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Conferences and Exibitions

The summer school GEOSTAT 2009
Spatio-temporal data analysis
with R + SAGA + Google Earth

Medliterranean Institute for Life Sciences (MEDILS), Split, Croatia, May 3-10, 2009

In the nice location of MEDILS, which
is located on the southern hills of Marjan
Mt. in Split, the summer school Spatio-
temporal data analysis with R+SAGA+
Google Earth (shorter title GEOSTAT
2009) was held in the period 3-10 May
2009. The course moderators were Rog-
er S. Bivand (Norwegian School of Eco-
nomics and Business Administration),
Tomislav Hengl (University of Amsterdam)
and Olaf Conrad (University of Hamburg).

Generally, the GEOSTAT s training
course initiated by T. Hengl, which is run
1-2 times a year at different locations in
Europe in collaboration with a group of
colleagues (Gerard B. M. Heuvelink, Edz-
er Pebesma, Victor Olaya Ferrero, Rog-
er Bivand, Olaf Conrad and Alexander
Brenning). GEOSTAT aims at PhD stu-
dents and young professionals interest-
ed in using open source packages for
combined statistical computing and geo-
graphical analysis. It is relative intensive
(the lectures from 9:00 until 18:00, and
additional evening blocks 20:00-22:00)

and user-oriented course, i.e. workshop
created by participants. About 70 % of
training was done in R language (http:/r-
project.org), which has become some kind
of standard for statistical computing in
researching community. The rest of train-
ing had been performed by open source
SAGA GIS package.

The school was organized in one of
the seminar room MEDILS buildings, of-
fering all comfort for good lecturing pro-
gramme. Moreover, the objective of the
summer school was to promote use of
open source tools for the analysis of spa-
tio-temporal data. The course goals in-
cluded a balanced combination of theo-
retical and hands-on-software training (R
and open source GIS), one-day workshop
where participants could presented own
case studies from the field of geostatis-
tics and fieldtrip at the island of Brac.
Generally, the lecturing programme was
organized in four days (from Monday to
Thursday).

Fig. 1. Participants of the GEOSTAT 2009 Summer School, May 3-10,
MEDILS, Split (Photo by Jaime Ricardo Garcia Marquez, University of
Bonn, Nees Institute for Biodiversity of Plants, Germany)

Slika 1. Sudionici ljetne $kole GEOSTAT 2009, 3-10. svibnja, MEDILS,
Split (snimio Jaime Ricardo Garcia Marquez, SveuciliSte u Bonu, Institut
za bioraznolikost biljaka 'Nees', Njemacka)
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Day 1

The course started with a welcome
note by B. Zargovié¢ (representing
MEDILS) and by T. Hengl (representing
course moderators). It was followed by R.
Bivand introduction in basic concepts and
representing spatial data in R. The after-
noon session included selected demos
that illustrated using the Gambia data set
from the geoR package plus supplemen-
tary data (R. Bivand). Principles of how
and why were spatial classes are de-
signed in R, and how does this reflect on
spatial analysis are given. O. Conrad in-
troduced SAGA (System for Automated
Geoscientific Analyses) program, i.e.
shown spatial analysis made by SAGA as
the open source GIS fully controlled from
R. T. Hengl gave short review of Google
Earth as the most popular browser for
geographical data. The evening session
(“Baby steps in R”) was optional for all
participants without experience in R.

Day 2

The second day had been focused on
geostatistical mapping and use of geosta-
tistical tools in environmental monitoring.
It stared with lecture Geostatistical map-
ping theory (T. Hengl) and emphasise on
regression kriging as interpolation tech-
nique, followed by interpolation of point
samples and export of maps to Google
Earth (T. Hengl). Also gstat package had
been introduced to participants as the one
of the most famous geostatistical tool. The
afternoon session was organized as in-
terpolation exercise of the Meuse case
study (located in the Netherlands), and
led by T. Hengl and R. Bivand. The final
maps were exported to KML (Google
Earth file), to allow the interpretation of
geographical locations of analysed vari-
able.

