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1. Introduction to GIS

1.1 What is GIS

»  Geographic information systems (GIS) or geospatial information systems is a set of tools that captures, stores,
analyzes, manages, and presents data that are linked to location(s)

» A geographic information system (GIS) is a system for the management, analysis, and display of geographic
information.

» A geographic information system  (GIS) integrates hardware, software, and data for capturing, managing,
analyzing, and displaying all forms of geographically referenced information.

GIS allows us to view, understand, question, interpret, and visualize data in many ways that reveal relationships, patterns, and
trends in the form of maps, globes, reports, and charts. A GIS helps you answer questions and solve problems by looking at
your data in a way that is quickly understood and easily shared.

A geographic information system supports several views for working with geographic information:

1. The Geodatabase view: A GIS is a spatial database containing datasets that represent geographic information in terms of a
generic GIS data model (features, rasters, topologies, networks, and so forth).

2. The Geovisualization view: A GIS is a set of intelligent maps and other views that show features and feature
relationships on the earth.s surface. Various map views of the underlying geographic information can be constructed and used
as .windows into the database. to support queries, analysis, and editing of the information.

3. The Geoprocessing view: A GIS is a set of information transformation tools that derive new geographic datasets from
existing datasets. These geoprocessing functions take information from existing datasets, apply analytic functions, and write
results into new derived datasets.

1.2 Data representation in GIS

GIS data represents real objects (such as roads, land use, elevation, trees, waterways, etc.). Real objects can be divided into
two abstractions: discrete objects (e.g., a house) and continuous fields (such as rainfall amount, or elevations).
Traditionally, there are two broad methods used to store data in a GIS for both kinds of abstractions mapping references: raster
images and vector.

: Raster
T b
Rasters are used to represent continuous layers, such as elevation, slope and
== aspect, vegetation, temperature, rainfall, and so on. Rasters are most commonly
SESSEisigisasssn: used for the storage of aerial photographs and imagery of various kinds. In
T T raster data format each object is represented in the form of cell /grid and it has
N S separate reflectance value /color/.

\ Raster data type consists of rows and columns of cells, with each cell storing
! a single value. Raster data can be images (raster images) with each pixel (or
e . cell) containing a color value. The resolution of the raster data set is its cell
width in ground units.

1.2.2 Vector

In a GIS, geographical features are often expressed as vectors, Vector data represent a discrete data but it can also be used

to represent continuously data. Different geographical features are expressed by different types of geometry:
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Points Lines Polygons Annotation 3D MultiPatch

« Points

Zero-dimensional points are used for geographical features that can best be expressed by a single point..
Examples include wells, schools, Health post etc. Points can also be used to represent areas when displayed at a small
scale. No measurements are possible with point features.

+ Lines or polylines

One-dimensional lines or polylines are used for linear features such as rivers, roads, railroads and trails,. Polygon
features at a small scale will be represented as linear features rather than as a polygon. Line features can measure
distance.

- Polygons

Two-dimensional polygons are used for geographical features that cover a particular area of the earth's surface. Such
features may include lakes, Watershed boundaries, buildings, city boundaries, or land uses. Polygon features can
measure perimeter and area.

1.23TIN

TIN (triangulated irregular networks) are used to represent elevation or other continuously changing values. TINs record
values at point locations, which are connected by lines to form an irregular mesh of triangles. The face of the triangles
represents the terrain surface.

1.2.4 Non spatial Data

Non-spatial data can also be stored along with the spatial data represented by the coordinates of vector geometry or the
position of a raster cell. In vector data, the additional data contains attributes of the feature. For example, a forest
inventory polygon may also have an identifier value and information about tree species. In raster data the cell value can store
attribute information, but it can also be used as an identifier that can relate to records in another table.

Each of these geometries is linked to a row in a database that describes their attributes. For example, a database
that describes lakes may contain a lake's depth, water quality, pollution level. This information can be used to
make a map to describe a particular attribute of the dataset. For example, lakes could be coloured depending on
level of pollution. Different geometries can also be compared. For example, the GIS could be used to identify
all wells (point geometry) that are within one kilometre of a lake (polygon geometry) that has a high level of
pollution.
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Tabular data, also called attribute or descriptive data, is one of the most important elements in a GIS. It is statistical,
numerical, or characteristic information that can be attributed to spatial features. Similar to spatial data the tabular data is
stored by the GIS software in a method that allows it to be accessed and viewed, usually in a relational database format.
The GIS software allows the attribute data to be linked to the spatial data in such a way that it gives the attributes a
location.

1.3 Application of GIS

GIS can be used in most of fields it may be used in geography, cartography, remote sensing, land surveying, public utility
management, natural resource management, agriculture, photogrammetry, urban planning, emergency management,
navigation, asset management and location planning; archaeology; environmental impact study; infrastructure assessment
and development;  geographic history; marketing; logistics; population and demographic studies; applied statistical
analysis; warfare assessments; and other purposes.

1.4 Components of GIS

GIS mostly can be divided into four components: People, Data, Hardware, and Software.

People

The people are the component who actually makes the GIS work. They are responsible for maintenance of the geographic
database and provide technical support. People also need to be educated to make decisions on what type of system to
use. People associated with a GIS can be categorized into: GIS users, and GIS specialists.

» GIS Users are people who use and View GIS data to browse a geographic database for referential material,
performing professional services, and making decisions.

» GIS specialists are the people who make the GIS work. They are responsible for collecting, managing and
analyzing the geographic data and giving technical support to others

Data

Data capturing is the most time consuming and coasty component of GIS. There are several things to be considered before
acquiring geographic data. Such aspect should be checked the quality of data, the cost of data, usefulness /in relation to time,
completeness, scale etc./ of data additional Procedures should be considered in how the data will be collected, enter into the
system, stored, managed, transformed, analyzed, and finally distributed to others.

Data input in GIS has three parts these are:- entering the spatial data, entering non-spatial data, and linking the two
together. Spatial data can be acquired from existing data in digital or paper form, survey data by the use of Global
Positioning System (GPS) and remotely sensed data /Arial Photography and Satellite image/

Existing data printed on paper maps can be digitized or scanned to produce digital data. A digitizer produces vector data as an
operator traces points, lines, and polygon boundaries from a map. Scanning a map results in raster data.

Hardware

Hardware consists of the technical equipment needed to run a GIS task. The hardware part divided in to two parts i.e. Input
and Output

Input:-

» Computer with high capacity in terms of processor speed, memory and data storage capacity.
» GPS, Scanner and Digitizer

Output:-
» Color Printer, Plotter and Dicks
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Software

The use of GIS software is for data input, storage, management, and analysis. Today there are many different GIS
software packages are available in the market. There difference is in the ease of usage and price. The common software we
are using are ESRI product like ArcView, Arcinfo and ArcGIS.

2. Managing ArcCatalog

ArcCatalog lets you explore and manage your data. The main use of Arccatalog is to manage your spatial data holdings,
database designs, for recording and viewing metadata. In other words it is like file manager and use for quick view of your
spatial and attribute data behind the spatial data.

Starting ArcCatalog

& Internet Explorer
@ Mozilla Firefox
@ Seagate Crystal Reports
& Windows DVD Maker
%23 Windows Fax and Scan
€ Windows Media Center
[E3] windows Media Player
7 Windows Update
~# XPS Viewer
. Abala Town Land Cadaster
| Accessories
|. Adobe
. ArcGIS

<58 ArcCatalog 10.1
= ArcGIS Administrator
@ ArcGlobe10.1
Q@ ArcMap101
@ ArcScene10.1
.. ArcGIS for Desktop Help
.. Desktop Tools
|, License Manager

samson

Documents

Pictures

Music

Games

Computer

Control Panel

Devices and Printers

Default Programs

Help and Support

1. Click Start button

2. Click All Programs

3. Click ArcGIS

4. Click ArcCatalog

The ArcCatalog window will open to you.

# Bl
il [ArcCafalog - Folder Cannections i ol e S
File  [Edit  View Go
A\ j[ oo g3 oo
= X | oo EE oo (W} =
Folder Connections - =
+ =
Catalog Tree A X | Conterts |F‘review | Descriptionl
= E® Folder Connections N T
& ch ame ype
£ Ch\Users\samson'\Desktop e Folder Connection
£ C:\Users\samson\Desktop | £4 C\Users\samson'\Desktop Folder Connection
B D\ EC:\Users\samson\DesI-d:op\Edit... Folder Connection
= G D Folder Connection
£ G\G-N E G Folder Connection
FET GATect j K /

1
In the ArcCatalog window
has some navigation tools
and also data connector tools
Up one level
Data connector
Open ArcMap
Open ArcTools
Zoom in
Zoom Out
. Pan
10. Full extent

©®NOUAW

2

The left of the ArcCatalog window i.e the Catalog tree it gives ldea
how your data is organized. The right tab lets you explore the contents
of the selected item in the Catalog tree.

1. Catalog Tree
2. Data visualization
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As we discussed previously, ArcCatalog helps to quickly viewing the spatial and non spatial data. Select on the map from

the catalog tree and click the preview tap. For the non spatial data select the table option in the bottom of the ArcCatalog
content.
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Metadata is data about the data. It gives information about the content, quality, use and origin of the data. In short it gives
information how, when, where and by whom the data was collected. The automatic metadata can be generated by the
ArcCatalog to show you the Name of the spatial data, projection type, attribute information and so on for the rest you can edit
and add other necessary information.

To edit metadata

Locaborr  |C:\AreGIS_MaruahArcGIS_Data\Enkudal shp

1. Click Metadata editor tool. The editor wizard will
open to you. Stylesheet  |FGDC v 28Q 4 y

Cortents | Preview Metadsla

I = 3 AvcGIs_Mand

Verdds son Dara Guasiry Dute Dprwston  Spohs Fefoence Entiy Addue Dedbuion Metadets Heloerce
Garwesl | Contoct | Chton | Teme Posod | St | Soutial Doman | Keywend | Browse Guaghic | Secusty | Crous Bedwence | =[] ArcGIS_Data
Dascrphon

Abokact

Phe s o cntadey b the
|

ff!u."‘.':v A ey o e Cenons st which Te ARy 3w Wveged

Pupcen

pasnse 2. Fill all the required text boxes in the editor wizard
Suggiomerts | 3. Click save button

Acoats FEGFED Peschors wrd ol pooaut: by sccerag e &ds oot :

Coratants 2
Use
Corsbanits

Dot St
Ondt

RLQUILD Rewnctions wnd ingel prwequstes & uong e G s ot acoeis & gwend

Natve Daa Set ot Winciows 3P Verson 5 1 el 2600 Servion Pack 2 £5R0 AcCatiop 920 1104
Enmormert |

Nyowve Doty See
Foomat |

Thagetie

Exercise:-
1. Explore the ArcCatalog window by viewing different maps from your ArcGIS training folder.
2. Try to edit metadata for one sub watershed /Baskura/
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3. Geodatabase

A geodatabase (short for geographic database) is a physical store of geographic information (spatial, attribute, metadata, and
relationships) inside a relational database management system (RDBMS). In other words it is a data model for
representing geographic information in standard database management system tables.

Administrative areas

Rights and interests

Site addresses, uses, and restrictions
Ownership and tax parcels

Parcel framework

Orthophoto

There are two types of geodatabase architectures; these are Personal geodatabases and Multiuser geodatabases.

1. Personal geodatabases, which are freely available to all ArcGIS users. It uses the Microsoft Jet Engine database
file structure /MS Access/.
0 Personal geodatabases are much like file-based workspaces and hold databases up to 2 GB in size. 0
Microsoft Access is used to work with attribute tables in personal geodatabases.
o Itis ideal for working with smaller datasets.
0 It supports single user editing.
2. Multiuser geodatabases require the use of ArcSDE and work with a variety of DBMS storage models (IBM
DB2, Informix, Oracle.both with and without Oracle Spatial.and SQL Server).
0 Multiuser geodatabases are primarily used in a wide range of work o
It uses to extremely large, continuous GIS databases.

