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GRASS GIS

@ GRASS Geographic Resources Analysis Support System
@ Multipurpose raster, 3D raster and vector based GIS
@ Developed 1982 - 1995 at CERL in lllinois/USA

@ Since 1999 open source under GPL license with active
international development community

@ Very modular, provides GUI, command line and batch
processing support

@ About 500 modules for management, processing, analysis
and visualization of geographical data are available
(GRASS version 7 2013 Aug.)
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Raster processing

Slope, Aspect
Exposition

spatial aggregation
Map algebra

Spline Interpolation
Principal components

.:.
‘@ | THUNEN

Soren Gebbert 2013 GRASS as Temporal GIS



Introduction
Time in GRASS GIS
Temporal Modules

Vector processing

Generalize, Buffer
@ Patch,Overlay,
Select,Extract
Shortest Path

Traveling salesman
problem

Delaunay, Voronoi
triangulation
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Why a temporal GIS?

We need to model and assess GHG emissions, Soil Organic
Carbon (SOC) change and Land Use Change (LUC) at
continental scale with different spatial and temporal resolutions

Crop rotation
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GH_G Emi§sion
Simulation

Water table D

iljifi} o tote ts te b5 te U7

ot ots et te b7
Séren Gebbert 2013 GRASS as Temporal GIS

Methan emission

.:,
‘@ | THUNEN



Introduction
Time in GRASS GIS
Temporal Modules

Why reinventing the wheel?

CDO PENNSTATE

PCRaster v GeoVISTA ¢

® st
Terralib ESTAT

GeovlIs

Temporal Analyst
for ArcGIS

STEMgis
MaPPing Jn Time

Available temporal GIS and related multi purpose
environmental modeling solutions do not fit our needs
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Temporal GRASS GIS goal

@ Development of the first comprehensive field based
temporal GIS

@ Efficient management, processing, analysis and
visualization of large spatio-temporal fields and their
interactions

@ Providing interoperability between sophisticated
spatio-temporal analyzing tools like CDO, R and ParaView

@ Creating an intuitive object oriented spatio-temporal
framework
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What is a field based temporal GIS?

Two important Temporal GIS classifications (Goodchild 1989,
Heuvelink 1998)

a) Temporal GIS dealing with objects like points, lines, arcs,
areas that represent geometrical or topological features in
space and time

b) Temporal GIS dealing with fields, natural, social or
epidemiological. Their attribute data representing the
distribution of temperature, precipitation, hydrological or
ecological patterns in space and time

We use the field based approach in GRASS GIS.
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Temporal GRASS GIS concept

@ Do not break the existing GRASS GIS functionalities and
assure backward compatibility

@ Follow the UNIX paradigm, create small modules for a
specific purpose and combine them to manage complex
tasks

@ Design time support for the existing datatypes: raster, 3D
raster and vector map layers

@ Design new spatio-temporal datatypes, space time
datasets, that manage time series data

@ Reuse existing raster, 3D raster and vector modules to
process space time datasets
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Temporal GRASS GIS concept

Spatio-Temporal
GIS Modules

?
v v

Temporal GRASS Modules
GIS Python API GRASS Python API

Temporal

Database -
Defintion Temporal Spatial Attribute

Database Database Database
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Temporal relationships

Supported temporal relationships (Claramunt and Jiang 2001).

|
| —
before N
precedes N
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Temporal GRASS GIS concept

@ Use interval time and time instances of absolute
(Gregorian calendar) and relative time (years to seconds)

@ Use a SQL database to store the temporal and spatial
extent of space time datasets, map layers and their
metadata

@ Use the SQL database to store relations between maps
and space time datasets

@ Implement a comprehensive object oriented temporal
framework

@ Implement new GRASS modules based on the temporal
framework for managing, processing and analyzing of
space time datasets
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Base information

Temporal extent

Spatial extent

id name | mapset id start | end id north | south |[east [ west
ds@test| ds test s@test| 2001 |2004.06 s@test| 100 10 70 0
100
Map register 2005 7 D
id 2004
A@test -
2003
B@test C
C@test 2002 B
D@test A B
2001 7
20007 1A
10

