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Session Objectives

« Temporal GRASS framework

« Working with climate data
« Starting with temporal framework
« Aggregating data in new temporal dataset
* Querying the temporal dataset

» Visualizing temporal dataset
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New Space-Time functionality in GRASS 7 \/@

Temporal data processing in GRASS GIS Developer: Soren Gebbert

The temporal GIS framework in GRASS introduces three new datatypes that are designed to handle time series data:

e Space time raster datasets (strds) are designed to manage raster map time series. Modules that process strds
have the naming prefix trast.

« Space time 3D raster datasets (str3ds) are designed to manage 3D raster map time series. Modules that process
str3ds have the naming prefix t.rast3d.

« Space time vector datasets (stvds) are designed to manage vector map time series. Modules that process stvds
have the naming prefix tvect.

Temporal data management in general

Exportfimport conversion i i
List of general management modules: P P Querying and map calculation

t.rast.list

= trast extract
o t.connect » Lrast.export - trast.gapfil
o Loreate » Lrast.import : Lrastmapcale
» [ remove « trast.out.vtk e t.rast3d.mapcalc
« Lregister « Lrast.torast3 - Lrast3d.univar
« Lunregister » r3.out.netcdf - tvectimport
e tinfo « tvect.export : E-izgg-grt:iiz:ve.strds _
* Llist « tveotwhatstras Adgregation
o frast3d.list Statistics and gap filling ¢ rast o
¢ fvect.list « {rast.aggregate.ds
+ f.vect.db.select « t.rast.gapfil « trast.aggregate
» f.sample e trastunivar » f.rast.series
« t support -
« t topology

Space time datasets are stored in a temporal database. SQLite3 or PostgreSQL are supported as SQL database back
end. Connection settings are performed with t.connect. As default a sqglite3 database will be created in the
PERMANENT mapset that stores all space time datasets and registered time series maps from all mapsets in the
location.
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GRASS GIS 7.0.svn Layer Manager + _ O X Y
File Settings Raster Vector Imagery Volumes Database Temporal Help : e o A

= — — — W LA -"-i-\- = R’ HTY Y o ' -
Manage datasets ,’ = P~ e = 0 8 h: = |E @ 2D wiew b

,:'JJ [‘LjJ @; g L& IE: Lll’ LE; IEG l—ll Manage maps in datasets ’\J
/B EHRD LS e >

‘ Export >
\_/ Display 1 Convert raster dataset to volume [t.rast.to.rast3]

¥ ", boundary_county@PERMANENT

Extraction >
Query vector dataset attribute data [twvect.db.select]

terra_lst_day20020401@modis2002|st

711 ¥, aqua_lst_day20020715@modis2002]st

Raster dataset colortable [t.rast.colors]

Raster calculations [t.rast.mapcalc]

Raster3D calculations [t.rast3d.mapcalc]

Interpolate gaps in raster datasets [t.rast.gapfill]

Aggregation >

Sampling > Aggregation in raster datasets [t.rast.series]
Reports and statistics >

GUI tools R Ternporal aggregation [t.rast.aggregate]

\‘-Teanral aggregation by dataset [t.rast.aggregate.ds]

ﬁl 100 km
Map layers| Command console (...) | Search modules | Python shell \ L
|t.rast.neighbor5 -- Performs a neighborhood analysis for each map in a space time raste |6109?2.12; 138383.83 | Coordinates v

Temporal GRASS (TGRASS) menus
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Gebbert, S., Pebesma, E., 2014. TGRASS: A temporal GIS for field based
environmental modeling. Environmental Modelling & Software 53, 1-12. (DOI)
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New Space-Time functionality in GRASS 7

imeline Too
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Select space time dataset(s):

|abstmean@timeseﬁes,tmean@timeseries,precip_absa@||E|| Draw |

[ 3D plot of spatio-temporal extents

Screenshot: S Gebbert/A. Petrasova

g.gui.timeline: show raster, vector and raster3D maps

in a space time dataset

Gebbert, S., Pebesma, E., 2014. TGRASS: A temporal GIS for field based
environmental modeling. Environmental Modelling & Software 53, 1-12. (DOI)
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Exercise - GRASS GIS 7 with Piemonte climate data\V’

v GRASS GIS 7.0.4 startup - + X

( 8ldSS¢
Bringing advanced geospatial technologies to the world

1. Seleck GRASS GIS database directory

/home/user/grassdata Browse
2. Select GRASS Location 3. Select GRASS Mapset
piemonte New modis_Ist_monthly New
orbassano
Rename Rename
PERMANENT
Delete useri Delete
| StartGRASSsession | & [2Quit ? Help
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Exercise - Temporal support in GRASS GIS 7

Wectaor

GRASS GIS 7.0.0svn Layer Manager
Imagery ‘olumes Database Temporal Help
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o

Manage datasets

Manage maps in datasets »
Import »
Export »

Corvert raster dataset to volume [t.rast.to.rast3]

Extraction »
Query vector dataset attribute data [t.wvect.db.select]

Raster dataset color table [t.rast.colors]

Raster calculations [t.rast.mapcalc]

Raster3D calculations [t.rast3d.mapcalc]

Interpolate gaps in raster datasets [t.rast.gapfill]
Aggregation

Sampling

Reports and statistics

GUI tools

wWOW W W

Y (o .
Create [t.create]

Renarme [t.rename]

Fermove [t.remove]

Update metadata [t.support]

Merge [t.merge]
Temporally shift  [t.shift]

Snap maps of dataset [t.snap]

List [t.list]

A4

GRASS GIS 7.0.0svn Map Display: 1 -Location: nc_climate_spm_2000
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Exercise - Temporal data creation: Temp+Precip W'

Q t.create [temporal, map management, createl
%‘ Creates a space time dataset.
Required = Optional Cemmand output =+’ Manual
Mame of the output space time dataset: (output=name)
tempmean hd lE.
Semantic type of the space time dataset: (semantictype=string)
mean v
Title of the new space time dataset: (title=string)

Average temperature

Description of the new space time dataset: (description=string)

Monthly temperature average in NC [deg C]|

(think: “empty conta

3 Close Run =k Copy Help

| Close dialog on finish

t.create output=tempmean semantictype=mean title=Average temperature

Defining the structur

Q t.create [temporal, map management, createl

Creates a space time dataset.

