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Lab 05: Understanding projections

Projecting Map Data using ArcMap

The location of any given place can be defined with reference to lines of latitude and longitude, which
create an imaginary mesh over the world. Latitude and Longitude values belong to a spherical
coordinate system — a system for defining locations and making measurements on a sphere, or
something close to a sphere (a spheroid) like the earth.

S

Washington DC, United States

Latitude = 38 89" north (of the equator)
Longitude = -77 02 west (of the prime meridian)

The latitude - longitude value of a point depends on the assumptions you make about the earth’s
shape. The earth isn’t perfectly round. It bulges at the equator and is flattened at the poles.
Technically, this makes it an oblate spheroid.

Besides not being quite round to begin with, the surface of the earth has various bumps and
indentations. Determining the exact shape of the earth is not a simple matter.

There are many different models and ArcMap recognizes almost three hundred different projections.

To make one map, one of these models of the earth (or some part of it must be represented on a flat
surface. This is accomplished by a mathematical transformation called a map projection.
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Round World Flat Map

Just as location on a sphere is defined by latitude and longitude, location on a map is defined by
Cartesian coordinates, which assign values to points according to their positions on a horizontal x-
axis and a vertical y-axis. As opposed to a spherical coordinate system, this is known as a planar
coordinate system.

The exact location of a point on a map varies according to the map projection used.

There are about 50 commonly used projections and many variations on each.

Mollweide Projection Robinson Projection

Four world projections. Many projections are made for individual continents, countries, parts of
countries, or strips of land that may cross international boundaries.

GIS Manual — December 2011 Lab 05 27



Every spatial data set in a GIS stores
geographic coordinates for its features.

&

These coordinates make up its geographic 30" Parallel
coordinate system (GCS). A data set that )
has been projected also stores Cartesian 60™ Parallel

coordinates for its features. These make up
its projected coordinate system.

When you work with unprojected data (data
that has only a geographic coordinate
system), any measurements or calculations
you make are only based on a sphere or
spheroid. This is problematic because
degrees of latitude do not have constant
length. A degree of latitude at the 30"
parallel (30 degrees north of the equator) is
longer than a degree of latitude at the 60"
parallel. Both represent 1/360™ of a circle,
but the circles have different
circumferences.

View from the North Pole

Since degrees of latitude are not constant, they can’t be used to make meaningful measurements of
distance and area. This problem is overcome with map projections.On a flat surface, units of
measurement (meters or feet, for example) are constant, which means that you can calculate
meaningful area and distance measurements.There is another difficulty however. Since the world is a
sphere, and maps are flat, you can’t go from one to the other without changing the proportions of
features on the surface. Map projections distort shape, area, distance and direction. Some projections
preserve one of these properties at the expense of others, some compromise on all of them, and
some preserve properties for one part of the world and not the others. The Mercator projection, for
example, preserves direction, but distorts area. The sinusoidal projection preserves area but distorts
shape.

Mercator Projection g . N s
Sinusoidal Projection

'

= R

In the Mercator projection, Greenland looks larger than Brazil, although Brazil is four times its size.
Because direction is preserved, Brazil correctly appears due south of Greenland. In the sinusoidal
projection, the proportional sizes of Greenland and Brazil are correct. Their shapes however are
distorted — Greenland is too narrow, and Brazil is too wide.
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Your choice of map projection allows you to control the type of distortion in a map for your area of
interest. If you are working with a fairly small area and using an appropriate projection, the effects of
distortion are insignificant. If you are working with the whole world, there is bound to be significant
distortion of some spatial property.

When you add a layer to a map, both its appearance, and, the results of measurements and
calculations you make depend on its coordinate system. You can find a data set’s coordinate system
in its spatial metadata.

To access the metadata for your file (if indeed it exists) open ArcCatalog. ArcCatalog is a standalone
application for managing geographic data. It is part of the ArcMap Suite, and is essentially an
interactive browser for spatial information.

To view the metadata for a particular file, double-click on the ArcCatalog icon on your desktop. In the
table of contents, navigate to your chosen file. Highlight this file, and click on the Metadata tab that
sits over the view window. (You can also access a preview of your spatial data by choosing the
preview tab).

3 ArcCatalog - ArcView - C:A\AreGIS_Tutorial\Data\Fips_DC_MD_VA.shp

File Edit view Go Took Window Help

- 3l BREYX BQ@0 W
Locatan: |':: AroGIS_Tutonal \Data'\Ape_DC_MD_VAshp j
Stelesheet:  |FGOC ESRI L T
_ 2| Conterts ] Freview Metadata |
K Catalag ~
+- g L
=1 (i C:\ArcGIS_Tutoeial U.S. ZIP Code Areas
= Data

SDC Feature Database

County.shp

evation .

i e Acributes
E Hospitals_DC_MD_va
[28] median_income.dbf
Bl Metro_Areas.shp

¥ F

Horizontal coordinate system

B Sarks shp Geographic coordinate system name; GCS_North_Amencan_1983
B =ivers.shp Details
B States.shp
B Towng_pc_mp_va,g
Tract.shy = 5
%T'cc sp d Bounding coordinates
tarial.mo

Horizontal

USA_States.shp

B wiorld_Countries.sho In decimal degrees
Bl z@ipcodes.sho West: -178.226727
& Zips_oc_Mo_va.sho East: -65,244120

Ci\Documents and Setiingsin North: 71.357307
South: 17.881242

In projected or local coordinates
Left: -176.226727

* niabs. & maason b

Shapefile selected

When data sets that have the same coordinate system are added to a data frame, the features in
each layer are correctly positioned with respect to each other. If you subsequently add a data set that
has a different coordinate system, ArcMap changes it to match the others in a process called “on-the-
fly” projection. This new, temporary projection is applied only within a particular data frame; the data
set’s native coordinate system (the one shown in its spatial metadata) does not change.

By default, layers are projected on the fly to the coordinate system of the first layer added to a data
frame (even if the layer is later removed). The coordinate system is stored as a property of the data
frame and can be changed. You can project all layers in a data frame to any coordinate system
ArcMap supports.

To project a layer on the fly, ArcMap uses the information stored in its geographic coordinate system.
On-the-fly projection works best when all layers in the map have the same GCS (in other words, when
they all use the same model of the earth.)
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On-the-fly projections are less mathematically rigorous than permanent projections (which change the
native coordinate system of the data set). If you plan to use data sets in an exacting analysis, you
should project them permanently to the same coordinate system with the ArcToolbox Projection
Wizard.

Go to the next page for the Lab05 exercise.
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Lab 05 Exercise - Part 1. Changing Data Projections in

ArcMap

1. Open ArcMap, and from your Lab05 folder, open the files, “World_Countries”, and “World30”.
Change the Symbology of the “World30” layer so that it is a hollow fill, with black or grey outlines.

2. Right click on “Layers” in the table of contents and point to “Properties”. Select the tab
“Coordinate Systems” (if not already selected by default).

Move the Properties window a little to the right so that the majority of your map is visible.

4. You will see, under the box “Current coordinate system” that these shapefiles presently have a
geographic coordinate system called “GCS WGS _1984”. This stands for “Geographic
Coordinate System (GCS), World Geodetic Survey (WGS), 1984”

This is a popular projection for the World, and is the reference system used by GPS (Global
Positioning System) Units. However, there are alternate projections available (such as those
introduced in the intro, and they have different purposes for different maps). Let us explore them.
Data Frame Properties
Annotation Groups ] Extent Rectangles ] Frame ] Size and Position ]
General ] DataFrame  Coordinate System l lllurninatiorn ] Grids ] MapCache]
Current coordinate system;
ggtsu?n\'\:f%ii\ltggiws‘t gdear
Transformations. .. |
Select a coordinate system:
L8 e L
3=yl _ |
L) GCS_WGS_1954 = .
Add To Favorites
[FomorFenmaeiies
ul8 | Cancel | |

5. In the folder tree, click on the folder “Predefined” (This is where all the alternate projections are
stored). In the next list of folders, click on “Projected Coordinate systems”. The subsequent list is
quite long, scroll to the end and click on “World”.

These are the world level projections available in ArcMap.

