list of football teams and players. There are multiple players per team
and each team is unique. So this means that it's 1-M.

Atable relate creates an

entirely new table. So when

() US_Team.shp NFL_Players (2 US_Team.shp Related_Table you select the record(s) in one
1-M Relationship table, it will create a temporary

San Francisco 45ers San Francisco 49ers San Francisco 49ers table based on all the matching

San Francisco 49ers — .

unique IDs.

14 Watt

]

For example, if we select the

Houston Texans, only those
players on that team will show
up in a new table.

I )
[ onurea [svnoam |
e [owmsme [sams |
[ PP Y

Princeton—Plainsbaoro

All Saints

Source: GISGeography, 2022



4.5. Many to One

many-to-one — Many records in a table may be related to one record in another table. For example, a land use
dataset might have hundreds of land use polygons with twenty possible land use classes stored in a separate
look-up table.

=ingk Faniby
Agricuttuna

Cormrme s ial

m COVER_CODE| COVER_TYPE
1] 1| Grass |
.-

sSingle Farmiby

e - Comrner: ial

Agriculura

- Fore=t

Source: Blyth and Cake, Module 1 (2007) and ESRI,2008



4.6. Many to Many

many-to-many — Many records in a table may be related to many records in another table. For example, many
vegetable types might be grown on a single farm and these types of vegetables may be grown on more than one
farm (spatial base).

Non-Spatial

CLASS_CODE | STDNT_NUM
1| sis | | 1] cistor | si2ses |
-
3 3| Gis 210 S45678

GI5 212 212345

Blyth and Cake, Module 1 (2007)



4.7. ArcGIS Demo on Join and Relates
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5. Spatial Data

5.1. Spatial Data and Coordinate System

Each geographical features are address to be spatial data
since location information (X, y coordinates) are attached to
it.

To specify the position in an absolute way a coordinate

system is used.

For small areas, the simplest coordinate system is the
regular square grid. For larger areas, certain approved

cartographic projections are commonly used.

Altitude (m)
High : 4457

Low: 0

* CRU Grid Stations
:] Study Area Provincial Boundry

Source: T. Sekac, 2020



5.2. Coordinate System
Internationally there are many different coordinate systems in use.

However, the two most commonly used global coordinate system are;

1. UTM Coordinate System

2. Geographic (Latitude/Longitude) coordinate system

These are the coordinate system that defines geographic phenomena to its correct location.




5.3. Universal Transverse Mercator (UTM) Coordinate System
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« UTM zone characters designate 8
degree zones extending north
and south from the equator

Phillipps. G.P, 2002



5.3.1. UTM Coordinate System 22016 MapTools

1000-meter
Unlversal Transverss Mercator grid
zone 10%

rth American Datum

105 706832mE 4344683mN

https://www.maptools.com/tutorials/utm/quick_guide




5.4. Geographic (Latitude/Longitude) coordinate system

point located at North Pole
40° N, 30°W

\
»
south

astude

https://kartoweb.itc.nl/geometrics/Coordinate%20systems/coordsys.html



5.5. Spatial data Representation

Geographic object can be shown by FOUR type of representation viz., points, lines, areas, and continuous surfaces.

1. Points are the simplest type of spatial data. They are-zero dimensional objects with only a position

in space but no length.

2. : Lines (also termed segments or arcs) are one-dimensional spatial objects. Besides having a position

in space, they also have a length.

3. : Areas (also termed polygons) are two-dimensional spatial objects with not only a position in space

and a length but also a width (in other words they have an area).

4. : Continuous surfaces are three-dimensional spatial objects with not only a position in
space, a length and a width, but also a depth or height (in other words they have a volume). These spatial objects

have not been discussed further because most GIS do not include real volumetric spatial data.



5.5.1. Vector Data/Vector Representation
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5.5.2. Raster or Surface.
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6. The Expected Results

When Arranging Spatial and attribute data, the end results assist in planning and
decision making

Example: Annual mean Natural differential Vegetation index
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