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Exercise 01 — Introduction

Introduction - Basic Principles of GIS

GIS is a technology used to view and analyze data from a geographic perspective.

GIS links location to information, and layers that information to give a better understanding
of how it interrelates. A GIS map is therefore composed of many layers, or collections of
geographic objects that are alike. You choose what layers to combine based on your
purpose. The following map contains four layers, Cities, Rivers, Countries, and
Topography (elevation data).

Remember: A Map is made up of Layers
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In the preceding map, the “Field visit sites” layer is made up of many different visited
sites, and the “Road” layer of many different road types. The same is true of the
“Provinces” layer. Each geographic object in a layer, - each field visit sites, road and
provinces —is called a Feature.

Remember: Layers contain Features

In any GIS software, geographic features are represented as one of three geometrical
forms, a polygon, a line, or a point. Polygons represent things large enough to have
boundaries, such as countries, lakes or other large tracts of land. Lines represent
narrow, linear features, such as roads, rivers or pipelines. Points are used for things too
small to be represented as polygons, such as cities on a map of the United States, or
schools on a map of DC. Polygons, lines and points are collectively called Vector Data.
Remember: Features can take the form of Points, Lines and Polygons, and are known
collectively as Vector Data.

Not all layers contain Features, the topological (shaded relief) layer you see above is not
a collection of geographic objects in the same way the other layers are. It is a single
continuous expanse that changes from one location to another according to the
height/depth of the Earth’s surface. A geographic expanse of this type is called a Raster.
We use Rasters because unlike rivers, or countries, things such as elevation,
temperature, rainfall or wind speed have no distinct shape.

A Raster is a matrix of identically sized square cells or pixels (much like a digital
photograph). Each cell represents a unit of surface area, and contains a measured or
estimated value for that location. When displaying this information, colors are assigned
to the individual pixel values along a ramp scale.



Remember: Layers also contain Rasters
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There is much more to an individual feature than its shape and location, and GIS files
have the potential to incorporate this additional information. There is a great amount of
information that may be gathered about any one feature. A country has population, a
capital, a system of government, leading imports and exports, average rainfall, mineral
resources and many other things. Roads have grading systems, speed limits, number of
lanes, and one or two-way systems.

Information about the individual feature of any one layer is stored in a table. The table
has a record (row) for each feature in the layer, and a field (column) for each category of
information. These information categories are called attributes; therefore, these tables
are commonly referred to as “Attribute Tables”.

Each object (or “feature”) on a GIS map is linked to a row of information in an attribute
table.

Remember: Layers contain Features, and each Feature is linked to a row of
information in the Attribute table



Shape_Leng | Shape_Length | Shape_Area
Chimbu PG03 4.116186 4.116186 0.501927 1
East New Britain PG04 10.691125 10.691125 1.252187 1
| ¥ |East Sepik PGOS 14.732156 14732156 3.557238 1
Eastern Hi PG0& 4.531683 4.531683 0.911133 1
Enga PGO7 4.593526 4.593526 0.957401 1
Gulf PG08 26.591954 26.591954 2.850699 1
<
o4 5 M E; (1 out of 22 Selected)
Province

Now, lets get started making our own map




Lab 01 — ArcGIS Basics
The ArcMap Interface & Adding Data

1. Start ArcMap by double-clicking the ArcMap icon on your computer desktop.
(Alternately, click the “Start” menu, point to “All Programs”, point to “ArcGIS” and
select “ArcMap”)
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2. You may receive the following welcome screen, if so, select “a new empty map,” and
press OK. If you do not receive this screen, ArcMap has selected a blank map by
default.
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3. You are now looking at the basic ArcMap screen with its various menus and tools. To
begin with, we will add some data. From the “File” menu, select “Add Data”. (You will
notice that the “Add Data” icon is replicated on the main tool bar. You will find that
this is the case for many of the tools and functions within ArcMap.)
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4. In the “Connect to folder” window, navigate to the location of your Tutorial folder:
“C:\Student\GISLab”, and click OK.

5. You will only have to do this step once. By establishing this connection, you will be
directed to your GIS lab folder each time you return to it and add new data to the
map. It’s like creating a shortcut.
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6. Now open the folder “Lab01”, and select the file named “Province”.

(If a warning box pops up when you attempt to add data at any point, just click OK)
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7.

10.

The outline of PNG should now be visible in your map window. Notice that on the left
hand side of the screen you have a box containing a short list, beginning with the
word “Layers.” This box is called the Table of Contents, and it lists the names of the
various data layers in the map. It shows the color symbol used to draw each layer,
and tells you by means of a check mark, whether or not the layer is visible.

Left click on the various (+) & (-) boxes in the Table of Contents window, noticing
how the Table of Contents changes. It works in a similar way to a data tree within
Windows Explorer. Click on the checked box next to the “Province” Layer to turn the
layer off, click it again, and the map reappears.

The main window of the ArcMap interface is called the Data Frame. It is where your
data is displayed and manipulated. The various toolbars can be found both above
and below the Data Frame. Many of their functions are also replicated in the
standard drop down menus to the top left.

In order to make the map more detailed, we will add further layers. Add additional

data by using either the “File” menu, or click on the “Add data” icon . You will be
taken back to the “Lab01” folder. Select “Town.shp” and holding down the “ctrl” key
select “Rivers.shp”. Click Add. The fact that you now have multiple layers in your
map is represented in your Table of Contents. Make sure that you see the



“Provinces”, “Towns”, “Rivers” shapefiles in your Table of Contents on the left of your
screen.

Navigation using the ArcMap Toolbars

11. Hold down your left mouse button over “Towns.shp” and drag it down below your
“Provinces.shp” file. What happened to your map? The Table of Contents window
controls the various layers of your map. Whichever layer is on top in the Table of
Contents, will also be the topmost layer of your map. Move the other layers around to
see how this property works.

IMPORTANT NOTE: In order to drag files to reorder them, your table of Je Of Contents

contents must be in the List by Drawing Order mode, look at the top of rRel il
the table of contents and make sure that the List by Drawing Order tab it
is selected. Click on the List by Source tab at the top of the Table of Contents. Now that
you are in this tab, you can see where each data source came from. Try to reorganize
your shapefiles so “Provinces” is on the top again. Notice that you cannot move the
order of your shapefiles unless you are in the List by Drawing Order mode tab. Click on
the List by Drawing Order mode tab again at the bottom of your Table of Contents in
order to change order of your shapefiles in the Table of Contents.

12. On your screen are various tool icons. By moving your mouse over each icon in
turn, a pop-up box will alert you to the name and/or function of that particular tool.
Many of the tools, though new, are self-explanatory, and many others, such as the
“Drawing” tools, are quite similar to those found in basic Windows programs. The
most basic toolbar within ArcMap contains the navigational tools:

RAMQ L@ - O[N] O Al RER

13. Locate the “Zoom In” to 2 . Using this tool, draw a box around Lae city by left

4

click and hold while you draw a box. Now, select the tool that looks like a hand—_.
This is called the “Pan” tool. Use it to ‘grab’ the map and move it around in order to
see other areas of your map.

|1:5[:-[:-.[:-[:-|:- v|

14. On your toolbar, you will see the scale box.

@ &
15. Using the “zoom in” / “zoom out” 2= or the “fixed zoom in” / “fixed zoom out”

g EA

Tools ' ** ¥* ' adjust the map until your scale shows approximately “1:7,000,000”.
You may also manipulate the scale box by directly typing the required scale.

16. Switch to the identify tool @ and click on any one of the diamonds representing the
towns. The “Identity Results Dialog” shows you various facts about the feature that

3



you have selected. Using the Identify tool, you  [identify o x
can see the information associated with each Bty o | BT
town in the pop-up dialog. s e -
=-Towns
----- Goroka
17. Now click on the tool called “Full Extent”. i
This resizes your map to cover the full area of ED
your largest feature (all of PNG). Location: [ 145.417578 -6.084788 Decimal Degrees |
4= Field Value
18. Click on the tool for “Previous Extent” FID 53
and it will take you back to your last zoomed in | shape  Point
VieW. osm_id 3235158927
code 1002
Now that we have explored a little on how to Ezislaﬁun Eown

maneuver the basic tools in the map viewer name  Goroka
format, we will now look at the data that are
behind the shapefiles, these data are very similar
to an excel table.

Identified 1 feature

Feature Attribute Tables

In GIS, a feature on a map may be associated with a great deal of information — more
than can be displayed at any given time. This information is stored in an Attribute
Table. A data layer’s attribute table contains a row (or record) for every feature in the
layer and a column (or field) for every attribute, or category of information. When you
clicked on one of the ‘Town points in Step 16 (above), the information you saw in the
identify results dialog was the information stored in the Attribute Table for the “Towns”

Layer. @ Untitied - Archiap
File Edit View Bookmarks Insert Selection Geoprocessing
19. . Click on the “Add data” icon. You will be taken back tothe 552 ..%" 7 +~
“Lab01” subfolder. Select Districts.shp” and click “Add”. You Toble Of Conterts ax[
may have a warning message pop up, just press the OK : D;:f =
tab; we will cover this in the next lab. In the table of | e
contents, right click on the new data layer “Districts.shp” and = @ fivers
click the option “Open Attribute table”. - o QO —
= Districi X Remove
20. Scroll down the table. There are 87 records (record one is 0 D o P A el -
numbered as 0 — see first observation in the table under @ ZoomToLayer

column heading FID), one for each district in PNG.

Visible Scale Range »
Use Symbol Levels

Selection 3
Label Features

Edit Features 3

g Convert Features to Graphics...
Convert Symbology to Representation...
Data 3
> Save As Layer File..
@ Create Layer Package...

