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Abstract

This is a GRASS GIS 7.0 based manual which documents some of the most important and helpful
tools to handle with watershed morphology data. The reader will find in this manual a
description about how to execute important watershed morphology analysis such as river
network extraction, watershed delineation, mean watershed slope and main channel
longitudinal profile. This manual gathers necessary steps to achieve important results in
watershed morphology studies, showing that those ones are feasible in a realistic analysis. The
approach made here is unconventional, in the sense that it aimed to raise numerical results to
the watershed morphology only from elevation GIS data, which allowed to find both: an
effective way to get those results and a deep technical discussion about the maturity of GIS
tools to watershed morphology analysis.
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1 Introduction

The field of watershed studies covered herein is part of the content of the Watershed
Hydrology, which is an important knowledge for the society as a whole and especially for
engineering students, since they can get started to morphology concepts, like watershed and
river longitudinal profile, and at same time, to manage GIS data. The way engineers manage
watershed information has been improved since engineering started to plan water facilities.

Recently, a lot of different tools has aided civil engineers and cartographic engineers to do both
get data updated and get improved project data for water related studies. The GRASS GIS
Software has been developed for 30 years, since its first release from NASA in the 80’s, which
has included all the most promising geospatial data storage and management technics and
geostatistical technics as well.

The objectives of this report are to:
Use GRASS as a procedure to accomplish basic tasks at GIS softwares.

Document a procedure to accomplish simple watershed morphology analysis such as
extracting river networks, obtaining watershed delineations, evaluating the mean watershed
slope and plotting main channel longitudinal profiles.

The reader will find in this manual all the content organized in such a way that procedures are
showed by sequels of tasks. Basic geoprocessing concepts are treated when convenient. Also,
explanations about the processes themselves are provided and why their steps are needed, as
well as alternative ways to solve the problems.
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2 Basic Functions in GIS GRASS
7.0

2.1 Seta Region

1. Open the Grass. In the initial layout
you will click on “New”.

Choose method for creating a new location

() Select coordinate system parameters from a list
(®) Select EPSG code of spatial reference system!
() Read projection and datum terms from a georeferenced data file
(C)Read projection and datum terms from a Well Known Text (WKT) .prj file
() Spedify projection and datum terms using custom PROJ. 4 parameters

() Create a generic Cartesian coordinate system (XY)

<Back Next> | | Cancel

4.

Insert the code “4326” at the blank
EPSG Code and click on “Next”.

& x
v Bringing advanced geospatial technologies to the world
1. Select GRASS GIS database directory
[ c:\Users\user_namelpocuments \grassdata || Browse
GRASS GIS database directory contains Locations.
2. Select GRASS Location 3. Select GRASS Mapset
:;;‘ New PERMANENT New |
| Rename | Rename |
| Delete Delete |
Al data in one Location s n the same
coordinate reference system (projection). Mapset contains GIS data related to one
One Location can be one project. Location project, task within one project, subregion or
contains Mapsets. {sser.
Start GRASS session | [ qut | [ hep |
. % . )
2. Fill the blanks “Project Location” and

“Location Title”, after you will click on
“Next”.

Define GRASS Database and Location Name

: | CUsersser s | [ eromse |
Profect Location: ¢
- <

3. Select the option EPSG and click on
“Next”.

Choose EPSG Code
Path to the EPSG-codes file: | XB6)\GRASS GIS 7.0.0\share proj\epsg Browse
EPSG code: 4326| ¢
Q

Code Description Parameters fo
2000 Anguila 1957 / British West Indies Grid +proj=tmerc +at_0=0 +on_0=
2001 Antigua 1943 / British West Indies Grid +proj=tmerc +at_0=0 Hon_0=
2002 Dominica 1945 / British West Indies Grid +proj=tmerc +at_0=0 +on_0=
2003 Grenada 1953 / British West Indies Grd +proj=tmerc +at_0=0 +on_0=
2004 Montserrat 1958 / British West Indies Grid +proj=tmerc +at_0=0 +on_0=
2005 St. Kitts 1955 / British West Indies Grid +proj=tmerc +at_0=0 +on_0=
2006 St. Ludia 1955 / British West Indies Gnd +proj=tmerc +at_0=0 +on_0=
2007 St. Vincent 45 / British West Indies Grid +proj=tmerc +at_0=0 +on_0=
2008 NAD27(CGQ77) / SCOPQ zone 2 (deprecated) +proj=tmerc +at_0=0 +on_0= v

< >

Help <Back | Next> Cancel

On IIOK"

Select from list of datum transformations

Do not apply any datum transformations
1

Used in whole wgs84 region
towgs84=0.000,0.000,0.000
Default 3-Parameter Transformation (May not be optimum for older datums; use t
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6. Check out your Summary and move
on clicking on “Finish”.

Summary

GRASS Database:  C:\Users {Illoocuments \orassdata
Location Name:  newlocation
LocatonTie:  example

Projection: EPSG code 4326 (WGS 84)

PRO).4definition:  +proj=longlat

(non-definitve)  +no_defs
+a=6378137
+0f=298,257223563
+towgs84=0.000,0.000,0.000

F .

Creo | [ <sak [ P | [ concel

7. You will see a message asking you to
set the default region, click on “Yes”.

Location <newlocation> created.

Do you want to set the default region extents and resolution now?

(—> I

8. Set the limits and resolution of your
region filling the indicated blanks at the
picture below, then click on “Set region”.

Click here to show 30 settgs >>

Note: You can just accept the default values
and set it after.

9. You will see a message asking you to
create a new mapset, you must click on
“Cancel”.

Do you want to create new mapset?

User_name|

ok || cancel ||
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2.2 Installing Extensions

You will click on the main menu “Settings”
>> “Addons extensions” >> “Install
extension from addons”.

1. As a result you will see”Fetch &
install etension from GRASS Addons”
window, you can search your wished addon
(or extension) into the menu or type its
name in the blank space below the
“Repository” (e.g. v.colors2). Then, you will
click on “Install”.

Repository

http: /s Fetch

‘ =
v L \

List of extensions - double-click to install
raster30 ~
sites
B vector

v.area.stats
v.area.weigh
v.buid.pg
v.centerline

v.centerpoint

V.l

v.dass.ml

v.dlass.mipy

v.colors2

v.concave.hul

v.convert

v.convert.all

v.delaunay3d

v.elipse v

Options

Install system-wide (may need system administrator rights)
Verbose module output

Help Close Instal

1 modules match
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2.3 The Map Display Window

1. The window Map display shows you
the content of the Vector or Raster that you
imported in your “Layer Manager” display.

2. There are a lot different tool
available at Map display that are important
you understand, as:

3. = Query raster/vector map(s):
With  this tool selected and the
raster/vector that you are projecting to be
market you are able to access the “Query
results” information about each single point
in your raster/vector map.

4. Note: At “Layer Manager” when you
check the box referent a vector/raster you
are going to project it at “Map display” and
if you “mark” it clicking on the name of the
raster/vector doing this to be gray colored
you will be able to see the “Query results”
about this raster/vector.

5. 7" 7" Zoom in and zoom out:
Using this tool you are able to do a zoom
infout in your map just clicking on the
interesting point, but you can to draw a
square at the interesting area to obtain a

zoom in/out too.

L
6. 7% 700m to selected map layer(s):
This tool is going to show you your entire
layer area at “Map display” window

7. #* Zoom to computational region
extent: This tool is going to show you your
entire computational region. To see what
your computational region is you can set
the dropdown box at the bottom of the

“Map display” as “Show comp. extend”.

L3 » |
8. ~ Analyze map: Clicking on this
tool you will see some extra features which
are very helpful measure some aspects and
parameters as distance and area. All these
tool are easy to use, you can check it out to
see their usability.
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2.4 Change Coordinate
(lat/lon to UTM)

Projection

Note: If you are interesting to covert from
lat/lon to UTM it is important you are in
your destiny location, in this case in a UTM
location.

1. You will click on “Vector” >>
“Develop vector map” >> “Reproject vector
map from different GRASS location [v.proj]”
as showed below.

Iﬁle Settings Raster | Vector | Imagery 3D raster Database Temporal Help I

| Develop vectormap » Create new vector map

Topology maintenance Edit vector map (non-interactively) [v.edit]

»
Manage colors y Convert object types [vitype]
Query vector map X

Feature selection

Map type conversions.

Parallellines [v.parallel]
Dissolve boundaries [v.dissolve]

Buffer vectors [v.buffer] Create 3D vector over raster [v.drape]

Lidar analysis »| Extrude3Dvectormap [v.exrude]
Linear referencing > Create labels [v.label]
Nesrest features [v.distance]
moET ,| Reposiion vectormap [vransform]
Overlay vector maps | BecvEkon g [vieckie)
| Reproject vector map from different GRASS location [v,proj] €Cem]
Manage categories , =
Update attributes 5 Support file maintenance [v.support]

Generate area for current region [v.in.region]
Generate areas from points

Generate grid [v.mkgrid]

Generate points

Reports and statistics

Maplayers Command console | Searchmodues | Python shel

v.proj -- Re-projects a vector map from one location to the current location.

Also, you can just type “v.proj” in your
“Command console”. You will have the
same result as showed in the next chart.

File Settings Raster Vector Imagery 3D raster Database Temporal Help

I=EEEEY Py Y Yooy Yoy
/Bl e e

<

Output window Command prompt

IV-projl G

Press Tab to display command help, Ctrl+Space to autocomplete

Map layers | G d le Search modul | Python shell |

Re-projects a vector map from one location to the current location,

2. At “Required” tab you will set the
parameter “Location containing vector
map” as the location name of the vector
you want to convert into an UTM
projection.

Re-projects a vector map from one location to the current location.

Requred | source | Target | Optional | Conmand output | 4 Manual

Location containing input vector map: i (location=name)
| IR &=

| Coss | | Run

Add created map(s) into layer tree
["] Close dialog on finish

v.proj location=<required>

3. At “Source” tab you will set the
parameter “Name of input vector map to
re-project” as the name of the vector you
want to convert into an UTM projection.
Also you will set the parameter “Mapset
containing  input vector map” as
PERMANENT if you’ve been using default
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settings or with the mapset name that you
saved the vector map.

\f& Re-projects a vector map from one location to the current location.

|Required | Source | Target | Optional | command output | % Manual

Name of input vector map to re-project: (input=name)

| I o=

Mapset containing input vector map: (mapset=name)
| I v

Path to GRASS database of input location: (dbase=path)
i ‘ [ Browse ‘

[ome | [fn | [ow | [ |

Add created map(s) into layer tree
["] Close dialog on finish

v.proj location=<required> mapset=PERMANENT

4, At “Target” tab you will set the
parameter “Name for output vector map
(default: input)” as the name you want to
the new map after converted. Then you will
click on “Run”.

