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GRASS IS

)

[ ———

Among the most experienced GIS in the world
Actively developed, current stable version: 7.4.0
License: GPL

About 350 modules - raster, vector, database,
space-time

Over 130 addons

Topologically clean vector format

3D visualizations

Fully script-able in bash or python

GRASS Development Team, 2018. Geographic Resources
Analysis Support System (GRASS) Software, Version 7.4. Open
Source Geospatial Foundation. https://grass.osgeo.org
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@ Flooding simulation
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@ Flooding simulation

@ Flood hazards

---- Highways Warning issued Mon Nov 12 21:34:55 NZDT 2007
—— Water courses

Catchements subject to flood risk



@ Flooding simulation
@ Flood hazards

@ Shortest distance



@ Flooding simulation
@ Flood hazards
@ Shortest distance

@ Landscape changes



Flooding simulation
Flood hazards
Shortest distance
Landscape changes
LIDAR point clouds
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@ Tutorial:
http://www.training.gismentors.eu/grass-gis-workshop-jena-2018/
units/01.html

@ Wiki:
https://grasswiki.osgeo.org/wiki/From_GRASS_GIS_novice_to_power_
user_(workshop_at_F0SS4G_Boston_2017)

@ The GRASS book:
https://grassbook.org/

@ User's maillist:
http://lists.osgeo.org/mailman/listinfo/grass-user

@ NCSU Lab:
http:
//ncsu-geoforall-lab.github.io/geospatial-modeling-course/grass/

@ Spatial-Temporal workshop:
http://ncsu-geoforall-lab.github.io/grass-temporal-workshop/


http://www.training.gismentors.eu/grass-gis-workshop-jena-2018/units/01.html
http://www.training.gismentors.eu/grass-gis-workshop-jena-2018/units/01.html
https://grasswiki.osgeo.org/wiki/From_GRASS_GIS_novice_to_power_user_(workshop_at_FOSS4G_Boston_2017)
https://grasswiki.osgeo.org/wiki/From_GRASS_GIS_novice_to_power_user_(workshop_at_FOSS4G_Boston_2017)
https://grassbook.org/
http://lists.osgeo.org/mailman/listinfo/grass-user
http://ncsu-geoforall-lab.github.io/geospatial-modeling-course/grass/
http://ncsu-geoforall-lab.github.io/geospatial-modeling-course/grass/
http://ncsu-geoforall-lab.github.io/grass-temporal-workshop/

Built-in manuals and help

t.rast. series [temporal, aggregation, ser

s, raster, time] -+

trast tring

[~verbose] [-quiet] [-ui]

Flags:

> ..

Propagate NULLs.
~overwrite

‘Allow output iles to overwrite existing files
~help

Print usage summary
~verbose

Verbose module output
~quiet

Quiet module output

and end put map

—ui
Force launching GUI dialog

Parameters:

input=name [required]

‘method=string [required]
‘Aggregate operation to be performed on the raster maps
Options: average, count, median, mode, minimurm, min_raster, maximum, max_raster, stddev, range, sum, variance, diversiy, slope, offset
detcoeff, quartt, quart3, perc90, quantie, skewness, kurtosis
Default: average

Quantile to calculate for method=quantile
Options: 0.0-1.0
order=stringl.strin

Previous

Next

) Add created mapis) into layer tree:

(] Close dialog on inish
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Getting help

Built-in manuals and help

micha@RMS ~
Fle Edit View Search Terminal Help

N
/

tp://grass.osgeo.org
rsion .unmng through: Bach ahai (/bin/ba
Help is available with the comnand: g.mant
g.version -c
g.version -
restart mw GUI with: g.gui wxpython
When ready to quit enter:

Launching <wython> GUI dn the backpround, please wal
GRASS 7.4.0 (UTM3IN) Unable to fetch interface description for command '*
betails: [Errno 13] Permission denic
WARNING: Some addons failed when loading. Please consider to update your addons by running 'g.extension.all -f

RASS 7.4.0 (UTM3IN):~ > t.rast h
e e L e
usage

ki s (] s Gl ) [t

ng[, string

.1] [where=sql_query] output=name [--overwrite]
[»»helv] e

Flags

not assign the space time raster dataset start and end time to the output map
-n wo»agaze NULLS