6. Select “Cylindrical Equal Area”, then click Apply, and OK. The appearance of your world map
should change dramatically. (You may get a pop-up box asking you if you are sure that you want
to do this, Just click OK).

7. Move to the “Layout View” for your map. Resize your map so that it fits the whole page.

8. Return to “Layer Properties”, and click on the tab “Frame”. Remove the “Border” from around your
map window. Then click OK. (This will make your final product a little less cluttered, as we plan
to use several images).

9. At this point, save your map in your Lab05 folder as “Lab_05World.mxd”.
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10. Next, go to the “File” dropdown menu. Choose “Export map”, and save your map, (as a .jpeg with
resolution of 150), in your Lab05 folder as “C Equal Area”.

11. Return to the table of contents. Once again, right-click on “Layers” and scroll to “Layer
Properties”. Select the tab “Coordinate System” and following the same route as Step 5;
(Predefined/Projected..../World), select the projection “Equidistant Conic”. Click Apply, and OK.

12. Look at how different this view of the world is! Once again, export this map as a .jpeg with
resolution of 150dpi. Choose an appropriate name, e.g. “Equid Conic”.

13. Using the instructions from the previous steps, produce 5 additional jpegs of the world using the
following projections:

a. Mercator
b. Sinusoidal
c. The World from Space
d. Fuller
e. Robinson
14. Using Microsoft word, or PowerPoint, inserts the jpegs onto one page/slide. Label each projection
according. See the next page for a sample layout of all images.

15. Your finished product should look somewhat like the following graphic on the following:

The World from Space

Mercator

Robinson

Equadistant Conle

32 Lab 05 GIS Manual — December 2011



Lab 05 Exercise - Part 2: Bringing field data into the ArcGIS
software program. Allowing visualization using GPS point
data.

Your colleague has just returned from mission, and gave you a simple database file containing the X,
Y (latitudinal & longitudinal) information of health centers located throughout Ethiopia. This
information must be visualized, and integrated into the spatial data repository.

= Close ArcGIS before you begin this exercise.

1. Open Excel, and go to your Lab 05 folder. Open Healthcenters.xls”. You can see that there is a
“‘LONG” (longitude) and “LAT” (latitude) field, along with other information that describes each
health center.

2. In order to bring an Excel worksheet into ArcGIS, you must save it as a .dbf file, or a .csv file
(make sure to choose ms-dos format). This is sometimes problematic because it occasionally
truncates values during the saving process.

3. Resave vyour file as [ 3
“Healthcenters.csv”  into ssem [ b0 3 @ X CEiE-
your LabO05 folder. My Recert || ame Size | Type Date Modiisd

L9 bocuments
[ Deskiop

= My
Brieimerts

C i
Computer

Iy tistwork
Places

File name:

Save 85 YPE> | sy (Comma delimied)

Tools M Save Cancel

4. Close all worksheets in Excel.

You need to have the worksheet that you intend to add to ArcGIS closed in excel in order to add
correctly.

5. Open a new session in ArcGIS and add the file “Woreda” from your Lab05 folder and the
database file: “Healthcenters.csv” that you saved in your Lab05 folder.

6. Right click on the Healthcenters.csv file and scroll

tO “D|Sp|ay XY data” CIle on “Dlsplay XY data" i‘;;a:‘b‘laeS l;c;gigringx and Y coordinate data can be added to the
and a window should pop up like the window to
Choosze a table from the map or browse for another table:

the right. | =] =
7. Make sure that your “X Fleld” dISp|ayS LONG for S pecify the fields for the ¥ and ' coordinates:

the coordinates, and your “Y Field” displays LAT | =™ | -
for your coordinates. Press OK vree e =

Coordinate System of lnput Coordinates

Drescription:

Unknown Coordinate Systern

8. You may get a warning message stating that your
“Table Does Not Have Object-ID Field”. This is a

[ Show Details Edit...
G IS M a n u a I - Decem be r 201 1 I_ v wiarn me if the resulting laper will have restricted functionaliy 3 3

OFK. I Cancel |




10.

11.

12.

13.

14.

15.
16.

17.

unique identifier that ArcGIS builds into all of its shapefiles. Press OK and ArcGIS will create this
field for you.

Now, can you see your “HealthCenter” points? Where are they? Right click on the “HealthCenter”
layer, and from the menu choose “Zoom to layer’. The “HealthCenter” layer should now be
visible, but not the “Woreda” layer.

Right click on the “Woreda” layer and choose “Zoom to Layer”. What happens to the
“HealthCenter” layer? Magic, it disappeared...or is it a projection problem??

Go to the main tool bar, and select the “Zoom to full Extent” button

You should now see the entire “Woreda” layer,
with one tiny dot to the Southwest of the

@

country. If you use the regular zoom tool ,
and zoom repeatedly into this dot or draw a
small square with your zoom tool, you will
realize that it is in fact the “HealthCenter”
layer. As it is in a different projection, it is
unable to locate and resize itself correctly in
relation to the “Woreda” Layer.

If we take the assumption that this information

was collected by GPS, then reverting to the
default coordinate system used by GPS will
correct this issue.

&

Vv\i\‘
So let’'s try our hypothesis! First, Right click on the “Healthcenters.csv Events”; you select
Remove.

Now, right click on the “healthcenters.csv” layer. Left click on the “Display XY Data”.

As you can see, the coordinate system is unknown. Click on the “Edit” button. In the next window,
click the “Select” button and choose the following path:

Geographic Coordinate Systems
World
WGS 1984

Click Add.
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18. Your “Add XY Data” window should now look like the
graphic to the right. Click OK

19. Now your Healthcenters should be geographically
contiguous with your “Woreda” layer.

A table containing # and %' coordinate data can be added to the

map as a layer

Choose a table from the map or browse for another table:

-
| healthcenters. csy j E

Specify the fields for the X and ' coordinates:

» Field: |LDNG

[~
[~

" Field: ||_AT

Coordinate Spstem of Input Coordinates

Dre=zcription:

Geographic Coordinate Swsten:
Mame: GCS_wIGS5_1984

[~ Show Details Edit...

v “wiarn me if the resulting layer will have restricted functionality

k. | Cancel |

20. Your “Healthcenters.csv Events” is currently only a cosmetic layer. We know this because it has
the word “Events” following the name. It is not yet a shapefile.

21. To create a permanent shapefile from this cosmetic layer, right click on the “Healthcenters.csv
Events”, scroll down to “Data” and select the “Export Data” option.

22. Leave all the initial options as default, but make sure to save the final file to Lab05 folder, calling

the file “HealthCenter.shp”

23. A pop — up window will ask you if you would like to “Add to map”. Select OK and the new

shapefile should automatically add to the dataframe.

24. Look at these data, where are Healthcenters missing, why? Add some other geographic data from
your Lab0l1 — Lab04 folder (rivers, roads) to see if you can hypothesize. Just looking at your
map, can you find a place where a hospital should be built?

25. Create a map with the Healthcenters layer, and other key data that you think may affect where
these Healthcenters are located. (hint: are they located in large cities?, are they near roads?)
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Lab 06: Exporting external database information from
ArcMap

Exercise overview

You have been asked to simplify the healthcenters data You will perform what is known as a Spatial
Join to generate this information, then you will export this information to excel so that the project lead
can generate an excel graph to demonstrate these numbers. A spatial join, links/combines the
attributes of two layers, based on the location of each layer’s features. Just like a table join, a spatial
join appends the attributes of one layer to another. You can then use the additional information to
guery your data in new ways.

1. Open a new ArcMap session and add your new “HealthCenters” layer that you created in the
previous exercise.

2. Before you begin this exercise, you may need to add the spatial =
toolboxes to your datascreen. If the list of toolboxes (see left) is @g?ﬁ,‘:ﬁ;yﬂ —

a Cartography Tools
a Conversion Tools
& Dats Interoperability T

&® Analysis Tools

not on your screen click on the button in the center of the

toolbar. &8 Data Management Toal
+ % Daka Comparison
3. Now, let's make sure that your “HealthCenters” layer has a defined i s
projection by going to the toolbox “Define projection” (see graphic + & Distribnted Geodat
Right). Coe e

Ficlds

File Geodatabase

General

Generalization

Indexes

Jdaoins

Lawers and Table ¥

% Projections and Trz
+ % Feature

+ &85 Raster

ﬁ’ Zreate Cuskom

Aadaadady

4. Define the projection in the “Select a EEELEIIEEN
Coordinate  System” box, choose the |

following path: Ingut Diakaset or Festure Class
Predefined [HeakhCenters =] @
Geographic Coordinate Systems Coordinate System
World |BCS_wBGS_1984
WGS 1984

5. Press OK. Now that we have defined all of our projections we can do a Spatial Join!
Add your “Regions” and “Lakes” layer from your Lab01 folder.