0 Many simultaneous users.
0 Extremely large sizes.

Personal Geodatabase
ArcCatalog works based on file hierarchy. Folder is the top on the hierarchy. The second, third and forth are Geodatabase,

Feature Dataset and Feature Class respectively. Therefore, feature class can be stored in feature dataset, feature dataset
can store in geodatabase and geodatabase can store in folder.

N.B There are a possibility to do without the use of geodatabase directly in folders but we strongly advise you to use a
geodatabase approach.

To create personal Geodatabase

1. Right click on the selected folder
2. Click New

3. Click on Personal Geodatabase.
4. Rename the name




To create feature Dataset

Importing single feature class

1. Right click on the created geodatabse
2. Click New
3. Click on Feature Dataset
4. Write the name of your feature dataset and click Next
5. Select the projection and click /select, Projected coordinate system, UTM, Others GCS and Adindan UTM
Zone 37N and Next
6. Accept the default and click Next
7. Accept the default and click Finish. The new feature dataset will added to your table of content
% | Corterts | Praview Metadats |
= ) AOGS_Maruad ~
= () AvolS_Dats I
: Tabury.: W Copy e
g s B
it 7 teen Me
New She  Petage 2 Choose the coorndnate system that wi be used for
I :::;‘cw‘ RO ICNC COTRTINALE SYSTME VB0 LU0 G Kry
- - of the sarh's auface. Prowcted coordrate systend
“M.‘F =X transfoem ithude and kngtude COordnIests 8 v cordngte systons ¥ Sekares
At » dofre the posti Srection of vekd The 17 Solew e Yot wran Aotue ey wew
Projec v 3 xu D €1 b 8 ] b o v s o et e bt v,
s T s M. [ddedin i 2ena S N
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hm:\ Ly ¥ f;:::::?m . _3 Vertal Coor Srate Syien) —
+ :;‘;:QCMW 9 o 2 Corerartsl 2 Timwes
L ‘ v 8 Courty Systewss [
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Croatos 4 news Flature Datao Gerinted Coodvabese ’ u 4 ﬁk&om L Urbrewe res
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To Import Feature Class
R - ' 1. Right click on the created feature dataset
@ e s oo @ e 1 2. Click Import
L tros 0t - - -
B e ¢ g — 3. Select new and click single or multiple feature class
B o 3 ] 4. Follow the wizard
g o : i 5. Click Ok
f= e
B0 o - 7
B A
= e [ ) [ € rovime G ettt eSS
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=) sove | tomemen | e | o I R T
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. P
Importing multiple feature class

Importing single feature class needs the output name where as the multiple feature class does not an output data name it uses

the input data.




Exercise:-

=

Create new geodatabase called Training

Create feature dataset called Watershed, Admin, Infrastructure
Import Baskura, Enguli, Enkulal, Kentai and Zefie community watershed in Watershed dataset, import
Woreda and Kebele in Admin dataset and import Town and Road in Infrastructure Dataset

Create new shapefile under Watershed dataset called New_Watershed

w N

b

4. Starting ArcMap

4.1 Open ArcGIS

ArcMap lets you explore your geographic data and create maps for display.

(2 Internet Explorer - 3
To open ArcGIS 9.2 é Mozilla Firefox
Seagate Crystal Reports
= | ngduws EJyVD Ma:&r
1. Click the Start button on the Windows taskbar. s Fand S 1
2. Point to All Programs. 5 pindons e ey .
3. Point (o ArcGIS. | ATCGIS s
4. Click ArcMap. Secemaie 104
ArcGIS B
& ArcCatalog 10.1
8 ArcGIS Administrator
@ ArcGlobel0d
Q@ ArcMap101

0 ArcScenel01
ArcGIS for Desktop Help
Desktop Tools

=8 8

‘= 1. A new empty map:- if you want to open a new project Click
Cancel Button
2. A template:- if you want to use the existing readymade

template click on template and select one template _
3. An existing Map:- If you want to open the existing project
click the one you want to open it

4. Click Ok

3

4.2 Exploring ArcMap:-

1. Open new project 12. Fixed Zoom in
2. Open existing Project 13. Pan

3. Save project 14. Full extent

4. Print Map 15. Select element
5. Add Layer/Map 16. Identify

6. Edit Function 17. Find

7. Open ArcCatalog 18. Add xy

8. Open ArcTools 19. Measurement
9. Zoom In

10. Zoom Out

11. Fixed Zoom Out



= Untitled - ArcMap - Arcinfo

N.B. explore all the menu in your ArcGIS project by opening each of theme

4.3 Adding a layer file in ArcMap

B

T | 1. Click Add Data button
teue il K0 L ey sl e@aw e - - 1 2 Click the Look in dropdown arrow and navigate to the
A - B LA TR K- R N K XONMN " .. .
s < o Meohdiie v ek = e = wmes~ % o w 3@ fOlder /ArcGIS Data/ containing your layer file.
g = ] . o Ayt = | N 3. Click the layer file
R ) 1= 4. Click Add.
3— ;: | [

1| e

|~

i: F»- [Fasea wo o pp— 4

B o 00 [Cotmants ares Loy © = Comet | S—

* Untitled - ArcMap - Arcinfe

Die St Yow Jroert Zelecton Tock Wivdow tied

D& @ - * |2 &8990 M Q

. o Bl =] ™ ™ gy [samw | b | # v e [Crmiren

"o ' ~ . ArcMap adds the layer to your table of contents using the

: [ == special properties it was saved with. i.e if the layer is point

you can get the point symbol, if the layer is line you can
get a line symbol and if the layer is polygon you can get a
polygon symbol.

Diaghay [Sausce | Seloccn ] a0 o4 ‘ !._;E"

4.3.1 Moving a layer to change its drawing order

1. In the table of contents, click the layer

2. Drag the layer up or down. A black bar indicates where the layer will be placed.
This bar indents to reflect the position in the layer hierarchy where the drop will
occur.

3. Release the mouse pointer to drop the layer in its new position.
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4.3.2 Changing the name of a layer

*® Untitled - Archep - Arclafo

1. In the table of contents, click the layer to select it.
Be £ Yow fuot Secon [ook Wndow e

2. Click again over the name. This will highlight the name and allow you to

d @ ewl 5% g omr 0 0 3 Type the new name and press Enter.
’-“SI—E ~ = N.B: This does not change the actual filename.

|
[ 8
|
|

Table of Content

File Edit View [nsert Selection Tools Window Help

4.3.3 Removing a layer D& BX|w o [
—— .: - V '
- . x
1. In the table of contents, right click the layer or layers you want o I
to remove. ] s—t—p Mm
2. Click Remove. ] B copy
2 »x
== T Open Attribute Table
4.3.4 Removing several layers Joins and Relates >

1. In the table of contents, click the first layer you want to remove.
2. Hold down the Shift or Ctrl key and click to select additional layers.
3. Right-click the selection and click Remove.

Exercise:-
1. Add Baskura, Enguli, Project woreda, town and road layer /try to see the watershed maps in your document
2. Rename Baskura and Enguli to Watershed boundary
3. Move Watershed boundary on top of project woreda layer
4. Remove Baskura from the map document
5. Remove town, road and Enguli at the same time

4.4 Coloring and Styling Features

Choosing how to represent your data on a map may be the most important mapmaking task. How you represent your data
determines what your map communicates. On some maps, you might simply want to show where things are. The easiest way
to do this is to draw all the features in a layer with the same symbol. On other hand you need to display maps in different
color or you might draw features based on an attribute value or characteristic that identifies them. For example, you could map
roads by type, or map different landuse type etc.

In general, you can draw layers in four symbol type:-

1

R A R A [ g P B B P T [, 1. Features:- this uses for single symbol
2 X NG aaasaen ot akdos Veboes of g okl = | 2. Categories:- uses to get unique value

S - ’ v Fave -y
i U o | [ 3| -] 3. Quantities:- uses for graduated color, graduated
3 aich o oy 8 [ et [ Vo e TGmes 1 symbol and proportional symbol

harte .I ] <ol ot wabuma s « ot e ok . . .
SRR/ PR 4. Charts:- uses to display in different symbols.

i ! u Ad ARV abins AdIVahas | | [ —— | Advacrmd |
ArcGIS M
1 o I Cancet Aocky ‘ S—




4.4.1 Changing single symbol:-

1. Click on the map symbol
2. Click on Fill Color button. The color panel will appear
3. Select your color from the color panel
~ 4, Click Ok. The color symbol of your map changes to the
new color.

Uhe IIIIII..II.I e
SEEEEEEEN .

-m

“TE "T11
Prooete 8 M § umEm
mEmnn EEEEn
mEmEn

Iase Pow H"WII.IIII-

M(u"

L

4.4.2 Changing color by category:- it uses for qualitative and homogeneous or no rank /value data

i, M. ! 1.Right click on the layer name
k) R Ceoy 2. Click on property
Xitwon 3.Click on Symbology 3 6
" :"‘:E"’ | 4.Click on category
S 5.Click on unique values
“ Lt ol L b5y 6.Select the value field in
sausnirn Ay | freneen | the combo box
b s et L vibws | [ Code ‘ 7.Click on Add All
Secton 5 ..‘ l Ursgue wohses, mary |
Mach o gntik - Values button
(el Features — lo""‘“"' 0 <o othes vohues>
T
= _(’hnn:.u_ﬁ
___.Amﬂop B 1
| g B ~ s Gura B 1
Bl e 3
[N Bakua_ b 1
[ Deledel B Deledel_B 1
; Dergnie B Dengorie_B 1
Decogbva @ Do haea B 1 -
Add A8 Vans | AddVokm: | | Removess | Advagced - |

7

4.4.3 Changing color by Quantity:- to show value/rank

4.4.3.1 Graduated color 4
1. Right click on the layer name —u
2. Click on property

3. Click on symbology

4. Click on quantity

5. Click on graduated color

6. Select the field value. This field should numeric field.
7. You can change the number of class and class limits
To change the class limits:-

8. Click on classify button

9. Change the upper limit of each class except the last class.
10. Click ok

ArcGIS Manual for Tana Beles Project Woreda Prepared by WME TA Team /GIS and Database Advisor/




4.4.3.2 Graduated Symbol

1. Right click on the layer name
2. Click on property
3. Click on symbology
4. Click on quantity
5. Click on graduated symbol
6. Click on field value
7. Like graduated color if you want to change number
class and class limits, you can change here also
8. If you want change the min and max size of the
symbol
9. Click ok
4.4.3.3 Dot Density Symbol 6

v |
4 [F ostunes onp o | |
Categuires Foate |
DT o 1 VR Vi [AneA R N Db« Lot 1) ‘
Comdamnd <o
5 wh o] cikins s v  Omeec 5 w] Omiy
- Progsirinsyl epmbusby ~——rr——
[—— O ¢ Symbk Sow bom [4 wl
T e Tomgiote o |
[ Syt | Narge i Label — @ *,—8
s 1MAN-ZUGOT AN 20T |
® XMer-X%m 246020 Bachpond
® W e 001495 - 1760 J l
| @ vren sxmee G776 - 5% 0
Of . 5681 - 748 %0 36 08 - 741 290
RIS (o clacn iangms wang Ashae vahas ] -]
B g p—

1. Right click on the layer name

2. Click on property

3. Click on symbology

4. Click on quantity

5. Click on Dot density

6. Select the field and click add arrow

7. If you want you can change the value of one point
8. Click ok

8

Gareisd | Sonmim | Selaonin | Oupley  Spmtoiocy | Pkt | "
Chowe
[Fosnsos Duow cuuantdens wrng et 1o vk wgon_ |
|Catagerios Fonk) St tam
(Quantams Syt | Tk RS
D abasted) commy . - lJl(A S
5 Gradusted ipmdols -
.
R ]
Mo [ ,',]
ack ground
] i P |
o MastanDancty _Emthonion. |
o ‘ -

I
3

4.4.4 Changing color by Charts:- It uses to compare two and more quantitative field values

4.4.4.1 Pie Charts

1. Right click on the layer name R oy ot o -

2. Click on property s 0w | [==f 'l
3. Click on symbology Rd  |ngie At 3|
4. Click on Charts

5. CI'Ck on Pie Rach gansat | Con Schame | -

6. Select the field and click add arrow
7. If you want you can change the size of pie charts
8. Click ok

4.4.4.2 Bar/Column Charts

1. Right click on the layer name 5
2. Click on property

3. Click on symbology

4. Click on Charts

5. Click on Bar/column

6. Select the field and click add arrow

7. If you want you can change the size of Bar graph

8. Click ok

The following maps show the result of pie chart and bar
/column graphs.
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N.B The major Procedure Symbd'TIZTng Point and Lme data are the similar to symbolizing polygon features

Exercise:-
1. Add Enguli and Enkulal Watershed on ArcMap.
2. Change the color of Enguli watershed to Light green
3. Symbolize Enguli by Community watershed name. change the color of Toma Community watershed in to
black color
4, Add Baskura watershed and symbolize by graduated color based on area
5. Prepare the map of Population density using graduated symbol
6. Draw a bar/column graph that shows urban and rural population in each community watershed in baskura
7. Try show the Kebeles in Baskura Watershed
8. Symbolize the project woreda based on Waoreda Name
9. Draw a pie chart that shows urban and rural population in each community watershed in baskura
10. Classify Enguli Watershed area in 4 class.

