Getting Maps and Plotting Data on a Map
July 30, 2007

Sections with asterisks (*) are optional and only covered if time allows.
In this tutorial we will learn several things. By the end of this tutorial you should be able to

e Find and download a map from the ESRI site.

Identify which layers are appropriate for use in your analysis.

Look at a ArcGIS shapefile without having to import it into GRASS.
Import a shapefile into GRASS.

Perform maintenance on an image so that GRASS can use it correctly.

Save your work for future use.

Plot data points onto the downloaded map.

Vary attributes of the points based on the data.

Using Maps from ESRI*

The company that markets ArcGIS has a very large site containing maps and shapefiles that can
be included in your GRASS maps. For this tutorial we will use Census 2000 TIGER/Line Data
which can be found at

’ http://www.esri.com/data/download/census2000_tigerline/index.html ‘

There are many other datasets on this site that you should explore at some point. The free datasets
can be found at the Geography Portal at

’http://www.esri.com/data/resources/geographic—data.html

To get started, click on the Preview and Download link in left hand side of the page.

Downloadable Data

Mai Census 2000 TIGER/Line Data

T 00 GIS users can download Census
TIGER/Line Data 2000 TIGER/Line Data in
shapefile format for an area of
interest. Users can choose multiple
data layers for a single county or a
single data layer for multiple

Description
Disclaimer
FAQ

Fres Downlosd counties and analyze them using

GIS software such as ArcGIS and
ArcExplorer-Java Edition.

Resourc

ESRI Shapefile Technical
Description Name: Census 2000 TIGER/Line Data

Provider: U.S. Bureau of the Census
Coverage: United States

Coordinate System: Geographic coordinates NAD83 for the 48

In the next step, you will select a state for which you want data. Select California and hit
next.

Then select the California county that you want data for. Select Santa Barbara and click the
Submit Selection button below the Select by County drop down menu. Note that if you want



data for all of California and not just a particular county, you can select a data layer from the
Select by Layer menu.

Download Census 2000 TIGER /Line® Shapefiles

You have selected the state of California. If you would like to download cne or more data layers
for a single county in California, then select a county from the list below. If you would like to
download a single data layer for one or more counties in California, then select a layer below.

Select by County OR Select by Layer
Santa Barbara <l [SelectaLayer E
Sacramento
San Benito
San Bernardino
San Francisco
San Joaguin
San Luis Obispo ion for PL 94-171 and SF1 data:
San Mateo U.S. Census PL 94-171(PDF}

Santa Barbara ensus Summary File 1 (SF1)(PDF)
Santa Clara RI Abbreviated PL 94-171(PDF)
Santa Cruz 0A_AT1 Nuirle Dafaranea Coids

You are now taken to a long list of available data layers available as shapefiles. For this tutorial
check off the following boxes:

e County 2000 contains the boundaries of the county we have selected. It is important to
note that the boundaries denote all area owned by the county including coastline and ocean
out to a certain depth or distance.

e Line Features - Roads contains all roads and highways in the queried county. We also
have access to the attribute table that lists the road names.

e Urban Areas 2000 contains the locations of the areas in the queried county designated as
urban areas according to the 2000 US Census. An attribute table includes the names of these
areas. As an exercise, we will plot the names of these cities.

e Water Polygons contain the area in the queried county that are designated as bodies of
water. These include not only rivers, streams and lakes, but also the section of the ocean
that belongs to the county.

Once you have selected these layers, click on Proceed to Download then click on Download File
on the resulting screen. This will download a ZIP file to your default downloads location. On Mac,
locate the file and double-click it to extract its contents to the same directory. On Windows XP
and Vista you can double click the zip file but you will need to extract the contents manually. On

previous versions of Windows you will need a zip client such as WinZip or WinRAR to extract the
contents of the file.

NOTE: The filename of the zip archive and the extracted directory may differ from what is
pictured in this document. That is no problem.
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Notice that the names of the directories are rather cryptic. There is a system for how ESRI names
its TIGER files, and it can be found in the readme.html file. For brevity, the table below maps
the directory name with the list of layers on the previous page.