7. Right click on the “Regions” layer. Go to “Joins and Relates” > “Join”
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10.

11.

12.

13.

14.

15.
16.

17.

In the first drop down menu (see right), change

the option to “Join data from another layer

Join letz you append additional data to this layer's athibute table so pou can,

based on Spatlal |OcatI0n”. ThIS ChOICe Wl" for example, symbolize the layer's features using this data
change the look of the wizard layout il do you want 19 o 19 this 1yer?
’ |Join data from another layer based on spatial location j
Use the graphlc to the rlght to SeleCt the CorreCt 1. Choosze the layer ko join to this layer, or load spatial data from disk:
OptIOHS |<> Healthcenters ﬂ ﬂ
For Optlon 2 make sure the fIrSt radlo bUtton IS : ::‘;Z[Zi:::;iamm ZEZ;S;I?DTDEI}'QYD;S will be given different
selected (it should be by default), and that the e el i sl s o

“Sum” check box is ticked.

i+ Each polpgon will be given a summarny of the numeric attributes of
the points that fall inside it, and a count field showing how many

Save the new file to your Lab06 folder, and call it s ) fes
nR . H Itthn How do you want the attributes to be surmmarized?
eg IOI’]_ ea ) [~ Awverage ™ Minirmurn [ Standard D eviation
. v Sum [ Maximum [ Wariance
CIICk OK " Each polpgon will be given all the attibutes of the point that is

clozest to ite boundary, and a distance field showing how cloze
the paint iz (in the units of the target laper).

Muote: 4 point falling inside a polpgon is treated as being clozest o
the polygon, [ie. a distance of 0).

3. The resulk of the join will be zaved into a new layer.
Specify output shapefile or feature class for this new layer:

|D: trainingt G5 _Labs\LabOE\Region_HealthCt shp

About Joining D ata (] | Cancel

The join process may take several seconds, as ArcMap must count the number of health centers
located in each region, and report that data in the attribute table of your new file
“Region_HealthCt”

As you can see, there are many other options within the Spatial Join tool. It can be used to
determine how close an individual point or polygon is to another point or polygon in a different
layer, and report its distance. You will use this function in a later exercise.

“Region_HealthCt” should automatically add to your table of contents, if not, go to the “Add data”
button, and from your Lab06 folder, add the new “Region_HealthCt" layer. Re-organize your
layers so you can see the “Lakes”

Open the attribute table of “Region_HealthCt”, and scroll right until you see “Count_".

The field that you are interested in is the “Count_” field. Right-click on the field heading, and
choose the “Sort by Descending” option. You will see that the maximum number of health
centers for any one Region is 26.

B Attributes of Region_HealthCt

FID | Shape | FID_1 | OBJECTID | REGION_R2I | REGIOH_R6I |  Region Ham | Area_KM2 | Shape_Le|Shape_Arf Count_ |
| 4/Palyoon 4 174 |04 040000 Oromia 3244942066 | 57.970976 | 26.58502 26
| 2[Palygon 2 2803 030000 Amhara 152565036225 | 30.791905 |12.650607 15
| 5[Palygon ] 3307 070000 SHNP 112899.956774 | 24483415 | 9220553 15
| o[Palygon o 101 010000 Tigrary 50206413993 | 1644823 | 4.198869 12
| 5[Palyoon 5 183 |05 050000 Somali 315619.705385 | 34 498025 | 25686615 6
| 1][Palygon 1 702 020000 Afar 95623124127 | 16117192 | 7.939459 3
| 3[Palygon 3 76|06 060000 Benishangul Gumuz 50003 459493 | 19.570954 | 4116421 2
| &[Palyoon B 223[15 150000 Dire Dawa 1055561004 | 1696146 | 0.086776 1
| 7[Palygon 7 246[13 130000 Harari 37165333 0763938 0.030517 1
| &[Palygon ] 27814 140000 Addis Ababa 550667794 | 1031316 | 0.045314 1
| 10][Palyaon 10 35812 120000 Gambella 25701344422 | 5279851 | 2.094177 1
<

Record; ﬂj 0 ﬂﬂ Show; W Selected Records €0 out of 11 Selected) Options =

Close the Attribute table for now, and let’s create a thematic map.
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18. Double click on the “Region_HealthCt’ layer. This will take you to the “Layer Properties” dialog.
Click on the “Symbology” tab.

Layer Properties

In the “ShOW" menu tO the Ieft, Genarall Source] Selection | Display  Symbology ]Flelds I Defirition Guery] Labelsl Jo\ns&HeIales]
Click on Quantities > Graduated  She~ Import.

Draw quantilies using color to show values.
Features

CcO IO IS. Categories Fields Classification
Quantities Valug: Count_ - Matural Breaks [Jenks)
19 In the “Value f|e|d”, CI'Ck the down \s Mormalizatior: ,h Classes: m Classify...
arrow and SCI’O" tO “Count_”. Froportional symbols

Dat density Color Ramp: I -

20 In the “Color Ramp" f|e|d CIiCk on Cha'_ls —— Spmbol ‘Hange |Labe| |
the down arrow and choose a L, L,
color scheme that you like. P P
. s 7-15
21. Click OK when complete. < | e 1626
| [™ Show class ranges wsing feature values Advanced -
Ok | Cancel | |

22. Before you progress too far in your map production, let's once again save your map as an
ArcMap Document file (.mxd) so you won’t loose your work to date. Go to “File/Save As”,
navigate to your “Lab06” folder, and name the Project file: “Lab06_YOURNAME”.

23. Now make sure that your “HealthCenters” shapefile is above your “Region_HealthCt” file in the
table of contents so you are able to see both layers.

24. Given that the Regions are geographically quite large in Ethiopia, would it be better to look at
statistics on a more disaggregated level. You can do the same spatial join on your Zone layer to
understand health center placement at a finer level.

25. Create a map with one of the joins that you did in order to count number of hospitals for each
administrative unit

Think about how you would aggregate similar data such as road data — you could do a spatial join,
and average road lengths by Woreda in order to arrive at a road density figure.

Here is the difference between the Region and Zone level statistics!

Region Level Zone Level
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26. Now you will export this data to excel for graphing purposes.

27. Open the “Region_HealthCt” attribute table
again. On the bottom right hand corner of
the attribute table, click on the “Options”

L] —redte Srapm...
Add Table to Layout

2 peload Cache

2 1%
2 12
button. From the menu, choose the j 1 o
“Export” option. 5 1: & Print...
28. Export your table as “Region_HealthCt” to z 1 Reporis >
your Lab06 folder. Although the file carries E ol Export...
a .dbf extension, you will be able to open it ~ 2
in Excel, and save it to as regular .xIs file ‘lected) Optiot -

from which you will create your graphs.

29. Go to Microsoft Excel, and from your Lab06 folder open the “Region_HealthCt.dbf” file. Note you
have to change the “Files of Type” dropdown to “All Files” in order to see those files with a .dbf
extension (see below).

File name: |Regicun_HeaItth b4

Files aof tvpe:

All Excel Files
Excel Files

Al \Web Pages
*ML Files
Text Files b

30. Now you can save your table as an .xls file (excel) and graph it if you would like.
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Lab 07: Data integration and thematic mapping

Exercise overview

You have received detailed Household Census information from the Central Statistics Agency of
Ethiopia. The data is in Microsoft Excel format, and you need to integrate this information into ArcMap
to create a thematic map.