4.5 Labeling Features

Labeling is the process of placing descriptive text onto or next to features on the map. It is useful to add descriptive text to your
map for many features. Labeling can be a fast way to add text to your map, and it avoids you having to add text for
each feature manually. In addition, ArcMap labeling dynamically generates and places

AT s text for you.
ol T =771 To label features:-
it ;f:‘m_m ~ 1. Right click on the name of the layer
Yoo ki », 2. Click on Label Features 9
N oom to Lorer ! N.B if you want to change the property
LT ; of labels
Ung Symbs Leven Manos i 90 faiobns P i ey
5 oo ’_ sl 3. Click Labels

o Corvmt Lestures 19 Graghucs
Corvem®. Symbciogy bo Fage esest st
[N »
Saww As Lugw Pl

& Proerte

4.6 Maplex function

[ B= '}

Vo bt

-

o

[ S

| ET

Maplex function helps to make your label readable automatlcally
1. Right click on the top of your document and Click Labeling
2. Click on labeling and click Use Maplex Engine.

9 Z\MMxLabdzm

4. Change the label field

5. Change the size and color of text
symbol

6. Click ok

/abcho FXRB K| [ ]

I BR



4.7 Convert labels to annotation

Annotation is one of a feature class in ArcGIS. If we are using the geodatabase features we can save as a layer. Otherwise
we can convert labels as annotation on the map. If you need full control over where a given label is placed on your map, you
should convert your labels to annotation. Text stored as annotation is editable, which means that you can select and move
individual pieces of text, as well as change their display properties (font, size, color, and so on).

To convert labels to annotation:-

1. Right click on the name of the layer

! —%"ﬁ; B85 2. Click on convert labels to annotation. This option is disabled if the map is not labeled.
s aed Gy )
)
;irwq* ' N.B since Annotation a feature class the layer frame should have a coordinate system
i »/  otherwise you will not able to convert labels to annotation
(R omTaleyer ;
: T [ 3. If you are working on geodatabase
i ) S . = select In a database option otherwise
Uy nteonk e select In the Map options
v ’ : 4. Select All features /if you want to
v \eFetres R T2 change all labels in full extent/
2 —m otherwise select Features in current
—_ & Convert features to Grghes... extent.
e e 5. Click Convert
Lo »
Save A Langer Mo -
f:—m 5 ' ,,,,, 7'
5
Exercise:-

Label the name of towns

Change the label font color in to red, the style to Tahoma and the size 6

Convert the labels to annotation and change the Debere Tabor town font size to 10 and color to Dark green
Label Enkulal watershed by their name try to make readable.

Label project woreda by their kebele and use Maplex function to make readable.

g~ e

4.8 Save ArcMap Document

Like any other computer application, you can save your ArcMap document by clicking the save button or go to file then

select save or save as option and give the appropriate drive and file name.
*_AleghnUntitled.mxd - ArcMap - Arcl

File Edit Yiew Insert Selection Tools Windo

E & B2 X | » < & 124520 | Ot AR
.l
wve (Ctri+-5) o (= | - I B Edtor ¥ & Open... Ctrl+0O

m

dit View Insert Selection Tools Window Help

o %
T8

S0

\ Y / . Save fs..,
Save A Copy...
_Click on Save button _____| & Addpata...
e >




5. Attribute Data and spatial querying
5.1 Using identify button

Identify button uses to see individual features information from your map. To use identify button:-
1. Click on identify button
2. Select the layer you want to see its information. /by default ArcMap shows information of the top layer./
3. Click on specific polygon, line or point of your interest
4. All the available information for that specific polygon. Line or point will display

D U few Juet Jeeton ok Wrcw b

Owue

2 4

1
i Identify
= Iderndy b
[ ] $ [ L AQRD NV FRUUNGHE KON L o
BB 2] MM G |t P i o e T o] ] = Batkua
lophosa B

tocenwne {504 400 SRS LW o0 Ween
O 0 g 0 br o o ahrn o7 phace 0 e

you wwT s dwehy B) iDL o e et have.

Lt T updiner M 30 RO WA by ! ol be
Wi

et B 9T hey 0 o0 Fastns 1 O vt bt

The autom Pand o pons Do imdiratos of W s |-
you Aded

5.2 Displaying Attribute table

\3

Locstion: | 387,312,028 1,315,951.512 Unknown Lt ¥
Freld | vahue |
FID s

Shape Polygon

AREA 375.016

KOPE 0.1573

CENTROID X 386943.34
CENTROID_Y 1319653.65

Name
MW _Code
test

leyun B

T

1

A table is a database component that contains a series of rows and columns, where each row, or record, represents a
geographic feature—such as a Landuse, SWC structures, Soci-economic Infrastructures, and etc. each column, or field,
describes a particular attribute of the feature—such as its Type, Name, depth, and so on.

To open Attribute table

L R el I o
Dwee - & [

A A -l ] - -

o 45— 1l

»
B Cww
* ae—

>

rem wd et .
N i
.

P .
B ]
e .

.

D et Ereawy e o b
Corvenet Sympdge o s et e

G .

Rl i

i T o

Move to first record

Move to previous record

Current record

Move to next record

Move to last record

To show selected record

Table options /it help to
perform different editing &
selection tasks

NookrwbdE

1. Right click on layer.
2. Click Open Attribute Table.

The layer’s attribute table opens.

Filed name /column

7
——
—
&k
ERIE-RL- L RS
Woreda Boundary
FID| Shape # | FID_| AREA | PERIMETE | WERPOL | WERPOLY_| ZONE_NA WER_NAME RUR_PO »
H 0] Palyzon 0| 302323000 | 2848364 2 28 |ZONE2 DALUL 46336H
1 | Polyzon 0 | 703838000 | 4057323 3 26 | ZONE2 BERAHLE 36359 |
2 | Polyzon 0| 675128000 | 1175642 4 27 |ZONE2 KONEBA 40674 o
3 | Polyzon 0| 125186000 | 3446302 5 29| ZONE2 AFDERA 17538 e‘
4 | Polyzon 0| 128172000 | 1580437 6 24 |ZONE2 ABALA 23519 > -
5 | Polyzon 0 | 245550000 | 2083379 7 25 |ZONE2 EREBTI 43323 wi
6 | Polyzon 0 | 196677000 | 1905113 i 23 |ZONE2 MEGALE 22032
T | Polyzon 0| 133738000 | 4539105 El 17 [ZONE 1 ELIDAR 31007 « e
|
(0 out of 29 Selected)
»
P Ootrrss = |
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5.3 Querying attribute table

Selecting records by attributes

L e 1. Click Options in the table you want to query
s *’m_ 2. Click Select By Attributes.
Tt Riaee | 3
— 3. Click the Method dropdown arrow and click the selection
Bt D i ¢ WHEIRE con 15 st e o e o procedure you want to use.
s P o e = 4. Double-click the field from which you want to select.
] R t— 4 5. Click the logical operator you want to use.
o g ==, | 6.Click the Get Unique Values button, then scroll to and double-
o = O click the value in the Unique Values list you want to select.
g -~ - ; e Alter_natively, you can type a value directly into the text box.
4 = - 7. Click Apply and
1 : umedlier 8. Click close
- SELECT ”POM Bubuan WHENS Your selection is highlighted in the table. Use Apply if you intend to
run more than one query or if you want to check your results before
closing the Select By Attributes dialog box.
7 8

To select all attribute, to Clear selection and to switch selection

A rod breploce. .
B Sebct iy Aetrtases

i, . 3

Z_g g .. 1. Click on Clear Selection option
Add B 2. Click on Select All option
e 3. Click Switch Selection option. This function uses to clear the selected
o , attribute and select those previously unselected attributes

A Cests Gragh

AST Table 10 Layouk
R =
o Reload Cache

& e
Peports »
Lapont

Appear apce
Exercise:-

Open the attribute table of Enkulal Sub watershed and find Zeba community Watershed

Select Bahir Dar Town from the Town layer

Select roads owned by ARA and RRA

Select those community watersheds from kentai which has an area between 300 to 800

Select cultivation land use those have Eutric Cambisols, Erosion rate of 3.125 in Hana mariam kebele in East Estie
woreda.

aprOdE

TIP:- Add Town layer, Road layer, Kentai subwatershed layer and Project_Woreda_Mostmerged_Da layer
5.4 Spatial query /Select by location

Select By Location dialog box, helps to select features based on their location relative to other features, so you need at least
two features in your ArcMap document to use this select by location function. You can use a variety of methods to select the

point, line, or polygon features.
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1. Select your area of interest from the reference layer _;Jcaining frxd - AN 'P.- Arclofe

2. Click Selection from the menu bar Sl ool o o

3. Click Select by Location D@ & 5 seean sutae..

4. Select the different option from the | Want to options & @ Q‘ =

5. Select /thick mark on the targeted layer — @ O —

6. Select one from the That option =& layers Lo v it v e s s bt s B

: -9 & pof i
7. Click Apply B ol e < /
| eoeee e =
| BDues 5
Q od| ¥ + -l
i
=

e Descriptions for different selectior E@Wﬁelecﬁbrgocation

Selection method: funCtlon —‘9 vont -

[sefect features from | | Intersect the source layer feature |~ i

Target layer(s): - - . . =

*I Vrareie sodars This method is similar to the Are crossed by the outline of method but also
J | D osafoadne selects any features bordered by the reference features. " #
I Are within a distance of the source layer feature
| This method selects features near or adjacent to features in the same layer or
in a different layer.
Have their center in the source layer feature

T SRR TR ——— This method selects the features in one layer that have their center in the

Source layer:

F@Wureda Boundary j

Use selected features (0 features selected) 3

Spatial selection method for target layer feature(s):

intersect the source layer feature -

intersect the source layer feature =]

intersect (3d) the source layer feature o

are within a distance of the source layer feature

are within a distance of (3d) the source layer feature

contain the source layer feature

completely contain the source layer feature

contain (Clementini) the source layer feature =
L_ are within the source layer feature

re it (Clament) the source loyer foatre / -

are identical to the source layer feature

touch the boundary of the source layer feature

share a line segment with the source layer feature |

are crossed by the outline of the source layer feature | |

Selection Options

features of another layer.
Are completely within the source layer feature
This method selects features in one layer that fall completely inside the polygons of another.
Completely contain the source layer feature
You can select polygons in one layer that completely contain the features in another layer.
Share a line segment with the source layer feature
This method selects features that share line segments, vertices, or nodes with other features.
Avre identical to the source layer feature
This method selects any feature having the same geometry as a feature of another layer. The feature types must be the
same—for example, you use polygons to select polygons, lines to select lines, and points to select points.
Contain the source layer feature
This method selects features in one layer that contains the features of another. This method differs from the Completely
contain method in that the boundaries of the features can touch.
Are contained by the source layer feature
This method selects features in one layer that are contained by the features in another.
Touch the boundary of the source layer feature
If you are selecting features using a layer containing lines, this method selects lines and polygons that share line segments,
vertices, or endpoints (nodes) with the lines in the layer. The lines and polygons will not be selected if they cross the lines in the
layer. If you are selecting features using a layer containing polygons, this method selects lines and polygons that share line
segments or vertices with the polygon boundaries. The lines and polygons will not be selected if they cross the polygon
boundaries. You can’t use this method to select point features.
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Exercise:-

Select Community watersheds in Zefie those has main road

Select community watershed in Zefie 2 k.m away from the main road

List the name of towns in Kentai sub watershed

Select all towns with in 50 k.m from Bahir Dar

RPCU want to buy one flour mill for those community watersheds 5 k.m far away from Tikure weha Commnity
watershed. List the possible candidate community watersheds in kentia sub watershed.