@ Re-projects a vector map from one location to the current location.
| Required | Source | Target | optional | ¢ j output | 4 Manual|
["] Assume z coordinate is ellipsoidal height and transform if possible @
Fiémgm_s_esmgnt,lgngmnme_he_rai_n. outputvectormap:  (smax=fioat)
10000

Name for output vector map (default: input): (output=name)

| v <A

Add created map(s) into layer tree
["]Close dialog on finish

v.proj location=<required> mapset=PERMANENT
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25 Add a raster map by

Settings
importing/exporting Load settings: | v | save || Remove
Source type
2.5.1 Import a raster map @Fe  Obrectory Obatabase Oprotocs
Source settings
File: Browse
1. In your “Layer Manager”” you will

List of raster layers - right dick to (un)select all

click on “File” >> “Import raster data” >>
“Common formats import”.

Layer id Layer name Name for output GRASS map (editable)

&

Settings Raster Vector Imagery 3Draster Database Temporal Help

‘Workspace > |
Map display » @!’ m Ly
.
BT TR | Conro omsimpon ingial ]
f

Import vector data » == o =
opo D et s 4 ASCll x,y,z point import and gridding [r.inxyz]
Import database table > ASCIl grid import[r.in.ascii] Options
B 5 ASCII polygons, lines, and point import [r.in.poly] Koo, berd remmbrers s ea] of tsirg b color nies
3 5 % o Extend region extents based on new dataset
Export vector map > Raw binary array import [r.in.bin] Force LatiLon maps to fitinto geographic coordinates (S0N,S; 180E, )
Export 3D raster maps 4 GRIDATB.FOR import [r.in.gridatb] Override projection (use location's projection)
Export database table >

Matlab 2D array import [r.in.mat] [ Allow output files to overwrite existing files

Add imported layers into layer tree (this might not work for multiple bands)
[ Close dialog on finish

Link external data

-

PNGimport [rin.png]
SPOT NDVIimport [i.in.spotvgt]
SRTM HGT import [rin.srtm]

Terra ASTER HDF import  [r.in.aster]
LAS LiDAR points import  [r.in.lidar]

Manage maps »
Map type conversions >

= Georectify [g.qui.gep]

‘3 Graphical modeler [g.gui.gmodel
58 Steptical mdcler ilggukgmedeler Unpack raster map [r.unpack]
Run model

= = S Reproject raster map from different GRASS location [r.proj] 252 Export a raster map-
3D image rendering [m.nvizimage]

Animation tool [g.gui.animation]

Bearing/distance to coordinates [m.cogo]

[ Cartographic Composer [g.gui.psmap] 3 .

In your “Layer Manager” you will
Map Swipe [g.gui.mapswipe] . .
e pron el | click on “File” >> “Export raster map” >>
GDAL.
“Common export formats”.

Exit GUI Ctrl+Q

2. At “Import raster data” window you
will set your preferences to import as well
as “Source Type” and “Source settings”,

File | Settings Raster Vector Imagery 3Draster Database Temporal Help

Workspace 4
Map display i\@) m LEE

Import raster data » P ':—
then you will click on “Import”. e s e
Import database table >

[ opoiemy —————————— [—p——————"

Map type conversions

Export vector map > 5 = J
Export 3D raster maps 5 ASCIl grid export [r.out.ascii]

Export database table » ASCll xy,z points export [r.outxyz]

Link external data » GRIDATB.FOR export [r.out.gridatb]
e : Matlab 2D array export [r.out.mat]

’ Raw binary array export [r.out.bin]

L Georectify [g.qui.gcp]

MPEG-1 export [r.out.mpeg]

f-;‘; Graphical modeler [g.gui.gmodeler]
Run model

PNG export [r.out.png]
PPM export [r.out.ppm]

3D image rendering [m.nvizimage]
Animation tool [g.gui.animation]

PPM from RGB export [r.out.ppm3]
POV-Ray export [r.out.pov]

Bearing/distance to coordinates [m.cogo]

VRML export [r.outvrml]
VTK export [routwvtk]

[ Cartographic Composer [g.gui.psmap]
Map Swipe [g.gui.mapswipe]

Pack raster map [r.pack]

Launch script

thonshell |

Exit GUI

d formats.
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4. At “r.out.gdal” window you will set
your preferences to export as well as
“Name of raster map”, “Name for output
raster map” and “file extension”, then you
will click on “Run”.

Exports GRASS raster maps into GDAL supported formats.

v

Required | creation | Print | Optional | Command _outpgtrl l:! Manual |

Name of raster map (or group) to export: o (input=name)
| V]
Name for output raster file: % (output=name)
Browse
Raster data format to write (case sensitive, see also 4 flag): 3 (format=string)
| GTiff v
el [ Gopy jride

[] Close dialog on finish

r.out.gdal input=<required> output=<required> format=GTiff

2.6 Add a raster map by re-projecting

1. You will click on “File” >> “Import
raster data” >> “Reproject raster map
[r.proj]”. Also, you can have the same result
typing “r.proj” in your “Command console”
line.

m Settings Raster Vector Imagery 3D raster Database Temporal Help

Workspace :FE@?’ E@: o

Map display

Common formts import[rin.gdal]
Import vector data »
Import 3D raster data » ASCll xy,z point import and gridding [r.inxyz]
Import database table 5 ASCII grid import  [r.in.ascii]
ASCII polygons, lines, and point import [r.in.pol
Export raster map 5 polyg P port  [rin.poly]
Export vector map » Raw binary array import [r.in.bin]
Export 3D raster maps 4 GRIDATB.FOR import [rin.gridatb]
Export database table 2 Matlab 2D array import [r.in.mat]
Link external data » PNG import [rin.png]
P e — 5 SPOT NDVIimport [iin.spotvgt]
Map type conversions > SRTM HGT import [r.in.srtm]
& Georectify [g.guigep] Terra ASTER HDF import [r.in.aster]
eore .gui.gc|
5 y loguigep LAS LiDAR points import [r.in.lidar]
= > ;
=2 Graphical modeler [g.gui.gmodeler] e L e t]
Run model !
[ Reproject raster map from different GRASS location [r.proj;
3D image rendering [m.nviz.image] | L2 L [r-projl d
Animation tool [g.gui.animation]
Bearing/distance to coordinates [m.cogo]
e ic Composer [g.gui.psmap]
Map Swipe [g.gui.mapswipe]
Launch script thon shell |
Bxit GUI Cteq |current location.

Note 1: You can also click on “Raster” >>
“Develop raster map” >> “Reproject raster
map”.

2. As a result, a new window will be
showed for you, then you will set the
parameter “Location containing input raster
map” at tab “Required”.

13| Page



\:W Re-projects a raster map from given location to the current location.

Required | source | Target | Print | Optional | Command output | 24 Manual |

(location=name)
v <3

‘ Close ‘ \ Run

Add created map(s) into layer tree
["] Close dialog on finish

r.proj location=<required>

3. At tab “Source” you will set the
parameters “Name of input” and “Mapset
containing input raster map”.

& Re-projects a raster map from given location to the current location.

| Required |/ Source {| Target | Print | Optional | Command output | £2 Manual |
Name of input raster map to re-project: (input=name)

| =

¥
Mapset containing input raster map: :] (mapset=name)
| Bl

Path to GRASS database of input location: (dbase=path)
‘ ‘ ‘ Browse ‘
| cese | | mn | | coy | | b
Add created map(s) into layer tree
[ Close dialog on finish

r.proj location=<required>

4, As a result you will see the layer that
you are re-projecting showed in your “Map
display”.

Note 2: If you are re-projecting a layer from
LAT-LON system to UTM you must be with a
location opened corresponding to your
output, in this case an UTM location.

2.7 Add a vector map by
importing/exporting
2.7.1 Import a vector map:

1. In your “Layer Manager”” you will
click on “File” >> “Import vector data” >>

“Common formats import”.

Settings Raster Vector Imagery 3Draster Database Temporal Help

Workspace e T 1 ‘
e e (% s
Import raster data N A®) -
I | Cormon mporfomas inos] ]
Import 3D raster data » =
et i e A ASCII points or GRASS ASCII format. [v.in.ascii]
ASCI points as a vector lines [v.in fines]
Export raster map »
e » DXFimport [v.in.chd]
Export 3D raster maps b WFS [vinwfs]
Export database table »
= ESRI e0Dimport. [v.in.e00]
Link edemal data >
Geonames import [v.in.geonames]
Manage maps ) o Matlab array or Mapgen format import [v.in.mapgen]
My ype conversioos "l LASLIDAR pointsimport [v.n.idar]
= : :
35 Georectify [g.guigep] Unpack vector map. [v.unpack]
2 Graphical modeler [g.gui.gmodeler] Reproject vector map from different GRASS location [v.proj]

Run model

3D image rendering [m.nviz.image]
Animation tool [g.gui.animation]

Bearing/distance to coordinates [m.cogo]

[* Cartographic Composer [g.gui.psmap]
Map Swipe [g.gui.mapswipe]

Launch script thon shell |
ol aeq g OGR
2. At “Import vector data” window you

will set your preferences to import as well
as “Source Type” and “Source settings”,
then you will click on “Import”.

Settngs
Load settings: b4 Save Remove

Source type
(@) Fle (O Drectory (O Database () Protocol
Source settings
Fie: Browse

List of vector layers - right dick to (un)select al

Layerid  Layer name Featwretype  Projectio... Name for output GRASS map (...

Options
| Do not clean polygons (not recommended)

Extend region extents based on new dataset
Foemei A Eime

Limit import to the current region

Do not create attribute table

Change column names to lowercase characters.