To achieve this you must conduct a Table Join. A table join appends attributes of a non-spatial table,
to the attributes of a map table. (Non-Spatial means “without geography”, i.e.: without map attached).
In order for this join to be successful there must be a way to match records in one table with
appropriate records in another. This is done with an attribute common to both, such as a name or ID
code.

Data integration
1. Open a new session of ArcMap. From your LabQ7 folder, add the layer “Woreda_pop”.

2. Right click on the “Woreda_pop” file to open the “Attribute Table”. This table contains some basic
demographic information, including population count and population density.

3. Open Microsoft Excel. Go to File > Open > navigate to your Exercise07 folder and open the file:
PopAgeGroups.xls

4. You will see that this table has more population variables disaggregated by age group.

In order to import this information correctly into ArcMap, a number of formatting rules must be
observed:

o ArcMap will NOT accept field names longer than 11 digits. If field names are longer than 11
digits, they will be automatically truncated.

o ArcMap will NOT accept spaces in field names; this will usually result in an error opening
the file in the ArcMap environment. (Use an underscore _ instead of a space).

o Numerical fields must be designated as such, and text fields must be designated as such.
(Field’s carrying general formatting are open to interpretation in the switch from a regular
Xls file to a .csv or a .dbf file. This is an excel issue, not a GIS issue)

o Occasionally, data is prone to truncation in the switch from a regular .xIs file to a .csv or a
.dbf file (again, this is an excel issue, not a GIS issue), therefore it is advisable to over-
widen the columns to allow for slight truncation.

6. Make sure that the table is formatted correctly with only 11 characters for each variable name.
When finished, remember that you must resave the table to a .csv file in order to import it into
ArcGIS (make sure none of your fields were truncated during the save).

7. Once you have saved the file in .csv format into your Lab07 folder, close excel and return back
to ArcGIS.

8. Now add your database file “PopAgeGroups.csv” from

9. You will notice that the original excel table “AgePopGroup.xls” is also visible in the “Add Data”
window. Newer versions of ArcMap have incorporated the ability to read regular .xlIs files, and
their individual worksheet components. Unfortunately, beyond the read capability, we have found
this new function to be slightly inconsistent, and basic data management operations (such as
table joins) seem to work best using .dbf and/or .csv files.

10. Right-click on your “AgePopGroups.csv” table to open it. Make sure that all field names carried
through correctly, and that all data appears in working order. If it looks good, close the attribute
table and move on!

11. The next step is to join the “AgePopGroups.csv” table to the “Woreda_pop” layer so that you can
utilize its spatial properties to visualize the population/poverty info.
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=> ltis always preferable to use codes, rather than place names to conduct joins. Place names can
vary in spelling and accent (which contribute to the unique nature of a particular name), and these
may not always transfer from one software to another.

Join Data E|

Join lets you append additional data to this laver's attribute table so pou can,
for example. symbolize the laver's features uzing thiz data.

12. In this case, the joining variable is called “LINK”.

Wwhat do you want ta join to this layer?
|J0|n attributes from a table j

1. Choose the field in this layer that the join will be based on:

LINK. -

2. Choose the table to join to this layer, or load the table from digk.

=
PopAgeGroups, csy j =
¥ Shaw the attribute tables of lapers in this list

3. Choose the field in the table to bage the join on:

WEID ~|
Advanced..
About Jaining Data aK | Cancel |

13. Right click on the “Woreda_pop” layer, Scroll to “Join & Relates” > “Join”. Make the following
dropdown selections, and click OK.

14. When complete, open the attribute table of the “Woreda_pop” layer to make sure the join was
successful. As you will see, some of the fields will say <null>, this is okay for this specific join
because data were not collected for these specific Woreda.

15. Before continuing, save your map to your Lab07 folder as “Lab07_YOURNAME”.

16. Double click on “Woreda_pop”. The “Layer Properties” Window should now pop-up. If the tab
“Symbology” is not selected, then select that tab.

17. In the box labeled “Show”, select the option “Quantities”, and click on the sub-option “Graduated
Colors”.

18. In the drop down menu “Value:” scroll to the end of the list, and choose the field named

for Male and Female all ages.
General] Source] Selection] Display  Symbology l Fields ] Definition Query] Labels] Jainz & Flelates]

**The variable labels follow a Show: —
. =+ |Draw quantities using color to show values. Impart...
pattern, and are disaggregated EZ::T,T“ Fiods -
by ageS. Note that each group of Quantities Walle: |MF_AII_AII_Ages - Matural Breaks [Jenks)
i : Graduated col —
variables are labeled as such: e | Nomazators [rene <] | Classes [§7 <] | Chassiy..
_ . Proportional symbols
MF_AII_AII_Ages. Male and Dot densiy Color Ramp: ’—_L|
Female a” ageS Charts Symbol | Fange | Label |
- M_AILAIl_Ages: Male all ages | |Multiple Attibutes ===, e 4227 - 5687
- F_AI_AIll_Ages: Female all [ 5873101521 56873 - 101521
ages [ 101522 - 154837 101522 - 154837
I 154538 - 234614 154538 - 234614
o I 234615 - 42097 234615 - 420976
19. Once this field has been selected,
choose a color ramp that you like
by CIICkIng on the dOWn arrow II— Show clazs ranges using feature values Advanced -
next to the color ramp. Now click,
Apply, and OK.
20. Look at how the colors are o Cancel | fpoy |

distribued. The classification
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brackets chosen by ArcMap are based on their default statistical classification; “Natural Breaks”.

21. Reopen the “Layer Properties” dialog for the “Woreda_pop”
layer. Return to the symbology tab. Under the Classification
menu (top right-hand corner), Click the “Classify” button.

Clazzification
I atural Breaks [Jenks]

Clagses: |5 = Clazsify... |

23. In the “Method” drop down list, you will see several classification alernatives to the “Natural
Breaks” system. You also have the opportunity to change the number of classes that you use.
(See graphic below)

22. In the “Classificaton Wizard” you will see a histogram
illustrating the data distrubution along the number line.

24. Experiment with the different classification schemes, and look at how they alter the classification
breaks (blue lines) on the histogram data. By clicking OK on both wizards, you will see the effect
of your class scheme changes on the map itself.

Classification Classification Statistics
Method: hatural Breaks {Jenks) Count: 730
Miniraurm: 31362
Classes: |5 hd Mapdmumn: 9638473
Diaka Exclusion Sum: 14043020354
Mean: 1923701
Exclusion ... | Sampling ... Median: 1424527
Standard Deviation: 1852785
Calumns: 100 =% [~ Show std, Dey, [~ Show Mean
*:
o0 < 9 o 2 o Ereak Yalues &
T = = 7] o 3 B63954
@ & = & @3 1922908
a0l - 3157676
5252388
635473
40+
30—+
20+
10+
31362 2433140 4834918 7236695 9638473
] Cancel

25. For something as simple as population count, “Natural breaks” is not a bad starting point. To
make the interval ranges a little more “user friendly” it is advisable to begin with “Natural Breaks”,
then switch to “Quantiles”, and modestly round up/down the break values of each category.

26. Obviously, this decision will be determined by the nature of your data, and a classification method
such as “Standard Deviation” may be more appropriate in certain cases.

27. Return to the “Classification Wizard” screen. Choose first the “Quantiles” scheme, next change
the number of classes to 7.

28. In the “Break Values” box to the right hand side of the wizard, set the break  greak values ﬂ

values to the following numbers, by simply typing over the existing values. 40000

A0000
g0ooa
100000
130000
160000
420976

29. When done, click OK. Now you are back at the “Symbology” window. The “Label” side of the
menu will reflect the changes that you make to the “Range” side, but you may also use text in
your labels.
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30. There are a number of Woredas with “Null” or “0” values. (You should always account for these in
your mapping). Given that we have only done a Table Join, and we haven’t exported our data as
a new shapefile, our values reflect “Null”, we will show these by adding another layer.

31. Add the “Woreda_pop” layer again. Organize your “Table of Contents” so they look like the
graphic below. Also, choose the underlying Woreda_pop layer to be a grey color to reflect “Null”’

data.