Day 3

The program was run by R. Bivand,
who first gave lecture Representation in
time and space, describing the fact that
observation in time present different rep-
resentational issue from those in space
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Skupovi i izlozbe

Ljetna Skola GEOSTAT 2009

Prostorno-vremenska analiza podataka

upotrebom programa R, SAGA i Google Earth
Mediiteranski institut za istraZivanje Zivota (MEDILS), Split, 3-10. svibnja 2009.

Na lijepoj lokaciji MEDILS-a, koji se
nalazi na juznim obroncima Marjana u
Splitu, odrZana je ljetna 8kola Prostorno-
vremenska analiza podataka upotrebom
programa R, SAGA i Google Earth (skra-
¢eno GEOSTAT 2009), u razdoblju od 3.
do 10. svibnja 2009. Moderatori Skole bili
su Roger S. Bivand (Norveska $kola za
ekonomiju i poslovnhu administraciju), To-
mislav Hengl (Sveuciliste u Amsterdamu)
te Olaf Conrad (Sveuciliste u Hamburgu).

Opcenito, GEOSTAT je radionica koju
je pokrenuo T. Hengl, a odrzava se 1-2
puta godiSnje na razliCitim lokacijama u
Europi. Rezultat je to suradnje skupine
kolega (Gerard B.M. Heuvelink, Edzer
Pebesma, Victor Olaya Ferrero, Roger
Bivand, Olaf Conrad i Alexander Brenn-
ing). Programom ta Skola kao ciljnu skupi-
nu izdvaja doktorande i mlade znanstve-
nike koji su zainteresirani u svome radu
upotrebljavati slobodne programe namije-
njene statistiCkim i geografskim analiza-
ma. Radi se o relativno intenzivnoj koli
(predavanja se odrzavaju od 9 do 18 sati,
a vecernje vijezbe od 20 do 22 sata), Ciji
je program prilagoden sudionicima koji
sami kreiraju radionicu. Oko 70 % vjezbi
radi se u programskom jeziku R (http://r-
project.org), koji je postao svojevrstan
standard za statisticke analize u istrazi-
vackoj zajednici. Ostatak vjezbi izvodi se
u, takoder slobodnom, GIS paketu SAGA.

Skola se odrzavala u seminarskoj
sobi unutar zgrade MEDILS-a. Prostor je
pruzio sve pogodnosti za odrzavanje
predavanja zahvaljujuéi rasporedu, opre-
mi i klimi. Cilj Skole bio je promoviranje
slobodnih programskih alata u kojima je
moguce naciniti prostorno-vremensku
analizu podataka. To je ukljucilo pazljivo
odabranu kombinaciju teorijskih dijelova
i prakticnih vjezbi, jednodnevnu radionicu
na kojoj su sudionici mogli prikazati svoje
vlastite radove u podrucju geostatistike te
terenski izlet na otok Bra¢. Predavanja i
vjezbe moderatora Skole bila su organi-
zirana tijekom Cetiri dana (od ponedijeljka
do Cetvrtka).

1. dan

vSkqu su otvorili pozdravnim govorima
B. Zagrovi¢ uime MEDILS-a i T. Hengl u

ime moderatora. Nakon toga je R. Bivand
u uvodnom predavanju prikazao temeljne
postavke rada i prikaza prostornih poda-
taka u R-u. Poslijepodnevni program
ukljucio je odabrane pokazne skupove po-
dataka koji su obradeni paketom geoR.
Prikazane su osnovne postavke koje su
opisale kako i zasto su prostorne klase
definirane u R-u, te kako se to odrazava
na prostornu analizu. O. Conrad je prika-
zao paket SAGA (Sustav za Automati-
ziranu Geoznanstvenu Analizu), zatim
prostorne analize koje su nacinjene s tim
slobodnim programom (otvoreni kod) za
GIS koji je moguée potpuno kontrolirati iz
R-a. T. Hengl je dao kratak pregled pro-
grama Google Earth, koji je danas naj-
popularniji pretraziva¢ za geografske po-
datke. Vecernji termin je obuhvatio vjez-
banje pocetnih koraka u R-u, a prireden
je za sve sudionike koji nisu imali iskustva
rada u tom programu.