] Alow output files to overwrite existing files

[¥] Add imported layers into layer tre (this might not work for multiple bands)
[ Close dialog on finssh
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2.7.2 Export a vector map:

1. In your “Layer Manager” you will
click on “File” >> “Export vector map” >>
“Common export formats”.

m Settings Raster Vector Imagery 3Draster Database Temporal Help
Workspace L i
i ‘e @

=

Import raster data » }‘ 2
Import vector data » g
Import 3D raster data »
Import database table »
Export raster map »

TG | Common export formats [vout.ogr]
Export 3D raster maps » 5
Export database table » ASCII points or GRASS ASCIl vector export [v.ouf

DXF export [v.out.dxf]
Link external data 4 5
i PostGIS export [v.out.postgis]

Manage maps. > POV-Ray export [v.out.pov]
Map type conversions » SVG export [v:oiitsvg]

% Georectify [g.gui.gep] VTK export [v.out.vtk]

# Graphical modeler [g.gui.gmodeler] Pack vectormap [v.pack]
Run model
3D image rendering [m.nviz.image]
Animation tool [g.gui.animation]
Bearing/distance to coordinates [m.cogo]

[." Cartographic Composer [g.gui.psmap]
Map Swipe [g.gui.mapswipe]
Launch script thon shell |
Exit GUI Ctrl+Q ted OGR vector formats. By defaul

" 2 H H
2. At “v.out.ogr” window you will set

your preferences to export as well as
“Name of vector map”, “Name for output
OGR datasource” and “Data format to
write”, then you will click on “Run”.

7. Exports a vector map layer to any of the supported OGR vector formats. By default a vector

Y/ map layer is exported to Esri Shapefile format.

Required | Selection | Creation | Optional | Command output | % Manual

Name of input vector map to export: (input=name)
| ~

Name of output OGR datasource: (output=string)

|

Data format to write: (format=string)

ESRI_Shapefile v
| Close | Run Copy | | Hep |
v.out.ogr input=<required> output=<required> format=ESRI_Shapefile

2.8 Add a vector map by re-projecting

1. You will click on “File” >> “Import
vector data” >> “Reproject raster map
[v.proj]”. Also, you can have the same result
typing “v.proj” in your “Command console”
line.

File | Settings Raster Vector Imagery 3Draster Database Temporal Help

Workspace ‘E® @
i Y yuyes
Import raster data 3 AL
e
Import 30 raster data » . —
et dikibane e L ASCll points or GRASS ASCIIformat [v.n.ascill
ASCI points a5 a vector lines  [v.nines)
Export raster map »
Export vector map » DXFimport [v.in.dxf]
Export 30 raster maps N e s
Export database table »
ESRI c00import. [vin.c00]
Link external data »
Geonamesimport  [vin.geonames]
Manage maps *| Matisb array or Mapgen format import  [v.in.mapgen]
Map type conversions »

LAS LDAR points import [vin.lidar]

T Georectity [ggui.gep] Unpackvectormap  [v.unpack]

Reproject vector map from different GRASS location  [v.proj] c

32 Graphical modeler [g.gui.gmodeler]
Run model

3D image rendering [m.nvizimage]
Animation tool [g.gui.animation]

Bearing/distance to coordinates [m.cogo]
= Cartographic Composer [g.gui.psmap]
Map Swipe [g.gui.mapswipe]

Launch script fthonshell |

Esit GUI Cileq  Eurentlocation.

Note 1: You can also click on “Vector” >>
“Develop vector map” >> “Reproject vector
map”.

2. As a result, a new window will be
showed for you, then you will set the
parameter “Location containing input
vector map” at tab “Required”.
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\% Re-projects a vector map from one location to the current location.

Required | Source | Target | Optional | Command output | €4 Manual
Location containing input vector map: e

(location=name)
| 1 <3

| Gose | [ mn | [ coy | [ nep |

Add created map(s) into layer tree
["]Close dialog on finish

v.proj location=<required>

3. At tab “Source” you will set the
parameters “Name of input” and “Mapset
containing input vector map”.

\g{ Re-projects a vector map from one location to the current location.

[ Required | Source | Target | Optional | Command output | &% Manual|

Name of input vector map to re-project:

(input=name)

J =

Mapset containing input vector map: (mapset=name)

| M <3
Path to GRASS database of input location: (dbase=path)
| [ mome |

| Close ‘ ! Run ‘ ‘

Add created map(s) into layer tree
["] Close dialog on finish

v.proj location=<required>

4, As a result you will see the layer that
you are re-projecting showed in your “Map
display”.

Note 2: If you are re-projecting a layer from
UTM system to LAT-LON you must be with a
location opened corresponding to your
output, in this case a LAT-LON location.
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2.9 Rename a map
2.9.1 Raster Map:

1. The first step vyou will type
“g.rename” at your “Command console”.

File Settings Raster Vector Imagery 3Draster Database Temporal Help

=N P Iy Nt
/B8l BH@D L@o

< >

Output window Command prompt

a
|g.rename| G

Press Tab to display command help, Ctrl+Space to autocomplete
Map layers | Command console Searchmodules | Pythonshell |

2. At”g.rename” window vyou will
select the raster map you want to rename
at the dropdown box called “raster map(s)
to be renamed”. Also, you will type at the
same window the new name for this same
raster separated by comma (i.e.
old_raster@PERMANENT,new_raster).
Then you will click on “Run”.

', Renames data base element files in the user's current mapset.

Raster |Vector | Region | Group | Optional | Command output | 23 Manual

raster map(s) to be renamed: (raster=from, to)
| V<

3D raster map(s) to be renamed: (raster_3d=from,to)

1 [v]

2.9.2 Vector map:

1. The first step you will type
“g.rename” at your “Command console”.

File Settings Raster Vector Imagery 3D raster Database Temporal Help

B LR pERNNLR @

/BinBHeD Qiec

< >

Output window Command prompt

Ig.rename] ‘G

Press Tab to display command help, Ctri+Space to autocomplete

Map layers | Command console Searchmodules | Pythonshell |

2. At “g.rename” window vyou will
select the vector map you want to rename
at the dropdown box called “vector map(s)
to be renamed” at tab “Vector”. Also, you
will type at the same window the new name
for this same raster separated by comma
(i.e. old_vector@PERMANENT,new_vector).
Then you will click on “Run”.

', Renames data base element files in the user's current mapset.

1'%

| Raster [{ Vi

i Region | Group | Optional | Command output | ¥ Manual
(vector=from, to)

M

vector map(s) to be renamed:

Goss | | R | | copy | | Hep |
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2.10 Convert between vector and raster

types
2.10.1 From vector to a raster:

1. Type the command “v.to.rast” in the
command line at “Layer Manager”.

File Settings Raster Vector Imagery 3Draster Database Temporal Help

E@QJ@&&mMmmm&
/Bir B=HRD Gieo

<

Output window

v.to.rast

Press Tab to display command help, Ctrl+Space to autocomplete
Map layers | Command console Searchmodules | Pythonshell |

Converts (rasterize) a vector map into a raster map.

2. Fill the blank “input” with the map’s

name you want to convert, and fill the blank

“output” with the map’s name you want to

generate. Also, set the dropdown box as
I”, then click on “Run”.

‘g; Converts (rasterize) a vector map into a raster map.

‘Required | Selection | Attributes | Optional | Command output | €24 Manual|

Name of input vector map: - (input=name)
| M<A
Name for output raster map: ¥ ({output=name)

| G e—

Source of raster val vaIues (use=string)
‘ val v @

Add created map(s) into layer tree
["] Close dialog on finish

v.to.rast input=<required> output=<required> use=val

3. As a result, you will see the
converted map in your “Layer Manager”.

2.10.2 From raster to vector:

1. Type the command “r.to.vect” in the
command line at “Layer Manager”.

File Settings Raster Vector Imagery 3Draster Database Temporal Help

E@QJ@@ﬁMM@@m&
/Bim B Gieo

<

Output window

o —
Ir.to.vect <. :

Press Tab to display command help, Ctrl+Space to autocomplete
Map layers [ G d l J Searchmodules | Python shell |

2. Fill the blank “input” with the map’s
name you want to convert, and fill the blank
“output” with the map’s name you want to
generate. Also, set the dropdown box as
“area”, then click on “Run”.

¥t~/ Converts a raster map into a vector map.

' Required | Attrbutes | Optional | Command output | 424 Manual|
Name of input raster map: *

(input=name) ‘

[ T
1 [

Name for output vector map: 2
[
|

Output feature type: : (type=string)
[ area v/ @

(output=name)

[ cose | [ mn | [ comy | [ b |
Add created map(s) into layer tree
[ Close dialog on finish
r.to.vect input=<required> output: quired> typ
3. As a result, you will see the

converted map in your “Layer Manager”.
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2.11 Clip a Raster

1. You will type “r.mapcalc” in your
“command console”. As a result you will see
the “GRASS GIS Raster Map Calculator”
window.

File Settings Raster Vector Imagery 3D raster Database Temporal Help

DR BB MRd B
/EinugeD Qi@

< >

Output window

lr.mapcalc ¢

Press Tab to display command help, Ctri+Space to autocomplete
Map layers Command console  Search modules | Python shell |

Command prompt

2. At “GRASS GIS Raster Map
Calculator” window vyou will fill the
attributes “Output” with the name of your
new map and “Operands” with the function
“if(x,a)”. In the dropdown box you will
select the layer that has your crop format
and the layer that you will crop as well as
they must be separated per comma (i.e.
if(raster_format_| want,raster_|_have) ).
Then you will click on “Run”.

Operators Output
+ | | 88 I | Name for new raster map to creatrﬁ
S| il & |
Operands
| T | .
Insert mapcalc function
< | <= << > | [ifocm) ]
== | 1= | >>> ! | Insert existing raster map
% | e a?b:c ~ | ‘ E
( | ) || Clear
Expression
ifd,)
| Load save || copy | bep | | R || Cose
[V] Generate random seed for rand() d
[] Allow output files to overwrite existing files
Add created raster map into layer tree
r.mapcalc " = if(, )"

Note: To understand better what expect
from a crop you can see an example given
at “Main canal longitudinal profile” topic of
this document.
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2.12 Clip a vector

1. You will click on “Vector” >>
“Overlay vector maps” >> “Overlay vector
maps [v.overlay]”. Then you will see the
“v.overlay” window.

& 3

File Settings Raster Imagery 3D raster Database Temporal Help
Develop vector maj » i i ‘

e b (% 2

Topology maintenance » = !
Manage colors r |2
Query vector map »
Feature selection >
Map type conversions 3
Buffer vectors [v.buffer]
Lidar analysis »
Linear referencing »
Nearest features [v.distance]
Network analysis »
Overlay vector maps » Overlay vector maps [v.overlay] q
Manage categories » Patch vector maps [v.patch]
Update attributes 3
Generate area for current region [v.in.region]
Generate areas from points 3 2
Generate grid [v.mkgrid] mand prompt
Generate points » Log file J Clear
Reports and statistics 3

T

Press Tab to display command help, Ctrl+Space to autocomplete

Maplayers | Command console Searchmodules | Pythonshell |
v.overlay -- Overlays two vector maps.