SR =] Layers

= Wioreda_pop
MF_all_all_Ages

[ 14227 - 40000
140001 - 60000
[ &0001 - 80000
[ 20001 - 100000
I 100001 - 130000
I 130001 - 160000
I 160001 - 420976

- Wareda_pop

=
= G CrhkraininglGIS_Labitemp
Popfgeicraups, csv

-| ‘g8 Di\braininglzIS_Labilabo?

32. Now return back to your “Woreda_pop” layer with the table join. Double click on the layer and

return to the Symbology tab.

33. Modify the label options with
some additional text, and
commas by clicking on the
value under the Label column.
(This will determine the look of
your legend, and reads better
than the default categories).

34. For a softer more subtle style,
you will remove the boundaries
from between the individual
woredas. Click on the word
“Symbol” above the colored
category symbols, and in the

pop-up menu, choose
“Properties for all symbols”.
(see right)

Layer Properties

General] SDUICE] Selection | Display  Swmnbolagy l Fields ] Definition Quety] Labels] Jainz & Flelates]

Show:
F Draw quantitiez uzing color to show values.
ealures
Categories Figldz Claszzification
Quantities Walue: | MF_AILAIL Ages j M anual
Graduated colors .
Graduated spmbols Mormalization: |n0ne j Classes: Classify...

Proportional symbols

Import..

40007 - E0A00
E0007 - 20000

[ =0001 - 100000
I 100001 - 130000

Dot density Color Bamnp: - -
Charts
Multiple Attribut Symbol %ange | Label |
/N Y 4227 - 40000 4,227 - 40,000

40,001 - 60,000
£0,0071 - 80,000
80,0071 - 100,000
100,007 - 130,000
130,007 - 160,000

160001 - 420,975

Advanced -

Cancel |

Apply |

Fonns
Flip Symbals
Ramp Colors

S‘I'T"L'nl

Properties for All Symbals...

PHID *vr iyl

35. In the “Symbol Selector” dialog, change the outline color to “No color”.

36. Click OK.
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37. To distinguish the boundaries of the higher order administrative units, add the “Regions” layer
from the LabO01 folder, and symbolize as hollow with an appropriate outline thickness. Remember
how to do this? (hint: double click on colored box symbol below the layer name in the Table of
Contents)

38. Switch to the layout view, by clicking on the layout symbol in the bottom left and corner of the map

window.

39. Using the “Insert” menu, add a legend, and other appropriate cartographic elements to your map
(North Arrow, and simple scale bar)

= Save your map if you haven’t recently!

40. In the layout window, resize the map, so that it
is roughly one-half the size of the page by

Tobl Fapulaton by vareda
erwde E

clicking once on the map and then dragging . e
one of the corner sizing squares to diminish rer v

O e - e ee

L D eege - uesee
~{;}-t [ rrrE——
- [ ErTIERE

the size of the map. (You will also have to
resize the legend and other elements). Move

them to the top right hand corner of your
layout.

o aa

41. From the “Insert” drop down menu, choose the
“‘New Data Frame” option. This will add a new
empty map window to your layout. (see right)

I%! | Mew Data Frame | I#!

42. Now to add data to your new map window. In the table of contents, right-click on the

“Woreda_pop” layer in your first Data Frame that you have been working with up until now and
scroll to “Copy”.

43. Now right-click on the “New Data Frame” ||
listing, and scroll to “Paste”. Repeat the g

process to add the “Region” layer to your ¥ AddData...
second map window. 4 Mew Group Layer
Copy

i Paste Layer(s)

44. Right now, each window looks identical. To help distinguish between the windows, double click on
the “Woreda_pop” layer for your new map (leave the first map as is), and return to the
“Symbology” tab of “Layer Properties”. In the “Show” box click once on the word “Quantities”,
and then “Graduated Colors”. In your “Value” drop down list, choose any of the variables you are
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45

46

47

48

49

interested in the drop down list. You can choose a specific age group, or if you want, to
aggregate population at a specific age group, you can add a field and sum columns. | chose
“MF_AlIl_30-34" to map “total population of ages between 30-34”, but it may be interesting to look
at male versus female population.

. Once you have chosen your variable, press OK to map that variable and see how it looks spatially
across the Woredas of Ethiopia. How does it vary from your other map?
. In a multi-map set-up such as this. Only one map may be : ¥ et

Layengd
considered “Active” at any given time. This means that you éi"f AddData...
can only work on the elements of one map at a time. To | - Lo

“Activate” a map, you can simply click on it in the layout view, Copy

or, you can right-click on the title of its corresponding set of

layers in the table of contents, and scroll to “Activate”. ¥ Remove
=

] Turn All Lavers OFf

. On switching to the “Data View” (remember, the little globe o sdectAlLayers
symbol), |" . you will notice that only the active map is .
shown. .WSIS =l Collapse &ll Lavers
C Reference Scale »

dis
Advanced Drawing Options.. .

. Test this by switching to the “Data View” and activating (from

X Labelin 3
the table of contents) each map in turn. ?

[} 5“ Convert Features to Graphics, ..
u

nu
[ | Propetties. ..

. After understanding varying “Data View” interfaces, put the final touches on the maps that you
chose to make and export them as a .jpeg by going to the “File” button in the upper, left corner.
Scroll to export and save as .jpeg in your Lab07 folder!
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Your layout window should now look something like this (of course yours may be mapping different

variables):

- €

8

Total Population by Woreda

0 50100

Woreda_pop
MF_AIl_AIl Ages
4,227 - 40,000
40,001 - 60,000
[ 0,001 - 80,000
I 0,001 - 100,000
B 100,001 - 130,000
I 130,001 - 160,000
B 150,001 - 420,976
200 300

400
Kilometers

w‘<}e I 7001 - 10,000
T I 10001 - 24,349

0 50 100 200 300 400
[ ="

Population 30-34
Woreda population
277 - 2,000

2,001 -3,500
[ 3501 -5,000
I 5,001 - 6,000
B 5001 - 7,000

46
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Lab 08: Spatial proximity analysis

Exercise overview

A transportation economist would like to know where gaps exist in transportation infrastructure in

order to create a project that facilitates goods to Agricultural C

oops. You have been asked to

determine distance relationships of each Agricultural Coop to a major road.

Spatial Join — Measuring distance

Il determine the distance of Agriculture

1. Open a new ArcMap session.

2. From your Lab01 folder, add the “Regions”, “Lakes” and the “Cities” layers. From your Lab02
folder add the “Roads” layer. From your Lab08 folder add the “AgCoop” layer.

3. For the moment, turn off the “Cities” layer. First you wi
Cooperatives to a major road.

4.

The roads layer contains various types of roads by surface type (SURFACE_TY). We are mainly

interested in the primary roads, so we will create a new shapefile by “Selecting by Attribute”. The

abbreviations in the roads dataset are as follows:

Concrete (Standard road)

Abbreviations in Roads Dataset: = SURFACE_TY
AC Asphalted
ST Surface treatment
Earth Earth roads
Gravel Gravel roads

For this exercise, we will assume that primary roads
roads.

Unclassified roads

are the ‘AC’,'ST’, or ‘Gravel classified

5. From the “Selection” drop down menu, choose the | ﬂﬂ'
“Select by Attribute” option. In the “Layer” dropdown -]
menu, choose the “road” layer. By default the | ?;jadsh T — =l
*Method” option should be “Create a new selection”, if | . [oocwoen =
not, choose that. E

::LENGTH_F_TI'I -~

6. The scroll menu under the “Method” drop down, lists all | | sraar iar
the fields in the Road attribute table. The field you are —-zareads:
interested in is “SURFACE_TY”. This indicates the [’ i v
relevant road type for each road segment in the layer. = e | [

yp g y o] el
7. Using the field names, and query operators, build the | on] e -l
following query: | | o sT
SURFACE_TY" ="AC' OR "SURFACE_TY" ='ST' =II% M M
OR "SURFACE_TY" = 'Gravel' | Go To
| SELECT *FROMRusds WHERE — /
>EELEE§EE_¥$ = .éC Dll:li "SURFACE_Tv" ="ST'0OR
Your interface should look like the graphic right. =T
. Clear | Werify | Help | Load... | Save... |

8. You may wish to check the syntax of the query before
you finish. Then, Click OK. ok | ey | ks |
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9. The primary roads in Ethiopia should now be highlighted in your map (see below)

10.