2. dan

Program je bio usmjeren na upotrebu
geostatistickih alata u pracenju varijabli

izmjerenih u okoliSu. Prvo je T. Hengl odr-
Zao predavanje Teorija geostatistickog
kartiranja stavivsi naglasak na interpo-
lacijsku tehniku regresijskog krigiranja.
Nakon toga nacinjena je interpolacija
nekoliko tockastih podataka, a dobivene
karte su bile transformirane u oblik dos-
tupan preko programa Google Earth (T.
Hengl). Sudionicima je prikazan i paket
gstat, koji je danas jedan od najpoznatijih
geostatistickih alata. Poslijepodnevni dio
je obuhvatio vjeZbanje interpolacije na
podatcima prikupljenim oko rijeke Meuse
u Nizozemskoj, a vodili su ga zajednicki
T. Hengl i R. Bivand. Zavréne karte su
transformirane u oblik zapisa KML, koji je
moguce procitati programom Google
Earth, §to je omogucilo uvid u geografski
smjestaj lokacija analizirane varijable.

3. dan

Program je vodio R. Bivand, a zapo-
Ceo je predavanjem Predstavijanje (poda-
taka) u vremenu i prostoru. Naglasena je
Cinjenica da je prikaz u vremenu drugadiji
od prikaza u prostoru (tzv. prostorno-vre-

Fig. 2. The working atmosphere at GEOSTAT school

(photo by Jaime Ricardo Garcia Marquez, University of Bonn,
Nees Institute for Biodiversity of Plants, Germany)

Slika 2. Radna atmosfera unutar ucionice Skole GEOSTAT

(shimio: Jaime Ricardo Garcia Marquez, Sveuciliste u Bonu,
Institut za bioraznolikost biljaka 'Nees', Njemacka)
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Fig. 3. Photo by M. E. Gil Biraud (http://www.flickr.com/photos/mgilbir/)
Slika 3. Snimio M. E. Gil Biraud (http://www.flickr.com/photos/mgilbir/)

(so called spatio-temporal classes). It
gave look at various case studies from
areal panels, monitoring interpolation,
surveillance, tracks, point patterns etc. In
the afternoon session the participants
were split in five groups, where they
trained to use spatial classes on different
dataset and to try to extend/improve the
analysis (applying R package). In the
evening block, a spatio-temporal interpo-
lation exercises using temperatures in
Croatia (123 meteorological stations over
365 days) was demonstrated.

Day 4

This last day of the summer school
was focused using error propagation tech-
nique for improving DEM analysis. Theo-
retical review was given by T. Hengl ex-
plaining the theory of error propagation,
main principles and benefits of using it in
GIS. Itis presented how to generate mul-
tiple DEMs using error propagation, then
to derive drainage network in SAGA GIS,
and eventually generate a probability map
of drainage network. The exercise was
organized on the Baranja Hill dataset that
O. Conrad processed in SAGA. Together
with T. Hengl, he also explained the com-
bining of GIS and statistical analysis (with
examples from R+SAGA/ILWIS/GRASS).

Workshop

The programme of the workshop was
created by the participants. Everybody
had a chance to present some specific
research problem and then got some live
feedback from others. The workshop was
moderated by Roger Bivand and Tomis-
lav Hengl, which also gave some live feed-
back and suggested solutions. The pre-
sented topics from participants had the
following titles: Change detection using
MODIS EVI images, Interpolation of po-
rosity values by kriging, Automatic Inter-
polation of LIDAR canopy values using
automap, Time series analysis of irregu-
lar data, Interpolating distribution and
abundance data lowa agricultural diver-
sity: Moving from a spatial mode to a spa-
tiotemporal model, Modelling Pattems of
Plant Diversity (Richness) in West Africa,
Statistical analysis of global avian influ-
enza spread and Vegetation pattems in
Southem Kyrgyzstan’s walnut forests and
summer pastures.