IEE L

6. Data Management

6.1 Updating Attribute Table
You can make change or delete any data on your attribute table. To make change on specific record first the layer should
be in editing mode, otherwise the curser will not enter to the table cell. But for batch editing you can edit your table
without entering to the edit mode.

6.1.1 Editing or adding text in records

1. If you haven’t started an edit session, click the Start Editing
Editor menu on the Editor Toolbar and Stop Editing
2. Click Start Editing. E3ve Edte 4— 3
3. Select the layer you want to edit ki) —
4. Open the table you want to edit. v

5. Click the cell containing the attribute value you 3 b
want to change.

6. Type the new values and press Enter.
The table is updated.

& Attributes of Kenti

6.1.2 Deleting records FD | Shape' | AREAMA | WAME| Aiset | Shapeleng] _ Woreds |
0Polygon 75296950 Kenlsi | 305405042 37329687545 Bereberie Vienz_K

1Polygon | 631623856 Kantai | 600355261 12608257637 Gideba K

’ 2 Polygon 415716699 Kantai = 415718699 13169348536

3 Polygon 532667254 Kantai 532667254 16853261105 Alekete Wenz_K

4 Poyoon | 714544798 Kantsl | 714544798 29288178589 Kunbebe Rib K

1. If you haven’t started an edit session, click the
Editor menu on the Editor Toolbar and click Start
Editing.

2. Open the table you want to edit.

3. Select the records you want to delete. Press and
hold the Ctrl key while clicking to select more than 2
one record.

4. Press the Delete key on the keyboard.

Any geographic features associated with the records are also deleted.

6.1.3 Editing or adding many text in records

1. Open the attribute table

2. Right click on the field/column name
3. Click on Field calculator

4. Accept the warring by clicking ok button Field Calculator

[ | \/ 1 atlo

You 2 about 4 do a calculale outside of an adit seston. Thes method i faster than calcudsing n an edt
sozzon, but these iz no way 10 undo your sesuls once the calculaton bagrea. Do you wish Yo contirue?

Yes ;] — J‘ -

[~ Dont wam me agsn
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To calculate Area or to get X, Y Coordinate value of a point data:

1. Right click on the field /column name

Click on calculate Geometry

3. Find the area calculation or the x coordinate select Area or
X or 'Y coordinate from Property box.

4. Select the unit of measurement

5. Click Ok

Calculate Geometry u

Property: [Nea - i ]

Coordinate System

(@) Use coordinate system of the data source: 4
|PCS: Adindan UTM Zone 37N

(7 Use coordinate system of the data frame:

|PC5: WG5S 1984 UTM Zone 37N

N

ISquare Meters [sq m]
Acres US [ac]

Square Dedmeters [sg dm]
Square Feet US [=q ft]
Square Kilometers [sg km]
Square Meters [sq m]
Square Miles US [sq mi]

About caloulating g

6.2 Creating, deleting and hiding Fields

If you want to add or delete fields from your table you should
be out from edit session.

To Add new field in your table S o asehen.
Ceiecel b B senct py Aebuten
peinttere An B
1. Open the attribute table S
2. Click on option in the top of the table e p O 3
i i e
3. Click Add Field e o |
. Ko Maet B =
4. Enter field name EPTRN 100 rics [
b Acte B
5. Select the data type /for area choose Double o T ol e [V [test =M
for text select text type/ Swees 8 s 5 o ! o
. W . o Lavat opel Dns
6. Click ok ;f.:”, o Field Properf Long Irteges — 5
:.:: n & ore - Flost
ey OCHION | Double b
Zemeto D Fgponts Text
ey o O B Date
2 Cume Zor Fopea wxe
s . 3
3 -l
e ] [ oK gd——iansei—i— 6
T ~ 1 Todelete the existing field e
i : :‘e’“"‘"’ Make sure you are not in edit session.
t Dgscending - . .
Kem A 1. Right click on the field /column you to delete
= 2. Click on delete field S — T T |
% o B4 Caleetr.. 3. Accept the warring by clicking on yes
Ot Cautte Geonetry.. button e
ez r‘,nmgn 7387 Kesge Kidenmehirel_B | Kesge Kidenmehiret B
T . . . Iiggg gi::ﬁ;e B gi::ﬁ;i,a ;Lamsu(s
5 SR To hide the existing field e R
- % —~ 3 1.Right click on the field e [ T
Dedete Fredd N " 214 Terwrorh B Y — 0T
Sore - 10 u 2.Click on Turn field off e =
Lay  Properties.. Sy e e T
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7. Watershed Delineation

What is a Watershed?

e\Watershed is a topographically delineated area drained through a common confluence point on a stream or
river,

e An area that drains rainfall runoff water to a common outlet,

¢ Drainage system - The area upon which water fall & the network through which it travels to an outlet.

e Pour Point - A location at which the rainfall runoff contributing area can be determined.

 Watershed boundary

Drainage Line

Water Flow direction

Common outlet
7.1 Watershed Delineation Methods

Different methods have been devised and are used to delineate watersheds. The following are some of the
common watershed delineation methods: In this training we will see two of them in detail (watershed
Delineation using GPS and topographic map).

1.Watershed delineation using Topographic map (contour, Drainage Patterns),
2.Watershed delineation using hand held GPS (Tracks, points),
3.Automatic delineation from DEM using ArcGIS software, ILWIS and ArcHydro,

7.1.1 Watershed delineation from Topographic map

Topographic map can be used as a data source to delineate a watershed. In this method contour
lines and drainage patterns/networks serve as starting points in delineating a watershed using
ArcGIS software. It is the easiest method of watershed delineation as compared with field
delineation using GPS. Before starting to delineate a watershed from topomaps, you should
create new polygon shape file in ArcCatalog.
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We can use the following steps to delineate a watershed, using topographic map in ArcGIS

environment,

1. Open Arc catalog,

2. Create a polygon shape file under the created dataset

3. Open ArcMap,

4. Add the topographic map

5. Add the created shape file

6. Click on editor toolbar to start editing, the editor toolbar becomes ready to edit the existing ones or to
create new features.

7. Start to delineate a watershed based on contours and drainage patterns using Sketch Tool,

11. After completing your delineation, calculate the area of the delineated watershed in

hectare orkm?,

N.B. during digitizing use the snap,
reduced topological error

_Untitled - ArcMap - Arcinfo

tool and also if you are delinating common boundary use terace tool to

Bl Edt Yew Insert Selecton Tooks Window bl

DEW& L ESGESE 4 £e0 w @

decg, > || b | " Task [Create he

et
I““"' = & [r3ma38E2 -l g D e &S
fu Edter > | M 2| Task |Creargiew Feature

~  Watershed Processing = Attribute Tooks &2~ (7 |/ apltities ~ -
MR R Layar:/‘ﬁ

& 2

i~ @ i L ) [Missng] |

low Help

87 Stop Edting

3 @ Projections and Transformations

= & Raster

A Add Colormap

‘ ‘ + & Layers and Table Yiews A

Y YV Y YR Y Y Y Y Y Y Y yew
M honE®

7.1.2 Watershed delineation using GPS points

This is another alternative to delineate a watershed. This method is accurate but it is very difficult to do it
and time taking. Mostly we can apply for verification /checking/ purpose and to delineate small size
community watersheds. To apply this method;

1.GPS points should be collected on the field using hand held GPS,
2.The collected GPS points can be directly transferred into computers using GPS cables and software,
3.Add the transferred data to ArcMap and edit errors, if any.

Exercise
1. Go to the field,
2. Select a representative micro watershed,
3. Collect tracks and waypoints walking along the boundary of the watershed,
4. Watch carefully the different features in the watershed that will help you digitize land use/land cover, road

network, drainage network, etc

5. Return back to your training room and import the collected tracks and waypoints into your computer using
either the Garmin Software or Excel worksheet or both,

6. Open the collected tracks or waypoints in ArcMap,

7. Delineate your watershed and calculate its area in ha.
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7.1. 3 Delineating Watershed by using ArcSWAT Application

ArcSWAT is an extension for ArcGIS that help to perform all the watershed and hydrological tasks. You should install
ArcSWAT software independently to use with the ArcGIS as extension. In this session we will concentrate on delineating
watershed automatically form the ASTER 30 DEM.

To delineate watershed in ArcCSWAT

To perform an automatic delineation you should pass a series of steps/, before you get the actual watershed /catchment/. For
example you should prepare your DEM by smoothing, creating flow direction, flow accumulation, stream definition and so on.

+ Step one:- start new ArcMap and save your map document

 Step two:- right click on top of ArcMap and select ArcSWAT
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Step four:- click watershed delineator and click on Automatic watershed delineation.
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Step five:- click the folder icon on DEM Setup and select DEM file.
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Step six:- click on the icon next to DEM projection setup and select “meter” in Z unit.
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Step seven:- select DEM based in stream definition and click on the raster image in flow direction and accumulation
k] - = x]

kO M S B oo S F B G R

Zssnat 795 Lavaen o et
0L WS e

Step eight:- Click on the icon next to create streams and
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N.B if you want to change each outlet, you can change manually by clicking edit manually or add point table
Step nine:- Click on the icon next to whole watershed outlets and select one of the outlet
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Step ten:- Click on the icon next delineate watershed
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8. Editing and Updating Spatial data

Spatial data /Maps/ can be edited or deleted. In this section we will see how to digitize new data, edit/reshape, split and
merge/ spatial data.

8.1 Digitize new data

1. Create new feature class in ArcCatalog by defining =%+ PR S
its shape type and its coordinate \
. Add the empty /new/ feature class in ArcMap L
. Start editing and select the new /empty feature class N
. Click polygon, line or point based on your feature type \
. Click the straight segment or Trace to start digitizing . ‘
. Digitize on the map window where you want to “ 4 S F
digitize if you finish double click to stop digitizing ‘,, ' :
. Stop editing by saving the edit " OISR
. The new map will display on your Map document.

OOk W

e

oo

8.2 Edit exiting /Reshaping/ data

Start editing and select the target layer

Click edit tool

Double click on the feature that you want to edit !

Drag the vertex /colored by green/ in the place you B

want / _ i
5. Click stop editing and save the edits L ’

HwbhE

wos Gl

8.3 Delete the existing features 3 Y ' e .

1. Start editing and select the target layer 4
2. Select the feature on the map
3. Click the Delete button from your keyboard

Exercise:
1. Add the new shapefile you created and digitize three watershed from Top Map and give name for it.
2. Reshape the new digitized data to fit the kebele boundary
3. Delete one of the newly created watershad.