Directory Name Format | Description of Contents
cty00xxxxx County 2000

TkAXXXXX Line Features - Roads
urbOOccccc Urban Areas 2000
WatXXXXX Water Polygons

xxxxx represents the unique code used to identify the particular county we queried. This code for
Santa Barbara County is 06083.

Within each of these directories, one will find several files. We will only deal with the files with
.shp extension.

A .
L4

SHF

tgr06083 kA .dbf tgr06083IkA.shp tgrO0G6083IkA.shx



Looking at the Shapefiles*

Using an application called QGIS, we can look at what each shapefile contains and how several
layers look when plotted together. QGIS is a great tool for exploring data within shapefiles without
having to import them into GRASS first. You can download QGIS at http://www.qgis.org.
QGIS is not necessary to follow along in this section. We can also use QGIS to rearrange
and modify layers, but I will not discuss that.

The following graphic intoduces the QGIS graphical user interface, and also illustrates the cty0006083
layer. One that is familiar with Santa Barbara County notices immediately that something is not
right!
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Remember that the county layer consists of all area within that county’s jurisdiction including
not only the mainland, but also islands and waters. Part of the Channel Islands are within the
county’s jurisdiction, in particular, San Miguel Island, Santa Cruz Island, Santa Rosa Island and
Santa Barbara Islet.

So why are only three landmasses shown instead of five? The county layer is not making a distinction
between land and water owned by the county. If we activate the Water Polygon layer, we see
something more familiar. I have also activated all of the other layers to display the power of QGIS
as a visualization tool. I also used QGIS to change the color used to shade each layer to something
more logical.




We can now see each of the distinct islands as well as the water features in Santa Barbara County
including a lake and a river. The urban areas are shaded in lavender and the network of roads are
light grey.

Preparing to Import a Shapefile

First we need to create a new location and mapset. Refer to previous tutorials for instructions on
how to do this. Below I provide the parameters I use for the location using the command g.region
-p- Note that it is incredibly easy to get these parameters using QGIS.

Important! The output below displays the fractional part of latitude and longitude using minutes.
To convert back to decimals, divide the number after the colon (:) by 60. Add a negative sign in
front of the west and east benchmarks since this data is in the western hemisphere.

projection: 3 (Latitude-Longitude)

zone: 0

datum: nad83

ellipsoid: grs80

north: 35:12N (35.2)
south: 33:18N (33.3)
west: 120:48W (-120.8)
east: 119:24W (-119.4)
nsres: 0:00:06.84 (.0019)
ewres: 0:00:05.04 (.0014)
rows: 1000

cols: 1000

cells: 1000000

When asked if you wish to enter a specific datum, answer y and enter nad83. When
asked to enter a transformation, enter 1. These parameters are specific to the files
that you are using and may not translate to your particular situation.

For the default region, enter the values in parentheses above, then create a new mapset.



Importing the Shapefiles into GRASS

In the newly created location and mapset, type v.in.ogr. The following screen displays.
'8 06 [%] w.in.ogr I

Convert OGR vectars to GRASS. Available drivers:
DODS,GRASS MySGEL, 0GDI, PostgresGEL,ESRI Shapefile,Mapinfo File, Lk

W[ NTF,SDTS,TIGER,557, DGM, VRT, AW CBin, REC, Memory, CSW GML KL Interlis 1,Interlis
2, 30Lite, ODBC,PGen

Options | Output

I List availahle layers in data source and exit —

| List available formats and exit

1 Do not clean polygons (not recommended)

I Create 3D output

_| Do not create attribute table

W Override dataset projection {use location's projection)
_| Extend location extents based on new dataset

I Change column names to lowercase characters

0GR datasource name. Examples:
i ESRI Shapefile: directary cantaining shapefiles (dsn: string, reguirecd)
Mapinfo File: directory containing mapinfo files:

= | fUsers,/ryan/Desktop SECounty /cty0006083/£gr06083ctyl0. shp

Mame for output vectar map: (output: name, required)

county |

DGR layer name. If not given, all available [ayers are imported.
Examples: . ] ] )
ESRI Shapefile: shapefile name {layer: multiple string, optional)

hapinfo File: mapinfo file name:

Import subregion anly Gmin,yYminsmax,ymax - usually W,5,E M) (spatial: multiple float, optional)

| Bz win.ogr -o dsn=/Users/ryan/Deskiop/SBCounty/cty0N0B083Mqr0B0&3cty00 shp output=caunty
min_area=0.0001 snhap=-1

‘ Runh Help | Clear | Close | y

In OGR datasource name enter the path to the shapefile you wish to import. You can browse to
the file by clicking on the file folder icon. In the Name for output vector map enter a name for
the vector map.