W
, .. | -
Required =~ Optional = Command cutput =« Manual
1 Allow output files to overwrite existing files (overwrite)
"~ “erbose module output (verbose)
"1 Quiet module output (quiet)
The output type of the space time dataset: (type=name)
strds v
The temporal type of the space time dataset: (temporaltype=name)
absolute v

e of the temporal dataset
iner to be created”)

3 Close Run Ik Copy Help

| Close dialog on finish

t.create output=tempmean semantictype=mean title=Average temperature

t.create output=tempmean type=strds semantictype=mean temporaltype=absolute \
title="Average temperature" description="Monthly temp. avg in Piemonte [deg C]"
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Exercise - Temporal data registration: Temp \/&2
Registering the existing raster maps into yet empty STRDS datasets:

1) Temperature data

# list TEMP raster maps with g.list

g.list type=raster mapset=. pattern="Ist*average”

# ... If ok, then save to file for t.register

g.list type=raster mapset=. pattern="Ist*average” output=maps_tempmean.txt

t.register -i input=tempmean type=rast start=2004-01-01 increment="1 months" \

file=maps _tempmean.txt

# get some info
t.rast.list input=tempmean

# more possibilities how to list maps

t.rast.list input=tempmean \
columns=name,start_time,end_time \
method=gran granule="1 years"

If g.list cannot write into “output”:

L3 GRASS GIS 7.0.0svn Layer Manager +
File Settings Raster ‘ector Imagery “olumes Database Temporal Help

Region BN N O |
GRASS working environment . Mapset access [g.rmapsets]

Map projections » User access [g.access]

4 r |
r I;‘s
E f

r

Addons extensions »  Change working environment  [g.m:
Change location and mapset

[%| Preferences
— Change mapset

Change working directory

Show settings [g.gisenv -n]

Change settings [q.qisenv]
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Exercise - Time series analysis

# univariate statistics (use where to limit output)
t.rast.univar tempmean where="start _time > '2010-01-01"' " -h

# aggregate time series by years
t.rast.aggregate -s input=tempmean output=tempmean_year\
base=Ist_year granularity="1 year" method=average

# get information about the aggregate:
t.info tempmean_year
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Exercise - Time series analysis

# extract June months and convert to degree Celsius from originally scaled °C * 100

# strftime('%m’, start_time) returns the month of the map start timestamp
# note: it is not a GRASS GIS function but SQL function (here: SQLite)
# ... and it use multiple cores

t.rast.extract input=tempmean where="strftime('%m’, start_time)='06""\
expression="tempmean / 100.0"\
output=tempmean_june base=tempmean_june nprocs=4

%
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Exercise - Time series analysis \/@

# get temperatures for the city of Torino, Italy

# either add UTM32N coordinates line to a file point.txt

# or add it 'interactively' in the v.in.ascii dialog

echo "395629,4991881" > point.txt

v.in.ascii -t input=point.txt output=torino separator=comma

# create a vector map and space-time vector dataset with values of temperature of Torino
t.vect.observe.strds input=torino strds=tempmean \

output=torino_tempmean \

vector_output=torino_tempmean_stvds column=tempmean

# list temperature values
t.vect.db.select input=torino_tempmean columns=tempmean \
separator=, where="cat = 1"
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Exercise - Time series analysis

# create a vector map with values of summer temperature in Torino
v.what.stvds input=torino strds=tempmean_year output=torino_year

# list temperature values
db.select input=torino_years
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Exercise - Time series analysis

# show plot temporal datasets related to a point

g.qui.tplot strds=tempmean coordinates=395629,4991881

GRASS GIS Temporal Plot Tool

OO + @

[STRDS sTvDS

Raster temporal dataset (strds)
Ist_monthly@modis_lst_monthly
Xand Y coordinates separated by comma:
395629,4991881

Draw Help
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Exercise - Time series analysis \/@

# show plot of min and max values

# first run t.rast.list and copy output to a file (you should set working

# directory from menu beforehand)

t.rast.list -h input=tempmean_year columns=start_time,min,max separator=comma

t.rast.list -h input=tempmean_year columns=start_time,min,max \
separator=comma > output.txt

# now go to Python shell tab in the wxGUI and type

import matplotlib.pyplot as plt

plt.plotfile("output.txt", cols=(0,1,2), delimiter=',', subplots=False)

plt.show()
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Exercise - Timeline of the time series

# the 2D and 3D plot are zoomable (lense and right mouse button, respectively)

g.gui.timeline -3 inputs=Ist year,Ist june

GRASS GIS Timeline Tool

200 ++ @@

Select space time dataset(s):
hly,lst_year@modis_lst_monthly|MINeIE\AIN =115
¥ 3D plot of spatio-temporal extents

A4
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Exercise - Visualizing the time series: Animation

# display animation of temperatures
# display legend, set min, max values in legend from t.info

t.info tempmean_year
g.gui.animation strds=tempmean_year

GRASS GIS Animation tool

A4
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Exercise - Visualizing the time series: Animation \/@

# export animation to GIF file

1706

1031

356
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