8.4 Split the existing features

1. Start editing and select the target layer

2. Select the feature on the map

3. Select Cut Polygon features /if you are editing polygon features/

4 Click the straight segment or Trace

5. Start splitting by terracing from one side of the polygon to other side and double 7
click when you finish

6. Stop editing by saving the edits

Help
- - S
Editor= || » |

If you are editing line features
Follow step one to three

7. Click on split tool

8. Click on the place you want to

split the line
3

8.5 Merge features n S, o

1. Start editing and select the target layer = S

2. Select the feature you want to merge on the map e

3. Click editor S I

4. Click on merge o I

5. Choose the one feature and - el

6. click ok
N.B follow the same procedure for merging to line features. somew 5 s T R :

Ly e x \ P

Exercise:- / \

1. Divide the big watershed from the newly digitized watershed L/

in to two .

2. Split the main road /D/Tabor - Gassi/ at Defegn town
3. Merge the above two roads and watersheds

9. Transferring GPS Data to ArcGIS

You can collect different data such as socio-economic, landuse and other data by using GPS and then you can transfer this
collected data to the GIS system.

To transfer the GPS Data to ARCGIS

Add XY Data

(?)%)

Ll A Lable cortareng 7 and Y coodnate data can o the
1. Copy all the collected GPS data to L el e tmm ﬁ“n@ H.swa R o M gt Msoumoe Kol e
. . . . ew. il - 1200 - = B - >
Microsoft Office excel application o o awo [nis v M? s =1 =
2 Save the f||e g e P N @w XY 5 e tokds for the X and 'Y cooedinates
: . W85 [ Coma =
3. Open ArcMap l [ b1 £ 1 211 fv-cona =
4. Click File menu and select Add data ‘ R ? ' T
. Add Data | & AddData.. el
5. Click Add xy data 8 snh e N ,
6. Select the file name of your GPS data___ ™ i LIS
3 . age and Print Setup... £+ Add XY Data
7. Give the correct X and Y field. @ Finrern. o -
8 CIle Ok & print., # ddRoute A4 XY Data
) Export Mp.. . Add Query Addsanew map layer based on
P XY events from a table.
The system will add the map in to your £ M Decument Prpetis. «dnap document. ca |
1 C:\Abala_Cadaster\Roads.mxd
l ¥ Wann me € the rending Layer vll havve testiotod hunctonaslty
¢ > o | __cews |
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9.1 Convert GPS point data to Line and Polygon

s Help

I%E-.FLSE -

1. Open ArcMap
2. Add Your XY data

PRl Pe—— M Click the ArcTool Box

Open the ArcToolbox window so
¥Oou can access geoprocessing
tools and toolboxes.

4. Click Data management Tools from tool Box

@ Press F1 for more heip. /’ Click features
s Distribute Geodntabase = . Click Point to Line tool

&5 Domains
& Feature Class
= s Feature:

*. Add XY Coordinates =
%, Adjust 3D Z

#%, Bearing Distance To Line

%, Check Geometry

%, Copy Features

#%,, Delete Features

., Dice

“%., Feature Envelope To Polygon

#%,, Feature To Line

*%, Feature To Point 2
*%., Feature To Polygon

#%,, Feature Vertices To Bdfints

\ Polygon To Line

\ Repair Geometry

%, Split Line at Point
%, Split Line At Vertices
%, Table To Ellipse

%, Unsplit Line
L, XV To Line
5 Fields

5. File Geodatabase

After converting Point to Line then
convert the line feature to Polygon feature

To Convert Line feature to polygon feature

7. Select the point input featur
8. Give output namge in the cortiect folder
9.Click Qk

57 Points To Line ==

 Input Features “ | InputFeatures

[ l Y8

The point features to be

% Output Feature Class
Lz @ converted into lines.

Line Field (optional)

Sort Field {optional)

[ Close Line foptional)

[_'LUK [ concel | [Envionments... | [ <<hiderelp | [ Todkep |

Windows  Help

ArcToolbox

Open the ArcToolbox window so
¥Ou can access geoprocessing
tools and toclboxes. —

1.Click the ArcTool Bo

@ Press F1 for more help.

ArcToolbox O x
&5 Distributed Geodatabase -
& Domains

2.Click Data management Tools from tool Box @ & Femture Class

—Pp= e Features

3.Click features
4.Click Feature to Polygon tool
5.Select the Line input feature

6.Give output name in the correct folder

7.Click Ok

Exercise:-

\ Add XY Coordinates
\ Adjust 3D Z
“%,, Bearing Distance To Line
%, Check Geometry
., Copy Features
#%, Delete Features

m

., Dice

#%, Feature Envelope To Polygon

%, Feature To Line

“%,, Feature To Point
A

*%., Feature Vertices To Points

%y Minimum Bounding Geometry

#%., Multipart To Singlepart

57 Points To Line

., Polygon To Line

%, Repair Geometry

“%., Split Line at Point
%, Split Line At Vertices
“%, Table To Ellipse
*. Unsplit Line
., X¥ To Line

= & Fields

= & File Gecdatabase

1. Transfer the Exer_GPS data to your ArcMap document
2. Convert this data in to line and polygon data
3. Calculate the area for the converted polygon and find the length for the line




10. Data Frame

The data frame provides the principal display of geographic information as a series of map layers. It has a geographic
extent and a map projection for displaying. The ArcMap document gives you one data frame as you open the document. But
you can add additional data frame to create a location or index map in your map layout.

To Add data frame 1
=Pnsert Selaction Took 2
1. Click on Insert Menu T NN
2. Click Data frame o
A Text = Layers
N.B The system adds new frame on your map document /by £ 57 Naw Data Prame
the name New Data Frame you can change the name. As you T e = == 3
add new data frame, the display is active for this new data " LN <omyteo el
frame. Therefore if add any data to your map document it S Eax
goes to the new data frame. If you want to work on the old ——— > o
data frame: abjact
3. Right click on the name of the data frame and
4. Click on Activate. Reterarce scnin ,
Exercise:- e :
1. Add two data field named Region and Woreda 4 =
2. Add region data to region data frame and woreda data on —ECIT—

woreda frame
3. Delete the woreda data frame

11. Creating Map Layout

A map layout is an ArcMap visualization tool. You can use the map layout to produce understandable map by adding all map
elements /Scale, Title, Legend, North Arrow, Neat line etc./ in preparing map layout you have two options one is to use your
own layout and the other is to use the existing templates.

11.1 Using Our own layout:

’ J

Favorites | Index | Search | Results |

/1. Click Layout view on the bottom of the ArcMap document.

i X /The view will change from map document to layout view/
To Change, if you like, the Print setup option either portrait or Landscape.
[T B o it Sk fock o 6 3 Cllick file
T L oo | 3. Click Page and print setup.
& save ases | 4. Change the printer /if it is not the exact printer/
SRR 5. Change the paper size
+ AsdOma... 6. Change the paper orientation

3P e Ok ——
- [ Print Pregew. ..
a Byt vt Seng

o !dw 4
ES® Oocument Propertios. .. P Otne i
 p— I Dbt § 3200 pasens

Import froen ArcViews project., Whee [ S

LW‘ M~ % Camvwmmmeds

o
1 CARCGIS_Marcial Traring, mocd Sl T =) ( — A 5
2 C:\Document . . \AleghnLInk Rled. srocd Gommce [ Aetcrmarac oy & b -] Fywom Mg ——
2 CADocuUments and 5., . \Foger s, mxd e b s o o LMW

[ e T R 6

4 .. \October_Uppdated All Watersheds. mod R e
25 CINIRA, L \Slope Map of Engub mod o Use Pader ¥ agpes Somege
G CINIRA, . NS _New _CWEZ o Pane

Fage Sum Wit vl Do wred w apad
(353 Arara

Wty jos
Mewre I

Ohsne sty

W Shows Perees Masgrs on Lagoas |

ATCGTS AR for-Tarr Befes-PTOeCt oo PreprTecthy e =



11.1.1 Adding map element in map layout

*_ Training.mxd - ArcMap - Arcinfo

Blo £k Yiew Insert guiacicaiese—seier—— | 11.1.1.1 Adding title
D & | d =F RataFrame -

@ @@ = ‘_?W" ) 2. Click title /The tile with the text box will add to your map/

1. Click insert in the menu

— A Text —

3. Change the default title to the appropriate title

—gm € Noatine... 3 4. Double click to change the font style and size on the title text box
&5 7M —a
2 oot e e S
- Rooc & North Arrow. .. Tewt | Size and Position |
=0 wn Scale Bar... Teut
]  wom Scale Text...
-1 &4 E
o & Beture
= 9 Bask Object.,.
= 1
Fort  [Aiel 2300 5”; 1]!]
Argle: [000 =] Chasacter Spacing [000 =]
Leadng 000 sy
About Feematting Text | Change Symbol . =t %
11.1.1.2 Adding legend o N |

Click Insert and click legend /refer the map in the previous discussion/

Select all the necessary maps you want to display.

Click the send add button

Click next

If you want to change the appearance of the legend you can change otherwise click next
If you want to add background color, frame etc you can add here.

Click next

Click Finish

cLONoar~wNE

g .

Logond Nerm 1 Logend Rem 3

-y g

W el serorpien  w— e s

B Ul derorpien  —— Libel deaiten
Ul depotpina T Litel demorpien

Logend Nerm 2 Logend e 4
et arptns L) bl avropten

Sat thm rrmnbes of Cohmnt i yons logeed. [T -

Powviess |
- )

<t Coe




11.1.1.3 Adding scale

' ; 1. Click Insert and click Scale bar
SN 2. Select your favorite type of scale bar

Sinaset Sad e ‘ 3. Click ok
QQ"'*"’-_,—.-"'“' — SeE | — 1) 4. To change the measurement unit, double
~wewe | 77T click the added scale bar in your map layout and Change the
. - . !' aori i B meter unit to the kilometer unit
S S—— = 3 5. Click ok
%) .
11.1.1.4 Adding north arrow N N g .
AL e
1. Click insert and click North Arrow i 1
. : -Q . )
2. Select your favorite type of arrow S ’é
3. Click ok /the north arrow will added to N ' ‘"_ TN
your map document/ e S Q‘?
cam Pt 2 AR Pty © ESR Nowth B Fropates |
o _ temtven -]
£ Iﬁ W+ - S| L |
=52 3 5= -~ [ [ |
3 I§
11.1.1.5 Adding Neatline /Frame/
Placement Boeder
" Place sround selected elsment(s] I jlﬁ
2 " Ploce around ol elemerts | 1. Click insert and click add neatline
s Flace e mapen: Saipoud 2. Select inside Please inside margins
T HEE | v LH 3. If you need to define the size and background of
r i border line, you can change here
Ducp Shadow 4. Click ok
Gep Roundng
[0 o [ o2 % [ -
Advarced._ | [ | Concel |
- - 4 -
11.1.1.6 Adding Grid or Graticule:- Grid or measured grid uses for UTM or metric whereas graticule uses
for latitude and longitude display 2
1. Right click on the data frame and select
property :
2. Click on Grid and Click New Grid G| et | Conbo Sy | ot | 20
3. Select Measured Grid and click next et i w0 B 40 o o i bame Lt
4, Adjust the x and y axis interval and click next -  Tp—
5. If you want to adjust the line do it here and click
next
6. Click Finish /the grid will appear in your map G
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Exercise:-
1. Create map layout the shows only Kentai watershed
2. Add all Map elements including grid line
3. Add Top Map of Debere Tabor and make the two map visible
4. Add data frame and add Fareta Woreda map. Show this map in the left corner of your layout
5. Add town and road map and try to remove the Top Map from the legend /Not from the view/

11.2 Using existing Template

There are a number of other existing template that helps you to create nice map layout. The only thing expected from you is to
change /modify / some of map element attached to the existing map layouts.

1. Click change layout button
2. Select your favorite layout from the template
3 e Ak fnsh it youare working in dta
T = S frame follow the wizard by clicking the next button.