2. At “v.overlay” window you will set
parameter as “Name of input vector map
(A):” with the vector map you want to crop,
“Name of input vector map (B):” with the
vector that has the area of interest which
will be the cut, “Operator defines features
written to output vector map:” with “and”,
and you will fill the blank “Name for output
vector map” with the name of the vector
you want to generate. Then, click on “Run”.

Overlays two vector maps.

¢

Required | Attributes | Optional | Command output | % Manual

Name of input vector map (A): 2 (ainput=name)
[ Tl

Lv]
Name of input vector map (B): 5 (binput=name)

Bp=

Operator defines features written to output vector map: (operator =string)

| and v a

Name for output vector map: ‘ (output=name)

| i

Close \ | Run

Add created map(s) into layer tree
["] Close dialog on finish

v.overlay ainput=<required> binput=<required> operator=and output=<required>

Note: To understand better what expect
from a crop you can see an example given
at “Main canal longitudinal profile” topic of
this document.
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2.13 Set a vector color table

1. You will click on “Vector” >>
“Manage colors” >> “Color tables”.

File Settings Raster Imagery 3D raster Database Temporal Help
Develop vector maj » m il
p uectormep ® O
Topology maintenance » 3
Manage colors 3 Color tables [v.colors] <=
Query vector map , Manage color rules interactively
Feature selection 3 Export color table [v.colors.out]
Map type conversions »
Buffer vectors [v.buffer]
Lidar analysis >
Linear referencing »
Nearest features [v.distance]
Network analysis »
Overlay vector maps >
Manage categories »
Update attributes »
Generate area for current region [v.in.region]
Generate areas from points »
Generate grid [v.mkgrid]
Generate points »
Reports and statistics »
Map layers Command console Searchmodules | Pythonshell |
v.colors -- Ci ifies the color table i with a vector map.
2. Note 1: Also, you can have the same

result typing “v.colors” in your “Command
console”.

3. As a result, a new window will be
showed to you, then you will set the
parameter “Name of vector map” at tab
“Required”.

' Creates/modifies the color table associated with a vector map.

Requred | pefine | Remove | print_| Optional | command output | {3 Manual |

Name of vector map: - (map=name)
piai_lito @ERMANENT] [v]

Source values: " (use=string)
cat v ¢

Close Run | Copy Help

v.colors map=apiai_lito@PERMANENT use=cat

4. At tab “Define” you will set the
parameter “Name of color table” as the
color table that you need. After this, just
click on “Run”. Figure 1 depicts the result of
the color table called random to a lithology
vector map,

' Creates/modifies the color table associated with a vector map.

|Required | Define |Remove | print | Optonal | Command output | {4 Manual

[“Jinvert colors o A
[ Logarithmic scaling @
[ Logarithmic-absolute scaling @
Name of column containing numeric data: . (column=name)

vl
Name of color table: - (color=style)

Y]
Raster map from which to copy color table: (raster=name)

EJ v

Close Run | Copy Help

v.colors map=apiai_lito@PERMANENT use=cat color=random

Note 2: An important tool is the dropdown
box called “Vector map from which to copy
color table” that can help you when you
need to compare two or more different
layers using them color scale.

Note 3: the colors of the color table will be
applied to every categorized feature in the
map; closed regions. Eventually, more than
one map feature will belong to one
thematic information from the map theme.
For example, one geological formation
might appear splitted in two or more
regions, which in this case will show with
two or more color and is not desirable. To
apply the color table to a specific map
information, one is referred to the topic
Add a RGB_column to the vector map table
of this document.

21 |Page



e s REHSPPHL

Figure 1: Result from using the random as
the name of color table.

[ViRender

Note 4: If you want to remove the new
color table included you should go back to
the command “v.colors” and at tab
“Remove” you can just check the box and
click on “Run”.

) Creates/modifies the color table associated with a vector map.

v
[ Required | Define | Remove [print | Optional | Command output | 3 Manual |
[“]Remove existing color table

Close ] [ Run

v.colors map=<required> use=cat

2.14 Set a raster color table

1. You will click on “Raster” >>
“Manage colors” >> “Color tables”.

File Settings | Raster | Vector Imagery 3Draster Database Temporal Help

Develop raster map Y t M@ @ ‘ﬂ|

l Manage colors » l Colortables [r.colors]
Query raster maps » Color tables (stddev) [r.colors.stddev]
Map type conversions > Manage color rules interactively
Raster buffersand distance » Export color table [r.colors.out]
Mask [r.mask] Blend 2 color rasters [r.blend]

Raster map calculator [r.mapcalc] Create RGB [r.composite]

Neighborhood analysis » RGB to HIS [r.his]
Overlay rasters »
Solar radiance and shadows »
Terrain analysis »
Transform features »
Hydrologic modeling >
Groundwater modeling 3
Landscape patch analysis 4
Wildfire modeling 3
Change category values and labels >
Generate random cells 3
Generate surfaces 3
Interpolate surfaces »
Reports and statistics »
les | Pythonshell |
r.colors -- Creates/modifies the color table associated with a raster map.
2. As a result, a new window will be

showed for you, then you will set the
parameter “Name of raster map” at tab
”Map”,

1) Creates/modifies the color table associated with a raster map.

Map | Define | Remove | Print | Optional | Command output | €4 Manual|
[multiple] Name of raster map(s): (map=name)
fsreriencremen] v

Input file with one map name per line: (file=name)

| || momse |

or enter values directly:

r.colors map=ASTERdem@PERMANENT
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Note 1: Also, you can have the same result
typing  “r.colors” in your “Command
console” line.

3. At tab “Define” you will set the
parameter “Name of color table” as the
color table that you need. After this, just
click on “Run”. Figure 2 depicts the result of
the color table called rainbow to an
elevation raster map,

Creates/modifies the color table assodiated with a raster map.

ap | Defne | Remove | print_| Optional | command output | £ wenua
[ only write new color table if it does not already exist w »
[[J1nvert colors )
[ Logarithmic scaling @)
[ Logarithmic-absolute scaling @
[ Histogram equalization ()
Name of color table: (color=style)
o] v
Raster map from which to copy color table: (raster=name)
[ D
3D raster map from which to copy color table: (raster_3d=name)
! ¥]
Path to rules file: (rules=name)
‘ ‘ Browse ‘
or enter values directly:
v
Close ‘ ‘ Run \ l Copy ‘ ‘ Help |

r.colors map=ASTERdem@PERMANENT color=rainbow

Note 2: An important tool is the dropdown
box called “Raster map from which to copy
color table” that can help you when you
need to compare two or more different
layers using them color scale.

e 2, Y @ %91 ( EA
s W8P LPHNAME ¢ @ 2w

715530.75; 7288789.42 Coordinates v [V]Render

Figure 2: Result from using the rainbow as
the name of color table.

Note 3: If you want to remove the new
color table included you should go back to
the command “r.colors” and at tab
“Remove” you can just check the box and
click on “Run”.

\% Creates/modifies the color table associated with a vector map.
| Reqired | Define | Remove | print | Optional | Command output | €4 Manual
[“JRemove existing color table (3]
| Close ! | Run Copy ‘ | Help
v.colors map=<required> use=cat
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2.15 Add a RGB_column to the vector
map table

First, you have to install the command
“v.colors2” at first time you will use it. To
install it you are referred to the topic
“Installing add-ons” of this document.

1. With your command installed you
will type “v.colors2” in your “command
console”. As a result you will see the
“v.colors2” window

Sets color rules for features in a vector map using a numeric
Y attribute column.
Required | Colors | Optional | Command output | % Manual
Name of vector map: o (map=name)
apiai_lito @PERMANENT [v]
Name of attribute column containing numeric data: & . (column=name)
COD_UNI_ES| . @
Close | Run Copy Help
v.colors2 map=apiai_lito@PERMANENT column=COD_UNI_ES

2. At tab “Required” you will fill the
parameters “Name of vector map” and
“Name of attribute column containing
numeric data”.

Note 1: The parameter “Name of attribute
column containing numeric data” will be
the value’s column in your “attribute data”
relative your map. If you need to see your
“attribute data” at “Layer Manager” you
will click on with the right button upon the
layer of interest, then you will click on
“Show attribute data”.

3. Still in “v.colors2” window, at tab
“colors” you will fill the attributes “Name of
color column to populate with RGB values”
and “Type of color table” then click on
“Run”.

Note 2: If you do not fill the attribute
“Name of color column to populate with
RGB values” it will be filled automatically as
“GRASSRGB”

Sets color rules for features in a vector map using a numeric
/ attribute column.

Required | Colors | Optional | Command output | .4 Manual

[J1nvert colors n)

Name of color column to populate with RGB values: : (rgb_column=name)
GRASSRGB v ¢

Type of color table: (color=string)

Bt 1<a

Name of raster map from which to copy color table: (raster=name)
il
Name of file containing rules: (rules=name)
Browse
or enter values directly:
Load Save as
Close Run Copy Help

v.colors2 map=apiai_lito@PERMANENT column=COD_UNI_ES color=random

4, To apply the results in your map you
will click on with the right button in the
layer that you created the new column RGB
and click on “Properties”. As a result you
will see ”"d.vect” window, then you will
change the attribute “Colorize features
according color definition column” at table
“colors” to the column name that you
already created in those pre steps, then
click on “OK”. Now you can see the results
in your map. Figure 3 depicts the result of
the color table called random to the
attribute column called COD_UNI_ES in the
attribute table of a lithology vector map,
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T IR IVELTE—— - 2.16 Add (set) category labels to a raster
map

1. First of all you are going to type
“r.category” in your “Command console”.
As a result you will see the “r.category”
window.

File Settings Raster Vector Imagery 3Draster Database Temporal Help

FEEEE] P Y ey Yoy
Figure 3: Result from using the random as Vi LE“ B0 QﬁL .:.i‘
the name of color table.

70035295 727569040

<

Output window Command prompt

Ir.cahegoryl c

.PESS_TE‘b to display command help, Ctri+Space to autocomplete
Map layers | Command console | Search modules | Python shell |

2. At tab “Required” you will set the
parameter “Name of raster map” as the
name of the map you want to add/set to
the categories labels.

Manages category values and labels associated with user-specified
%/ raster map layers.
Required | Selection | Define | Optional | Command output | €4 Manual ,
Name of raster map: i (map=name)
| soiltypes0 @PERMANENT| [v]
| Gese | [ an coov | [ kep
r.category map=soiltypesD@PERMANENT
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3. At tab “Selection” you will set the
parameter “Category values:” as the values
which your categories will content or the
range they are (i.e. | have a raster map
showing me soils code that go from 9791 to
26425, | will fill the blank “Category values”
as well as my interval: 9791-26425).