Parameters:

method  Aggregate operation to be performed on the raste
options: average, count,median, mode, minimum, min_raster, maximum,

max_raster, stddev, range, sum, variance, diversity, slope,
offset, detcoeff, quartl, quart3, percao, quantile, skewness,
rtosis

ku
default: average

options: 6.0-1
Sort the maps by category
options: id, name, creator, mapset, tion_time,
modification_time, start time, end_time, north, south,
west, east, min, max
default: start time
where  WHERE conditions of SQL statement without 'where' keyword used in the temporal GIS framework
output - Name for ouput raster map
GRASS 7.4.0 (UTM3IN)
GRASS 7.4.0 (UTMBIN):
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@ GRASS Database

» Location defined by coordinate reference system
» Mapset contains data for a project

@ Always check and set computational region



o GRASS Database

» Location defined by coordinate reference system
» Mapset contains data for a project
@ Always check and set computational region

Location Mapset Maps

~| ncspm || pErRmANENT |
raster [ elevation ]

_[ new_highway
vector ]-[[ streets
bu1|d|ngs

3D raster ]—[ soils ]

Database
[ grassdata ]—

e

| world_lat_lon

| usa_albers



@ GRASS Database

» Location defined by coordinate reference system
» Mapset contains data for a project

@ Always check and set computational region

Two take-home messages:
@ Location = Coordinate System
@ Set GRASS region



GRASS (IS

Bringing advanced geosparial technologies to the world

| 1. Select GRASS GIS database directory

[

GRASS GIS database directory contains Locations.

- 2. Select GRASS Location
Naw
Rename

Delete

Al data in one Location is in the same
coordinate reference system (projectiar).
©ne Location can be one praject, Lacation
cokains Mapsets.

[~ 3 Seleck GRASS Mapset

Mapset contains GI5 data related to one
project, task within one project, subregion or
user,

GRASS needs a directory (GRASS database) in which to store its data. Create one now if you have not already done so, A
popular choice is "qrassdata’, lacated in your home directory, Press Browss button to select the drectory.

New

Rename

Delete

Start GRASS session

| e | |




Define GRASS Database and Location Name

GIS Data Directary: | Di\GI5Ygrassdata Browse

Praject Location: IWGSB4|

Location Tite: |

I~ Set default region extent and resolution

™ Create user mapset

Help < Back. I Mext = I Cancel




Choose EPSG Code

| C0SGEQ4~Lisharelprafiensg Browse

Path ko the EPSE-codes fil

EPSG code: [432d]
|Q ssarch |

Code | Description [ Parameters A
2000 Anqguilla 1957 § British West Indies Grid +proj=tmerc +lat_0=0 +lon_0=—"
2001 Antigua 1943 | British West Indies Grid +proj=tmerc +lat_0=0 +lon_0=
2002 Dominica 1945 { British West Indies Grid +proj=tmerc +at_0=0 +lon_0=
2003 Grenada 1953 | British West Indies Grid +proj=tmerc +lat_0=0 +lon_0=
2004 Montserrat 1956 | British Wast Indies Grid +praj=tmerc +lat_0=0 +lan_0=
2005 Sk, Kitks 1955 [ British West Indies Grid “+proj=tmerc +lat_0=0 +lon_0=
2006 St. Lucia 1955 | British West Indies Grid +proj=tmerc +lat_0=0 +lon_0=
2007 St. Wincent 45 { British West Indies Grid +praj=tmerc +lat_0=0 +lon_0=
2008 NADZF(CGQ77) | SCoPQ zone 2 (deprecated)

< |

b | <mek [ mests | concel

Find EPSG codes here: http://epsg.io/
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http://epsg.io/

Summary

GRASS Datsbase:  Di\GIS|grassdata
Location Name:  WGS84

Location Title:

Projection: EPSG code 4326 (W&ES 84)

PROI.4 definition:  +proj=longlat

(non-definitive)  +no_defs
+i 378137

+rf=298 257223563

+towgsB4=0.000,0,000,0.000

Help < Back I Einish I Cancel




GRASS CI5

Bringing advanced geospatial technologies to the world

[ 1. Select GRASS GIS database drectory

| D:\GIS\grassdata

GRASS GIS database directory conkains Locations,

\\ Browse

[~ 2. Select GRASS Lacation
WS84 New

Rename

Delete

#ll data in one Location is in the same
coordinate reference system (profection)
One Logation can be one project, Location
contains Mapsets.