DEES X m@X o | P[00 =] 2 )

RERBEROE & = -] BB s T T T
=3 | L T
= 9 Layers - f—.ﬁr_.‘w —— = V:/
= T Ty ‘
.m 9' S, é o s -‘L.:—)le’
= M road = [— S
_g_ | ;_:-_‘:-A-:-. -
N.B Change all the unnecessary map elements ‘
H H [FE ma| [CUScoam Meacie Bt T emchaos LI GAWSA o]
by deleting and replacing by your own map
element. K m—— ST R

Exercise:-

1. Remove the newly added Data frame and select the USA template with portrait layout

2. Change all unnecessary map element to your own map element

3. Add two data frame called Region and Woreda and select the USA.mxd document from the USA
template. Follow the wizard and change the order of your data frame that Layer should down to the
third place, Region into two and Woreda to one.

4. Check your layout in the preview window and make the necessary adjustment

5. Change the grid to fit your data

11.3 Exporting the Map Layout

You can distribute your map layout to other people or for documentation purpose or to insert in any report. This can be done by
exporting map layout in to the picture format. You have different image format, the JPEG is a compeered format it takes
relatively little space.

“ Yralning.msd  ArcMap - Arcinfe

. . he LR ew Draect Selectson Looks ndow (el . P wlrs_Owa = e X cr D
1. C|_IC|( File __]_-_ Ot Crren l S LRI B S e wo
2. Click Export map o2 e e =) = = ea || Ry
PO ) R
3. Select the folder et / 3
4. Give the file name - assoma. | 2
- 1 Paom and Pres Setus | . =
5. Click save O ¥ D
& pwe . { -
S Commars ArRsenine.Ts | 22 WP ‘.\:5,"'.‘:'*
, e fromm Ao posbodh | o A
— T — | - ~
St £ CAACGES_Manued, Frarwy mood | = W I:tr‘],"‘_""‘ it Mo — = ' 1
2 ADavri  \Nglw h re—l ( :a::; — cemlabon, adi — = ’
2 CANIIA, . Dl Mungs of Ersnd, st C=DET 7 Opone
A COAMIRA,  NErp A _New _CWEZ ook Gorwnsd | Funmnst |
B CrUD e, . I Wosker s asd el [ Rt [ar5 Ha
G COADCcummn. . WIS Watershed mwd l WA [San0 soul
ar AR are . = [ 340 (e ey
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Exercise:-
1. Export your map document in file name called My Map
2. Insert this map to a word document

12 Managing ArcTool Box

The ArcTools box helps to make a number of spatial analyses. For this training we will focus on the mostly used
analyses tools, if you need to explore other tools you can use help.

12.1 Analysis Tools

12.1.1 Extract

The extract tool box helps to get new data from the existing data. Under this tool you have a number of other
functions such as Clip, select, split and table select. Here we will see the clip function.
o Clip features
1. Click the plus sign in front of the Analysis Tools
2. Click the plus sign in front of the Extract tool

3. Double click on the Clip function /this function helps you to extract small information from the big one/
4. Select input feature /Big data/

(6§ ArcToolbox 5. Select clip feature /Small data/
+ @ 30 Analyst Tools T — ] © Change the folder and name
1 = @ Analysis Tools 4 e of your new data
> & eract =T & e | 7. Click ok
L] ﬁ: ) gy B | e The new file will added
R, T S G v to your map document
A Spit 6 —’ ...... - . Xell | g P
A Tableelect - L i
b Overlay _\‘d_l
@ Proximity (,...f.,\,.
6 Statistics -/
Exercise:- 7

1. Extract those kebele that contain Kentai sub watershed
2. Clip Town and Road by Baskura sub watershed

12.1.2 Overlay

Overlay analysis is one of the basic tools for GIS operation. A number of questions can be asked by the GIS users for
example what type of landuse is exist in one community watershed, in which slope class the dominant forest land is exist, etc. in
general the overlay analysis used to get new information from more than two other features. In this analysis tool we will see the
union and the intersect function.

e Union or Intersect function

1. Click the plus sign in front of the Analysis Tools

3 ng oo 2. Cl@ck the plus s_ign in fro_nt of the Overlay tool _
= .,,mm 3. Click on the union function /if you want to have the whole size of the
il gg vt feature. Otherwise Click Intersect /if you want to have an information equal to the
,"Z,Z,, smallest size of the feature/

A ldeciry

Intersact

A Sowss Xon

2 il ffererce epared by WME TA Team /GIS and Database Advisor/
2 Updwe

. b Proomty

+ s Satiics




4.Select input features on by one

= . 5.Change the folder and file name of your data
ST s =2 J & 6.Click ok
e » | ZEZINZET O The new overlaid data will add to your map document.
t
5——) e S —. &
Gﬂ‘ - l Cwaow e e
Exercise:-

1. Intersect Enkulal sub watershed with Dera Woreda

2. List name of kebeles in Enguli sub watershed

3. Find landuse of Enkulal sub watershed only in Estie side

4. Find those kebele in Mecha woreda which is not part of Tana Beles project
5. Find areas that have a slope > 50% and its landuse is Cultivted land

12.1.3 Proximity

The proximity analysis helps to know the neighborhood of one feature. From this analysis we will concentrate only on the
buffer function.
 Buffer Function

T 1. Click the plus sign in front of the Analysis Tools
+ @ 20 s Tocs 2. Click the plus sign in front of the Proximity tool
1= @ mss ook 3. Double click on Buffer
— © @ binact 4. Select the input feature
;I Es g"”"' 5. Change the folder and file name of your data
- ' ;‘!&‘_ 3 6. Give the distance in
> Croate Thisssan Polygors === the text box ne_xt[ to distance an(:j -
B Waigle Ring Buffer 4 Yot resres 7 change the unit if you are working in
P ey T 2. other unit
) Pork Distarce 5——)"??;2::}?2.;..@1.;),.;.. et o Teooomys G| 7. Click ok /the pO|ngﬂ
By Sus == et = : feature will added to your map
document. Ll e .
ity e -
P g
7 Qunchen Trpe (optonsl v
e e | Cocet [ << Ve ol |

N.B The buffer function uses the given buffer distance in both side of the feature not in one side /it uses like a radios of a
circle/

Exercise:-

. Create 1 km buffer from main road in Zefie sub watershed

. Find community watersheds within 5 km from main road

. List those community watershed five km far from towns.

. If Melo river over flow 200 meter from its nature course, find the Settlement area affected by this overflow

D/tabor town want to distribute Hand tools for each kebele. The distribution program is two cover every two km from
the town, so how many days will need to cover all kebekes.

oA wWwN R
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12.2 Data Management Tools

Data management tools have a lot of sub tools and functionalities. The common ones are merge, Dissolve, Eliminate and
Projection and transformation functions so we will focus on these functions.

12.2.1 Merge

The merge function helps to merge two and more feature class in to one feature class. Example when you transform a
landuse map of one community watershed, the procedure is for transform is transform each landuse GPS point in separate
file so after finishing separate data then you can merge to get one landuse map of that specific community watershed.

1~ @ oo = 1. Click the plus sign in front of the Data Management Tools
- * 5:~cw~~m 2. Click the plus sign in front of general
D @ Clcernected Sotng 3. Double click on the merge function
* X1 Rnsad Gaodat shase .
_— T 4. Select the input feature
. eatire Class
v & resires * class
v G Peids »_ boutOamets
5 ¢ & rin e ) ——— < (& 5. Change the folder and
=Tz Acgand 2TE ' + file the output data
2 Caodste Ve -
P~ Cogyy - 6. C“Ck Ok
3 ) Owleto 4
- 2 Marge trarch
2 Renses
P Select Data
o Ovpx Cataset
o c
Pk e (e §
| + -
6—*@ _ Carcal :_(W_A ""“"‘“,,,'
Exercise:-

1. Merge all the sub watersheds in Tana Beles project
2. Merge all sub watersheds found only in Fareta woreda

12.2.2 Dissolve

Dissolve used to aggregate/group/ the feature class based on their attribute data i.e you can group uniform/homogeneous/
attribute data in to one single data.

1. Click the plus sign in front of the Data
Management Tools .
. - . - - + - & Irgxt Festaros
2. Click the plus sign in front of generalization o e Mo 3 wf
3. Double click on the Dissolve function + & Feasture Class Cupa Pesture Class
. ¥ Features [P A Gl ahaed LWEM_Ganiad shase. i Wt ev shed_Dons u
4. Select the input feature class 3 Len S e
5. Change the folder and file the output data I Geneal |gumut
6. Click ok B B gk oL,
e g:::.‘, —
3T E2m [w P
2" Eleninate D) Shape_Lengh
= ) Sanpldy Ensldng ) Shace_sma
2 Senpiy Lew
A Senpify Pobygon -
_ & Smooth e < >
6——’(? Cocel | Eevacomaers | ccriserion |
Exercise:- v

1. Dissolve Baskura Watershed based on its watershed name

2. Create the map shows only the sub watershed boundary /no need of community watersheds/

3. Create the woreda boundary without their kebele and show the boundary with the watershed boundary
4. Produce a soil map from Project woreda data

5. Show the soil type in each landuse in in Tana Beles project area
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12.2.3 Eliminate

The eliminate function helps to combines selected polygons, often splinter /silver/ polygons that are smaller than a given
size, with adjacent polygons to remove small and unwanted polygons from the dataset.

s . Data Management Tools

— + & Data Comparison 1. Use Select by attribute selection method to select area less than of your interest
g gﬂwt . 2. Click the plus sign in front of the Data Management Tools
+ & outrtoued Geodotabe 3. Click the plus sign in front of generalization
+ & Domains 4. Double click on the Eliminate function
$ g ::::::f‘*"‘ 5. Select the input feature class
+ & Fields st Lo 6. Change the folder and file name of the
+ & File Geodatabase O H—Pes 3 3 output data
6 General —n Outsnt Fastre Claes :
3 ——’— 6 Generaization 6 L i R T w 7. CI ICk Ok
#* Dissolve
A=
—- A Senplify Buiding

< >

7-.——’ O | Cawcd | Cnesreents 4 Mde Welpy

Exercise:-
1. Eliminate areas less than 300 ha. From Kentai sub watershed

12.3 Projection and Transformation

Every spatial dataset has a coordinate system, which is used to integrate it with other geographic data layers within a
common coordinate framework. Coordinate systems enable you to integrate datasets within maps as well as to perform
various integrated analytical operations such as overlaying data layers. When you obtain spatial data from different

pleases, sometimes it does not feet to your coordinate system so it needs to be transformed or projected before doing any
analysis.

There are two common types of coordinate systems. These are:
1. A global or Geographic coordinate system such as latitude-longitude.

2. A projected coordinate system based on a map projection such as transverse Mercator. It project maps of
the earth's spherical surface onto a two-dimensional /on paper /.

The projection system used in Ethiopia /Mapping Authority /is UTM Zone 37N and the map datum is Adindan. Therefore you
have to use this projection system for your GPS setting and for your spatial data when you are working in ArcGIS. Otherwise
if you are using other projection system your data will not fit with the Topmap data.

12.3.1 Define Projection

The define project function helps to inform /introduce / the ArcGIS about the coordinate system/ the projection type/ of

your data. This process can be done if and only if you are sure about the projection of your
data = otherwise you will create mess in your database.