[ Properties..
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Table O x

B - - 1

Districts X

FID Shape * OBJECTID_1 | OBJECTID HAME_1 TYPE_2 VARNAME_2 HRname L

3 0 | Pohygon 1 1 |Bougainville District Central Bougainville P
1|Polygon 2 2 |Bougainville District North Bougainville PC
2 |Polygon 3 3 |Bougainville District South Bougainville P
3 |Polygon 4 4 |Central District Abau P(
4|Polygon 5 5 |Central District Goilala PC
S |Polygon [:3 & | Central District Kairuku-Hiri P
6 |Polygon 7 7 |Central District Rigo P(
7 |Pohygon 2 & | Chimbu District Chuave P
2|Polygon 9 9| Chimbu District Gumine PC
5| Polygon 10 10 | Chimbu District Karimui-Momane P
10 |Polygon 11 11 | Chimbu District Kerowagi P(
11| Polygon 12 12 | Chimbu District Kundiawa-Gembogl PC
12| Polygon 13 13 | Chimbu District Sina Sina-Y"onggomugl P
13 |Polygon 14 14 |East New Britain District Gazelle P(
14 |Pohlygon 15 15 |East New Britain District Kokopo PC
15| Polygon 18 16 |East New Britain District Pomio PC
15| Polygon 17 17 |East New Britain District Rabaul P
17 |Polygon 18 18 |East Sepik District Ambunti-Dreikikir P(
18| Polygon 19 19 |East Sepik District Angoram PC
19| Polygon 20 20 |East Sepik District Maprik P
20| Polygon 21 21 |East Sepik District Boikin-Dagua Rural Wewak P(
21|Polygon 22 22 |East Sepik District Wosera Gawi Wosera-Gawi PC
22| Polygon 23 23 |East Sepik District “Yangoro Saussia “angoro-Saussia PC
23 |Polygon 24 24 |Eastern Hi District Asaro-VWatabung Daulo P
24 |Polygon 25 25 |Eastern Hi District Goroka P(
25| Polygon 26 26 |Eastern Hil District Henganofi PC
28| Polygon 27 27 |Eastern Hi District Kainantu P
Z7 | Polygon 28 28 |Eastern | District Lufa P(
28| Polygon 29 29 |Eastern Hi District Obura-Wonenara PC
29| Polygon 30 30 |Eastern Hi District Okapa PC
30| Polygon | 31 |Eastern Hi District Ungga~Benna Unggai-Bena P e

= EYR o r— A Amlro o i [rm—r— ;.

"o« Y E (0 out of 87 Selected)
Districts

21. There are multiple attributes, or fields. The “FID” field contains a unique identification
number for every record. The “SHAPE” field describes the object geometry (Point,
Line, Polygon). Among other attributes is the District name (HRname), its
corresponding District code (HRPcode).

22. The order in which the fields are displayed can be rearranged, much like in excel.
Click once on the field name in order to highlight it, then, click a second time (you
should see a white arrow), to drag it to your preferred location. Rearranging the data
like this has no adverse effects on the database or map.

23. Field data may also be sorted. Right Click on the field “HRname”. You will have
option to sort “Ascending” or “Descending”. Depending on the field type, the data will
be sorted in alphabetical or numerical order. Sort and resort this field and observe
the effects on the table arrangement.

=R LY
Districts X
OBJECTID NAME_1 TYPE_2 VARNAME_2 ™ 1 HRPcode | HRParent | Shape_Le
1|Bougainville District Central Bougi|=  Sort Ascending Il 3.589
2 |Bougainville District North Bougail =  Sort Descendinn | 6.791
3 |Bougainville District South Bougai . 3.697,
[Central District Abau Advang Sert Ascending 5.985
5 |Central District Goilala Summi S0rt the values in this field in 4.029
& |Central District Kairuku-Hiri ascending order (A - Z) (1- 9). 7.43
7 |Central District Rigo 3.016
& [Chimbu District Chuave Field Calculator... 0.928
9 | Chimbu District Gumine 1.081
10| Chimbu District Karimui-Home ELT D 3138
11 [Chimbu District Kerowagi Turn Field Off 1.172 g
12 [Chimbu District Kundiawa-G 0.963
13 |Chimbu District Sina Sina-Yo| Freeze/Unfreeze Calumn 0.685
14 [East New Britain District Gazells ®  Delete Field 3.307
15 |East New Britain District Kokopo | 1.850
18 |East New Britain District Pomio [&f' Properties.. 7377
17 [East New Britain District Rabaul PGD44 PGO 0.769 B
18 |East Sepik District Ambunti-Dreikikir PG051 PGOS 6.724 =
19 [East Sepik District Angoram PGOS2 PGOS 279
20 |East Sepik District Maprik PGOS3 PGOS 1.236

11



24. Records, as well as fields can be highlighted. When a record is highlighted in a table,
its corresponding feature is highlighted in the map. A highlighted record or feature is
said to be “Selected”.

25. Right click on the field “HRname” and Sort Ascending. Click the grey tab at the left
edge of the first record in the table, (Nuku). This record is now selected. See below.

Table O x
SRR AL u G

Districts X
OBJECTID NAME_1 TYPE_2 VARNAME_2 HRname HRPcode | HRParent | Shape_Le ~

44 | Jiwaka District North Waghi PG103 PG10 0.959

|-' 71 |Sandaun District Nuku PG132 PG13 24566

§ 29 |Eastern Highlands District Obura-Wonenara PG0S5 PGO& 2158

30 |Eastern Highlands District Okapa PGOST PGOE 1.878

16 |East New Britain District Pomio PG043 PGO4 7377

17 |East New Britain District Rabaul PGO44 PGO4 0.768

A2 | Madann~ Mictrirt Dai Mnact D444 D244 A ACD

26. Move or minimize the attribute table in order to see the map more clearly. The Nuku

district should be highlighted. You may have to use the “Zoom to Full Extent” v to
spot the selected district.

Table 0 x
- - By O P
Districts x
OBJECTID NAME_1 TYPE_2 VARNAME_2 HRname HRPcode HRParent | Sl A
44 | Jiwaka District North Waghi PG103 PG10
4 71| Sandaun District Huku PG182 PG18
29 |Eastern Highlands District Obura-Wonenara PG0ES PGOE
30 |Eastern Highlands District Okapa PGOET PGDS
A8 [ Fast Maws Rriain Piisbrint D SRt orna h
< >
o« 62 » v |[E]S | 0 outof s selected)
Districts

27. To unselect this record, click the “Table Options” dropdown
=B O dF

click “Clear Selection” OR click [ tab.

on the top left-hand side of the attribute table, or and

12



28. You can also select objects in ArcMap directly from the map window. Close the
attribute table for now. Pan to the South Eastern Area, and select a district using the

following “selection” tool from the main toolbar. R -

29. Reopen the attribute table for “District.shp”. On the bottom-center of the attribute
table, click on the button “selected”. The district you selected should appear as the
only records in this list.

See how the link between table and map works; Items selected in the map are also
selected in the table, and visa versa. When you select a district, and you see that more
is being highlighted than just the district, this is because the select tool selects the
related area with each area file in the table of contents.

N - Q“t
So, not only did you select _ BTG e
Abau district, but you also e .. ‘ Nt g
selected Central province. "%*‘u_,;r'_ v
You can open the ;,1: / N qu oo
Province Attribute table R 0 SC A W g
and click on the “show oy L S U A o RN
” i(')\r'_ ¥ :)\E'; b \\ AN ")ﬂ‘ 1"1 Mg
selected records” tab, you . TR N
will see that Central N R N
province is selected. \;‘3‘*“ e . W
30. To unselect this = %12 B - O
. ooy o g LY
record, Select the e g [
1] . ” xR S
Clear Selection” tab . S L
on the top of attribute . s o

table, and click “Clear B R

S H ” Districts X
eIeCtlon (AS Shown | Fip| Shape* | ossecTin_1 | oBJECTID | NAME_1 | Tvee_2 | VARNAME_2 | HRname
beIOW) 3 3|Polygon | 4], 4|central [District | [Abau

< >
Table \M_' "o 1 of &7 Selected)
SRR 1 (i Districts | Province N

ol Clear Selection H
FID | Shape* E

Now unselect this record by selecting the “Clear Selection” tab on the top the Attribute
table, and click “Clear Selection”. Close the attribute table. If you still have an area that

seems selected on your map, you can use the “Clear Selected Feature” button - to
unselect everything in the Data Frame.

Symbolizing Features

Symbolizing features means assigning them colors, markers, sizes, widths, patterns,
transparency and other properties by which they can be recognized on a map. Data
Layers added to Arc Map have default Symbology. Points are displayed with small
circles or diamonds, and polygons (or shapes) have a fill color and outlines. The colors
for points, lines and polygons are randomly chosen.

31. First, turn off the “Districts” layer, by clicking the little black check mark to the left of
the layer name “Districts”.

13



32. Then, use the “Zoom to Full Extent” 3 button to return to a view of entire PNG. In

the Table of Contents, double-click on the color symbol for “Provinces” layer. The
= Province

Symbol Selector dialog opens. = -

33. The scroll box on the left contains predefined symbols. The options frame on the
right allows you to pick specific colors and set outline widths. Choose a color of your

reference for both Fill and outline. .
P Symbaol Selector l D

Type here to search - @ @ %E »  Current Symbol

=

34. Next, we will work on the
Symbology for the Towns. In the
table of contents, double click on
the point symbol for the “Towns” ESRI -
layer. The Symbol Selector dialog
opens once again. In the scrolling
box of predefined point symbols, Green Blue Sun
click “Circle 1”. In the “Options”
frame, click the drop-down arrow to Outline Width: 0.4 =

change the symbol size to 4 points.
Again, choose your color Hollow Lake Rose Outline Col

preference. On the map, the Towns

should display with your new Edit Symbal...
symbol.

Search: @) All Styles Referenced Styles

m

Fill Color:

Beige Yellow Olive | Save As... || Reset |

35. Choose a new color for the “River”
layer also by double clicking on the
line symbol underneath the layer in
the Table of contents, as you did
for the “Districts” and “Towns”. | Style References.. |

- [ Ok l | Cancel |

Green Jade Blue

36. Experiment with the colors and
options for the various layers. You
are not tied to those suggested by this lab.

Labeling: All maps contain textual information. Features in ArcMap are identified with
labels that make use of information from fields in the Attribute table to identify a
particular set of features.

37. For the moment, turn off your “Towns” and your “Rivers” layer.

38. Double left click on the “Provinces” layer, The pop-up window you now see is called
the “Layer Properties” dialog. The mapmaker controls many properties of an
individual layer from this dialog, and we will work with this quite regularly in the
future, but for the moment, click on the “Labels” tab and thick the “label features in
the layer” (see below)

39. Click on the arrow for the drop down menu on the Label Field option, and choose
‘HRname”

14



Layer Properties >

General Source Selection Display Symbology Fields  Definition Oue Joins & Relates Time  HTML Popup

[] Label features in this layer ;2

o

Method: Label all the features the same way ~

All features will be labeled using the options specified.

Text String
Label Field: [HRname ~| Expression...

N

Text Symbol
@ ]
AaBbYyZz
IO
Other Options Pre-defined Label Stle
Placement Properties... Scale Range... Label Styles...

Cancel Aoly

T IN=ErcEs T Frovince |

41. Using the text tools, change the label to bold size 8. For more advanced options,
Click on the button “Symbol”, then the button “Properties”, and finally the tab “Mask”.
This will allow you to put a halo on your text. Choose a white halo, of 1.5 points.

Click OK repeatedly to accept these changes and exit out of the Layer Properties dialog.
You are encouraged to explore the other tabs within the labeling function at your leisure.
For example, you can explore the “Label Styles” under Pre-defined Label Style to see
different sizes of text and shadowing styles.