[ 3. Select GRASS Mapset
PERMAMNENT

Mapset contains GIS data related ko ane
project, task within one project, subregion or

Rename

Delete

Start GRASS session

Quit Help




¥

GRASS CI5

Bringing advanced geospatial technologies to the world

[ 1. Select GRASS GIS database drectory

| D:\GIS\grassdata

GRASS GIS database directory conkains Locations,

Browse

I 2. Select GRASS Location

WS84 New

Delete

#ll data in one Location is in the same
coordinate reference system (profection)
One Logation can be one project, Location
contains Mapsets.

Rename

[ 3. Select GRASS Mapset

PERMANENT
RS_Waorkshop

Mapset contains GIS data related ko ane
project, task within one project, subregion or

Rename

Hew

Delete

Start GRASS session Quit Help




Always set the computational region

File Settings

Raster Wector Imagery 3D raster

Database

Temporal  Help

(2] | & |¢ ol %] 08| 5] | corl B (ol

projection:

Clear

3 {Latitude-Longitude)

Command prompt

Log fils

( Output window

e ] |

| Clear |

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

Layers

Modules | Data | Python |

e T




Always set the computational region

@ Manages the boundary definitions for the geographic region.

Existing Bounds | Resolution | Effects | Prine | Optional | Command output | {7 Manual |

36.5

=

s

=

2

I~ Align region ta resolution (default = align to bounds, warks only for 20 resolution) (a)
Walue For the northern sdge: (n—value)

38,5
Walue For the southern edge: {s=valuz)
slue For the eastern edge: (e=value)
slue For the westarn edge: (w=value)
Walus For the top edge: (t=value)
(b=valus)

Walue For the bottom sdgs:

Shrink region unkil it mests non-hULL data From this raster map:

{zoom=name)

Adijust region cels to cleanly align with this raster map: (align=name)
cose | Run comr | b |
I™ Close dislog on Finish
Y




Always set the computational region

@ Manages the boundary definitions for the geographic region.

Existing | Bounds Resolution | Effects | Print | optional | Command output | {24 Marual |

Hurber of fows i th new regir: trows=value)

E =
Number of calumns in the new region: (cols=value)
5 |
=
orth-soUth and sast-west): {res=value)

30 grid resolution (north-south, ea:

&st and kop-bottam):

Morth-south 20 grid resolution:

(nsres=valus)
East-west 2D grid rssolution: (ewres=valug)
Top-bottom 3D grid resolution: (tbres=valus)

cose | Run Copy b |
I™ Close dislog on Finish
Y




@ Manages the boundary definitions For the geographic region,

Ezisting I Boundsl Resulutlonl Effects | Print I Optional @ Manual |

projection: 3 (Latitude-Longitude
zone: u}

datwumn: wy=54d
ellipsoid: quBq
northi: 38:30N
gouth: 36:30M
west: 1ZE

east: 16E

nSres: 0:00:00.72
EWres: 0:00:00.72
rows: 10000
cols: Z0oooo
cells: 200000000

Close | Run Copy | Help |







Time series analysis requires processing Iarge batches of input



EDCC T &

Language choices:

@ Windows command prompt cmd. exe

@ Linux bash shell script (also on MacOS)

176 O




EDCC T &

Language choices:
@ Windows command prompt cmd.exe

@ Linux bash shell script (also on MacOS)

@ python

@ python (any OS)



Language choices:

@ Windows command prompt cmd.exe

@ Linux bash shell script (also on MacOS)
@ python’

e python (any OS)

» Python scripting in GRASS session:
import grass. script as gscript



GRASS command names:

@ general commands: g.x
@ raster commands: r.x
@ vector commands v.x

@ temporal commands t.x
Start GRASS pointing to the LOCATION/MAPSET that we created:

# The location/mapset was already created
GRASS_DIR="${BASE_DIR}/grassdata /UTM3IN/camargue”
cd ${TARGET_DIR}

# Start grass

grass $GRASS_DIR

# All following commands are entered at GRASS terminal
# Import NDVI rasters
for f in 20x.tif; do

r='basename $f .tif "

r.in.gdal input=$f output="ndvi_${r}" band=1
done
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GRASS - Set Computational Region

# Get a list of all GRASS rasters

RAST_LIST='g.list rast separator=comma pattern=ndvi_x*"
# Set computational region

g.region —p rast=${RAST_LIST}

# Apply color ramp to the whole list

r.colors map=${RAST_LIST} color=ndvi

micha@RMS

Welcome to GRASS
&

python> GUI in the background, please wait
1N) Unable to fetch interface description for command ''

3] Permission denied
failed when loading. Pl sider to update your addons by running 'g.extension.all -f'

or=comna pattern=ndvi_*

o (UTMS:
(umm)
1

1
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Use map calculator to get diff between NDVI from two dates

# Compare Winter/Summer difference
r.mapcalc "season_diff = 1.0x(ndvi-20170702 — ndvi_20180123)"
r.colors season_diff color=${CODE_DIR}/diff_ramp . txt

Note: multiply by 1.0 to force REAL number, otherwise an INTEGER
raster is created






GRASS - Spatial Temporal Raster DataSet m

N
Create a new, empty Spatial-Temporal Raster Dataset ( strds)
# Create and populate space—time raster dataset
t.create output=camargue_ndvi type=strds
temporaltype=absolute title="camargue NDVI" \
description="camargue NDVI time series”

and populate with all NDVI rasters, using bash date manipulation to set
start and end times

for r in ‘g.list rast pattern=ndvi_x"‘; do
y=${r:5:4}
m=${r:9:2}
d=${r:11:2}
s_dt=%y—$m—$d
e.dt='date —d "$s_dt + 1 days" +"%Y—%m%d" "’
t.register input=camargue_ndvi maps=$r \

start=%s_dt end=%$e_dt —overwrite
done

(Sde Boker - Remote Sensing Lab) 11/06/2018 16 / 22



Set color ramp, and check info

t.rast.colors camargue_ndvi color=ndvi
t.info camargue_ndvi
t.rast.list camargue_ndvi colu=id ,6 start_-time ,hend_time



Set color ramp, and check info

t.rast.colors camargue_ndvi color=ndvi
t.info camargue_ndvi
t.rast.list camargue_ndvi colu=id ,6 start_time ,end_time

View the Timeline

g.gui.timeline strds=camargue_ndvi
g.gui.animation strds=camargue_ndvi

GRASS GIS Timeline Tool [

ndvi
- [

4 €9 dQ=n

Select space time dataset(s):

[camargue poviecamargue | =) o | wep

(7] 3D plot of spatio-temporal extents.

© (SdeBoker- RemoteSensingLab) S
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GRASS - STRDS Animation -

Shovxi STRDS as animation

e Sesings Rasir Vecor imagery 301
52 o

Data Description
rated by r.mapcalc

Comments.
S

(ndvi_20176762 - ndvi 28188123)

TN~ > []
Menu I B3 ¢ @) BmichegRus- | cRassaisu. CITIECRTEEN 1A= sadponsm
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Add Animation




Add STRDS to animation

‘Window position:

2D view ¥

o =
@M&ummu\

) Show raster legend




‘GRASS GIS Animation tool -+ x

CRNICRE-X IES = YeR)

‘Add new animation

x

o

‘Window position: topleft v

Choose the STRDS

@&aummu\

(] Showraster legend

Add space-time datase!