1. Click the plus sign in front of the Data Management Tools
2. Click the plus sign in front of

Projection and transformation
3. Double click on the Define

S r—> o) projection function
4. Select the input feature class
5. Select the projection system
6. Click ok

-t 6

. e
. Lapwen vt ¥
Pyt ared e aral s vt e ea
[l . P—-
Crmuten Cussh i Gy agh
ot #n 0o e s
. "
. et Clasens
B . dk e
. Yos
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Exercise:-
1. Define Enguli sub watershed by the projection used by Ethiopian Mapping agency
2. Define Gumara 6 infrastructure data to UTM zone 37 and Map datum to WGS84

12.3.2 Project

The project function helps to transform coordinate system from one projection type other projection type. This is useful if
you get data that is different from your projection environment. By changing the new projection system to your coordinate
system you can do any spatial analysis. Here you have to options for transforming or projecting Vector and Raster data

1 3 @ 02ta Mansgaman Tooks " 1. Click the plus sign in front of the Data Management Tools
o > ‘D‘:‘t:bt"""“’ 2. Click the plus sign in front of Projection and transformation
« & Oisconnected Edting 3. Click the plus sign in front of feature or raster /if you are using vector or
+ & Ditriuted Geodatabase raster data respectively/
o Lot 4. Double click on the project function
+ & Features 5. Select the input feature class
B Felds 6. If the input coordinate system is not define, select the coordinate system for
. Fie Geodatabase .
o & Genera the input feature class
+ & Genersization 7. Change the folder and file name of
e g g = ® your output feature class
2 + & Layers and Table Yiews 5 o o Daet o Fosae Gt 8. Select the output coordinate system
e g':*wm"“f“m T 2 9. If you are transforming data between
3 i g &< . 6 ot Carsrte S tors : two different datum, select the geographic
e A Create Spatial Reference ___‘—_* = transformation
3 > 5::“ 4 7 __’;,‘?59"_!‘51'.'3‘1'&‘1— 10. Click ok
- Fip e
; Marroe TR v Oupa Codrete System ,
> Project Raster 8 —1—> -3
'5”_ s edvsst e
= | o+
2,
107 e 5 e | e | i |

Exercise:-
1. Project the Gumara 6data /which is defined by WGS 84 to map datum Adanidn
2. Project the road map to WGS 84 and check with the Top Map

12.4 Spatial Analyst Tools

Spatial analyst Tools helps to work with raster data. It has a number of functionalities, for a moment we will concentrate
only on extract by mask function and surface analysis.

12.4.1 Extract by mask function /Clip Raster data/

1 = @ spatd dnsit Tooks 1. Click the plus sign in front of the Spatial Analyst Tools
e | #§ Condtond 2. Click the plus sign in front of Extraction
o § Densty 3. Double click on extract by mask function
% § Ditance B S —————————— 4. Select raster input map
__2_ Pc § ectin ’ 4 S 5. Select raster or feature mask data
;::zzgg‘r‘“ 5 I [ T— & 6. Change the name of the folder and
| st T2 2 & file name of your output data
el }E,vwwm — | 4 7. Click ok
A Etract by Polygen T
/7 Extract by Rectangle s

A Extract Vahaes bo Ponts "
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Exercise:-

1. Extract DEM data for kentai from ASTER 30 DEM

2. Extract hillshad for kentai

3. Change the display of the DEM to elevation color and try to see the hillshade as well

12.4.2 Surface Analysis

Surface analysis helps to analyze /to extract/ data from DEM /Digital Elevation Model. Using surface analysis you can
create contour, slope, hillshed, aspect etc. for this training we will focus on the contour and slope calculation.

12.4.2.1 Creating Contour

l -’ .-m.mu..m-al.u

CoreStionsl 1. Click the plus sign in front of the Spatial Analyst Tools
| e :Z‘-'h 2. Click the plus sign in front of Surface
s e 3. Double click on extract by Contour function
i 2 T ¢ Select raster input file
S i 4 Rk 5. Change the name of the folder
o B R 7 o .
aeariate s = and file name of your output data
et 2 I L 6. Determine the contour interval
. ::::;:.-Z'ﬂd.-.n | J— ‘ 4_8- 7 C“Ck Ok
Y e
3 TS |
P Corkons Lint
. A Qaveture
2 oapa
P Hashade 7
;(::w Ports “_‘.__’ o | Covt | e | pe to |

P Vewshed

12.4.2.1 Creating Slope

1. Click the plus sign in front of the Spatial Analyst Tools
2. Click the plus sign in front of Surface
3. Double click on extract by Slope function
prr—————— 4. Select raster input file
e 5 5. Select PERCENT_RISE option
6. Change the name of the folder and
file name of your output data

7. Click ok

Exercise:-

Create contour for Baskura sub watershed with the interval of 50 meters.

Create contour for Baskura sub watershed with the interval of 20 meters

Label the 50 meter contour

Calculate slope for Zefie watershed and classify into six classi.e 0 - 3, 3 - 8, 8 - 15, 15 - 30, 30 -50, >50
Show slope map of zefie sub watershed which found in Estie Woreda

Reclassify the slope map of Zefie and convert to Vector data.

From the vector map find areas that has slope less than 30%

No gk bR
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12.5 Mosaic two or more topomaps

Mosaic is the process of joining two or more raster images together. It is very important for watershed delineation
from topographic maps using contours and drainage networks because our watershed could be found in more than
one topographic maps. In this case, we should mosaic the topographic maps. In this training, we will see how to
mosaic two or more topographic maps for watershed delineation purposes.

Please follow the following steps in order to mosaic two or more topomaps together;

ePrepare a topomap cutter (i.e create a polygon shape file in ArcCatalog),

oOpen ArcMap,

eAdd both the created topomap cutter and two adjacent topomaps,

eDraw a topomap cutter based on one topo map (to draw follow the border of the topomap)
eExtract new topmap based on the prepared cutter

eMosaic the two topomaps using ﬁ

- - . =
mosaicing tools in ArcMap; ' LRk
Ele Edt View Insert Selection Inols Window Help *
DER& R e AT Y= R R T X ROMLET wdm GHGBR [
1. Open ArcToolbox, G b | cor: (RR—— BEE
- Terrain Preprocessing ¥ Terrain Morphology ™ Watershed Processing > Attrib Input Rasters o]
2.Click on Data Management tool, | ol
Georeferendng ¥ | Layer Ladama toravaf HROR = N
. umber of bands
. XTools Pro > g & [ Missif lagta.l
3.Click on raster, E-0 5 S + I
1 1 X X contained by the raster E
4.Click on Mosaic to New Raster, 5 o j conanady
= M fagta ki # & Frojecti d Transfe
5.Add the two topomaps that you N 2 Jiupaia
I . MRed: Band A Add Colormap ﬂ
prepare for mosaicing, in Input s il
Raster d|a|0 bOX = @ adamaterara i #* Build Pyranids
A Build Raster Attrinute
g o ySrincivey JESHES
H H 1 + Bard, i CH{NIRAS|exerrise [F4
6.Provide the required folder name e y SA—
. 7 Copy Raster Raster dataset name with extension
7.Write 3 on the number of bunds 7 copyratcag] oo —
. Sl Cordnae syt for th ester (pon)
dialog box y Somesninion I 5
. A Create Raster Catal
Pizel type {optional)
8.Click on OK. ey B g
y St [
A Get Raster Propertie [
M
ﬁ L MZZ:E Ta New Rast ’l\mbEy o bands <4
#* Resample
> orkspace To Raste Masaic Method (aptional)
e To Rasted |LAST j ]
w g “lasses
< O _W Cancel | Enviorments. \ << Hide Help \ =
Display | Soutos | Gekcion Favorte Rl ‘ : 2
Drawing v R O~ Av 0] Al it B2z U Ar & S v
74 start oM., | ® Untied-Arctap... | T Deliat
Exercise:-

1. Create topo cutter on the boundary of fageta topo

2. Extract fageta topo based on the cutter.

3. Mosaic Adama terara and Fageta topomap in to one and give hame as newtopo.img use the
same folder i.e. C:\Training data for output location dialog box.




13. Landuse Classfication

13.1 Landuse preparation based on Google earth map

o Start Google earth map and click on add Folder and, then right click on the folder and click on path

And digitize the area of interest
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13.2 Automatic Landuse classification
You can use automatic landcover classification from Landsat image.. To do these follow the following steps:
Types of Image Classification

* Supervised classification:provide the computer with some examples of known features in multi-dimensional feature space. The
computer will first analyze the statistical parameters for the training data and then assign all other pixels to one of the classes in the
examples based on statistical similarity.

* Unsupervised classification: Instead of providing the computer with examples of features in multi-dimensional feature space, the
users let the computer to identify pre-specified number of spectral clusters among which the difference between clusters are
maximized and within clusters are minimized.It is the users’ responsibility to assign a class label to each of the clusters. Note: one
class may have many clusters.

Types of Image Classification * Hybrid Classification: It takes the advantage of both the supervised classification and unsupervised
classification. ¢ Collect training sets. * Unsupervised classification to identify spectral clusters within the training sets. * Classify
image with the clusters. « Regroup the clusters into original classes

Example of Image Classification: Land use/Land cover
* Land cover: the type physcial feature present on the surface of the Earth.For example,corn fields,lakes,forests,concrete highways.

*» Land use: refers to human activity or economic function associated with a specific piece of land. For example, land use of
agriculture can include corn, rice, sugar cane, tobacco, orchards, ... and so on, all of which are different land cover types.

* A knowledge of both land use and land cover can be important for land planning and land management activities.Ideally,land use
and land cover should be presented on separate maps. In practice, it is often most efficient to mix the two systems when remote
sensing data for the principal data source for such mapping activities.

1. Open ArcMap and add the image

@ i

e Right click on top of ArcMap and choose image
classification

e New menu will come on your ArcMap

e Click on training sample manger




e New Training sample manager window will
appear on ArcMap
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13.3 Ground Truth Data Collection from Google After automatic classification there must be an accuracy
assessment method to know the quality of your classification, so

Open Google earth Pro
oFile........ Import your watershed boundary data into Google earth pro
oAdd folder called GCP /Ground Control Point/
oExplore your area of interest and click on add place mark to take ground truth
oClick on the place you selected.......... name it and save.
oFinally open your .kml file into ArcGIS through Conversion tool (from kml to layer)
oChange the output in to shape file by right click at the output file.... Data.... Export data....

oNow you can use your points as a ground truth in ArcGIS.

4. To test the accuracy follow the following steps

eExtract data from your classified image to the
‘ ground truth point

Calculate frequency for ground truth and classified data

mE s ecDB




@ peseation s - - o «x
B R e

DEES +BEB X » 41w HEBEED 3y o

RANEBA - x

REANySADS ox
* e <
J00 8
] *rpara
oo <
B roptnes =
5 it
O
senasi || e v
g
+ omTioe
8
2 smenie
8 Wora 1
W o e
© New Dt ame .
@ anoos
£ nestonson
o
0 New e
o
@ woress gy
< T > Jlatmione 8

BN G e

[ seectal |[ UnselectAl |ddFeld | Create pivot table to summarize your ground truth
Pivot Field

Truth v
Value Field

FREQUENCY -
Output Table

rbyla\Week 10_dassification\Error_Matrix.dbf

Q M. . Prol Table o x
File Edit View Bookmar - wy
nput Tadle —
NgEa - Toolbox. CEIL B
8 _ 8 [Extract_shpd Frequency2 < & !" e = |
LT d @ 1 rores & & Genenl —
Table Of Contents [ omecrm 3 & Genemication =
P8 o [ rrequency + G Geodatatase Admactiats
' & Tie 5 & Gromtr Netmork
@ Baract shol [ — & G Guph
. 4 R ndees
50 rastercalc17 4 R LAS Dntet
0 Exract_sho Frequ o Loy aod Tk Viows
W Earact shp)_Freq 5 W Package
M Extract_shp1 Frequ w @ Photos.