Saving your Progress

At this point, you have changed and customized quite a few features of this map. In
order to preserve these changes, we will now save your progress as a “Project file”.
A project file in ArcMap carries the file extension .mxd. An .mxd file saves each
component of a working map, from the files you have opened, to the colors you have
chosen. This allows you to edit and return to a particular map, repeatedly.

42. From the “File” menu in the top left corner of your screen, choose “Save As”.
Navigate to the GIS folder on the C: drive; C:/Student/GISLab/Lab01, and save as
“Lab01_"Yourname”.mxd. It is always a good idea to save your map repeatedly while
working.

15



The Layout View

43. You nhow have a basic GIS map of PNG. The next step is to prepare this map for

printing.

44. First, make sure that your “Provinces”, “Towns”, and “Rivers” shapefiles are all

” W

turned on by checking the checkmark box next to the layer name in the table of contents.

45. The map window that you have been working in up to now is called the “Data View”.
We will now move to a different map window called the “Layout View” to prepare the
map for printing. The “Data View” is where you perform the majority of your GIS editing
work, while the “Layout View” is where you arrange your map(s) along with preferred
graphics for printing or export. To navigate between these two views, there are two small
tabs located on the bottom left-hand corner of the main map window.

46. The “Layout View” is represented by the sheet of paper map, and the “Data View” by
the een with map. Click over and back between these tabs, and observe the changes.

LR | I

47. The third little icon,
represented by the double
arrows, is the “Redraw/Refresh”
button. Use this button at any
time, if you feel your map has not
redrawn fully after opening or
editing.

48. When you have finished
experimenting with the alternative

map views, select the layout view.

49. We want to select a paper
setup that best fits the
geographical nature of PNG in
order to use the most space on
our page for our map. Click on
the File tab in the upper left of
your screen and scroll to “Page
and Print Setup”. Make sure you
select Landscape for the
Orientation. Also click the
checkmark to “Use Printer Paper
Settings”. This will give you a
dotted outline of how far you are
able to expand your map. (see
next step)

Page and Pnint Setup

el

Printer Setup
Mame: 3 send To OneNaote 2010

Status: Ready

Where: nul:
Comments:

Paper

Size: Letter

Type: Send To Microsoft OneMote 2010 Driver

Orientation: Partrai

Sample Map Elements
- Map Page Size
——f[¥|Use Printer Paper SetfRgs_ [ & -3 _x 3\’_; .
age ar
Page Size that will be used is equal to Printer Paper Size L
Width: 8.5 Inches hd
Height: 11 Inches - I
Orientation: Portrait Landscape
| Show Printer Margins on Layout Scale Map Elements proportionally to changes in Page Size
| Data Driven Pages... 0K ] | Cancel

- Properties...

I:l Printer Paper

Printer Margins

I:I Map Page (Page Layout)
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50. Now, resize the window around your map of PNG, so that it fits within the printable
area.

(’ O
51. Using the “Insert” menu, add a Title, Scale Bar, and North = :
Arrow to your map. Using the insert title option, name your map . ;“D%’ﬁz
“PNG: Provinces and Towns” (or something similar). i ’;J e ln
.- o
A Tet =
There are many Scale Bars, and North Arrows styles to choose DynamicTed  » [
from. Pick your favorite. — |0 Neatine.. |
= Legend...
% Morth Arrow... |
52. Return to the menu option “Insert” and click on “Legend”. q
|=-| Picture...
53. In the Legend Wizard dialog that pops up, accept all the default & Object..

=

options by Clicking
“Next” repeatedly, and finally “Finish”.

54. You will notice a small legend appear somewhere in the middle of your layout
window. Position it correctly.

55. If you wish to change the name of your layers in the legend, edit the corresponding
text in the table of contents, and it will also change in the legend. Just click twice on the
text in the table of contents to edit it, (as you would to rename a file in Windows
Explorer).

56. When you are happy with the appearance of your map, you can export this map as a
.jpeg, by choosing the menu option “File”, scroll to “Export”, then save with as
(Lab01_YOURNAME.jpeq) in your Lab01 folder following the instructions.

PLEASE MAKE SURE: That you save the changes to your map before you

continue. Your map should look similar to the one below (featuring your own color and
style preferences of course).
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Lab 02: Advanced Symbology

In the previous exercise, Rivers had the same line symbol regardless of their level of
importance. This is sufficient for a basic navigational map, but most GIS maps are used
as a visual interpretation of tabular data, therefore we will learn how to visualize such
data in this lab.

1. Open a new, blank map by clicking on the “New Map” button b in the upper left

corner of your screen below the “File” button.

2. From your Lab01 folder, add the file “Province”, “Towns” and “Rivers”. Reorder these
files in the table of contents so that “Towns” are on top, “Rivers” are next, then
“Provinces” is at the bottom. Remember: Your table of contents must be in the Display
mode, look at the bottom of the table of contents and make sure that the Display tab is
selected.

3. From your Lab02 folder, add the “Roads” shapefile. Uncheck the roads layer for now
so you don't see it in your map frame; we will work on that later. When you uncheck it,
the roads layer should disappear from the Data Frame.

4. Choose an appropriate color for the “Provinces” layer, and then SAVE your project file
as Lab02_YOURNAME to the Lab02 folder.

5. Double-click on the layer name “Towns”; this will take you directly to the “Layer
Properties” for the layer. Select the tab “Symbology”.

6. In the “Show” box (see graphic), click on the option “Quantities”, and the sub-option
“Graduated symbols”. In the “Value Field” dropdown list, select the Field name

1 PO p”
General Source Selection Display Definition Query Labelz  Joing & Relates Time  HTML Popup
Draw quantities using symbol size to show relative values. Import...
Fields Classffication
Value: Pop g ~ | ghBreaids (Jenks)
Nomalization: [néne . w | Classzs Classify...
— '
Symbol Siz to:[18
v \/\\\ Template
Symbol  Range \/ Label 5
¢ 0-4785 0-4785
@ 4786-13570 4786 - 13970
. 13971- 37825 13571 - 37825
6 @ 3725143934 37826 - 143934
. 148535 - 364125 148535 - 364125
o h’\\ [ Show class ranges using feature values Advanced -
QK Cancel Apphy
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7. Click “Apply”, but not OK. If you move your dialog slightly you will see that the city
symbols have changed. The map is still a little too busy. Change the “Symbol size” to
“from: 4 to: 12”.

Next, click on the “Classify” tab.

Classification Statistics

This will take you to the i Count: '~
“Classification” drop down menu _— e
(see graphic right). sum: 8273
Sampling ... Mean: 29
Median: \ /\ 14 %
i i < >
8. “Cllck on"the arrow to the rlght |cdums:  [072]  Clshowsidoev.  Clshowmean VL~
of “Classes” and choose 2. Click | reskc Values
on the arrow to the right of sor 8 g <0000 <]

“Method” and choose “Manual”.

354125
Ol
9. Choose your “Break Values” to '

a0+
be 50,000 and the second the

same as it displays the maximum 204
value of population of a town/city.
(See right) 0T
0
10. Press OK once you have 0 91031 182063 273094 364125 o
fIﬂIShed Step 9 [5nap breaks to data values Cancel

11. Now you are back to the Layer Properties Window. Double-click on the largest
circle and chose a bright color to represent the cities that are greater than 50,000

people. Press OK. Double-click on the other
circle and chose the symbol “Circle 1” in the Symbol Sizefrom: |4 | t0:[8 |
left box, change the size to 4 and choose a

. . : Symbol R Label
color for these cities that display population ymbel - hange &
under 50,000. ¢ 0-50000 0- 50000
.\ 50001 - 364125 50001 - 364125

12. Press OK repeatedly until you see the
mapping screen again.

13. Now it should be clearer where the cities of 50,000 are. Switch to your identify tool

i)

, click on one of the large circles. Scroll up and down in the “Identify” window that
appears in order to read the attribute information. What is the towns’ name (name)?
What is its population (POP)? What is the population (Pop)?

Now, SAVE YOUR WORK again as Lab02_YOURNAME!!

14. Okay, now we are ready to add our roads. Check the box next to your roads layer
So it appears in your Data Frame.

15. The current display shows only road network, this is not very helpful. Double click on
the roads layer (double-click on the word ‘Roads’) in order to enter into the “Layer
Properties” window. Click on the Symbology tab like you did when you were working on
the towns.
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16. Click on “Unique Values” under the “Categories” option to the left of the Layer

Properties window. (see below)

17. Next, in the drop down
menu on the Value Field,
choose “fc_categor” and then
click on the tab “Add all
Values”.

18. Let’s first see how the
Primary roads connect to major
towns.

19. Double click to the left of
the “Primary” on the line
symbol, this will take you to the
“Symbol Selector” window,
choose the “ExpressWay”
symbol and press OK. You are
now back at the “Layer
Properties” window.

20. Now, press “Apply” and

move the “Layer Properties” window to the side so you can see your map. Now you are

Layer Properties

General Source Selection Digplay Symbology Fields  Definition Query Labels  Joins & Relates Time  HTML Popup

Show: A

ies using unique values of one field.

Import....

Track
Unclassified

Track
Unclassified

}F;tgma \X/aThe'Y-gd—L Colaor Ramp
Unique values 7/|[\C7ca¢eg£r\\£ ~ | w
Symbol  Value Label Count

Charts <all other values> <all other values> ]

Multiple Attributes <Heading> fc_categor 7180
Primarny Primary 765
Secondary Secondary 560
Tertiany Tertiary 864

Remave All

Advapced

Cancel

X

able to see the primary roads more clearly.

21. Now let’s label the other roads more clearly. Double click on the line next to the
“Secondary” roads in order to the “Symbol Selector” again. Choose “Major Roads”
symbol and press okay. Do the same for the roads labeled “Tertiary”, “Track” and
“Unclassified” in order to display them in a different color. Press Apply, and now all

e -

roads in your Data Frame should have the colors you chose to display.

21. When you have finished experimenting with the alternative
Roads views, select the layout view (see step 46 in previous

exercise if you need help).

22. Using the “Insert” menu, add a Title, Scale Bar, and North Arrow to your map.

23. Return to the menu option “Insert” and click on “Legend”.

24. In the Legend Wizard dialog that pops up, except all the default options by Clicking

“Next” repeatedly, and finally “Finish”.

25. You will notice a small legend appear somewhere in the middle of your layout

window. Position it correctly.

26. If you wish to change the name of your layers in the legend, edit the corresponding
text in the table of contents, and it will also change in the legend. Just click twice slowly
on the text in the table of contents to edit it, (as you would to rename a file in Windows

Explorer).



27. When you are happy with the appearance of your map, you can export this map as a
.jpeg, by choosing the menu option “File”, scroll to “Export”, then save following the

instructions.

Your map should look similar to the map below.

PLEASE MAKE SURE: That you save the changes to your map before you continue.