Try running this. If you get an error about projections not matching and you are sure the projections
do in fact match, select Override dataset projection (use location’s projection). In my
particular case, I do get this error, but I know that the projections do match.

Now let’s do the same for the Roads and Cities layers.

Next, activate the GIS manager and click on the button circled in red to Add a Vector Layer.
If the GIS manager is not displaying, type gis.m in the GRASS shell.



| ® O O (x| GRASS6.3.cvs GIS Manager - temp_demo temp

:Eile Config  Raster Mector Imagery GridiD Databases Help

[SIEFY TN T 41 T IE B

nEe/ca D GSE 2
Map Layers for Display 1

Select options for the layer in the bottom pane, including which vector to import for this layer. For
this layer, I just add a background color by clicking the Fill areas box and then selecting a clay
color in the box to the right of the Fill areas box.

O O O X GRASS6.3.cvs GIS Manager - temp_demo temp
File Confiy Raster Vector Imagery Grid3iD  Databases Help

M EEnE#] (KA msE
e casoe | LSE 2

Map Layers for Display 1

Ll county

B
Display wectar maps =]
1.00
Oparue Transparent
I
wectar map: (@ feunt L
p: & oty | &
Display: W shapes _i categoties _f topology _J line directions
W points W lines W boundaries M areas _| centroids _| faces
Point symbols:  icon |basic/‘circ]_e swzels g -
| Draw lines: W color [l width |1 3] (pixels)
Fill areas: culor_l 1 random calors | GRASSRGE column calors
| Label vectors: _{ label text color [l text size |8 3
lahel part to align with vectar pointlleﬂ j justiﬂcatiunlcenter j
Welcome to GRASS GIS
A

I do the same for the Cities and Roads layers, except I choose yellow and grey respectively.



© O O (x| GRASS6.3.cvs GIS Manager - temp_demo temp
File Confiy Raster Yector Imagery Grid30 Databases Hslp

FlEEnEl ¥ K4 =%mE
bEe Oy DEH| GSE £

Map Layers for Display 1

o [l roads

E- =] county
w [ ]eities

Display vector maps &Y
1.00

opaas | Transparent
J |

vector map: & [roads g

Display: W shapes i categories | tapology _{ line directions
W points M lines W boundaries W areas _f centroids | faces

Point symbols: icon |[basic/cirsls size |5 3] B
Draw lines: W color [l width [1 & (pixels)
Fill areas: @ color ll  { random colors _ GRASSRGE column colors

Lahel vectors: _{ label text color [l text size |8 3
Iabel part to align with vector point|let  +] justification|center =

Welcome to GRASS GIS

The Map Layers section of the GIS Manager displays the order in which the layers will be
displayed. Note that County is on the top. This means that the County layer will be drawn above
all of the other layers, that is, the County layer will hide the other two layers.

We want to plot the County layer first so that it is on the “bottom layer” of the display. Then we
want to draw the Cities layer. Finally, we want the roads layer to be the “top layer” so that we see

all of the roads.