Manages category values and labels associated with user-specified
\x/ raster map layers.

Required | Selection | Define i Optional \ Command output \ !l':i Manual |

multiple] Category values:

E S =

[multiple] Comma separated value list: (values=float)

Close Run Copy Help

r.category map=soiltypesD@PERMANENT cats=9791-26425

4, At tab “Define” you will fill the blank
“or enter values directly:” as a relationship
between your categories that you set at tab
“Selection” and the labels that you want to
have for each category.

Manages category values and labels associated with user-specified
\xx raster map layers.

Required I Selection | Define | Optional | Command output | ’I:‘ Manual |

Raster map from which to copy category table: (raster=name)

o

File containing category label rules (or ™" to read from stdin): (rules=name)
C:\Users\George\Documents\grassdata /ApiailUTM/PERMANENT /. tmp/unki| Browse
or enter values directly:

9791  Ferrasols

12959  Acrisols

13817  Vertisols

15167  Cambisols @
16045  Podzols

26425  Leptosols

Load I* eas |

Close Run | Copy Help

r.category map=soiltypesD@PERMANENT cats=9791-26425 rules=C:\Users\George\

Note 1: you will enter the values as:

“The value in your range” “Field separator”
“Label name”

Using the same range at step #3 we could
have this, for example:

9791 Ferrasols
12959 Acrisols
13817 Vertisols
15167 Cambisols
16045 Podzols
26425 Leptosols

Note 2: In this example the “Field
separator” is the default choice (tab).

Note 3: The blank “File containing category
label rules” will be different for each one
according your GIS GRASS installation.

5. At tab “Optional” you can change
the “Field separator” mentioned before.
After all parameter filled you must click on
”Run”,
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1, Manages category values and labels associated with user-specified
w raster map layers.

[ Required | selection | Define | Optional | Command output | 424 Manual|

[ verbose module output (verbose)
[[] Quiet module output (quiet)
Field separator: (separator=character)
[0 v]

Default label or format string for dynamiclabeling: ~ (format=string)

Dynamic label coeffidents: (coefficients=mult1,offset1,mult2,offset2)

[ \

[ cose | [ mn | [ coy | [ mep |

r.category map=<required>

6. As a result now you can see the new
category in your map. For example, the next
picture show you an soils distribution map
which was added a category Ilabel
contenting the range of all the different
type of soils and classifying them as
Ferrasols, Acrisols, Vertisols, Cambisols,
Podzols and Leptosols. As you can see, this
is a result from the “Cartographic
Composer” according the range. Figure 4
depicts the result of the category label rules
to the raster values in a soil types raster
map, The legend was added with the aid of
the Cartographic Composer GRASS module,
which is addressed by this document at the
topic The Cartographic Composer.

Ferrasols
Acrisols
Vertisols
Cambisols
Podzols
Leptosols

Figure 4: Result from add category label to a
soil’s map.

O
]
]
]
]
O
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2.17 The cartographic composer

1. To access the Cartographic mode
you will click on “File” >> “Cartographic
Compose”. As a result you will see the
“GRASS GIS Cartographic Composer”
window.

File | Settings Raster Vector Imagery 3Draster Database Temporal Help

Workspace » b A fL M
Map display » @ ‘1: Lo Le

=
Import raster data ' &2
Import vector data

Import 3D raster data

Import database table

4 PX

vy v ovvw

Export raster map
Export vector map
Export 3D raster maps
Export database table

vy v o>

-

Link external data

Manage maps »
Map type conversions »

L Georectify [g.gui.gcp]

2 Graphical modeler [g.gui.gmodeler]
Run model

3D image rendering [m.nviz.image]
Animation tool [g.gui.animation]

Bearing/distance to coordinates [m.cogo]

B Cartographic Composer [g.gui.psmap]
Map Swipe [g.gui.mapswipe]

Launch script ithon shell

Exit GUI Ctrl+Q

2. First of all, at “GRASS GIS
Cartographic Composer” window you will

l
click on h*_é “Map frame”.

3. At the box “Map frame settings” you
will set the parameters “Map frame

options” and “Map selection”.

Map frame
Map frame options:

fit frame to match selected map v

Map selection
(®) raster () vector add selected map

Map: ¢

Map scale and center

Map max resolution (dpi): | 300 =

Border
draw border around map frame

border color: |

border width (pts): | 1 v

OK Cancel Apply

- A
4, Clicking on -a you will see a range
of options as “Legend”, “Map info”, “Scale
bar”, “Text”, “Image” and “North Arrow”.
Every those are simple to use, but there is a
little trick to use the tool “Legend”.

When you click on “legend” you are going
to see the “Legend settings” window asking
you about “Raster legend” and “Vector
legend”, but you are not able to add for
example a vector in that window. However,
if you want to include Raster and Vectors to
use in your legends you have to click on
twice on your “MAP FRAME” area. Then you
will see options to do it, and after you can
go back to the tool legend and manipulate
the legends as you like.

5. After the entire process you should
save your project and to do the
Cartographic composer has a useful tool
based on Encapsulated PostScript handled

f
by clicking on the button ]:Q(so called
Generate text file with  mapping
instructions). Saved project is loaded by
clicking on the button <add button icon>.
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The map can be exported to publishing
formats like Portable Document File (PDF)

by clicking on & .

6. As an example you can see a result
from a map created with the cartographic
composer mode (Figure 5). Two layer maps
were used in this example: one vector map
showing a watershed area and another
raster map elevations map showing the
terrain elevation. The raster legend was
added as depicted. Also you can see a text
labeling the legend and an arrow showing
the North.

0 2500 5000 7500 10000
RS S st - |

Legend meters

1000 [ Watershed Area N

800
600
400
200

Figure 5: Result from using a raster and a
vector map together at cartographic
composer mode.
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2.18 Georeferencing images/group

1. Open the Grass. In the initial layout
you will click on “New”.

2. Fill the blanks “Project Location” and
“Location Title”, after you will click on

“Next”.

3. You will select the option “Create a
generic Cartesian coordinate system (XY)”.

Choose method for creating a new location

(O Select coordnate system parameters from a list

(O)Select EPSG code of spatial reference system

O and datum terms fr fie

(O Read projection and datum terms from a Vel Known Text (WKT) .or fle
(O Speafy 'd datum terms usng 1.4 par.

(®) Create a generic Cartesian coordinate system (XY) @

4, You will check twice your choices
and click on “Finish”.

Summary
pisassi il e
Projection: XY coordinate system (not projected).
Help Back Finsh Cancel
5. At “Location <Name Location>

created” window you will click on “No”.

6. At “Create a new mapset” window
you will click on “Cancel”.

7. Now you will select your just new
location created and click on “Start Grass
Session”.

8. Use the command “r.in.gdal”
(addressed by the topic “Add a raster map
by importing/exporting”) to import the map
figure you want to georectify into the
location you just created.

9. You will go to “File” >> “Georectify
[g.gui.gep]”.

m Settings Raster Vector Imagery 3Draster Database Temporal Help

Workspace : fé @!} E}E Lé‘

Map display

Import raster data

Import vector data
Import 3D raster data
Import database table

vy v vy

Export raster map
Export vector map
Export 3D raster maps
Export database table

vy v vy«

v

Link external data

Manage maps >
Map type conversions 3

Georectify [g.gui.gcp] p—

E}: Graphical modeler [g.gui.gmodeler]
Run model

3D image rendering [m.nviz.image]
ion tool [g.qui.animation]

Bearing/distance to coordinates [m.cogo]

[. " Cartographic Composer [g.gui.psmap]
Map Swipe  [g.gui.mapswipe]

Launch script thon shell |

Exit GUI cusq  flon

10. At”Setup  for  georectification”
window you will select between “Raster”
and “Vector” then you will set the
parameter “Select source location”. The
dropdown menu “Select source mapset”
will be filled automatically.
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J-L Select map type and location/mapset

Vv
Map type to georectify
@ raster () vector
Select source location: | v c
Selectsouce mapset: | &

 Back Next> | [ Cancel |
11. Either, type an extension at

“Extension for output maps:” or accept the
default.

Select image/map group to g tify

Create group if none exists | Create/edit group... |

Extension for output maps: | _georect10484 | c

Note 1: The dropdown box “Select group”
will be automatically the group from the
location that you’re working with. If you
want to georeference an image from
another location, you should open such
location before, then repeat these steps.

12. Now you will select the map you
want to georeference at “Select source map
display” set as well you will select the same
map at “Select target raster map to display”
set.

Select maps to display for ground control point (GCP) creation
Selectsourcemap todiplay: | SINEOVEIIENEN <O v
Select target raster map to display: [v]
Select target vector map to display: [v]

| <Back Finish Cancel |

13. At “Manage Ground Control Points”

4

(Manage GCP) you click on to add new

GCP points.

Note 2: You must include at least 3 points
and they cannot be aligned or it is going to
cause an error. See example below (Figure
19).
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“ Manage Ground Control Points

v s AP AL el R @D O
%2t e %
i _

- oEEN

u. source E source N target B target N Forward error
M1 o0 200 498690.08 7384396.5
iz 200.0 200.0 898690.08 738439.5 0.000000
™3 400 200 1298690.08 | 778439%6.5

$ENTHID FTRL

w0t oz 50w tew.els T D4

Backward error

0.000000

ERROR: Control Point file for group <SRutm@PERMANENT> - Poorly

the transfi

3

[+

Figure 19: Result from setting three align points to georeference a map.

14. The next step is to fill in correctly
the ground points. To do so you must click
on twice upon each record of the GDP list
and fill in the pixel’s coordinates and fill the

Ground Control Point No. 1

source E: [iﬂ ItargetE: \498690.08
source N: | 0.0 | target N: ’ 6984396.5
[ o
UTMm coordinates.
15. Now you will just finish the process

of georeferencing clicking on at

Go to GCP No.

v
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3 Main Watershed Applications
3.1 River network extraction

1. First step you will type the
command “r.watershed” at your
“Command console”.

& X
File) - Settngs  Rastes ‘Vector. Imagery| 3Divastés’ Database:: Temparali Help

H=RER (e gL Jugi el Wo g e

/Bl BHen Qiac

< >
Output window Command prompt
[ Cear | save N Log fle | Clear
Ir.watershed ‘G

 Press Tab to display command help, Ctrl+Space to autocomplete
Maplayers | Command console Searchmodules | Pythonshell |

Calculates hydrological parameters and RUSLE factors.