+ g Prejectons and Trardorm
[

0 Extract_shp1_Freq
0 Extract_shpd_Frequ

Batsonship Clases

Seledt AN Unsebect AN Add Pk »
W Extract shpd Freq @ & subtpes
o Pt g & Tabie
- RASTERVALU v “, Analyze
& & FAraining Dataand § 0 =, CopyRows
@ GCP_Point i = ., Crente Table
#, Create Uy stered T
. OupTabe P
EXPOMOVPULIZ | [\ arsiig\ocuments\ArcCIS\Defaut g tract_shge_Froqueny2_Pio = et Count
. , Pivot Table
@ mecha . Truncate Tabe
@ Wy Tepology
3 CAUsers\hpDocumen) . ::..m..(.
= 5 Pacemarks < > & Q@ Edting Tacks
= O Poins o
SymbollD & Unesr Rfoencina Toos
-0 | < -
< > e, L4
Geoprocessing 100! that uses a pivot and value fild to streaming the input table. 507635.846 1116323.96 Meters

nOrypehevelusearch o mE W e

d9-0-)s Bookl - Micresoft Excel - o -
Home st Gageleyow  Formuss  Dats  aiew | view ®-02x
— . v = L
Y EE=n i o Q| Y S g T vesense 2 F 3
7 Gridiees ¥ Headngs Thde | il Syncwonsus Scroling
Page PageBresk Custom Full Zom 10w Zomta | New Atange Frees _ S Swtch | ot
Loyout  Prevew | Views Scrven | | Message Selecion  Window Al Pames - ] Ue | 3 Resel Wedow POsiion Worksgace Windows © | -
Warkbook views Showpade 200m wendow Macios
14 - - ¥
A 8 c [ E E 6 H ! ] K L M i
1 AD®  Type  imgaton  Fam Settlement  Plantation  Degreded  Water Gully
2 1 Degreded [} 1 1 [ 10 [} 0 n
3 2 Farmland [} s 0 0 1 [ o 10
a 3 Gully [} ] 0 0 1 o 8 9
5 4 irrigation 7 0 0 0 0 [} [} 7
s 5 Plantatior 1 1 o 3 o o [ s
7 6 Road 0 1 0 0 3 0 2 5
8 7 Settiemer [} o 10 0 o ) o 10 I I t M E I h t
S 8w : o o o : 3 P | Calculate your accuracy on MsExcel shee
10 10 12 1 3 16 3 0 65
12 OBIECTID Valve  Class_name  fed Green Blue s0
13 1 1 irigation 163 255 115 76.9231
1 2 5 Gully 254 164 156
15 3 10 Farm 255 235 175
16 s 11 Settlement 115 0 [}
V] 5 16 Plantation 38 115 0
18 5 19 Degreded 255 0 0
19 7 23 Water o 1m2 255
2 8 27 Road 255 0 197
4 b 9] Sheetd  Sheeti Sheetd  ‘Sheetd | Sheets 3 L

n QO Type here to search g

47



14. Revised Universal Soil Loss Equation (RUSLE)
RUSLE computes average annual erosion from field slopes in tons/acre/year (Renard, 1997)
A = R*K*(LS)*C*P

A = Computed Average Annual Soil Loss
R = Rainfall-Runoff Erosivity factor

K = Soil Erodibility Factor

L = Slope Length Factor

S = Slope Steepness Factor

C = Land Cover-Management Factor

P = Conservation Practice

RUSLE - R Factor :- The R-Factor is the rainfall and runoff factor spatially distributed by geographic location, The
greater the intensity and duration of the rain storm, the higher the erosion potential. An empirical equation to
determine R factor developed by Kurt Cooper (2011).

P is mean annual precipitation(mm). [J In ArcGIS follow the step o Extract the rainfall stations in your progect area °
Use thiessen polygon methods to convert it to point rainfall to areal rainfall; if you use thiessen polygon convert it to
raster, the raster areal rainfall will be your input data ° Goto Spatial analysits tools — map algebra — raster calculator °
In the raster calculate use the following equation to compute R-factor ° 0.1523* Power(“RF _raster”, 1.36)
36.11523.0 PR * =

RUSLE - K Factor:- The K-Factor is the average soil loss in tons/acre per unit area for a particular soil in cultivated,
continuous fallow with an arbitrarily selected slope length of 22.1 m and slope steepness of 9%. Texture is the
principal factor affecting K, but structure, organic matter and permeability also contribute.

where

« fcsand is a factor that gives a low soil erodibility value for soils with high coarse-sand contents and high values
with less sand,

» fci-si is a factor that gives a low soil erodibility value for soils with high clay to silt ratios,

« forgc is a factor that reduces the soil erodibility for soils with high organic carbon content, and

« fhisand is a factor that reduces the soil erodibility for soils with extremely high sand contents. Williams (1995)
adopted by Berhanu etal. (2013) hisandorgcsiclcsandUSLE ffffK *** —

RUSLE - K Factor in ArcGIS
=|nput data ET_SWAT _soil
=Extract the soil data with your project/target area
=Convert the polygon to raster with USEL_K as conversion value

=Keep the converted raster as you input for RUSEL computation




RUSLE — LS Factor :- The LS-Factor represents a ratio of soil loss under given conditions to that at a site with the
"standard" slope steepness of 9% and slope length of 22.1 m.

Procedure:-
=Calculate Flow Direction from clipped Watershed DEM layer Using Flow Direction Tool
=Calculate Flow Accumulation with Flow Accumulation Tool
=Calculate slope of watershed in degrees using Slope Tool
=Compute the LS-factor using the formula below with Raster Calculator:
=Power(flowacc*[cellresolution]/22.1,0.4)*Power(Sin(sloperasterdeg *0.01745)/0.09, 1.4)*1.4

RUSLE - C Factor:- The C-Factor is used to determine the relative effectiveness of soil and crop management
systems in terms of preventing soil loss.

It is a ratio comparing the soil loss from land under a specific crop and management system.

Important Note: The C factor resulting from this calculation is a generalized C factor value for a specific crop that
does not account for crop rotations.

Cover type C-value |Cover type C-value
Bad land hard 0.050 | Sorghum-maize 0.10
Bad land soft 0.400 | Cereals, pulses 0.15
Dense grass 0.010 | Teff 0.25
Degraded grass 0.050 | Fallow hard 0.05
Dense forest 0.001 | Fallow ploughed 0.60
Other forest 0.010 | Continuous fallow 1.00
(with modest ground cover) (without cover)

C-values suggested by Hurni (1987)

RUSLE - C Factor in ArcGIS:- Extract project/target area land use/cover from the available data set.
Assign C-values for the different land use/cover for the project area using raster calculator
go to Spatial Analysist tools — Map algebra-raster calculator

In raster calculator use the following conditional equation : Con(("Land_Lcover" ==1),0.001,Con(("Lnad_Lcover"
==2) | ("Land_Lcover" == 3) | ("Land_Lcover" ==5) | ("Land_Lcover" == 6) ,0.01,Con(("Land_Lcover" ==
7),0.4,Con(("Land_Lcover" == 8),0.05,0))))



Revised Universal Soil Loss Equation (RUSLE) RUSLE computes average annual erosion from field slopes in

tons/acre/year (Renard, 1997)

A = R*K*(LS)*C*P Procedure in ArcGIS [1 go to Spatial Analysist tools — Map algebra-raster calculator

In raster calculator use the following multiplication equation

Rfactor*Kfactor*Lsfactor*Cfactor*1 Save the raster as annual soil loss

15. Model Builder

Creating a New Toolbox:- Creating your own Toolbox is not just for organizational purposes. It allows you to share your models

with others.

Default location for a New Toolbox created inside ArcToolbox is: C:\Documents and Settings\<user profile>\Application

Data\ESRI\ArcToolbox\My Toolboxes.
Create a new Toolbox by right clicking in ArcCatalog and selecting New Toolbox.
How Model Builder Works

=Drag layers you want to participate into the model
= Drag tools you want to use into the model

= Qutput layers, tables, objects shown in green

= Connect the features using arrows

= Order matters to certain tools (Clip)

= Multiple workflows in one Model
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16. Daily Exercise for GIS Training

Day one Exercise

1.List the components of GIS and describe the importance of each component.

2.Discuss on the major sources of GIS data and how can we obtain it.

3.Describe the difference and similarity between vector and raster data.

4.Create new Geodatabase called Training

5.Create feature dataset called Watershed, Admin, Infrastructure

6.Import Amhara region by zone in Admin feature dataset and import Town, Road in Infrastructure feature
dataset and river in watershed dataset

7.Create Feature class under Watershed dataset called Watershed

8.Create Feature class under Watershed dataset called Landuse

9.Create Feature class under Watershed dataset called River_1

10. Create Feature class under Infrastructure called Road_1

11. Create Feature class under Infrastructure called school 1

12. Create Feature class under Infrastructure called church_1

13. Open ArcMap window and explore and familiarize yourself with ArcMap menus and tools;

14. Add Amhara region by zone layer to your ArcMap project

15. Add towns, roads and river data from your training folder

16. Symbolize Amhara Region by Zone based on area using graduated color. And also classify into four
classes with the class of less than 500, 500 — 1200, 1200 — 1600, greater than 1600 with a color ramp of
orange light to Dark.

17. Symbolize road map based on Admin,.

18. Symbolize only selected towns and give different symbol for region, zone and woreda towns.

19. Label all zones name and change the color of the label into purple heart, font type into times new roman
and font size 12,

20. 15. Save your project as Day Two Exercise

Day Two Exercise

1.Open the attribute table Amhara region by zone and select all zones with population of less than or equal
to 500.000.

2.Select all towns which has a status of woreda seat and zonal Seat and make it independent layer

3.Select all towns which are found within North Gondar zone

4.Select only woreda towns within East Gojjam Zone

5.Create a graph based on the total population of Amhara region by zone layer

6.What is the total area of Amhara region, and also identify the smallest and largest zones.

7.In the towns’ layer add a new field called X_ coordinate and another field called Y- coordinate and
calculate the coordinates of each town.



8.Select towns 100 away km from Debre Berehan town

9.Select all Amhara region towns within 200 km from Bahir Dar town.

10. Select Woreda Towns 5 km Away from roads

11. Select Roads that intersect East Gojjam Zone

12. Add Ex_image and Ex_watershed

13. Digitize, landuse (forest, and Grassland), from the image

14. Union digitized landuse and Ex watershed and name cropland of the given watershed
15. Digitize riverl, and road1l of the watershed

16. Make all the different forestland polygons that you have digitized as one

17. Save all you have done as Day Three Exercise.

Day Three Exercise

1. Prepare Landuse Map of Dera Woreda

2. Prepare Soil Map of Dera Woreda

3. Find Total Area of Chromic Luvisols in Dera Woreda

4. Find total area of Chromic Luvisols only within cultivated Land of Dera Woreda

5. If Lake Tana back flows 500 meter, find the total area of land and total population affected by flow within
every woreda

6. Generate the slope of Dera woreda based on FAO classification standard.

7. Reclassify the slope map and convert the reclassified data into Polygon

8. Overlay Soil, Landuse, converted slope and Dera Woreda

9. Organize your result you have got in the above questions in excel by soil type, landuse, and slope class and
kebele name.

10. Find cultivated land with slope > 30%, affected soil type and Name of Kebele.

11. Project Amhara Temp to Adindan UTM zone 37N

12. Make the projection of Amhara Temp data WGS84 UTM Zone 37N.

13. Save your Results as Day Four Exercise

Day Four Exercise

1.Delineate watershed from the newly mosaic topographic maps based on the following coordinates:
o 325825, 1264891,
o 325450, 1270961
o 325438, 1270970
o 324316, 1267251
o 324264, 1267240.
2.Calculate the area of each watershed
3.Convert river network from flow accumulation raster.
4.Delineate automatic watersheds using ArcSWAT
5.Name and calculate area in hectare for all watersheds.




Day Five Exercise

1.Create map layout for Dera Woreda

2.Add all Map elements including grid line

3.Add two data field named Ethiopia and Region

4.Add Ethiopia data to Ethiopia data frame and Amhara Region data on Region frame
5.Prepare location map

6.Check your layout in the preview window and make the necessary adjustment
7.Change the grid to fit your data

8.Export your map document in file name called My Map

9.Save your project as Day five exercise

Day Six and Seven Exercise
. Digitize land use/cover from Google earth (Exclude the major landuse).
. Prepare landuse map based on automatic classification

. Digitize roads, rivers and other infrastructure data of your watersheds
. Prepare base map for your watershed

~N O OB~ WD P

. Calculate the area of each land use/ cover type.

Day Eight Exercises
1. Prepare all parameter for calculating Soil loss for your watershed
2. Calculate soil loss for your watershed

Day Nine and Ten Exercises
1. Create and run Model for data preparation for developmental map

2. Create and run Model for soil loss

. Open the digitized kml formats into ArcGIS, convert it into GIS compatible format and edit it.

. Open the digitized kml formats into ArcGIS, convert it into GIS compatible format and edit it.