To correct the order of the layers, click on the Cities layer once. Then
button and drag the Cities layer to the position above the County layer
layer. The result should look like

| ® O O x| GRASS6.3.cvs GIS Manager - temp_demo temp

File Confiy Raster Yector Imagery Grid3D Databases Help
FEZEni@l $KA =5
o cmy DR LSE 2

Map Layers for Display 1

| -mads
w [+ ]cities
w [+ county

E;splay vecior maps )
Opague |1_|EE| Transparent
Wectar map ﬁ roads g
Display: M shapes _i categories _f topology i line directions

W points W lines M boundaries M areas | centroids _| faces
Paint symbals:  icon ||basic/eircle size lﬂ
Draw lines: W@ color [l wicth @(pixels)
Fill areas: @ color [l 1 random colors 1 GRASSRGE column colors
Lahel vectors: _i label text color [l text size lﬂ
| label part to align with vector puiml\eﬂ j justiﬂ:atiunlcemer j
‘Welcome to GRASS GIS y

hold down the (left) mouse
. Do the same for the Roads



Now click over to the Map Display window and click on icon circled in red. You can hide layers
in this map by clicking on the red box next to the layer you want to hide in the GIS Manager.
Fach time you make a change though, you must refresh the map display window by clicking on
that icon circled in red.

eoe6 % Map Display 1

And VOILA! The following map should appear.

:’ eoe |X| Map Display

HEESE "R QLB

Saving your Work

Up to this point we have done a lot of work. In subsequent GRASS sessions we are going to want
to start from where we left off. We can save our work in GIS Manager.

To save your work, activate the GIS Manager and click on the File menu. Click on Workspace
and then slide over to Save.

® O O [X] CRASS6.3.cvs GIS Manager - temp_demo temp
File | Confiy  Raster Mector Imagery Grid3iD Databases Help

£af (o= RS,
‘Warkspace
Import Cpen... Cirl-O
Export Save Cirl-5
Save as.
rManage maps and volumes Close Ctrl-w

Map type conversions

Georectify

Convert between bearing/distance and coordinates
Create cartographic PostScript plot

Exit Ctrl-Gi

During the next GRASS session, we can reload our work by bringing down the File menu. Click
on Workspace and then slide over and click on Open.



Plotting Data on the Map

Now we take some spatial data from R and import it into R so we can plot it on the map. For
this example I have a file called coords.csv that I exported from R using the write.csv function.
To give an idea of the file’s structure, the first three lines are displayed below. I only use the
latitude and longitude columns in this section.

Latitude,Longitude
34.420757,-119.685126
34.609915,-120.086466

While in the same location and mapset that we used for the rest of this tutorial, enter the command
v.in.ascii at the GRASS shell.

'6 06 [X] v.in.ascii
\_\(\ Convert GRASS ascii file or points file to hinary vector.
o

Options Cutput

_1 Do not build topolagy in points mode
1 Only impart points falling within current region (points mode)

ASCI file to be converted to hinary vector map, if not given reads from
standard input

= | fUsers/ryan/Docunents fens /coords. csv

(input: string, optional)

MName for output vector map: (output: name, required)
calls

Input file farmat: (format: string, optional)
point -

Field separator: (fs: string, optional)
MNumber of header lines to skip at top of input file fwritten to map history): (skip: Integer, optional)
1

Columns definition for points mode in SGL style, for example:
‘% double precision, y double precision, cat int, name varchar(10)":

v double, x double

(columns: string, optional)

Mumber of column used as  coordinate (first column is 1) for points mode: (% integer, optional)
2

Mumber of column used as v coordinate {first column is 1) for points mode: (y: integer, optional)
1 |

Mumber of column used as 2 coordinate (first column is 1) for points mode. IF 0,
z coordinate is not used.:

0

Mumber of column used as category (first column is 1) for points mode. If O,
unigue category is assigned to each row and written to new column 'cat'.:

0
W Allow overwrite =

(z: integer, optional)

(cat: integer, optional)

win.ascii input=/Users/ryan/Documents/ems/coords.csy output=calls format=paint fs=, skip=1
‘columns=y double, ¥ double' k=2 y=1 z=0 cat=0 --ovenrite

Run | Help | Clear | Close |

I enter the path to the file coords.csv, or browse to it by clicking on the file folder icon.

e I give a name to the output vector map (response) that is created in the Name for output
vector map field.

I leave the Input file format the same since I am importing a bunch of points.

I change the Field separator from | (pipe) to ,. (who uses the pipe nowadays?)

Since the first line in my CSV file is a header line, I enter 1 into Number of header lines
to skip at top of input file.