70
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Modules to manage space time datasets

t.create
Create a space time dataset

t.register

Assign time stamps and register raster, vector or voxel map
layers in a space time dataset

t.unregister
Unregister map layers from space time datasets

t.remove
Remove space time datasets

tHUNEN
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t.register

' Registers raster, vector and raster3d maps in a space time datasets,

Input ‘ Time Date | Optional ‘ Command output |« Manual |

Name of the input space time dataset: (input=name)
|precwpitatmn_1950_201l_momthly@PERMANENT jﬂ

[multiple] Name of the input maps: (maps=name)
| El

Type of the input map: (type=name)

|ra5t J

Input file with map names, one per line. Additionally the start time and the end time can be  (file=name)
specified per line:

|!1fsoerenfgrassdatafECADlaccumulatmr’v‘.tmpfsarangifeag‘0 Browse

or enter values interactively

precipitation_monthly_726|2010-07-01|2010-08-01
precipitation_monthly_727|2010-08-01|2010-09-01
lprecipitation_monthly_728|2010-09-01|2010-10-01 I
lprecipitation_monthly_729|2010-10-01|2010-11-01
Inrecinitation monthiv 73012010-11-011201 0-17-01

Load ‘ @Speichern gnter‘

%Sghhefien ‘ Bun Kopieren | ;;ﬂﬂfa |

t.register input=precipitation_1950_2011_monthly@PERMAMENT file=/1/soeren/grassdata/ECAD/accumulati
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Modules to manage space time datasets

t.support
Modify the metadata of a space time dataset

t.topology

Shows and checks the temporal topology of a space time
dataset

t.shift
Temporally shift a space time dataset

t.snap
Create a valid temporal topology of a space time dataset
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Modules to process space time raster datasets

t.rast.list

List registered raster map layers. Support SQL WHERE
statements as well as methods like: list by time order or list by
granularity

t.rast.series

Performs different aggregation algorithms on all or a subset of
raster map layers in a space time raster dataset

t.rast.extract

Extract space time raster datasets from an existing STRDS
using SQL WHERE statements and map-calculation
expressions.
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Modules to process space time raster datasets

t.rast.mapcalc
Spatio-temporal raster algebra

t.rast.aggregate

Temporally aggregate a space time raster dataset using
different statistical aggregation methods

t.rast.univar

Calculates univariate statistics for each registered raster map
layer of a space time raster dataset
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@ Temporally aggregates the maps of a space time raster dataset by a user defined
granularity.

Required “ Optional ” Command output ” @Manuall

Name of the input space time raster dataset: (input=name)
[precipitation71950720117monthly ]@
Name of the output space time raster dataset: (output=name),

[precipibatiun_wsn_zm1_yearly

Name of base raster map: (base=name),

[precip_yearly

Aggregation granularity, format absolute time "x years, x months, x weeks, x (granularity=string)
days, x hours, x minutes, x seconds" or an integer value for relative time:

[1 year ]
Aggregate operation to be performed on the raster maps: (method=string)
sum | - ]

schliegen | | Run | | kopieren | | hilfe |

[T Close dialog on finish

| t.rast.aggregate input=precipitation_1950_2011_monthly output=precipitation_1950_2011_year
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Space Time Raster Dataset

Basic information

|

D precipitation_1950_2011_yearly@PERMANENT
| Name: ....iiiininiininnnnnnnn. precipitation_1950_2011_yearly

| Mapset: ......... ... PERMANENT

| Creator: ..............uo..n soeren

| Creation time: ............. 2013-09-18 13:35:16.243647

| Temporal type: ............. absolute

| Semantic type:.............. mean

Absolute time
1950-01-01 00:00:00
2012-01-01 00:00:00
1 year

interval

Metadata information




Metadata information

Raster register table:...
North-South resolution mi
North-South resolution max:. 1.0
East-west resolution min:... 1.0
East-west resolution max:... 1.0

Minimum value max
Maximum value min

Number of registered

Title:

Yearly precipitation 1950 - 2011

Description:

Yearly precipitation 1950 - 2011 in [0.1 mm]

Command history:

# 2013-09-18 13:35:16

t.rast.aggregate
input="precipitation_1950_2011_monthly"
output="precipitation_1950_2011_yearly" base="precip_yearly"
granularity="1 year" method="sum"