1

- B
e P,

A

INDONESIA

P

SOLOMAN
ISLANDS

Populatién én?! Transporalion Infrastructure
City Population
® Under 50,000
. B oversoon
+ %' Road Type

© . st
& =i 2
“ N ey
I“' < | Secondary
- Tertiary
fE Unclassified
[ 8 0 50 100 200 nolassifie
/= — Districts
/ ‘ Km Provinces

=
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Lab 03: Chloropleth mapping in Arc-GIS

1. Open a new, blank map by clicking on the “New Map” button

corner of your screen below the “File” button.

2. From your LaboO1 folder, add the “Provinces” shapefile. From your Lab02 folder, add

the “Roads” shapefile. From your
Lab03 folder add the
“LLG_pop_2000” shapefile.

3. Double click on your
“LLG_pop_2000” layer in order to
open up the “Layer Properties”
window. And choose the
“Symbology” tab.

4. Click on the “Graduated Colors”
under the Quantities option on the
left side of the Layer Properties
window.

5. Choose TOTPOP in the Value
Field, which is the population count
per LLG in 2000.

6. Classify your data accordingly

b in the upper left

Layer Properties

General Source Selection Display Symbology Fields  Definition Query  Labels

Show

Draw quantities uging color to show values.

Import...

Qxfiuviié

20001 - 50000
0001 - 100000
I 100001 - 254158

20001 - 50000
50001 - 100000
100001 - 254158

Features
Categories Fields Classffication
Quantities Value TOTPOP - Manirel. . ‘
- Graduated colors - P g
- Proportional symbols
Dot density Color Ramp b B y
Charts
Multiple Attributes Symbal  Range Label
1130 - 5000 138 - 5000
5001 - 10000 5001 - 10000
10001 - 15000 10001 - 15000
15001 - 20000 15001 - 20000

[ Show class ranges using feature values

OK

Advanced -

Cancel

Joins & Relates Time  HTML Popup

Apply

by clicking on the “Classify” button and choosing classifications for
your values (see step 8 of the previous exercise for help in the
specific steps of classifying your data). When finished, press

Apply and Okay.

7. Now you are back to the Layer Properties Window. Left click

on the numbers under the label column.

Here you are able to

change the labels of your data so when you make a map, the
labels in the legend are clear (see above).

Break Values

%o

5000
10000
15000
20000
50000
100000
254153

8. Change all of your labels following the graphic above. Then click out of the labels box
and press Apply and OK to return to the mapping screen.

9. Make sure that your “Roads” layer is on and that you have classified your roads in

hierarchical order.

10. It is interesting to note spatially how population follows critical road infrastructure.
But, is population count an appropriate measure to understand relationships between
infrastructure and demography? Let’s experiment with a different measurement to

understand the differences and then create a map of both.

11. Right click on the “LLG_pop_2000” layer name in the table of contents and press

copy.
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12. Scroll to the top of the Table of contents and right click on Layers tab

-] = Layers

and choose “Paste Layers”. This will copy the same layer that you have already built on
population count into the Table of Contents. You will now have two of the same
“LLG_pop_2000” layers in your table of contents.

13. Now, double click on the new “LLG_pop_2000” layer that you just copied into your
table of contents and Click on the “Graduated Colors” under the Quantities option on the
left side of the Layer Properties window (as you did before in step 17 above).

14. Choose DENSITY (this is the
population density: average people
per square kilometer by LLG).

15. Classify your population density
data by clicking on the “Classify”
button and choosing classifications
for your values. See the picture to
the right under the label “Range”
which shows how the data
classified. (look at step 6 above if
you need help). When finished,
press Apply and OK.

16. Left click on the Symbol tab
above the color squares and
choose Properties for all Symbols.
Under the Outline Color tab, choose
No Color for your outline color and
then press OK until you exit Layer
Properties.

Layer Properties

General Source Selection Display Symbology Fields  Definition Query  Labels

Show:

Features

Categories

Quantities
Graduated colors
Graduated symbols
Proportional symbals
.. Dot density

Charts

Multiple Altributes

Joins & Relates Time  HTML Popup

Draw quantities using color to show values.
Fields Classfiication

DENSITY w~

Import...

Value:

Marual
Classes: 7

wymbol ~ Range Label

0.500000 - 10.000000 <10
10.000001 - 25.000000 11-25
25.000001 - 50.000000 26-50
50.000001 - 100.000000 51-100
100.000001 - 150.000000 101-150
150.000007 - 300.000000 151-300
300.000001 - 3825.500000 > 300

%how class ranges using feature val

i1

Advanced -

Cancel HApply

17. Notice how population density changes the further away one gets from the main
infrastructure corridors. Turn off and on the “Roads” layer in order to see the Density
differences under the “Roads” corridors.

18. Now add your “Provinces” shapefile from your Lab01 folder. Left click on the colored
square underneath the layer in the table of contents in order to open the Symbol
Selector window. Choose the “Hollow” option and press okay.

19. Turn off the “Roads” layer and just look at the differences between Population
Density and Population Count. You can do this by turning off and on the Population
Density “LLG” layer. The layer beneath it is the Population Count layer.

20. Looking at the Population Density map, we can see that parts of Hella, Southern
Highlands, West Highlands, East Highlands, Egna,and Chimbu provinces have high
population density (see two maps below). In these high population density areas, what
does the road infrastructure look like? Are they well connected?

24




o WIS
il
i

LLG: Population density LLG: Population count

' (people per =q km) <5,000

A

=10 5,001 - 10,000
City Population Road st ?zo City Population Road N 1::1 :x
: oot —oemy A e N —
:.Teniw- 0'—='.;:j'—'—:'m R :I:Z‘;;iﬁad = I 100001 - 254158
Population Density Population Count
21. Now we will map both of the variables in the same layout window. Switch to the
layout view, by clicking on the layout symbol in the bottom left and corner of the map
window.
22. Using the “Insert” menu, add a legend, and other appropriate cartographic elements
to your map (North Arrow, and simple scale bar) for the Population Density map.
Save your map if you haven’t recently! =
[ A .
T, ~ .
23. In the layout window, resize the map, so that B \\\

it is roughly half of the size of the page by clicking
once on the map and then dragging one of the
corner sizing squares to diminish the size of the
map. (You will also have to resize the legend and {‘ﬁ?r
other elements). Move them to the bottom right 3
hand corner of your layout. ]

WD Y ESL

LLG: Population den sity
(people per =q km)
<10

1-25

% -50

24. From the “Insert” drop down menu, choose Coy Popuiston Rosa =
the “New Data Frame” option. This will add @ new | = e=2e —smay| Qﬁ _ —
empty map window to your layout. (as seen in the el Mew Data Frame |

figure-right)

25. Now to add data to your new map window. In
the table of contents, right-click on the
“LLG_pop_2000” layer in your first Data Frame
that you have been working with up until now and
scroll to “Copy”.

26. Now right-click on the “New Data Frame”
listing and scroll to “Paste”. Repeat the process
to add the “Provinces” layer to your second map
window.
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27. In a multi-map set-up such as this. Only one map may
be considered “Active” at any given time. This means that
you can only work on the elements of one map at a time.
To “Activate” a map, you can simply click on it in the layout
view, or, you can right-click on the title of its corresponding
set of layers in the table of contents, and scroll to
“Activate”.

Bl #

28. On switching to the “Data View” , = __ you will

notice that only the active map is shown.

29. Test this by switching to the “Data View” and activating
(from the table of contents) each map in turn.

Table Of Contents

=0

= |:| 8¢CE| B

+

Add Data...

i New Group Layer

New Basemap Layer

Copy

Remove

Turn All Layers On
Turn All Layers Off
Select Al Layers

% Expand All Layers

= Collapse All Layers

%

Reference Scale

54 Convert Labels to Annotation...

Convert Features to Graphics..

Activate

& Propet| pctvate
30. After understanding varying “Data View” interfaces, put the final touches on the

maps (including adding another legend for the Population Count map) 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 Lab03 folder!

Your layout window should now look something like this, but may have different colors!
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Lab 04: Display Surveyed community locations on Google Earth

b in the upper left

1. Open a new, blank map by clicking on the “New Map” button
corner of your screen below the “File” button.
2. From your Lab01 folder, add the “Districts” shapefile.
Symbol Selector
3. From your Lab04 folder, add the [rype here o st U@ g 88~ CurentSymbal
“Survey_communlty" Shapeflle Search: (®) All Styles (O Referenced Sty:lesii

Prepare the layers and maps to be converted to KML
by setting certain properties and data attributes that
will ensure the KML created matches your
requirements and is user-friendly and well-formed.

4. Click on the rectangular symbol beneath
= Districts

‘Districts’ O layer; this will take you
directly to the “Symbol selector”.

ESRI ~

Green Blue 5un

LYy E O

Hollow Lake Rose

L] L] L

Beige Yellow Olive

LI L] L

Green Jade Blue

o 0 [

Fill Color: |
Outline Width: | 1.50 =

Outline Color:

Edit Symbol...

Save As... Reset

Style References...

Cox ]

v Cancel

5. Change Fill Color of ‘Districts’ to Hollow and
choose an appropriate outline width & color.
6. Change the size and color of ‘Survey _community’ point layer as shown in the picture
below
Colar: -
Size: .00 =

7. Then SAVE your project file as Lab04_YOURNAME

DsEs B x| 0 0| b- [EEE M EEE®0

to the Lab04 folder.

§ Toble Of Contents
3 A

E
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Create the KML file

There are two geoprocessing tools available for creating KML files from ArcGIS
data: Layer To KML and Map to KML. Both tools create a KMZ (compressed KML) file in

the output location.
e Map To KML will export the entire map into. KML format.
o Layer To KML will export only chosen layers to. KML format

Map To KML

The Map to KML tool allows multiple layers in an ArcMap map
document data frame to be simultaneously exported to a KML file.
Each layer will be maintained as a distinct folder in the KML, unless
the option is used to convert all layers to a single flattened image.

8. Create the KML file using one of the KML conversion tools: Layer

To KML or Map to KML , click toolbox ol from standard tool bar.