11.
12.
13.
14.

15.

16.

17.

18.

19.

£ L
AR N
IRy s

To export this selection as a new file, right-click on the “road” layer, scroll down to “Data” >

“Export Data”.

Save the output to your Lab08 folder as “PrimaryRd.shp”

The new layer should automatically add to your map.

Now let’s take a moment to Save your map file. Save this map as Lab08_YOURNAME.mxd

Now that you have identified the geographical extent of your study area, you may remove the
original “road” layer from the table of contents, by right clicking on it, and selecting “Remove”.

Now we will be able to complete a “Spatial Join” in order to measure the distance of each Ag

Coop to a primary road.

But, remember, that first we need to project our data to a projection that will accurately measure
distance in Ethiopia. A good projection to use for Ethiopia is projection UTM 37N. We will need to

project our Roads layer and our AgCoop layer.

Under your toolboxes, click on the box “Data Management - % Projections and Transformations
and Tools” and scroll to Projections and Transformations > -8 Feature

Feature > Project

Double click on the “Project” toolbox to
open the Project window. You will need to
fill out this window like the graphic to the
right. The Input Dataset and Input
Coordinate System will already be filled
out for you.

In order to fill out the Output Coordinate
System, left click on the box to the right
and a Spatial Reference Properties
window will open, navigate the following
path:

Select

Projected Coordinate Systems

UTM

WGS 1984

WGS 1984 UTM Zone 37N.prj

48

Lab 08

2 Batch Project
#* Create Spatial Reference

Input Dataset or Feature Class

Ll

@ & |2 |&

|AgCDDp

Input Coordinate System (optional)

Cutput Dataset or Feature Class
| DihkraininglGI5_LablLab0dagCoop_UTM.shp

Dutput Coordinate Syskem
| was_1984_utm_zone_37n

iaeographic TransFarmation {(optional)

CAEAESE 3

0K I Cancel | Ervironments... | << Hide Help
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20. Press Add after you have found your Zone.
21. The Spatial Reference Properties window will show [y —" @
again displaying the projection that you have choSen | . camnaeSysen | 2 cocrdnate sysen|
(see right). Press OK if it is the correct projection. Nare, PSSR T S
Details:
Feie st SDOAOECOREED =
Falze_Morthing: 0.000000
Central_Meridiar: 33.000000
Scale_Factor: 0.999600
Latitude_OFf_Origin: 0.000000
Linear Unit: Meter (1.000000]
Geographic Coordinate Spstem: GC5_WGE5_1984
Aingular Unit: Degree [0.017453292519943299)
Prime Meridian: Greenwich [0.000000000000000000]
Sheroid WS 1554
P N _ d
Select a predefined coordinate system
. . \mpnr_t a cnnrdlnate_systam and ¥/, 2 and M
22. Under Output Dataset or Feature Class in the Project __tmpot... | domainsfom an existng geodalace e.3.
window, make sure that you Save your new projected Mew | Create a new condnate system
Shapefile into your Lab08 folder and save as Madiy.. Edit the properties of the currently selected
@ » . coordinate systern,
AgCoop_UTM.shp” (see graphic to make sure you .
S Clear Sets the coordinate system to Unknown.
have filled out each category correctly and then press
O K Save As. Save the coordinate system to a file.
ok | Cancel ‘ Apply |
23. It will take a moment for the layer to reproject, and then the projected shapfile should add to your
table of contents.
24. Now, do the same steps to project your “PrimaryRd” shapefile.
25. When you have both your “PrimaryRd” and your “AgCoop” shapefiles projected into the UTM 37N
projection, we can move onto measuring distance!
26. Right-click on the “AgCoop_UTM” layer. Navigate
to “Join & Relates” > “Join”. In the first dropdown _ - _ _
. . « . Jain lets you append additional data to this layer's attribute table zo you can,
||St, Change the 0pt|0n tO JOIr'I data from another far example, symbolize the layer's features using this data.
|ayer based on Spatial Iocation”- ‘what do you want to join to this layer?
27 For the Criteria 1 drOdeWn Choose the |Join data from another layer based on spatial location j
“Primarde UtTm” |ayer_ 1. Choose the layer to join to this layer, o load spatial data from disk:
L . . [ PrimaryRd_UTM | ﬂ
28. For the Criteria 2 option, choose the second radio _ _
button — “each point will be given all the attributes 2 foumeiing  LuestoPons
u . p X g X u Selgctaioin feature class above. You will be given different
...I...and a distance field showing how close that B
line is (in the distance units of the target layer)”
. o . o . Each paint wi_II be give_nasummary of _the nume_ric: attributes of
29. Unlike a regular table join, a spatial join creates a s el e e e
new file. Save the OUtpUt file to your Lab08 folder How do you want the attributes to be summarized?
as “AgCoop_dist”. r r r
I~ I~ I~
+ Each point will be given all the attibutes of the line that iz
A . c_:Iosest ta it, and a distance field showing how close that line iz
30. Check that your wizard looks like the one to the linthe units of the target layer).
right, and click OK.
3. The rezult of the join will be zaved into a new layer.
Specify output shapefile or feature class for thiz new layer:
|D:\training\GIS_Lab\LabDS\AgEoop_Dist.shp g
About Joining D ata ak. | Cancel |

31. The new file will be automatically added to your map window.

32. Right click on the new “AgCoop_dist” file to open the attribute table.

33. Scroll to the far right of the table and you will see a “Distance” field. The units of this field are in
meters, as the units of the target file (the AgCoop_UTM layer) was in meters.
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34. How do we know this measurement is in meters? To check the units of any of your layers, go to
“Layer Properties” for that layer, click on the “Source” tab, and scroll to the bottom of the “Data
Source” information. The layer units will always be determined by the layer’s projection, which in
this case is UTM 37N. UTM projections are always measured in meters. Return to the attribute
table of your new “AgCoop_dist” layer.

35. You can create a new field, and recalculate the
distances in kilometers, by dividing by 1000. Go to the
“Options” tab at the bottom right hand corner of the
attribute table, and from the pop-up menu choose the
option “Add Field”.

4382 872250
383 RTINS
4 Find & Replace...

B select By Attributes...

soL

Switch Selection

Select All

!
Turn All Fields On i
Restore Default Column Widths
Related Tables »

m Create Graph...
Add Table to Layout

8 Reload Cache

& print...

Reports »

Export...

36. In the “Add Field” dialog, name the new field DistKm.

37. For “Type” select “Double” __Options -7

Appearance...

38. For the “Precision”, type 15 (This relates to the length of the allowed cell content), and for “Scale”
type 4 (This relates to the number of decimal places allowed from the above 15 spaces).

39. Then click OK.
40. You will notice that a new field has been added to the far right / end of the “AgCoop_dist” table.

41. To populate this field, right-click on the field name “DistKm”, and from the pop-up menu, choose
“Field Calculator”.

42. You may get a warning message to inform you that you are about to perform a calculation outside
an edit session. Just click Yes/OK, and the Field Calculator Wizard will appear.

43.You are going to use the values from the

“Distance” data fields to calculate values for the

“Distkm” field. Using the field names from the | ;i B o [T
scroll list (You will have to scroll down to see the | |= . r siing
“Distance” field), and the mathematical operators, | |= o e
build the following simple equation (you will need o
to double click on the field name to add them): 's:é‘cd_:m"

tile_i

44. When complete, click OK. The “DistKm” field | |&ia?.
should now be populated with the km distance | IP&n

values for each Ag Coop. Distkm = I ddvanced
[Distance] 1000

-

45. You can from 0 to 204 kilometers from a primary road!

46. As a last step, we are going to use our “DistKm” attribute information to color code your mines by
distance to the nearest major road.
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47. Exit out of the attribute table and double click on your AgCoop_dist layer. Go to the “Symbology”
tab.