2. At “r.watershed” window you will
set the parameters “(elevation=name)”
with the raster layer that you have
containing terrain elevations. Also, you will
fill the blank “(threshold=integer)” with the
value of the minimum watershed area that
you expect, then you must dived it per your
resolution’s layer (i.e. 62 =
500000m?/(90x90m?2)).

' Calculates hydrological parameters and RUSLE factors.

Inputs | Qutputs | Optional | Command output | €4 Manual |
Name of input elevation raster map: v (elevation=name)

| ASTERdem@PERMANENT Z}G

Name of input depressions raster map:

(depression=name)
| v
Name of input raster representing amount of overland flow per cell: (flow=name)
| v
Name of input raster map percent of disturbed land: (disturbed_land=name)
| v
Name of input raster map blocking overland surface flow: (blocking=name)
\ [v]

(threshold=integer)

Minimum size of exterior watershed basin;

Add created map(s) into layer tree
["] Close dialog on finish

r.watershed elevation=ASTERdem@PERMANENT threshold=62

3. Next you will change to the tab
“Outputs”, then you will fill the blank
“stream”. Then you will click on “Run”.

\&. Calculates hydrological parameters and RUSLE factors.
| Inputs | Outputs | Optional | Command output | % Manual

Name for output accumulation raster map:

(accumulation=name)
v
Topographic index In(a / tan(b)): (td=name)
‘ ¥]
(drainage=name)
: ¥]
Name for basins raster map: (basin=name)
‘ [¥]

Name for output stream segments raster map: (stream=name)
| river_network| E ¢

Name for output half basins raster map:

Name for output drainage direction raster map:

(half_basin=name)

‘ Close i | Run | ‘

Add created map(s) into layer tree
["] Close dialog on finish

r.watershed elevation=ASTERdem@PERMANENT threshold=62 stream=river_netwo

4. The expected result in going to be as
the picture below (Figure 6).
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724863.11; 7266430.75 | Coordnates v [V Render

Figure 6: Obtained result from the topic
“River network extraction” using a raster
map with the ground elevations.

34| Page



3.2 Watershed delineation

1. First of all, you should know that
exist a third part (add on) module to
accomplish this task so called “r.basin”,
which is accessed only from the “command
console”. The module “r.basin”it is a simple
command and you can try it before these
steps, if the result is not the wanted you
can try the next steps.
2. You will type “r.watershed” at
“Command console”.

File Settings Raster Vector Imagery 3Draster Database Temporal Help

=EFEE T YLy Jofrde

'/ Bie B0 L)

[ N

|< >

Output window

r.watershed @

Press Tab to display command help, Ctrl+Space to autocomplete

dl"#‘l;n‘layers i Ce ‘oonsole[ Searchmodules | Python shell |

Command prompt

Calculates hydrological parameters and RUSLE factors.

3. You will fill the blank “elevation”
with the raster layer name that you have
elevations included. Also, you will fill the
blank “threshold” with the value of the
minimum watershed area that you expect,
then you must dived it per your resolution’s
layer (i.e. 62 = 500000m?2/(90x90m?)).

‘g Calculates hydrological parameters and RUSLE factors.

Inputs | Qutputs | Optional | C

d output | €24 Manual|

(elevation=name)
V<=

(depression=name)

Name of input elevation raster map: v

| ASTERdem@PERMANENT

Name of input depressions raster map:
| [¥]

Name of input raster representing amount of overland flow per cell: (flow=name)

Iv]
(disturbed_land=name)

&
(blocking=name)
[¥]

(threshold=integer)

Name of input raster map percent of disturbed land:

Name of input raster map blocking overland surface flow:

Minimum size of exterior watershed basin:
=]

gvd

| close | | Run | L Copryi‘ Help |
Add created map(s) into layer tree
["] Close dialog on finish
r.watershed elevation=ASTERdem@PERMANENT threshold=62

4, Now, change to the tab “Outputs”,
then you will fill the blanks “drainage” and
“stream”. After on “Run”.

d output | k:i Manual‘

Name for output accumulation raster map: (accumulation=name) *

v]
(tci=name)
v

(drainage=name)

Topographic index In(a / tan(b)):

Name for output drainage direction raster map:

(basin=name)
[¥]

(stream=name)
‘—x

Name for basins raster map:

Name for output stream segments raster map:

v

=

(half_basin=name)

M

Name for output half basins raster map:

| Close | Run [ | Help

Add created map(s) into layer tree
[] Close dialog on finish

r.watershed elevation=<required>

5. The expected result to the output
“stream” we already know from the step
“River network extraction”, and the
expected result to the “drainage” output is
going to be as the picture below (Figure 7).
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- GRASS GIS 7.0.0 Map Display: 1 - Location: ApialUTM@PERMANENT =8

09830 45; 726647591 Coordnates

Figure 7: Result from using a raster map
with the ground elevations to create a
drainage map.

6. The next step is to verify the outlet
position in your raster stream map (note:
the coordinates to your outlet should be
upon whatever pixel to the raster stream).

7. To do it, you will type the command
“v.in.ascii” at  “console command”.

File Settings Raster Vector Imagery 3D raster Database Temporal Help

D Rs 5\@;@,&@3@5@@5 M s
/ BieTHen Giac

< >
Output window Command prompt

Y 5
Iv.in.asdi < :

Press Tab to display command help, Ctrl+Space to autocomplete
Map layers \ Co console | Searchmodules | Python shell \

8. You will type the outlet’s
coordinates in the blank “enter values
directly” as well as
718826.83092|7272803.04057. Then, give a
name to the output map at blank “output”.
After, click on “Run”.

\'v Creates a vector map from an ASCII points file or ASCII vector file.

Requred | Input formt | Paints | Optonal | Command output | €% Manual

Name of input file to be imported: - (input=name)
|C:\Users\George\Documents \grassdata/ApiaiUTM/PERMANENT, /.tmp/unkli [ Browse ‘

or enter values directly:

718826.83092|7272803.04057 ¢

load || Savess |

Name for output vector map: > (output=name)
1 v
Cose | | Run | Copy \ ‘ Hep

["] Add created map(s) into layer tree
Close dialog on finish

wv.in.ascii input=C:\Users\George\Documents\grassdata/ApiaiUTM/PERMANENT/.tr

0. The expected result to the “v.in.asc”
command is going to be as the picture
below.

“ GRASS GIS 7.0.0 Map Display: 1 - Location: ApiaiUTM@PERMANENT - o
g N Sz L < A e
e RgePPLENAHE S5 e e X

734456.59; 7266385.58 Coordnates v [¥]Render
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10. Now, you will type “r.water.outlet”
at command console.

File Settings Raster Vector Imagery 3Draster Database Temporal Help

FIFEE P T

<
Output window Command prompt

o
Ir.watzr‘ouﬂet G

Press Tab to display command help, Ctri+Space to autocomplete
Map layers | Command console  Searchmodules | Pythonshell |

Creates watershed basins from a drainage direction map.

11. You will add the coordinate of your
outlet in the blank “coordinates”. Also, you
will fill the blanks “input” and “output”.
After, you will click on “Run”.

Creates watershed basins from a drainage direction map.

equired.: Optional I Command output l @ Manudl

Name of input drainage direction map: ¥ (input=name)

‘ drainage_map@PERMANENT E]

Name for output watershed basin map: x (output=name)

‘ watershed_map E]

Coordinates of outlet point: (coordinates=east,north)

‘ 718826.83092, 7272803.04057 a ‘ R“
g [oed

Close Run Copy Hep |

Add created map(s) into layer tree

["] Close dialog on finish

r.water.outlet input=drainage_map@PERMANENT outp hed_map coordi

12. As a result you will have a new layer
with the area of the watershed (Figure 8).

(e s R4 22NN RE 5 29 2w

Coordnates

734953.45; 7271083.16

=T

“

¥ Render

Figure 8: Result from delineating a

watershed area a raster map.
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3.3 Mean watershed slope 3. At tab “Outputs” you will set the
parameter “Name for output slope raster
1. You will click on “Raster” >> “Terrain map” as the name the map you want get it.

Analysis” >> “Slope and aspects”.

1, Generates raster maps of slope, aspect, curvatures and partial derivatives
& 3 & from an elevation raster map. Aspect is calculated counterclockwise from east.
Develil:asi:hm:; e Im: = Egmﬁ e Te%%,:ral L | Required | Outputs | Settings | Optional | Command output | £4 Manual
Manage colors 5 a’ L *L & ,’I@ L Q Name for output slope raster map: (slope=name) *
Query raster maps v B LG o) | [v]
A IS ' 4% Name for output aspect raster map: (aspect=name)
Raster buffers and distance » ‘ E]
Mask [r.mask] -
Raster map calculator [r.mapcalc] Name for output profile curvature raster map: (pcurvature=name)
Neighborhood analysis 5 \ E]
Overlay rasters » y
i Name for output tangential curvature raster map: (tcurvature=name)
Solar radiance and shadows v |
| Terain analysis » Generate contour lines [r.contour] ‘ E] “
Transform features » Cost surface [r.cost] )
Hydrologic modeling » Cumulative movement costs ‘[l.walk] ‘ Close ‘ ‘ Run ‘ ‘ Copy ‘ ‘ Help ‘
Grotindwater modeling G Least cost route or flow [r.drain] " . T
Landscape patch analysis » Compute shaded relief [r.relief] O 2!0 ";m mp(?) filaycutiee
Wildfire modeling » Apply shade to raster [r.shade] 2 dekog o
Change category values and labels » | Slopeandaspect [rslopeaspect] €l | pslopeaspect slevabon=s requuited>
Enerete mndom ot L Tewinporameters [rparamiscale]
R N Textural features [r.texture]
Interpolate surfaces » Visibility [r.viewshed] «“« . ” .
R o Distance to features [r.grow.distance] 4 . At ta b Settl n gS yo u wi I I Set t h e
eports and statistics »
7 S “« .
sk (et dropdown box “Format for reporting the
” . .
T T slope” as you prefer. Then you will click on
r.slope.aspect -- Generates raster maps of slope, aspect, curvatures and partial derivatives from an elevatic “u R u n”

2. At tab  “Required” in the

. N, erates raster maps of slope, , curvatures and partial derivatives
”r.slope.aspect” you will set the parameter ) o o st A bt o v e
“Name of input elevation raster map” as a raast o,

tongs | ptional | Commend autput | £ Menual|
[[]Do not align the current region to the raster elevation map (@)

7 . . Format for reporting the slope: (format=string)
name’s map that you have containing the Eooc] M <=|
degrees
. (precision=string)
elevations value. ; y
Multiplicative factor to convert elevation units to horizontal units: (zscale=float)
110 |
Minimum slope value (in percent) for which aspect is B @jg_glope=ﬂoat)‘
0.0
Generates raster maps of slope, aspect, curvatures and partial i
'/ derivatives from an elevation raster map. Aspect is calculated : ;
/' counterclockwise from east. | Gose | | mRn | | copy | | Hb |
= = = = - Add created map(s) into layer tree
Required | Outputs | Settings | optional | ¢ output | ¥ Manual| [] Close dialog on finish
Name of input elevation raster map: = (elevation=name) rslope.aspect elevation= <required>

| ASTERdem @PERMANENT <= [v]

[Close‘{Run

Add created map(s) into layer tree
[] Close dialog on finish

r.slope.aspect elevation=ASTERdem@PERMANENT
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5. The next pictures (Figure 9 and 10)
show you the elevation map and the terrain
slope map resulting from these steps.