9. In the ArcToolbox window, expand “Conversion Tools,” then “To
KML,” and select “Map to KML.”

10. When the “Map to KML” window appears, in the dialog box that
appears, fill in the fields:
e Map Document: use the browse button to find
C:\Student\GISLab\Lab04\Lab04 YOURNAME.mxd

o Data Frame should automatically set itself to Layers.
e Output File: this is the name and place to which you will

save your. KML file. Type in
C:\Student\GISLab\Lab04\Lab04_survey_communities.kmz

ArcToolbox

[ ArcToolbox
B3 3D Analyst Tools
@ Analysis Tools
B3 Cartography Tools
= @ Conversion Tools
& Excel
& From GPS
&5 From KML
& From PDF
& From Raster
& From WFS
& JSON
& Metadata
& To CAD
& To Collada
&5 To Coverage
& To dBASE
& To Geodatabase
& To GeoPackage
= & To KML
‘{ﬁ Layer Te KML
#,, Map Te KML
& To Raster
&5 To Shapefile
@ Data Interoperability Tools
&3 Data Management Tools

11. Click OK. The Map to KML £ Map To KML

progress indicator will appear in SIS

a new bOX When the |nd|Cat0r | C:\DSG\Emily\Papua New GuinealGIS training'Lab04_MKI.mxd

says Completed, click the Close Data Frame

button. L

Output File

| C:\DSG\EmilyPapua New Guinea'\GIS training\Lab04\Lab04_survey_communities.kmz |

Fp Output Scale (optional)

Clamped features to ground (optional)

¥ Data Content Properties
¥ Extent Properties

¥ Output Image Properties

OK

Cancel Environments... Show Help ==
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http://desktop.arcgis.com/en/arcmap/10.3/tools/conversion-toolbox/layer-to-kml.htm
http://desktop.arcgis.com/en/arcmap/10.3/tools/conversion-toolbox/map-to-kml.htm
http://desktop.arcgis.com/en/arcmap/10.3/tools/conversion-toolbox/map-to-kml.htm
http://desktop.arcgis.com/en/arcmap/10.3/tools/conversion-toolbox/layer-to-kml.htm
http://desktop.arcgis.com/en/arcmap/10.3/tools/conversion-toolbox/layer-to-kml.htm
http://desktop.arcgis.com/en/arcmap/10.3/tools/conversion-toolbox/map-to-kml.htm

Open your .KMZ File in Google Earth

12. Open Google Earth.

13. Go to File—Open— C:\Student\GISLab\Lab04 \

14. Click and Open Lab04_survey_communities.kmz medhi:

15. The map will be overlaid with your file and the globe will spin to PNG. Zoom in using
the Zoom slider to magnify the map to the desired scale to see the individual/cluster

of surveyed community locations. You can click on a community point to activate a
popup box that will display the attribute information.

Nev:' Britain

Bougamyr glsland

42 Darusisiand

Layer To KML

The Layer To KML tool allows individual layers to be exported directly from ArcMap. You
can control the appearance of KML in the properties of the layer being converted.

1. Ifitis not open, first, open the .mxd file saved in Lab04 named after your name

2. In the ArcToolbox window, expand “Conversion Tools,” then “To KML,” and select
“Layer to KML.”
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http://desktop.arcgis.com/en/arcmap/10.3/tools/conversion-toolbox/layer-to-kml.htm

3. When the “Layer to KML” window

5; Dropbox (IFPRI)

-,
)

Layer

O road_prj_eqa
e road_prj_eqa v

-

8. Since you have only converted the survey community locations, what displayed
in the google earth is surveyed community locations. You can convert district

layer and add to google earth.
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. ! |Survey_communit}r ﬂ B
appears, first select the shapefile ———
‘Survey_commur"ty’ Iayer for the |C:\,DSG\,Emin\Papua New Guinea\GIS training\Lab04\Lab04_MKI_Survey.kmz | B
“Layer” box. i_ayer Output Scale (optional) |
a
. Clamped features to ground (optional)
4. Next select a directory (Lab04) for the
. - ¥ Data Content Properties
file to be created and provide a name ¢ Extont Promert
« . ¥ Extent Properties
as “Lab04_YOURNAME_Survey” for |_ g _
. - - ¥ Output Image Properties
the file.
5. Click OK.
oK Cancel Environments. .. Show Help ==
6. Now, open Google Earth and from main menu click | = GoogleEarthpro
File>> Open.... File Edit View Tools Add Help
Open.. Ctrl+0
7. Locate the KMZ file saved in Lab04 as ;t ’
“ ’ VEVET
Lab04_YOURNAME._Survey.kmz
Email 3
— Open View in Google Maps Ctrl+Alt+M
Print... Ctrl+P
YN <« GlStraining » Lab04 &
Import...
Organize + MNew folder Server Sign Out
Lab0d ~ Mame - Disable Automatic Sign-In
Survey Data = Exit
w Lab0d_MEK]_Survey - m— —
Temp L= Zambia-Bhavna's ..



N Gﬁme
N7

I
¥

=)

Image/Landsat / Copernicus
5 t 5
160 km us DCDMN Stalz. Geographer
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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.

~——

Washington DC, United States

Latitude = 38 89' north (of the equator)
mm--nm'mu(uonpmmu?)

g

’1.

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.
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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.

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.
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Every spatial data set in a GIS stores

geographic coordinates for its features. B

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

) Y

™ ot Parallel

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 . 0k et
Sinusoidal Projection

74

4 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).

# ArcCatalog - C:\DSG\Emily\Papua New Guinea\GIS training\Lab05\World30.shp - X
File Edit View Go Geoprocessing Customize Windows Help
lEE BR X QREEBOF .
[C\DSG\Emiy:Papua New Guinea\GIS training\Lab0\Wiord 30.shp <
RS~ IR
Catalog Tree ? X | Contents Preview Description
[ Census 2011 report
& E3 Downloads ik Print |y Edit |2} Upgrade  [] Import
= EJ 6I5 training
® £ Lab01
B B3 Lab02 World Map Background
® 7 Lab03 Shapefile
B B3 Labs

® community.dse
[E] Districts.shp
[E) World_Countries.shp
[E World30.shp
@ £ Survey Data
# £ Temp
@] AgriSys_Bougainville_dominant_staple_y
@] AgriSys_dominant_staple.mxd
Q)] Agrisys_dominant_staple_v2.mxd Tags
QI Agrisys_EastSepik_dominant staple v2.r polygon, map background, grid cells, grids, latitudes, longitudes, location, World, 1996
@] Agrisys_Maprik_dominant_stzple v2.mx
@] AgriSys_MiddleRamu_dominant_staple_ Summary
Q@] AgriSys_Nuku_dominant_staple_v2.mxd There is no summary fo
@] chapter 01.mxd

Q] Lab 02_Page22.mxd Description

Q] Lab 03_mud World Map Background represents grid cells of 30 by 30 degrees that cover the world.
Q] Lab 03_2mxd .

Q@] Lab 03_3.mud Credits

& # Page_elevation jpg
@] Paged elevation.mxd
# [ Page3_vector_rasterjpg Use limitations
Qi Page3_vector_raster.mxd See legal constraints.
@] Page3_attribute.mxd

@] Pages_mud Extent
51 B3 6PS_waypoint_tracks_pictures West -180.000000 East 180.000000
© EJ Waypoint_tracks North  90.000000 South -90.000000
= [ DSC00001jpg

I @8 DSCO0002jpg Scale Range

i i DSC00003jpg There is no scale range f
= [ DSC00004,jpg
= [ DSCO0005.jpg
= [ DSCO0006 jog
= [ DSC00007 jpg
= [ DSCO0008,jpg

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
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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.)

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 - 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).

3. 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 X

Feature Cache  Annotation Groups  Bxtent Indicators  Frame  Size and Postion
General Data Frame Coordinate System lliumination Grids

T wos 192 x
@ WGS 1934 (G1150)
3 wGs 1934 (G1674)
3 wes 1984 (G1762)
) was 1924 (G730)
) wes 1984 (Ge73)
) WGS 1984 (Transit)
= 5 Projected Coordinate Systems
= 5 Layers

Current coordinate system:

GC5_WGS_1984
WKID: 4326 Authority: EPSG

Angular Urit: Degree {0.0174532925199433)
Prime Meridian: Greenwich (0.0)

Transformations...

Cancel Aply

5. In the folder tree, click on the folder (folders 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.

38



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”.

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; (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 page:
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The World from Space

Mercator

Robinson

Equadistant Conlc

Lab 05 part 2: Bringing Field Data into the ArcGIS software
program. Allowing visualization using GPS point data.

Assume a survey team has just returned from mission and gave you a simple database
file containing the X, Y (latitudinal & longitudinal) information of survey community
centers in certain districts of PNG. 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 “community.xIsx”. You can see

that there is a “LONG” (longitude) and “LAT” (latitude) field, along with other
information that describes community location.
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You can directly bring an
Excel worksheet into ArcGIS.
Add the file “Districts” and the

Add Data

Lok in: community. xlsx

Vel @ EseEsS

_xInm#Database

database file: ~| R

‘community.xIsx” and choose
‘sheet1$’ from the from your
LabO05 folder. »

Right click on the ‘sheet1$’

file and scroll to “Display XY

MName: | sheet1s

data”. Click on “Display XY =
data” and a window should

Show of type:

Datasets, Layers and Results w

pop up like the window to the
right.

Make sure that your “X Field”
displays LONG for the
coordinates, and your “Y
Field” displays LAT for your
coordinates. Press OK

You may get a warning message stating that
your “Table Does Not Have Object-ID Field”.
This is a 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 “sheetl$ Events”
points? Where are they? Right click on the
“sheetl$ Events” layer, and from the menu
choose “Zoom to layer”. The “sheetl$ Events”
layer should now be visible, but not the
“Districts” layer.

Right click on the “Districts” layer and choose
“Zoom to Layer”. What happens to the “sheetl$
Events” 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 “Districts” layer,
with one tiny dot to the South 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 “Community” layer. Asitisina

Display XY Data

A table containing X and ¥ coordinate data can be added to the
map as a layer

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

| sheet1s J
Spedify the fields for the ¥, ¥ and Z coordinates:
¥ Field: |LONG v |
¥ Field: |LAT e |
Z Field: | <None= » |
Coordinate System of Input Coordinates
Description:

Unknown Coordinate System

[[]show Details

Warn me if the resulting layer will have restricted functionality

About adding XY data oK Cancel
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10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

different projection, it is unable to locate and resize
itself correctly in relation to the “Districts” 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.

So let’s try our hypothesis! First, Right click on the
“sheetl$ 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.

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

Now your community should be geographically
contiguous with your “Districts” layer.

Your “sheetl$ Events” is currently only a cosmetic
layer. We know this because it has the word
“‘Events” following the name. Itis not yet a
shapefile.

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

Leave all the initial options as default, but make
sure to save the final file to Lab05 folder, calling the
file “Community.shp”

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.

e

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:

sheet15 J
Specify the fields for the X, ¥ and Z coordinates:
¥ Field: |LONG e |
¥ Field: |L.-5.T v |
Z Field: | <None - |

Coordinate System of Input Coordinates

Description:

Geographic Coordinate System:
Mame: GCS_WGS5_1984

[]5how Details

Edit...

Warn me if the resulting layer will have restricted functionality

About adding X' data

Look at these data, where are community missing, why? Add some other

geographic data from your Lab01 — Lab04 folder (including roads) to see if you

OK
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can hypothesize. Just looking at your map, can you tell the pattern of the
community surveyed?