Fieldtrip

The final part of school program, or-
ganized on Saturday 9th, was the excur-
sion on the island of Bra¢. The tour was
organized by bus, mostly crossed the

KiG 2009, 11

island in the north-south direction and in-
cluding the visit of the monastery Pustin-
Jja Blaca, founded in 1588 from the catho-
lic Croatian monks that came on the Bra¢
retreating from the Turks from Poljica
County, eastern from Split. The last priest
was Nikola Mili€evi¢ who organized Eu-
ropean well known astronomical observ-
atory inside the monastery and published
his discoveries in the journal published in
Vienna Astronomische Nachrichten (in
German) in the first part of the 20th cen-
tury. He even discovered in 1941 new star,
naming this object as Croatia, but it nev-
er was officially recognized. The excur-
sion was continued by visiting Vidova
Gora, the highest peak on the Croatian
islands, and driving to small town Bol with
famous shape-changing sand beach.

Conclusions

This summer school offered many
benefits to their participants, especially
interactive team work, and can be recom-
mended for any geoscientist interested in
spatio-temporal interpolation and estima-
tion in future. The moderators gave the
best and excellent led entire program as
well as group of 24 (9 from Croatia) par-
ticipants. For everybody interested in
school's atmosphere, the large number of
photos is available at http://www.flickr.
com/photos/mgilbir/ (photos taken by
Miguel Eduardo Gil Biraud).

It is necessary to point out that the
GEOSTAT program included large
number of open source programs that
could be, very successfully, applied in
spatial data analysis and GIS. Two of
them are presented in details through
many exercises (R and SAGA). The qual-
ity of such programs is often similar or
equal to many commercial packages for
similar purpose, but with the price of sev-
eral hundreds or thousands euro. Itis why
it could be very useful to consider appli-
cation of these open sources in Croatian
universities or public institutes where sim-
ilar analysis are regularly performed, and
in such way to make possible for large
number of users independently perform-
ing advanced statistical, cartographic or
other (GIS) analyses of own datasets.

Tomislav Malvi¢



KiG 2009, 11

menski razredi). Prikazane su razlicite stu-
dije prostornih prikaza, interpolacije, pra-
¢enja svojstava podataka u prostoru, nji-
hova rasporeda itd. Poslijepodne su po-
laznici bili podijeljeni u pet skupina u ko-
jima su vjezbali upotrebu prostornih klasa
na razli¢itim skupovima podataka. Upotre-
bom programa R pokusali su proSiriti i po-
bolj$ati analizu. U ve€ernjem terminu
odrZana je vjezba s prostorno-vreme-
nskom interpolacijom podataka o mjere-
nju temperatura u Hrvatskoj sa 123 mete-
oroloske postaje tijekom 365 dana).

4. dan

Posljednji dan bio je usmjeren na upo-
trebu tehnike rasprostiranja pogrjeSke u
cilju pobolj$avanja analiza digitalnih mo-
dela reljefa (DMR). Teorijsku podlogu,
glavne postavke te koristi uporabe u GIS-
u prikazao je T. Hengl. Polaznici su na
testnom skupu upoznati s nacinom stva-
ranja viSestrukih DMR-ova, opisivanjem
drenaznog sustava u SAGI te stvaranjem
vjerojatnosnih karata za takvu mrezu.
Podatke o visinama na podru¢ju Baranj-
skoga brda u SAGI obradio je O. Conrad.
Na kraju, T. Hengl i O. Conrad objasnili
su kombiniranje statisti¢kih analiza i GIS-
a uz primjere upotrebe programa R,
SAGA, ILWIS i GRASS.