Space time raster dataset ¥

Input data type:

[camargue naviercamargue|

Set properties|




GRASS - Animation Result

I GRASS GIS Animation tool s

sblaa <P ln (86 = GE0

2017-04-03 2017-07-09 - 2017-07-10 2018-01-30)
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Module: t.rast.series

‘t.rast.series [temporal, aggregation, series, raster, time]
Performs different ion algorithr

&«

Il or a subset of raster maps ina space time raster dataset,

-+ x

Required Name of the input space time raster dataset:”

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

trastseries inpi

gue_t

- (input=name)
Optional | |c2margue_ndvi@camargue =) (s,
C Agaregate operationto be maps:” (method=string)
Ll Manual gddﬁv {'I
Narme for output raster map:”~ (output=name)
[ camargue_ndvi stdev ]EJ
cose | | mn | | coy | | Hep

# t.rast.series example

input=camargue_ndvi@camargue method=slope \

t

.rast.series

where="start_time >'2017—09—01 00:00' and \
start_time <'2017—-12—-31"

output=camargue_ndvi_slope_fall

11/06/2018 20 / 22
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GRASS Interpolate Missing Time slots

Linear interpolation between dates
Module: t.rast.gapfill

Pa . |
t.rast.gapfill [temporal, interpolation, raster, time]
& Replaces gaps in a space time raster dataset with interpolated raster maps.
Required Name of the input space time raster dataset:” (input=name)
Optional |tamargueindvl@camargue ‘ hd o
Command output = Basename of the new generated output maps:* (basename=string)
. ndvi_intery x
(n ) Manual | - P ‘
Close Run Copy Help
t.rast.gapfill -verbose input=camargue_ndvi@camargue where=start_time>'2017-09-01' and start_time<'2017-12-31' basename:
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GRASS Interpolate Missing Time slots

Linear interpolation between dates
Module: t.rast.gapfill

t.rast.gapfill [temporal, interpolation, raster, time]
& Replaces gaps in a space time raster dataset with interpolated raster maps.
Required Assign the space time raster dataset start and end time to the output map

Optional [5) Verbose module output
Quiet module output

Command output
P WHERE conditions of SQL statement without 'where' keyword used in the temporal GIS framework:

. Manual |star’t,ume>‘zul?rusrm‘ and start_time<'2017-12-31'

Suffix to add at basename: set 'gran’ for granularity, 'time' for the full time format, 'num' for numerical suffix
a specific number of digits (default %05):

|gran

Number of interpolation proce®s to run in parallel:

a

4w

Close Run Copy Help

t.rast.gapfill -verbose input=camargue_ndvi@camargue where=start_time>'2017-09-01' and start_time<'2017-12-31' basename:
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trast i ster, lst, time] -+ x
Q Lists registered maps of a space time raster dataset.

Required

nane |mapset |start_time|end_time
[ndvi_20170403 | canargue|2017-04-03 00:00:00|2017-04-04 00:00:00

Formatting

selecton s 20170420 | canazgue 2611-04-20 0030010
2017-06-09 00:00:00]2017-06-10 00300300
1 [rave zn!7oslzlcamargue\znl7 0612 60100100 120170513 00:00:00

[ndvi 20170907 | camargue| 2017-09-07 00300
navi_intezp_2017_05 08 | canazgue| 2017-03-05 o
ndvi_interp 201709 09| camargue | 2017-09-0
[navi~20170970 | caiargue| 2017-09-10 00:00: 00120170513 00:00:00

0:00]2017-09-12

List of maps in STRDS,
including interpolated

Inavi 20\7lﬂo7lcamargue\2m7 10-07 00200+ nmznn 10-08 00:00:00
naviinterp_2017_10_08|camargue|2017-10-0 12017-10-09
Indvi~interp 2017710 ﬂs\camaxque]zol? 10205 o 012017-10-10
[ndv1 720171070 | caargue | 2017-10-10 00:00: amzan 10-11 00:00:00
ndviinterp 2017_10_11|camargue|2017-10-11 2017-10-12 00:00:00
|ndvi_tnterp 2017710 12 10-1 -10-13 00:00:00

Lo | (o ] Lem | Lo

trastlistinput=camargue ndvi@camargue

) Close dialog on finish




GRASS GIS Timeline Tool -+ x

——

_ndvi H- -
List of maps in STRDS,
including interpolated PO - B -
20" 20 ! 20"
[#c> +a=B
Select space time dataset(s):
[Gramieecni JJ[_oemJ[_tee

(7] 3D plot of spatio-temporal extents
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