22. Create a map with the community layer, and other key data. (hint: are they
located along the road or river?)

P,

PR
o
£
a ke -
} {
sl
3
e
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Lab 06: Exporting external database information from ArcMap

Exercise Overview
Now you will perform what is known as 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 query your data in new ways.

ArcToolbox q:
£ @ Data Interoperability Tools ’
= B Data Management Tocls

1. Open a new ArcMap session and add your new %) & Archiving
“health_facility” layer that you created in the previous : %’;‘ﬁcg?r::zm
exercise. T % Distributed Geodatabase

+ & Domains

2. Before you begin this exercise, you may need to add the #) & Feature Class

spatial toolboxes to your data screen. If the list of toolboxes % Eijtd”s'es

) i + & File Geodatabase
(see left) is not on your screen click on the ™ button from ¥ &y General
the standard toolbar. # & Generalization

+ B Geodatabase Administration
+ 8 Geormetric Network

3. Now, let's make sure that your “health_facility” layer has a o & Graph
defined projection by going to the toolbox “Define projection” + By Indexes
(see graphic Right). 5 & Joins

+ By LAS Dataset
+ B Layers and Table Views

4. Define the projection in the “Select a Coordinate System” £ & Package
box, choose the following path: + & Photos
Predefined = & Projections and Transformations
. . + By Raster
Geographic Coordinate Systems 5 Batch Project
World #., Convert Coordinate Notation
WGS 1984 #, Create Custom Geographic Transforr

J-\\ Create Spatial Reference
ﬁ Define Projection

‘;-\\ Project
5. Press OK. Now that we have &
defined all of our projections we o
can do a Spatial Join!
Input Dataset or Feature Class oy
6. Add your “Provinces” and | health_facility | &
“Districts” layer from your Comdmate System
Lab01 folder.
| GCs_wes_1984 | v
7. Right click on the “Districts”
layer. Go to “Joins and Relates oK Cancel Environments... Show Help ==

> “Joinu

8. In the first drop down menu (see right), change the option to “Join data from another
layer based on spatial location”. This choice will change the look of the wizard layout.

9. Use the graphic to the right to select the correct options.

44



10. For Option 2: make sure the first radio button
is selected (it should be by default), and that
the “Sum” check box is ticked.

11. Save the new file to your Lab06 folder, and
call it “district_hfCt”.

12. Click OK.

13. The join process may takes few seconds, as
ArcMap must count the number of health
centers located in each district, and report
that data in the attribute table of your new file
“district_hfCt”

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.

14. “district_hfCt” should automatically add to
your table of contents, if not, go to the “Add
data” button, and from your Lab06 folder,
add the new “district_hfCt” layer. For clear
visibility, re-organize the layers.

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

16. The field that you are interested in is the
“Count_” field. Right-click on the field

Join lets you append additional data to this layer's attribute table so you can,
for example, symbalize the layer's features using this data.

What do you want to join to this layer?

Join data from another layer based on spatial location

1. Choose the layer to join to this layer, or load spatial data from disk:

RN =

(€ district_hfCt

2. You are joining:  Polygons to Polygons

Select a join feature dass above. You will be given different
options based on geometry types of the source feature dass
and the join feature dass.

(®) Each polygon will be given a summary of the numeric attributes
of the polygons in the layer being joined that intersectit, and a
count field showing how many palygons intersect it.

How do you want the attributes to be summarized?
[ average [ Minimum []standard Deviation
Sum |:| Maxirmum |:| Variance

(") Each palygon will be given the attributes of the polygon it falls
completely inside of in the layer being joined. If a polygon falls
completely inside mare than one palygon in the layers being
joined, the first one found will be joined.

3. The result of the join will be saved into a new layer.
Specify output shapefile or feature dass for this new layer:

zmilyPapua Mew Guinea“Gl5 training*Lab 06 \district_hfCt.shp ‘ E;-

About joining data oK Cancel

heading, and choose the “Sort by Descending” option. You will see that the
maximum number of health centers for any one district is 75.

Table O x
ERIR-RL L TR
district_hfCt x
NAME_1 HRname HRPcode | HRParent | Pop_ 2011 Count_ { Sum_OBJECT ~
West New Britain Kandrian-Gloucester PGZ01 PG20 74265 75 14926
West New Britain Talasea PGZ02 PG20 189999 67 14227
East New Britain Pomio PG043 PGO4 71836 47 10247
East New Britain Gazelle PGO41 PGO4 128317 41 5080
Central Kairuku-Hiri PGO23 PGO2 121588 33 6400
Hela Koroba-Kopiago PGOS2 PGOS 73855 32 4515
Southern Highlands Kagua-Erave PG193 PG19 74139 30 4418
Central Abau PG021 PGO2 55569 29 5589
Santhern Hinhlanda Mendi_Mimnihin D21 Gd DG 144R70 IR AT w
L4 >
TR 0 » »n |[E]S ] 0 outof a7 selected)
district_hfCt

17. Close the Attribute table for now, and let’s create a thematic map.
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18.

19.

20.

21.

22.

23.

24,

“DOUbIe CIICk E)n the ) . General Source Selection Display Symbology Fields  Definition Query Labels Joins & Relates Time
district_hfCt” layer. This will Show. row casotiion s color 1o show valus —
take you to the “Layer E.;a;.:m Fields Classification
PrOpertIeS” dla|Og CI|Ck on the Q“:“;': o Value: |C0unt_ v| Natural Breaks {Jenks)
“ 2 “ 9 - R e . '
Symbology” tab. In the “Show  Graduated symbols | Nomizaton: one V] Casses Clasy..
menu to the left, Click on |- Propetional ambals _

i y ity Color Ramp: | - V|
Quantities > Graduated colors. Chorts etrutes | S Fonce b

0-3 0-3

In the “Value field”, click the el ol
down arrow and scroll to | 27-47
“Count_”. 48-75
|I”l the “CO|OI' Ramp" fleld CI'Ck II:‘ Show class ranges using feature values Advanced ~

on the down arrow and choose
a color scheme that you like.

Click OK when complete.

Before you progress too far in

your map production, let’s once oK Caneel
again save your map as an )

ArcMap Document file (. mxd) so you won'’t lose your work to date. Go to “File/Save

As”, navigate to your “Lab06” folder, and name the Project file:

“Lab06_YOURNAME”".

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

Given that the districts are geographically larger than LLG, would it be better to look
at statistics on a more disaggregated level. You can do the same spatial join on your
LLG layer to understand health facility placement at a finer level.

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

Here is the difference between the province and district level statistics!
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Number of health facility
1-10
1-25
26-50
| Ll
012

Province Level

District Level

25. Now you will export this data to excel for graphing purposes.

26. Open the “district_hfCt” attribute table again. On the top left
hand corner of the attribute table, click on the “Table options”
button. From the menu, choose the “Export” option.

27. Export your table as “district_hfCt” to your Lab06 folder.
Although the file carries a .dbf extension, you will be able to
open it in Excel, and save it to as regular “.xIsx” file from which
you will create your graphs.

28. Go to Microsoft Excel, and from your Lab06 folder open the
“district_hfCt.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).

29. Now you can save your table as an “.xIsx” file (excel) and graph
it if you would like.

Table

H- B

B8 Find and Replace...
% Select By Attributes...

Switch Selection
Select All

Add Field...

Turn All Fields On
Show Field Aliases

<mE =&

Arrange Tables

loins and Relates
Related Tables

E

Create Graph...
Add Table to Layout
Reload Cache

=

Print...

Reports

Restore Default Column Widths
Restore Default Field Order

0BJE

)

wen

R EIEIER R

-

Export...

FE S =S| &[=[&E]m

Appearaj Export

File pamez | district_hfCrdbf «| | Al Files

Tocls = (23 Excel Files
Excel Files
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Lab 07 — Data Integration and Thematic Mapping

Exercise Overview

You have received detailed Household Census information from the NSO of PNG. 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 nhon-
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 Lab07 folder, add the layer
“LLP_Pop05.shp”.

2. Right click on the “LLP_Pop05.shp” 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 Lab07 folder and
open the file: “nso_census_2005.xlsx”

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

5. If you intend to permanently save joined table to the shapefile make sure that the
table is formatted correctly with only 11 characters for each variable name.

6. Once you have formatted the excel file, save into your Lab07 folder, close excel and
return back to ArcGlIS.

7. From LabO07 folder add the excel file “nso_census_2005.xIsx” and select
‘nso_census_2005%’ sheet.

8. Right-click on your “nso_census_2005$” 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!

9. The next step is to join the “nso_census_2005%$” table to the “LLP_Pop05” layer
so that you can utilize its spatial properties to visualize the population info.

It is 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.
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10.

11.

12.

13.

14.

15.

16.

In this case, the joining variable is called
“GEOCODE".

Right click on the “LLP_Pop05” layer, Scroll to “Join
& Relates” > “Join”. Make the following dropdown
selections, and click OK.

When complete, open the attribute table of the
“LLP_Pop05” layer to make sure the join was
successful. If you see fields that say <null>, in
some cases it may be okay as data may not
collected for the specific area BUT in some other
cases the unique ID used to join may not match

properly.

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

Double click on “LLP_Pop05”. The “Layer
Properties” Window should now pop-up. If the tab
“Symbology” is not selected, then select that tab.

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

Join Data

Join lets you append additional data to this layer's attribute table so you can,
for example, symbolize the layer's features using this data.

What do you want to join to this layer?
Join attributes from a table

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

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

E nso_census_20055 j E;'
Show the attribute tables of layers in this list

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

|eEoconE v

Join Options
(®) Keep all records

All records in the target table are shown in the resulting table.
Unmatched records will contain null values for all fields being
appended into the target table from the join table.

() Keep only matching records

If a record in the target table doesn't have a match in the join
table, that record is removed from the resulting target table.

Validate Join

About joining data

Cancel

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

named “TOTPOP”: This stands for total population.

**The variable labels follow a pattern, and are disaggregated by ages and gender.

Note that each group of variables are labeled as such:

e TOTMAL & TOTFEM: Male and female all ages respectively

POP_15T0O19: Total population between 15 & 19 ages
MAL_15TO19: Male population between 15 & 19 ages
FEM_15TO19: Female population between 15 & 19 ages
POP_15T0O49: Total population between 15 & 49 ages
MAL_15TO49: Male population between 15 & 49 ages
FEM_15TO49: Female population between 15 & 49 ages

17. Once this field has been selected, choose a color ramp that you like by clicking on
the down arrow next to the color ramp. Now click, Apply, and OK.

49




18. Look at how the colors
are distribued. The
classification brackets
chosen by ArcMap are
based on their default
statistical classification;
“Natural Breaks”.