; . STTWELCES T
[ s R8¢ PPHNRNE a8 b= %)

[ ¥
4 ) .
- N .
/ ik,
~ 3
- -AL‘
715530.75; 7288789.42 Coordnates v [lRender

Figure 9: Shows the original elevations map
which is going to origin the “Terrain Slope
map”.

“ GRASS GIS 7.00 Map Display: 1 - Location: ApiaiUTM@PERMANENT -0
H T L o - B A
AT Rd REES2LPNNRN E 5 [ 2= 7|

711375.20; 726634041 Coordnates v [V]Render

Figure 10: Result from using an elevations
map to create a slope map.

6. The next step will make a crop
between the Watershed area and the Slope
map. To do it you will type “r.mapcalc” at
your “command console”.

File Settings Raster Vector Imagery 3Draster Database Temporal Help

DR BB ® B

/Bln TaRo Qi

<

Output window Command prompt

Ir.mapcalc @

Essi'l’ab to display command help, Ctrl+Space to autocomplete

Map layers Cnmmandonnsnle‘ Searchmodules | Python shell |

7. In the new open window you will fill
the attributes “Output” with the name of
your new map and “Operands” with the
function “if(x,a)”. In the dropdown box you
will select the layer that has the watershed
shape and the map which has the slope
data set as well as they must be separated
per comma
(i.e.
if(raster_format_|_want,raster_|_have))
Then you will click on “Run”.

Operators Output
= = & M Name for new raster map to create
: Il / | & |
Operands
> | >= BB& 1 :
- - Insert mapcalc function
< = L= 1> 1 &a <
= [ 1= | > ! Insert existing raster map
v ||~ |[atic [ = ¥
( ) Clear
Expression o
ifd,) [ |
Cted | se wor | ek mn | [ cos
Generate random seed for rand()  Seed
[] Allow output files to overwrite existing fles
[V Add created raster map into layer tree
r.mapcalc " = if(, )"
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8. The next picture (Figure 11) show
you the watershed area with the ground
slope as a result from these steps

@ x

: TN T —
[® R 2 &E’:‘/—'/— BRANE L S e v

735234.63; 7268481.62 Coordnates v [V]Render

Figure 11: Result of cropping the slope map
to the watershed shape.

9. Now, you will check and select the
layer resulted from the crop, and at your
“Map display” window you will click on

w
[‘l (Analyze map) and select the tool
“Create a histogram of raster map”.

10. At “Histogramming Tool” window

¥
you will clickon = (Plot statistics).

11. At “Statistics” window you will see
some different information and the average
slope at the watershed will be the “mean of
absolute values:”.

12. At Figure 12 you can see the results
from these steps as well as the average
slope resulted from a test.

% GRASS GIS 7.00 Map Display: 1 - Location: ApialUTM@PERMANENT =8

H - v 2y (@) LR 1 A
ey s &,,E":’f PRPOKe & L [a8 Do v

¥
2 S "% - o 5 (!

% e s te @O B

Hlsﬁoggmm of raster map <basin+medium_slope@P# %2

2500

Cellcaunts
-~ 8 8 8 8

ist quartie: 18,6272
| median (odd number of cels): 30.7198
0 20 40 60 80 100 120 140 160 [ 30 quertic: 45,3214
Raster cell values 90th percentle: 60.6103

Figure 12: Result of the mean slope at the
watershed area.
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3.4 Main channel longitudinal profile

First of all, you should know that
exist a third part (add on) module to
accomplish this task so called “r.basin”,
which is accessed only from the “command
console” However, sometimes this
command can give you back the longest
canal and not the deepest one, as a main
canal is supposed to be. The command
“r.basin” it is a simple command and you
can try it before these steps, if the result is
not the wanted you can try the next steps.

1. At the first step you will need to
obtain the stream network map. This map is
obtained from the terrain elevation raster
map.

2. The stream network is addressed by
the River network extraction topic of this
document. Now you will type “r.mapcalc” in
your “command console”.

3 GRASS GIS 7.0 Layer Manager - o HEN]

File Settings Raster Vector Imagery 3Draster Database Temporal Help

=R L T o
/ mﬁ:;j:t@%o Ed -:-

< >

Output window Command prompt

r.mapcalc c

Press Tab to display command help, Ctri+Space to autocomplete

Map layers | Command console Search modules Python shell

3. In the Raster Map Calculator
Window you will fill in the attributes
“Output” with the name of your new map
and choose “Operands” dropdown menu to
the function “if(x,a)”. In the Insert existing

raster map dropdown menu you will select
one layer to your crop boundary (in this
case, your watershed map) first. Then,
another raster map to crop (in this case,
your stream network map). The names of
the existing maps you pick shows in the
Expression text box. You need to edit the
text box in order the raster names show
separated by a comma (i.e.
if(raster_boundary_| want,
existing_raster_|_have) ). Then you will click
on “Run”.

& GRASS GIS Raster Map Calculator - s
Operators Output
= = a8 M Name for new raster map to create
Watershed+iver_network]
/ & |
Operands
>= 38& ]
Insert mapcalc function
< <= << > |f(x,a) v
== = >>> : Insert existing raster map
% A a?b:c ~ v
( ) Clear
Expression
if( watershed_map@ , river_NETWORK@ T ¢
Load save Copy Help Run Close
[¥] Generate random seed for rand()
[] Allow output files to overwrite existing files
Add created raster map into layer tree
r.mapcalc " _network = if( _map T, river NETWORK@PERMANENT

4. Since the checkbox “Add the
generated raster map into layer tree” is
checked, the resulting stream network will
be shown with its name in the layer tree as
well as into the Map Display window with
the watershed shape as depicted in the
Figure 13.
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i GRASS GIS 7.0.0 Map Display: 1 - Location: ApiailUTM@PERMANENT S =

! @ - =% 2 P (= BB A A
= s R P LN AK E G [a [pwe

729397.65; 7274651.51 Coordinates v Render

Figure 13: Result from making a crop
between the watershed area and the river
network.

5. Now you will take note of the codes
within the main channel. To do so you will
select the stream network watershed clip
raster (clicking on it at the layer tree; it will
be marked as gray). At the “Map display”

click on at E button to query ID code
values in the watershed stream network
raster. Find every single code represent
only the pixels which belongs to the main
channel. Write down each code either in a
piece of paper or a simple text editor (e.g.
notepad).

6. Make another crop, now to the
elevation heights with the watershed
stream network shape.

7. You will again type “r.mapcalc” at
your “Command console”.

8. Fill in the blank “Output” with the
name of your at watershed stream
elevation clip map and “Operands” with the
function “if(x,a)”. In the dropdown menu
you will select the layer that has your crop

shape (in this case, the stream network map
as the watershed shape). Scroll the
dropdown menu again to the layer that you
will crop (in this case, your elevation map).
At the text box, the two maps must be
shown separated by a comma (i.e.
if(raster_shape, raster_map_to_crop) ).
Then you will click on “Run”. The generated
map is going to be shown both in the layer
tree and in the Map Display window. It
looks like the previous clip except by the
values attributed to each pixel, which are
no longer ID codes, they are elevation
heights.

T GRASS GIS Raster Map Calculator - o IEl
Operators Output
= = aa M Name for new raster map to create
- Watershed-+iver_network-+elevations
& I
Operands
> >= BB& ]
Insert mapcalc function
< <= << >> \f(x, E) v
== 1= >>> ! Insert existing raster map
% a?b:c ~ .
( ) Clear
Expression
f(Watershed+iver_r @ , ASTES ) @
Load Save Copy Help Run Close
[V] Generate random seed for rand()
(] Allow output files to overwrite existing files
Add created raster map into layer tree
r.mapcalc " iver_network-+el : = if( d+river_t AANENT , ASTI

into a (ASCII) text file and import it into a
spreadsheet editor. To do it you will click on
“File” >> “Export raster map” >>
“[r.out.zyx]”. At “r.out.xyz” you will fill the
blank “Name of input raster map(s)” by
typing the two raster crops just made
separated by comma.
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Exports a raster map to a text file as x,y,z values based on cell

\z/ centers.

Required | Optional | Command output % Manual

[multiple] Name of input raster map(s):x (input=name)
[ vl
Close Run Copy Help
[] Close dialog on finish

r.out.xyz input=<required>

10. At tab “Optional” you will set the
parameter “Name for output file” as the file
path you want to be saved (including the
map’s name with the extension you wish,
e.g. txt). Also you will set the parameter
“Field separator” as you prefer.

Exports a raster map to a text file as x,y,z values based on cell

Y centers.
Required | Optional | Command output | ¥.% Manual
[] allow output files to overwrite existing files (overwrite)
["] verbose module output (verbose)
["] Quiet module output (quiet)
Name for output file (if omitted or ™" output to stdout): {output=name)
@ Browse
Field separator: (separator=character)
pipe v
Close Run Copy Help
[[Jclose dialog on finish

r.out.xyz input=<required>

11. The XYZ text file exported from
GRASS has no header. At a spreadsheet
editor import such XYZ file. Your XYZ file
should have 4 columns (UTM E, UTM N, ID
and elevations). Now add headers to each
column. Use the names we described such
columns just above if you want. Then select
all the filled cells and add an automatic
filter. With the aid of the code list you
wrote/typed down on step 5, open the

column ID’s filter and keep selected just the
codes which belongs to your main channel
As depicted in the snapshot (Figure 14).