48. You have worked with Symbology before, but in case you need a hint, see below.

Layer Properties

General] SDUICE] Selection] Dizplay  Symbology l Fields ] Definition Query] Labels] Joins&HeIates]
Show

Features Draw quantities using color to show values. Impart...
Categories Fields Classification
Quantities Walue: | Diistmn j Matural Breaks [Jenks]
g::j::::j zﬁ:&;s Marmalization: |n0ne j Classes: |3 = Classify...
Proportiohal symbaols
Charts Color Ramp: * u -
Multiple Atuit Symbal | Fahge | Label |
[ 0.0081 - 61228 0.0081 - 61228
® B.1229-17.3134 B.1229-17.3134
@ 17.3135- 40,9014 17.3135- 40,9014
® 40,3015 - 95,7565 40,3015 - 95,7555
® 95,7556 - 201 6065 95,7556 - 201 6065

[~ Show class ranges uzing feature values Advanced -

49. Now you are ready to put the final touches on your map. Make sure that your “Regions” polygon
are an appropriate color, and make sure that your “Primary Roads” are clearly visible.

50. Save your Map in your Lab08 YOURNAME Folder again!

You map should look similar to the below map, of course, you may choose different colors to
represent your attributes.

Agricultural Coops:

Raanes inalier Roae Why might the projection
Distance in Kilometers
S I that you used UTM 37N not
o 35 be the perfect projection for
° 5-10 .
. w0.m this type of measurement?
PrimanRd
Surface Type .
e i What would be a better
Surtace Treated projection?

° I ——— oS
160 0 E)

5 SR AT Explore the different options
TN N A A N I in the projection dropdown
e g A e, Nt . menu to see if there are
projections specifically for
Ethiopia or the region.

GIS Manual — December 2011 Lab 08 51



Lab 09: Buffering for distance calculations and area
definition

The Buffer tool is used to identify or define an area within a specified distance around a feature. For
example, you may create a buffer to define an area around a river to identify land that should not be
developed, or, you may want to create a buffer to select features within a specified distance of a
feature (Rural Access Indicator — 2 km from a road).

Exercise overview

In this section we will create exclusion zones around the rivers and streams in Ethiopia. A national
agency wants to evaluate areas where natural water areas should be cleaned to preserve freshwater
and increase water fowl. and would like to know how many cities are within 5 km of a stream or river,
and what the total population of these cities is in order to analyze affected population and model
economic impact.

D .

2. Add the “Cities” and “Regions” from your Lab01 folder and the “Main_Rivers” from your Lab09
folder.

1. Open a new ArcMap session. Click on the new map icon

Since you are starting a new Exercise, save your mapfile as: Lab09_YOURNAME.mxd

4. Activate ArcToolbox by clicking on the toolbox icon. Choose Analysis Tools ArcToolbox

> Proximity > Buffer. + - 30 Analyst Tools
=& Analysis Tools

+ % Extract

+ % Cverlay
= % Procimiky
#* Buffer

5. Populate your buffer wizard following the
example to the right, making sure t0 | EERRRRRRRRRRRRSRaaaaeee
save your output to your “Lab09 folder” ~
as MainRivers_buffer”. (This should be
the default name).

6. Click OK. Cubput Feature Class
| Dikrainingl GIS_LabiLab09MainRivers_Buffer.shp

Input Features

|MainRivers -

| 4
%

L3

Diskance [value or field]

{+ Linear urit

| 5 Kilomneters j

" Field

Side Type {optional)

| FuLL |

End Twpe {opkional)

| R ~|

Dissolve Type (optional)

| NoHE |

Dissalve Figld{s) (optional) ~
< >

0k | Cancel Environments... | <¢ Hide Help |

7. The output should automatically add to the data frame.

8. Now you have determined the 5km buffer zone.
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9. If you display your “Rivers” layer on top of the buffer layer and you zoom
to a specific area, you will see how the buffer has created a 5 kilometer

area around the river (see right).

10.

11.

12. Using what you learned from the previous
exercise, select features from “Cities” that
intersect “MainRivers_buffer”

13. Click OK.

Now you will now isolate the communities that lie within this 5 km of this buffer zone.

Go to the “Selection” dropdown menu, and choose the “Select by Location” option.

2|

Lets you select features from one or more lavers based on where they are
located in relation ko the Features in another laver,
I wank to:
|select features from j
the Following layer(s);

Cities

O MainRivers

O MainRivers_Fuffer

O Regions
[v Cnly show selectable lavers inthis list
that:
|intersect j
the Features in this layer:
@ MainRivers_Buffer j
r (0 Features selecked)
[v apply & buffer to the Features in MainRivers_Buffer

of: | 0.000000 |Decimal Degrees j

Help Ok | Apply | Close

14. The appropriate cities should now be highlighted in your map.

15. To export these as a separate file, right click on the “Cities” layer, scroll to “Data” > “Export Data”,

and save to your Lab09 folder as “Cities_5km”

16. Now turn off all layers except the “Regions”, River_buffer”, and “Cities_5km”.

17. We will now compute some simple statistics to answer the questions proposed at the beginning of

the exercise.

18. First let's see how much population per Region will be affected.
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19. Open your “Cities_5km” attribute table.

. . . Summarize
Right click on the column title
“SCHADMNM” and click on “Summarize”. Summarize creates a new table containing one record for each unique value
Fill out the summarize window as you see of the zelected field, along with statiztics summarizing any of the other figlds.
to the right.

1. Select & field bo surmarize:
SCHADMNM |

20. Save your table to your Lab09 folder as
pop_sum. When finished, click OK.

2 Chooge one or more summary statiztics to be included in the
outpt table:
+ LOCHNDATSRC e
+ MOTES
+ ES95POP
- ES00POP
Minimum
I awimuirn
bverage
Surn
[] Standard D eviation
[ Wariance

as AT

3 Specify output table:
|D:\training'\GIS_Lab\LabDS\pop_wm.dbf

-

About Summarizing O ata | Q. | Cancel

21. Now right click on your table that you added to your screen and opent the attribute table and look
at the various columns that were created.

22. The Count_ SCHADMNM column tells you how many cities per Region are within 5 km of a river.
The remaining 4 columns gives you the minimum, maximum, average, and sum of populations in
the cities that are within 5 km of a major river by Region. (see below)

| Attributes of pop_sum

|0II] SCHADMNM'CDUM_SCHADMNM Minimum_ES00POP | Maximum_ES00POP | Average_ES00POP Sum_ESl]l]POP|

3 | 0] ADDIS ABABA 1 118597 118597 118887 118887
. 1 | AFAR 4 F340 22578 12666.75 51947
| 2 | AMHARA 31 373 57728 102734516 318663
| 3 | GAMBELA 2 1376 24980 13183 267366
| 4 |HARIA] 1 104511 104511 104511 104511
| 3 | OROMY & 5] 06 31808 TE4E 3231 210141
| B | SOMALL 2 2189 0030 47609.5 93218
| 7 |SOUTHERM 39 136 94647 131299744 512089
. g | TIGRAY 10 1136 24541 4554 34554

Record: ﬂj 1 jﬂ Shi; W Selected Records {0 ouk of 9 Selected) Ciptions =

23. Save your project again. Now you can export your table, and relax for a moment before starting
the last exercise.
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Lab 10: Travel time raster and market access visualization

Understanding distance to key markets is important in understanding possible marketing and import /
export opportunities. There are several ways to measure distance. In the previous exercise, we
measured distance by kilometers to a primary road. In this exercise, we will measure distance by
travel time. For some analyses, this may be a better measurement because you take into
consideration road types and conditions, as well as travel speeds.

N e

Open a New ArcGIS session.
You may need to enable an extension in order to complete the following analysis, so go to the

toolbar and click on “Tools”, scroll to “Extensions” and enable the “Spatial Analyst” extension.

3. From your Lab01 folder, add your “Regions” shapefile and make it hollow with a black outline
(double click on the colored square below the layer name, this will take you to color options).

4. Add the shapefile “tt50k” to your data screen from your Lab10 folder.

o

6. Click OK when your “Layer
Properties” window looks Color Ramp: | - . -

the same as the one to

the right.

In order
understand this shapefile,
you should “classify” the
values in the “Symbology”
tab  within
Properties” window. See
example to the right.

to better Layer, Properties @E|

General] Source] E:-:tent] Dizplay  Symbology lFieIds ] Joins&HeIatesl

Draw raster grouping values into classes Irnpart...

the “Layer

Fields Classification
Yalue: Matural Breaks (Jenks)
Mormalization: <hone = - Classes: Classify. ..