19. Reopen the “Layer
Properties” dialog for the
“LLP_Pop05” layer.
Return to the symbology
tab. Under the
Classification menu (top
right-hand corner), Click
the “Classify” button.

5. Impart...

Classffication
Matural Breaks (Jenks)

Classes: Classify...

Layer Properties

General Source Selection Display Symbology Fields  Defintion Query Lsbels  Joins & Relates  Time

Show:

Draw quantities using color to show values.

Import...

Features
Categories Fields aesfication
Quantities Value: Matural Breaks {Jenks
Graduated colors o Classbe T2
- Graduated symbols | M n: (none ~ :
i-- Proportional symbols
‘.- Dot density Color Ramp: - -
Charts
Muttiple Attributes Symbol  Range Label
1130.000000 - 12432000000 1.130-12432
12432000001 - 24837000000 12,433 - 24837
24237.000001 - 45868.000000 24,838 - 45.868
[ +5363.000001 - 84983.000000 45,363 - 84,983
I 34943.000001 - 254158.000000 84,984 - 254,158
[ Show class ranges using feature values Advanced -
Cancel

HTML Popup

Apply

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

21. 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. 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.
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23.

24.

25.

26.

27.

Classification Classification Statistics

Method: Matural Breaks (Jenks) = Count: 2 n
Classes: Minirmum: 1,1
dusi Maximum: 254,1
Data Exdusion Sum: 5,190,7
Exclusion ... sampling ... Mean: 17,4
Median: 13,5 %
| € >
| Columns: 100 -5 [I5how std. Dev. []5how Mean
- Break Values %
o - o ™
Stre g g 5 - 12,432
o = Ly =+ b
-, ® e o & 24,837
40—+ 45,863
84,983
| 254,158
| 30+
20—+
10+
0 T T T oK
1,130 64,387 127,644 190,901 254 158

Snap breaks to data values Cancel

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.

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.

Return to the “Classification Wizard” screen. Choose first the L=

%o

“Quantiles” scheme, next change the number of classes to 7. 15,000

25,000
In the “Break Values” box to the right-hand side of the wizard, set the 50,000
break values to the following numbers, by simply typing over the 75,000
existing values. 100,000

150,000
When done, click OK. Now you are back at the “Symbology” window. 254,158
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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Table Of Contents

= & Layers
=] Provinces

1
= @ LLP_PopDs

=Rl LLP_PopDs

TOTPOP
11,130 - 15,000
115,001 - 25,000
[ 25,001 - 50,000
[ 50,001 - 75,000 e ,
I 75,001 - 100,000 BEEEE D SRS
I 100,001 - 150,000
B 150,001 - 254,158

28 NOW return baCk tO yOUI’ Layer Properties x
“LLP_POpOS” Iayer Wlth the General Source Selection Display Symbology Felds Defintion Query Labels Joins & Relates Time  HTML Popup
table join. Double click on the
layer and return to the Show: - o |

— quantities using jor to ues. mport...
SymbOIOgy tab Fc?meg Fields Classification
Quantities Value: Manual
. . . - Graduated colors N . Classss: |7 Classiy.
29. Modify the label options with  Graduated symhls | none - '
oy - Propartional symbols

some additional text, and - Dot densty CorRarp: | |

commas by clicking on the e Alrbates || b0l Fange Label
1130.000000 - 15000.000000 1,130 - 15,000

vaIL_Je u_nder the I__abel column. e ot s

(This will determine the look of 25000000001 - 50000000000 25,001 - 50,000
S0000.000001 - 75000.000000 50,001 - 75,000

your legend, and reads better | N 7:000.000001 - 100000000000 75,001 - 100,000

1 100000.000001 - 150000.000000  100.001 - 150,000
than the default categories). L L
[[] Show class ranges using feature values Advanced -

30. For a softer subtler style, you
will remove the boundaries
from between the individual
LLP. Click on the word
“Symbol” above the colored

category symbols, and in the . i
pop-up menu, choose “Properties for all
symbols”. (see right) Color Ramp: . m V!
31. In the “Symbol Selector” dialog, change the ™~ o7
outline color to “No color”. Raiio Colors L
0

32 CIle OK i: Properties for Selected Symbol(s)...

33. To distinguish the boundaries of the higher
order administrative units, add the
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34.

35.

36.

37.

38.

39.

40.

41.

42.

“Provinces” layer from the Lab01 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)

Switch to the layout view, by clicking on the layout symbol in the bottom left and

corner of the map window. 2| e
Using the “Insert” menu, add a legend, and
other appropriate cartographic elements to
your map (North Arrow, and simple scale
bar)

- - 150,000
I 150901 -254 158

Save your map if you haven’t recently!

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

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

D New Data Frame D

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

Now to add data to your new map window. In
the table of contents, right-click on the “LLP_Pop05” layer in your first Data Frame
that you have been working with up until now and scroll to “Copy”.

Now right-click on the “New Data Frame” listing and = 1o 00
scroll to “Paste”. Repeat the process to add the s
“Provinces” layer to your second map window.

=1 New Data Frogea
< AddData...

New Group Layer
New Basemap Layer

Right now, each window looks identical. To help
distinguish between the windows, double click on
the “LLP_Pop05” 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 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 “POP_15TO49" to map
“total population of ages between 19 &49”, but it may be interesting to look at
male versus female population.

Copy
Paste Layer(s)

x (m & &

Paste Layer(s)

Paste layers into the selected da
frame

Once you have chosen your variable, press OK to map that variable and see how
it looks spatially across the LLP of PNG. How does it vary from your other map?
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43.

44,

45,

46.

In a multi-map set-up such as this. Only one map
may be considered “Active” at any given time. This
means that you can only work on the elements of one
map at a time. To “Activate” a map, you can simply
click on it in the layout view, or, you can right-click on
the title of its corresponding set of layers in the table
of contents, and scroll to “Activate”.

On switching to the “Data View” I= , you will notice
that only the active map is shown.

Test this by switching to the “Data View” and
activating (from the table of contents) each map in
turn.

= Proving|

+

Add Data...

| 5 New Group Layer
= B LLP_Po| 4 New Basemap Layer
5 ¥ LLP_Po B Copy
POR
85-1% Remove
1,001
2501
msop]  TumAllLayers Off
100 Select All Layers
= Collapse All Layers
Reference Scale »
Advanced Drawing Options...
Labeling 3
%5 Convert Features to Graphics..
Activats
[f Propert

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!

Your layout window should now look something like this (of course yours may be
mapping different variables):
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Total Population by LLP
1.130- 15,000
15,001 - 25,000
.. 25,001 - 50,000
50,001 - 75,000
. I 500 - 100000
" 4» Ml.‘_- 100,001 - 150,000
N 50001 - 254055
LR L

Population by age 19 - 49

‘”i LLP

85- 1,000
Qe 1,001 - 2,500
2501 -5,000
i ;ﬁ: I :o0i - 10,000
"o, [ 1000127885
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Lab 08 — Agricultural system mapping

Exercise Overview

For this exercise partial spatial database of the Papua New Guinea Agricultural System
project, comprises variety of data on agricultural crops and practices on small holder
(subsistence) farmers, provided to create maps of dominant staple crops and sub
dominant staple crops.

From the six types of agricultural system categories (Fallow system, fallow period,
cultivation intensity, staple crops, garden and crop segregation and soil fertility), this
exercise focuses on mapping the distribution and pattern of staple crops in PNG. To
achieve this, you will be joining the spatial data and table that describes the coded value
in the database.

Data Integration

1.

Open a new session of ArcMap. From your Lab08 folder, add the layer
“dist_agrisys.shp”.

Right click on the “dist_agrisys.shp” file to open the “Attribute Table”. This table
contains agricultural system variables and values.

Open Microsoft Excel. Go to File > Open > navigate to your Lab08 folder and open
the file: “Domstap_legend_desc.xlsx”

You will see that this table has DOMSTAP codes and descriptions

If you would like to keep this legend description permanently saved in to the
shapefile along the code, make sure to format the table with only 11 characters for
legend description field.

Once you have formatted the excel file save into your Lab08 folder, close excel and
return back to ArcGIS.

9

From Lab08 folder add the excel file “Domstap_legend_desc.xIsx™ and select

‘Domstap_legend_desc$’ sheet.

Right-click on your “Domstap_legend_desc$” table to open it. Make sure that the
legend description field name carried through correctly, and that all data appears in
working order. If it looks good, close the attribute table and move on!

The next step is to join the “Domstap_legend_desc$” table to the “dist_agrisys” layer
so that you can utilize its spatial properties to visualize the population info.
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10. In this case, the joining variable
is called “DOMSTAP”.

loin Data

. . - . ” Join lets you append additional data to this layer's attribute table so you can,
11. Right click on the . dist_agrisys for example, symbolize the layer's features using this data.
layer, scroll to “Join & Relates”

> “Join”. Make the selections as What do you want to join to this layer?
seen in the picture (right) and Join attributes from a table
click OK.

12. When complete, open the 1. Choose the field in this layer that the join will be based on:

attribute table of the S - |
“dist_agrisys” layer to make
sure the join was successful. If
you see fields that say <null>,

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

-
in some cases it may be okay = Sheet1s M=
as data may not collected for [*] Show the attribute tables of layers in this list
the specific area; BUT in some
other cases the unique ID used 3. Choose the field in the table to base the join on:
to join may not match properly.

J y property | DOMsTAP v

13. Before continuing, save your e i

map to your Lab08 folder as (®) Keep all records

LabOS—YOURNAME : All records in the target table are shown in the resulting table.

Unmatched records will contain null values for all fields being

14. Double click on “dist_agrisys”. appended into the target table from the join table.
The “Layer Properties” Window
should now pop-up. If the tab () Keep only matching records
“Symbology” is not selected, If a record in the target table doesn't have a match in the join
then select that tab. table, that record is removed from the resulting target table.
15. In the box labeled “Show”,
select the option “Categories”, sl
and click on the sub-option
“Unique values”.
About joining dats Cancel

16. In the drop down menu “Value:”

scroll to the end of the list, and
choose the field named “DOMSTAP_desc”: This stands for dominant staple crops
description.

The Dominant Staple Crops [DOMSTAP]: defined as the most important staple food
crops grown in the subsystem. A major staple is defined as a crop estimated to cover
more than one-third of staple garden area, and therefore no more than 3 dominant
staples may be identified for a system. An important exception occurs when sago is the
staple. Sago is extracted from palms which are not cultivated in gardens. In the text
accounts (System Summaries and Notes), dominant staples are described as the 'most
important crops'.

17. Once this field has been selected, choose a color ramp that you like by clicking on
the down arrow next to the color ramp. Now click, Apply, and OK.
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18. Look at how the colors
are distribued. The
unique classification
reveals types of
dominant staple crop
types.