# 2013-09-18 14:28:35

t.support in="precipitation_1950_2011_yearly"
title="Yearly precipitation 1950 - 2011"
descr="Yearly precipitation 1950 - 2011 in [0.1 mm]"

precipitation_1950_2011_yearly PERMANENT raster_register
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t.rast.aggregate + t.rast.extract + t.rast.univar + R

Seasonal mean temperature trend of the
temperate European climate Zone from 1950 — 2010

—e— Summer temperature, linear regression slope 0.019
-G- Fall temperature, linear regression slope 0.006
- Spring temperature, linear regression slope 0.023
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Import and Export of space time raster datasets

t.rast.export and t.rast.import
Raster map Temporal Loclaugn
projection
database database
database
r.out.gdal T t.rast.list T .
. tinfo tcreate 9g-proj
l r.m.‘gdal ‘ t.register
|
= - prec_1950_2010.tar.gz
For import and export tif Time stamps and Projection L prec 1950 2010
files are used. Filename is meta data, are information plecs -
raster name with .tif suffix.  store in text files text file proj.txt
time.txt
ALtif
A Start End - ‘!
B Strt End Er B.tif
C Stat End C.tif
D Start End PR .
Adif - CAif  Edif E Start End D.tif
B.if D.tif E.tif
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Modules to process space time vector datasets

t.vect.list

Lists registered vector map layers of a space time vector
dataset

t.vect.extract

Extracts a subset of a space time vector dataset. Supports
SQL WHERE queries for metadata and attributes.

t.vect.univar

Calculates univariate statistics of attributes for each registered
vector map layer of a space time vector dataset
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Modules to process space time vector datasets

t.vect.db.select

Prints attribute data of vector map layers of a specific space
time vector dataset

t.vect.observe.strds

Observe specific locations in a space time raster dataset over a
period of time using vector points

t.vect.what.strds

Store values of raster map layers at spatial and temporal
positions of vector points as vector attributes
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Seasonal mean temperature trend of Berlin from 1950 - 2010

—e— Summer temperature, linear regression slope 0.023
-~ Fall temperature, linear regression slope 0.011
o Spring temperature, linear regression slope 0.034

Temperature in degree Celsius

T T T T T T
1950 1960 1970 1980 1990 2000 2010
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Import and Export of space time vector datasets

t.vect.export and t.vect.import

Location
Vector map Temporal o
projection
database database
database
v.out.ogr T t.vect.list T X
vin.ogr tinfo tcreate 9-proj
. ‘.g ‘ t.register
|
- - prec_1950_2010.tar.gz
For import and export tif Time stamps and Projection L prec 1950 2010
files are used. Filename is meta data, are information plecs -
raster name with .gml suffix.  store in text files text file proj.txt
time.txt
A.gml
A Start End -
B Start End tar + gzip B.gml
C Start End C.gml
D Start End PR g
Agml  Cgml Egml E Start End D.gml
B.gml D.gml E.gml
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Modules to process space time raster 3D datasets

t.rast3d.list
List registered 3D raster map layers.

t.rast3d.univar

Calculates univariate statistics from the non-null cells for each
registered 3D raster map layer of a space time raster 3D
dataset

t.rasedt.mapcalc
Spatio-temporal raster 3D algebra

t.rast3d.extract

Extract space time raster 3D datasets from an existing
STR3DS using SQL where and r.mapcalc queries. TONEN
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Animation with g.gui.animate

Dk 4> B8 S D

temperature_celsius_ 36@PERMANENT precipitation_mm_36@PERMANENT
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Comparison of two maps with g.gui.mapswipe

K SW‘peme{:lg

precipitation_mm_36@PERMANENT precipitation_mm_37@PERMANENT
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temperature_monthly@Martin_import

eu_Cin_amend_tCh@Martin_import

eu_Cin_shoots_tCh@Martin_import

eu_Cin_roots_tCh@Martin_import

plantids@Martin_import

Cid & I i o o o o

fro0+[- 8@

o

Select space time dataset(s):

's@Maanmpun‘euj\nimn(s’tCh@Maanmpan.euicmisj Draw Help

[ 3D plot of spatio-temporal extents
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