Radionica

Program radionice oblikovali su sami
polaznici. Svatko je imao priliku prikazati
svoj vlastiti istraZivacki problem i nakon
toga dobiti povratnu informaciju od nazo¢-
nih kolega. Radionicu su vodili Roger Bi-
vand i Tomislav Hengl, koji su takoder dali
komentare i odredene savjete za pobolj-
Savanje prikazanih analiza. Sudionici su
prikazali brojne teme svojih istrazivanja,
kao Sto su primjerice (naslovi su izvorno
dani na engleskom jeziku): Change detec-
tion using MODIS EVI images, Interpola-
tion of porosity values by kriging, Auto-
matic Interpolation of LIDAR canopy va-
lues using automap, Time series analysis
of irregular data, Interpolating distribution
and abundance data lowa agricultural
diversity: Moving from a spatial mode to
a spatiotemporal model, Modeling
Pattems of Plant Diversity (Richness) in
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Fig. 4. Photo by M. E. Gil Biraud (http://www.flickr.com/photos/mgilbir/)
Slika 4. Snimio M. E. Gil Biraud (http.//www.flickr.com/photos/mgilbir/)

West Africa, Statistical analysis of global
avian influenza spread and Vegetation
pattems in Southem Kyrgyzstan’s walnut
forests and summer pastures.

Terenski izlet

Posljednjega dana Skole, u subotu 9.
svibnja, organizirana je ekskurzija na otok
Brag. Put je ukljucio voznju autobusom
po otoku, kojom se proslo cestom sa sje-
verne na juznu stranu. Posjecen je pozna-
ti samostan Pustinja Blaca, $to su ga
1588. utemeljili katolicki svecenici koji su
na Bra€ izbjegli pred turskom najezdom
u podrucje Poljica (Poljicka republika),
smjesteno istocno od Splita. Posljednji
svecenik bio je Nikola Milicevi¢ koji je u
samostanu vodio europski poznat astro-
nomski opservatorij, a svoja je otkrica ob-
javljivao u beckom glasilu Astronomische
Nachrichten na njemackom jeziku u prvoj
polovici 20. st. Godine 1941. ¢ak je otkrio
novu zvijezdu kojoj je dao ime Croatia,
no to otkri¢e nikada nije sluzbeno zabilje-
zeno. |zlet je nastavljen putom na Vidovu
Goru, najvisi vrh na hrvatskim otocima,
te nakon toga, spustanjem u gradi¢ Bol
na juznoj obali Bra€a, poznat po svojoj
pjesS€anoj plaZi koja mijenja svoj oblik,
odnosno polozaj.

Zakljuéak

Ljetna 3kola je polaznicima pruZila
brojne pogodnosti, medu kojima je mozda
najvec¢a mogucnost rada u viSeclanim
skupinama. Njezino pohadanje svakako
se moze preporuciti svim geoznanstve-
nicima zainteresiranima za prostorno-
vremensku interpolaciju i procjenu. Mode-
ratori su ulozili veliki trud i izvrsno vodili
program za skupinu od 24 polaznika (od
toga je 9 bilo iz Hrvatske). Zainteresirani
za fotografski prikaz rada i atmosfere u
Skoli moze pronaci veliki broj snimaka na
adresi http://www.flickr.com/photos/mgilb
ir/ (fotografije je nacinio M. E. Gil
Biraud).Posebno treba istaknuti veliki broj
slo-bodnih programa (otvorenog koda)
koji se mogu vrlo uspjedno primijeniti u
prostornoj analizi podataka i GIS-u. Dva
od njih su i detaljno prikazana na brojnim
viezbama (R i SAGA). Svojom kvalitetom
takvi programi €esto ili uopée ne zaostaju
za brojnim komercijalnim paketima sli¢ne
namjene, ¢ija je cijena nekoliko stotina ili
tisu¢a eura. Zato bi vjerojatno bilo dobro
razmisliti o upotrebi takvih paketa u viso-
koSkolskim ili javnim ustanovama u Hrvat-
skoj koje se bave sli¢nim analizama, te
na taj nacin omoguditi velikom broju ko-
risnika da samostalno izvode napredne
statisticke, kartografske ili druge (GIS)
analize svojih podataka.

Tomislav Malvi¢
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