Symbol | Range Label | ~
0-60 0-€0
60 - 120 £0.00000001 - 120
120 - 240 120.0000001 - 240
240 - 300 240,0000001 - 300
I 0o - 420 3000000001 - 420
' ‘ B :c - co0 4200000001 - 600
I - e ANMLONANNNT - f.2R4 M

!- [~ Show class breaks using cell values Display MoData as -
I Use hillshade effect

0K Cancel
| | |

7. Now, on your dataframe you are looking at a travel time raster dataset that was built using a Cost
Distance function.

8. The Cost Distance function calculates accessibility to a given target (in this case, cities of 50,000
people or more.). In order to extract these data, we built a raster dataset at a 1 kilometer
resolution where each pixel records the time in minutes to travel from a specific pixel to a city of
50 thousand or more.

9. There are several components in this model: A friction grid layer is produced in order to assess
speeds over a geographic surface. The Cost Distance function is then run on the Friction grid.
Incorporated in the friction grid is:

1.

2.
3.
4

Primary, secondary, and tertiary roads (each with varying travel speeds)
Rivers and water bodies

International borders

Elevation
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10. As you can see, the Southeastern regions of
Ethiopia have very low accessibility. This is
due to the fact that there are limited
transportation networks in these areas, but
also because there are very few cities of
50,000 people or more in Somali region.

11. Now we will use this raster to do some
visualization and analysis.

12. Add your “Cities” layer from your Lab01 folder. Perform a selection query that will show only the
cities of 50,000 or more.

13. In order to perform the P omr— a _
selection query, double click ~] L )
on the “Cities” Iayer and click General] Source] Selection] Displa_l,l] Symbology [Hields  Definition Quam | (el Joins&HeIates]
on the “Definition Query” tab
in your “Layer Properties”
window. "DATSRC" A

"LOCNDATSRC!
14. Click on the “Query Builder” tab
in the lower left corner of the
“Definition Query” window and
build the query as seen in the
graphic right:

Definition Querny:

38 4\
136
208
23

j

]

| ] o |
== | | I3 0 |

|

e

GoTao

~| SELECAZF ities WHERE:
L |"ESO0POPF" »= 5000

Clear | Werify | Help | Load... | Save... |
0K | Cancel |

15. When finished, click OK several times until you return to your main data frame. You should now
see only the “Cities” greater than or equal to 50,000. By doing a definition query, you are not
changing your dataset, but merely isolating and displaying the features you are interested in. (If
you want to see all of your “Cities” again, enter into the “Query Builder’ and delete the
‘ESO00POP’>=50,000 query. Then press OK and you will see all of your data again)

16. For now, let’s keep just the 50,000 population “Cities” in our dataframe.
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17. Zoom into one of the cities, do you see how it is the target of the Travel time grid? You can see
that at the city center is the target input to the Travel time grid.

18. So, let's change our “Symbology” again to see what areas are within 5 hours travel time to a
major city of 50,000 people or more. Do you remember how to do this? (Make your “Symbology”

tab look like the below)

Layer, Properties

General] Sourcel E:-ctentl Digplay  Symbology lFieIds l Joinz & Relates

Shiow:

Unique Yalues Draw raster grouping values into classes Import. ..

Skretched Fields Classification
Yalue: | J Matural Breaks (Jenks)
Mormalization: <Mone = Classes: 2 | Classify...

Coorramp: | B B

Symnbol | Range Label |
[ Jo-3m 0-300
| R 300,0000001 - 6,264

[~ Show dass breaks using cell values Display MoData as -

[~ Use hillshade effect

(0] | Cancel | |

19. Why did we choose 300 as a break off point? Well, because this grid is calculated in minute travel
time, so there are 300 minutes in 5 hours. Now we can see which areas within in the country

have access to a 50k city within 5 hours.

20. If you would like, you can add your “HealthCenters” or “AgCoop” layer and see how well-
connected “HealthCenters” are from major cities.

21. Now we will run a “Zonal Statistics” command in order to average travel time to nearest city of
50,000 population by Woreda.
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22. Add your “Woreda” layer from your Lab03 folder to the data screen and make the color of the
layer hollow with a black outline (double click on the colored square below the layer name, this
will take you to color options).

23. Now you can see by Woreda the
travel time grid and which
Woredas are connected to a major
city within 5 hours travel time.

F +| i Samples
24. Now go to the Zonal Statistics * & sorver Tooks

tool under the Spatial Analyst > - g spatial Analyst Taols * Zonal Statistics as
Zonal toolbox. + & Conditional
« . + & Density Input raster or feature zone data
25. Open the “Zonal Statistics as a + & Distance [Woreds il ﬂ
Table” tool. + % Extraction
+ & Generalization Zane figld
26. Fill in the window as you see to ~ * %Eﬂ”nfwam [we1D |
. + hadralogy
the right. We want to average 48 Interpolation A —
travel time by State. &y Local [eesok 100 ﬂ

. + & Map Algebra
27. Make sure to save your table in + % Math

your Labl0 folder under your +- & Mulkivariate
+ & Meighborhood

Cutput table
| Di\traininglGIS_Labilab10ibtS0k_woreda

name. Save as: tt50k_woreda
— +] % Overlay
. - ) ) .
& Raster Creation [v Ignare NoData in calculations
28. When finished, press OK. + & Reclsss
29. Zonal Statistics will run for  * %zzlff;f:d'am”
awhile. - & Zonal
& Tabulate Area
#* Zonal Fil

;" Zonal Geomekry
A Zonal Geometry as Table
A Zonal Statistics
A Zonal statistics as Table

< b

Qk. | Cancel | Environments...| << Hide Help |

30. Add your zonal statistics table from your Labl10 folder to the data frame and then open the
Attribute table. You will see that the travel times to the nearest city of 50k or more have been
averaged by Woreda. The Minimum, Maximum, Range, Standard Deviation (STD) of travel time
by Woreda has been calculated as well.

E Attributes of tt50k_woreda

| Rowid | WBID * | ZOHE-CODE | COUNT AREA | MIN | MAX | RANGE | MEAH STD SUM | VARIETY | MAJORITY | MINORITY | MEDIAH | A
v 1]o10102 1] 3819| 3819000100 351 1044 693 £23.67695| 13986115 2382506 628 500 351 600
H 2010103 2| 1825| 1824999900 275| @62 587 | 5150603 | 127.37447 | 939985 506 592 73 517
B 3 /010302 3 §76| ©7A000000| 255| 1286 1033 | 62642236 23553993 550438 534 550 268 578
B 4[010202 4] 1202| 1292000000 45| 560 515 235.85527 | 12085697 | 304725 423 197 45 220
B 5010301 5 610 610000000 &) 356 343 12243771 764893688 74667 250 EE ] 110

| 6010201 6 1213] 1212990900 122] T 589 336.98105| 119.88858 | 406758 443 250 122 328
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31. You can merge these data to your “Woreda” pmmres <)
Shapeflle a's you dld In Lab07 (Part 1’ Step Jain lets pou append additional ::Iata to thiz layer's attribute table so pou can,
11.) See rlght for a hlnt for example. symbolize the layer's features using this data.
What do you want to join to this layer?
|.Jnin attributes from a table j

1. Choose the field in this layer that the join will be based on:

2. Chooze the table ta join to thiz layer, or load the table from dizk:

LESOk_woreda j ﬂ

¥ Show the attribute tables of lavers in this list

3. Choosze the field in the table to baze the join on:

WEID |
Advanced. .
About Joining O ata [a]:4 I Cancel

32. Then you can symbolize the data by
color to view Woreda differences of
market access. See map right.

33. You can do the same type of table merge with the “Regions” or “Zones” layer and create statistics
on a more aggregated level.

34. Do the same analysis using your Zone shapefile and compare the two maps spatially to see if you
gain any further knowledge.

35. How you choose to display and analyze data spatially will change your results considerably
depending on the richness of your data source. Try to think through what challenge you may
have spatially, and how you can overcome those challenges by the millions of interesting
geospatial datasets that exist, and that you can now create!
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Average Travel Time by Woreda
k
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