If you would like to use a

readymade classification

layer

19. Reopen the “Layer
Properties” dialog for
the “dist_agrisys”
layer. Return to the
symbology tab. Under
‘Draw categories
using unigue values of
one field” (top right-

Layer Properties

General Source Selection Display Symbology Felds Definition Query Lsbels Joins & Relates Time  HTML Popup
Show:
Features Draw ies using unique values of one field. Import...
Categories Walue Figld Color Ramp
Unvevaves | [DOMSTAP cesc ©] [ —— |
Unigue values, many
Match to symbols in 3

Quantities Symbal  Value Label Count  *

Charts :l <all other values> <all other values> 1]

Multiple Attributes <Heading> DOMSTAP_desc 3925
I <> <Nul» 1817
-Banana (Musa cvs) Banana (Musa cvs) 139
-Banana{assa\ra Banana-Lassava 7

< > -Banana-Ch\nese taro Banana-Chinese taro 2
-BananafSago Banana-5ago 22
-BananafSweet potato Banana-Sweet potato 105
-Banana-Yam (Dioscorea esc Banana-Yam (Dioscorea esc 3
-Cassava {Manihot esculenta Cassava (Manihot esculenta 4 w

Add Values. .. Remove Remove All Advapced -
K Cancel HPpply

hand), Click the “import” button.

Draw categories using unigue values of one field.

Value Field

Calar Ramp

20. In the Import Symbology” click open
folder symbol to import readymade legend

stored in Lab08. Select

‘AgSystem_lengend.lyr” and click add.

21. In the ‘Import Symbology Matching Dialog’
make sure the value field being used to
match the layer is “DOMSATP_desc” and

click OK.

Select field(s) from

\ in the imparted

> Value Field

< Sheet15.DOMSTAP _d

Import Symbelogy Matching Dialog X

cument layer to match to the field(s) used
bology definition:

L/J.DOMSTAP_desc — )

Value Fisld

Value Field

Cancel

|

(®) Import symbalogy defintion from another layer in the map or from a layer fils: L

() Import symbology defintion from an ArcView 3 legend file (*avi):

Layer:

dist_agrisys

What do you want to import?

(®) Complete symbology definition

Just the symbuols

Just the classification

Ana-fiald". Aanonakt

oK

Cancel
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Layer Properties

General Source Selection Display Symbology  Fields  Defintion Query  Labels  Joins & Relates Tme  HTML Popup
Show: . - . -
Features ‘Dm'lr categories using unigue values of one field. Import...
Categories Walue Field Color Ramp
- Unuovaies | [DOMSTAP esc V] [ |
i~ Unique values, mary
o Match to symbols in 3
Cuantities Symbol  Value Label Count *
Charts ] <all other values: <all other values: 1]
Multiple Attributes <Heading> DOMSTAP_desc 3925
Banana (Musa cvs) Banana (Musa cvs) 139
Banana-L{assava Banana-L{assava 7 1+
Banana-Chinese taro Banana-Chinese taro 2
< > Banana-Sago Banana-5ago 22 *
I Bznana-Swest potato Banana-Sweet potato 105
I E=rizriz-t=m (Dioscorea esc Banana-Yam (Dioscorea esc 3
Cassava (Manihot esculenta Cassava (Manihot esculenta 4
Caszava-Lhinese taro Cassava-Chinese taro 9 w
Add All Values Add Values... Remove Remave Al Advanced -
Cancel Apply

22. You will have a classification as dipcited in the picture above. Next, create a map
following the steps completed in the earlier labs and come up a map similar to the

map below.
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Agricultural Systems: Dominant,Staple Crops

P

N
0 50 100 200
Pt
Hm
Dominant Staple Crops
Banana (Muss o) Caszava (Manihot esculents) - Coconut (Cocos nudEra) - Swest potsto-Taro (Colocasis esculents)
Bananz-Cazsa's Ca Chinzse taro - Coconut-Swamp taro - Swest poato-yvam (Dioscores esculenz)
Banana-Chinese taro Ca y3-Gweet potato - Sago {Metroogylon sagu) - Tare {Colocasia esculents)
Banans-Bago - Chinese taro (¥ anthosoma sa gittifoliem) - Sago-Swest potato - Taro-Yam {Dioscorsa esculents)
- Banana-Sweet potan - Chinese taro-Swest poRD - Sago-Tare (Colocasia esculen &) - “fam {Diescorea esculenta)

- Banans-vam (Dicscorea esculents) - Chineze taro-Taro (Colocasia esculen) Swest posto {Ipomosa batstas) Mo crop

Now create dominant staple crop maps of survey districts and overlay surveyed
community locaiton.
23. From Lab08 add “survey_community” gps data.

24. To locate survey districts, from Lab01 add districts and in the table of contents click
Districts

on a rectangular box right beneath Districts layer Il which opens up
‘symbol selector’ dialog box and choose the boundary hollow.

25. From the “Insert” drop down menu, choose the “New Data Frame” option. This will
add a new empty map window to your layout. (as seen in the figure-below)
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Agricultural Systems: Dominant.Staple Crops
o
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B raaeCraae 3 e [ TR I 0o Masrision wag B o Cokca sacura
- - pr—— [ RO
| | (= | &
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26. Add province data to your new map window. In the table of contents, right-click on
the “Provinces” layer in your first Data Frame that you have been working with up
until now and scroll to “Copy”.

27. Now right-click on the “New Data Frame” listing and scroll to “Paste”.

28. Resize and locate at the top-right corner of the map so that it fits within the printable

area.

29. Now, let’s select districts where the survey undertaken. Doboule click on ‘districts’
layer and click ‘Definition Duery’ tab.

General Source Selection Display Symbology Fields

Definition Query:

"HRname" = "Muku'

~ A~

Query Builder...

Definttion Query |abels Joing & Relates Time ~ HTML Popup
Query Builder X
"FID" Fs
"OBJECTID”
"NAME_1"
"TYPE_2"
"VARNAME_2" v
= < Likee:
> F= And
< <= Or
_||% 0 Mot
ls In Mull Get Unigque Values | Go To:
SELECT * FROM Districts WHERE:
"HRname" = "Mukw®
Clear Verify Help Load Save...
Canel
T UK T Cancel | Fophy
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The survey conducted in Sandaun, East Sepik, Madang and Bougainville provinces
mainly in and around Nuku, Maprik, Middle Ramu and South Bougainville districts.
So to create large scale mapping that display a specific survey site select districts
where surveyed communities located. For this particular example, select zoom to

“Nuku” distrtrict and see the distribution of survey communities against agricultural

system map.

30. While ‘Definition Query’ tab
selected on Layer properties
window click “Query Builder”. From
the variables listed in “Query
Builder scroll to ‘HRname’ and
double click it. That throws it to
“SELECT *FROM Districtis
WHERE” query window.

31. From the list of logical operators

double click

32. Click on ‘Get Unique Values’ tab
and type ‘nuku’. The actual ‘Nuku’
value will show up in the value list
of HRname field. Double click
‘Nuku’ from the list.

To verify if your syntax is valid, click

verify.

| The expression was successfully verified,

oK

N

Cuery Builder et

A
W

Mawae’ A

‘Mipa-Kutubu®

‘Morth Bougainville'

¢ |[<=] | or || NethFy
‘Morth Waghi'
N ARG "Nulew® ﬂ "

Get Unigue
SELECT * FROM Districts W

\ g

33.1f your query is successful, at this point only ‘Nuku’ district

boundary is visible. Now, right click ‘districts’ layer from the

table of content click zoom to layer

34.You can see communities surveyed in Nuku district. For final
map creation change the -
inset map and legend

properties.

35.To change the inset map
click the inset map and

Properties.

" w _ s .
HRname" = "Nuku
Clear Verify Help Load... Save...
Carcel
le Edit View Bookmarks Insert Sclection Geoprocessing Cu
RAMQIE I« | E- O [k]® =N
2GS B L) b - |[1.401,098
Table Of Contents 2x
86sEH
5 & layers ‘
5] W
0O | & Cory
O dist] X Remove
5 B SUM BB Gpen Attribute Table
o 8 Pro Joins and Relates »
> Zoom To Layer
= Pro
q = O
Agncu~| SystedlE: Dominant Staple Crops [
B
®

properties, right
point to
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36.Select “Frame” tab and click the drop down under ‘Background’ and select
‘white’ and click Apply.

Data Frame Properties
<Mone: Blue
General Data Frame Coordinate System llumination Grids
Feature Cache Annotation Groups Extent Indicators Frame Size and Position Lt E,],an Lt BlUE
Border
y- coor T Green Olive
Gap X I:: pts Y. E: pts  Rounding E: % YE"DW Sand
Background Sepia Sienna
i BE coor. TR P Grey 40w Grey 10%
Gap X I: =lpts Y I: = | pts  Rounding Ij =153 HD”DW - Black
Droz Shadow I:I Linear Gradient I:I Rectangular Gradient
: I:l Circular Gradiert
15= 1512 = :
- Cretean Blue
[ Draft mode - just show name

Cancel Apply

37.While in ‘Data Frame Properties’ click
‘Extent Indicator’ tab. Select ‘Layers’ from

‘Other data frames’ and click and

Apply.(see picture-right)

Data Frame Properties

Data Frame
Annotation Groups

General llumination

Featurs Cache

Coordinate System

BExtent Indicators Frame
Yfou can add one or more extent indicators to this data frame. Each indicator
shows the extent of the data in one of the other data frames and automatically
updates if the extent changes.

Show extent indicator for these data
frames:

Other data frames:

=
B

<
<<

Options - Layers

Frame... [Juse smple extent

[ show Leader

Leader Symbal...

Cancel

Grids

Size and Posttion

Apply
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38.Next, let’'s change legend properties so that it only shows classes that are
visible in the current map extent. Double click legend from the map to get
‘legend Properties’ window. Click ‘Iltems’ tab and select ‘dist_agrisys’ layer.

From ‘Map Extent Option’ tick the square box next to “Only show classes that
are visible in the current map extent’ and click apply.

Legend Properties
General tems  layout Frame Size and Position

Apply settings to selected item(s)

Font

Select Al Select Mone
Apply to all labels w
Districts
Survey_communi | | |
St St
d Im
~-B I 0 Symbal...

Map Extent Options

Only show dasses that are visible in the current map extent

[]show feature count

Show thousands separator
lUse current index feature as the map extent (data driven pages)
Item Columns
[ Place item{s) in a new column
Style... Column count for item(s) 4=
Concl | [ tomy

39. Save your map if you haven’t recently!

40.Your layout window should now look something like this (of course yours may
look different):

41.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 Lab08 folder!
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Sandaun

@ Survey community
The Dominant Staple Crops

- Banana and yam

B soco

Il Taro (Colocasia esculenta) and Yam (Dioscorea esculenta)
I vam (Dioscorea esculenta)

No crop
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