A B & D
2 7235€ £| Sort Smallest to Largest
3 72355 7| Sort Largest to Smallest
il 220 Sort by Color >
5| 72401
6 72365
7 72401 Filter by Color 4
8 | 72368 Number Filters »
9 72401
10 72524 Search yeol
1| 7237m B o
12| 72401 Sies
13 72527 5466
14| 723 Em&
15| 72401 it
16 72523 5474
17 71927 i-[¥] 5476
18] 72311 -Msars v
19 72314 N
20| 7237 Cancel
21 72401 0
22 725306.4631 7287792.021 921 6774
23 719274.4064  7287762.008 926 6488
24 723175.7366  7287762.008 1031 6718
25 723745.931 7287762.008 953 6760
26 723986.0129  7287762.008 942 6758

Figure 14: Result from to export a data set
to a spreadsheet editor.

Note 1: From this point is already possible
to plot the main channel chart. However,
the values comes in disorder making noise
at the chart as the next picture (Figure 15).

Note 2: To avoid this problem we should
either follow the next steps or manually
sort the table according to the coordinate
sort describes the main channel geometry.
To manually resort the coordinates, resort
all coordinates according to either east
coordinates or north coordinates with
respect to the channel longitudinal
geometry. Select small ranges of coordinate
pairs still with inconsistency and apply the
sort trying to lead them aligned to the
expected meandering. If this is your choice
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skip to the step 20 after manually re-
sorting.

uuuuuu

0

7282000

Mainchannel

chart

7280000
=
=
—
-
7278000
7276000
7274000 $
7272000
712000 714000 716000 718000
Figure 15: Result from plotting a
12. After you identify and select all the

main channel codes the next step is to
export the spreadsheet file. To do it you will
copy and paste the entire table in a new
spreadsheet tab or file, because you cannot
export a dynamic table (if you do this you
will export the entire data set and not only
the filter). So, after you copy and paste you
will click on “File” >> “Export” >> “Text (Tab
delimited)”.

13. After you export the data set from a
spreadsheet editor you will import back the
file into the GRASS. To do it you will click on

U

724000

72600(

(=]

720000

722000

UTM E
with the data set as exported.
“File” >> “Import raster data” >>

“[r.in.xyz]”.

14. In the next open box you will set the
directory of your exported spreadsheet file
(.txt). Also you have to type an output name
to the file at tab “Required” in
“(output=name)”.

15. Browse to the text file you just
created in the spreadsheet editor. Also you
have to type an output name to the map at
tab “Required” in “(output=name)”.
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i Creates a raster map from an assemblage of many coordinates
using univariate statistics.

Requred | statisi | Input | Advanced Input | Optional | Command output | €3 Manual |
ASCII file containing input data (or ™" to read from stdin): x (input=name)

| <[ e

or enter values directly:

7 Load \ | Saveas

Name for output raster map: s (output=name)

=

‘ | Run | Copy | Help

Close

Add created map(s) into layer tree
["] Close dialog on finish

r.inxyz input= <required> output=<required> |

16. Set the parameter “Field separator”
as the character used to separate the
columns when you exported the text file
from the spreadsheet editor. Also you
might set the parameters “(x=integer)” as
the UTM E coordinates, “(y=integer)” as the
UTM N coordinates and “(z=integer)” as the
height coordinates. Then you will click on
“Run”.

i, Creates a raster map from an assemblage of many coordinates
W/ using univariate statistics.

| Required | statistic| Input | Advanced Input | Optional | Command output | {3 Manua |

Field separator: (separator=character) |
| pipe v]
Column number of x coordinates in ingyt file (first column is 1): (x=integer)
B H <
Column number of y coordinates in input file: (y=integer)
|2 &
Column number of data values in input file: (z=integer)
‘ 3 kel
Number of header lines to skip §t top of input file: (skip=integer)
L =

| Close | | R | Copy Help |

Add created map(s) into layer tree
["] Close dialog on finish

rinxyz input=<required> output=<required>

17. The expected result from this
importation is going to be shown as the
picture below (Figure 16).

:i, GRASS GlS 7.0.0 Map Display: 1 - Location: ApialUTM@PERMANENT =&

= Re ot @ %3 1) o = A 5

i"‘@"‘&‘o“/w;«ﬂ so o E@
//"

725784.13; 727623243 Coordinates v Render

Figure 16: Result from importing the data
set already filtered in a spreadsheet editor.

18. The next step is to convert the raster
map into a vector map in order to obtain
the canal coordinates sorted accordingly to
the canal’s longitudinal geometry. However,
the raster value will not be attributed to the
vector map in each node and we will have
to import such sorted coordinates back to
the spreadsheet editor to link them to the
elevations. To do so you will type the
command “r.to.vect” in the command
console.

File Settings Raster Vector Imagery 3D raster Database Temporal Help

FEFEEI P Y9y Yoy
/Bl TR0 Zf@0

>||

< >

Output window Command prompt

-
Ir.tu.ve(t G

Press Tab to display command help, Ctrl+5pace to autocomplete
Map layers | Command console Search modules | Python shell \
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19. Fill the blank “input” with the map’s
name you want to convert, and fill the blank
“output” with the map’s name you want to
get. Also, set the dropdown box as “area”,
then click on “Run”.

Converts a raster map into a vector map.

04
Requred | Atrbutes | Optonsl | Command ouput | G vanual|
Name of input raster map: (input=name)
’ V<
Name for output vector map: % {output=name)
~<A
Output feature type: ~ (type=string)

line v ¢

| Cos | | R | | copy | | Heb

Add created map(s) into layer tree
[] Close dialog on finish

rto.vect input=<required> output=<required> type=line

20. As a result, you will see the
converted map in your “Layer Manager”
(Figure 17).

% GRASS GIS 7.00 Map Display: 1 - Location: ApiaiUTM@PERMANENT -0
: LTy SLzke Foyr—
i'\_é’EE’o‘f& PR E L @ D v

733011.18; 7266385.58 Coordnates v [FRender

Figure 17: Result from converting the
mainchannel raster file to a vector.

21. Now you will export the vector map
and open it in a spreadsheet editor. To do
so you will click on “File” >> “Export vector
map” >> “[v.out.ascll]”.

22. At tab “Required” you will set the
parameter  “(input=name)” and the
parameter “(format=string)” as “standard”.

Exports a vector map to a GRASS ASCII vector representation. By
'/ default only features with category are exported. To export all features
\V use layer=-1'.

Reauired | selection | Output | Points | Optional | Command output | 424 Manual |

Name of input vector map: v (input=name)
1]
Output format: X (format=string)
; standard v
Close [ R | Copy | Hep |
["] Close dialog on finish

v.out.ascii input=<required> format=standard

23. At tab “Output” you will fill the
blank “(output=name)” with the path to
your new file.

Exports a vector map to a GRASS ASCII vector representation. By
«j( default only features with category are exported. To export all features

Y uselayer=-1.

| Required TSeIecﬁon \OUtDut Pointsrl Optional | Command output I 24 Manual

["]reate old (version 4) ASCII file ()
Name for output ASCII file or ASCII vector name if -0’ is defined: (output=name)

1 ¢ 18

Browse

|
}b Close [ Run | Copy | | Hebp

["] Close dialog on finish

v.out.ascii input=<required> format=standard

24, The file comes organized by values
into categories. You should to re-sort only
such categories now. The result will be the
correct main channel geometry.
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25. Note that the XYZ file you just
imported does not have the elevations
informed and we have to attach them to
the sorted coordinates now. To plot the
canal longitudinal profile you will make
some extra columns in your table. One will
be the difference between values of X (UTM
E), another will be the difference between
values of Y (UTM N). Also, a column with
the result of a hypotenuse from these two
differences (X and Y). Then, a column
content the cumulative sum of the
hypotenuse that will represent the distance.

Note: The cumulative sum should be equal
the total length of the main channel. The
Canal longitudinal profile chart is going to
be the chart between the distance and the
height in each point.

Note: You must attach the elevation
(available at the XYZ text file exported from
the watershed stream network elevation
clip) to the coordinate sort found.
Remember, every pair of coordinates are
unique, then you should link a pair of
coordinates that have an elevation value
with an equal pair of coordinates. To do so,
you will need to create a unique key to
every pair of coordinates, for example, by
using the function Concatenate at a
spreadsheet editor
(i.e.=CONCATENATE(TEXT(B3,"

0"),TEXT(C3," 0")) ) where B represents
UTM E and C represents UTM N. This

function will create a unique phrase or key
with these two coordinates in UTM E and
UTM N. You will make the same in both
tables. After, you can use the spreadsheet
function Vertical Lookup (i.e
=VLOOKUP(B2,C2:D1568,2,FALSE) ) where
B2 represents the key value, C2:F1568
represents the column to search such key
value, 2 (two) represents how many
columns aside (right side) you will look up
and FALSE says whether the search column
is sorted or not.

Now you are able to plot the canal
longitudinal profile. Do it using the chart
tool of your spreadsheet editor. You could
notice that the chart will present a lot of
ups. It happens sometimes because the
pixel of the used radar is sometimes smaller
than the channel width (the water surface
width). Hence, the pixel will storage an
averaged elevation, which is a wrong
elevation between the river overbank and
the water surface elevation in these cases.

To handle problems like that, one can make
a correction at the longitudinal profile using
the function IF in a spreadsheet editor. If
the profile is oriented downstream to the
right, use this “=IF(K2>E3,E3,K2)”, where K2
is the height corrected and E2 is the original
height value. The formula says if some K
elevation is bigger than the previous one,
use the previous one

47 |Page



Longitudinal profile

500

% w0

300

200

5000 10000 15000 20000 25000 30000

Figure 18: Result from plotting the original and the corrected data set of the mainchannel.
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4 Conclusion

This manual gathers necessary steps to achieve important results in watershed morphology
studies, showing that those ones are feasible in a realistic analysis.

The main channel longitudinal profile analysis allowed one to notice that an additional software
(spreadsheet editor) is needed to complement the GIS GRASS tools in doing so.

Since the river longitudinal profiles are supposed to be downhill, the results obtained with 1-sec
resolution elevation data showing jumps up are inconsistent. That occurs because 1-sec
resolution is not high enough to accurate river longitudinal profiles in small watersheds.

Finally, the software GIS GRASS 7.0 shows a very useful tool to help one to develop a watershed
morphology analysis. In some sense, it makes easier to students, engineers and researches to
accomplish watershed morphology studies because of the worldwide availability of digital data
and their treatability.
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