The field Columns definition for points mode in SQL style requires some explanation.
Each of the fields in my CSV can be considered double precision. For consistency, an x value
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is a longitude value and a y value is a latitude value. The first field in my file is latitude

(y) and the second is longitude (x). I tell GRASS this by entering the following: y double
precision, x double precision.

e I enter 2 for Number of column used as x coordinate since the second field is longitude
which is an x value.

e Similarly, I enter 1 for Number of column used as y coordinate.

e Since my data is only two-dimensional (there is no elevation component), I enter 0 for Number
of column used as z coordinate because there is no z coordinate.

e I also do not have a category column, so I enter 0 there as well.

Now move back to the GIS Manager and add a new vector layer for the vector calls. Move the
calls layer to the top so it will be displayed above all other layers. It is also wise to disable the
roads layer so we can see the points more clearly.

Let’s customize the points a bit. Select a fill color for the points in Fill area. I have selected red.
Let’s also change the Point symbols marker to something else by clicking on the icon button. I
chose basic/triangle. Let’s also change the size field to 5.

r6 O O [Xx| CRASS6.3.cvs GIS Manager - temp_demo temp
| Eile Confiy Raster Yector Imagery Grd3D Databases Help

FEEnPEl  ¥Kd =%eE
e obs DR LSE 2

Map Layers for Display 1

l w I cas
| -roads
m [+ |cities
& Cuumy

I
1

1.00
Opanue Transparent
L1

Wector map: M calls g

Display: W shapes _| categaories _i topalogy _f line directions
W points W lines W boundaries W areas _| centroids _i faces

Faint symbols:  icaon |baaic,ftr1angle size Eg

Draw lines: W color [l width |1 3 (pixels)
Fill areas: | color. I random colars _| GRASSRGE column colors
Lahel vectars: _i lahel text co\or. text size lﬁ

lahel part to align with vectar poimlleﬂ j Justiﬂcationlcemer j

lawer for labals i1 attribute wol for lahels
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Move over to the Map Display window and refresh the display. Then save your work.

But notice that there is something wrong. Why are there no points along the coast?

Importing the Water Polygon

Remember that the county shapefile contains everything owned or regulated by the county including
the land (mainland and islands) and water.

Using what we have learned so far, import the water polygon shapefile, tgr06083wat.shp. Using
the default settings for the imported shapefile, shading the polygon has no effect. Try it!

This is because GRASS does not properly detect the type of shapefile it is. We can fix this by
using one of the options in v.in.ogr.

'6 06 X/ w.in.ogr
Convert OGR vectars to GRASS. Available drivers:
DODS,GRASS My SCL,0GDI,PostgreSQL,ESRI Shapefile, Mapinfo File, UK
L NTF,5DT5,TIGER,557, DGN, WRT AV CEin REC Memary, C5Y GML ML Interlis 1,Interlis
®\ 7 zQLite,0DBC,PGe0 i

Options | Qutput i

[ || /Users/ryan/Desktop /SECounty fwat06083 /tgr06083vat. shp

Mame for output vectar map: (output: name, required)
waterd] |

0GR layer name. If not given, all available layers are imported

Examples: .
ESRI Shapefile: shapefile name (layer: multiple string, optional)

Maplnfa File: mapinfa file name.

Import subregion only (<min,yminxmaxymax - usually W, 3,E,N) i(spatial: multiple float, optional)

WHERE conditions of SGIL statement without “where' keyword.: (where: sql_guery, optional)

Minimum size of area to he imported {square units). Smaller areas and
islands are ignared. Shauld he greater than snap"2.

0.0001
Tupe: (type: multiple string, optionaly
I point g line M houndary _f centroid

(min_area: float, optional)

win.ogr -0 dsn=/Users/ryan/Deskiop/SBCountyhwat0B083Agr0B053wat shp output=water |
min_area=0.0001 type=boundary snap=-1 --oversrite |

Run Help Clear Close A:

ES

In the Type section, select boundary. We need to do this because for whatever reason, the shapefile
consists of boundaries rather than polygons.

By adding a color to this layer (blue is a natural choice), the map looks more appropriate. The
final result is on the next page.
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