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Diseases and parasites:
New global challenges arriving

* new invasive insect species
* threatening US and European fruit production

* infests unwounded ripening fruits:
berries, stone fruits, grapes and damaged fruits as
loquat, persimmons, and tomatoes.

« extreme fecundity and short generation times
* huge fruit losses already in million Euro range

I Drosophila suzukii (Spotted-wing drosophila - SWD, vinegar fly)

oviposition scare ‘

Photo: M. Hauser

secondary damage
by sap beetles

M. Hauser
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Emerging zoonotic diseases in Europe
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Emerging zoonotic diseases in Europe

http://www.who.int/csr/disease/crimean_congoHF/en/index.html

Geographic distribution of Crimean-Congo Haemorrhagic Fever
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Ecology... an open(ing) science
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Ecoinformatics: supporting ecology as
a data-intensive science

William K. Michener' and Matthew B. Jones?®

‘Uni\.«fersitw,.r Libraries, University of New Mexico, Albuguerque, NM 87131, USA
?National Center for Ecological Analysis and Synthesis, University of California Santa Barbara, Santa Barbara, CA 93101, USA

Ecologyis evolving rapidly and increasingly changing into
a more open; accountable, interdisciplinary, eollaborative

—and data-intensive science. Discovering, integrating and S run on powerful distributed computing systems. For ex- (/

analyzmg massive amounts of heterogeneous data are -
central to ecology as researchers address complex ques-
tions at scales from the gene to the biosphere. Ecoinfor-
matics offers tools and approaches for managing
ecological data and transforming the data into informa-
tion and knowledge. Here, we review the state-of-the-art
and recent advances in ecoinformatics that can benefit
ecologists and environmental scientists as they tackle
increasingly challenging questions that require volumi-
nous amounts of data across disciplines and scales of
space and time. We also highlight the challenges and
opportunities that remain.

(,

ample, Kepler includes facilities for easily executing mod-
els on pre-existing computing grids, in cloud-computing
environments and in ad hoc networks of workflow systems
[65,66], while capturing a full provenance trace of the
process; and VisTrails is built to generate effectively sci-
entific visualizations while also capturing the provenance
of the analysis [61].

Supporting the full data life cycle — -

New g ground, aerial and satellite bascd url\;rmlmultaT
_serving systems coupled with the rapid growth in the use of

imsituenvironmental sensor networks for field researehral and
momtonng, as well as an ever-growing number of citizen-
science programs, will soon push ecology and the environ-
mental sciences into a new era where petabytes of data are
being collected annually. Powerful informaties platforms

will be J:Lqmmd_t,asuppaﬁ suonualq as they move into le >

age of data-intensive science. Bwerai—such—p}atfarﬁrs are

" being-designed and builtat various scales, including the

LTER NIS, the DataONE Federation, LifeWatch, NEON,
GLEON and 00I.

The US LTER Network is presently building a network
information system that will support synthetic science by:
(i) using standardized metadata management and access
approaches; (ii) providing middleware programs and work-
flow solutions that facilitate the creation and maintenance
of integrated LTER data sets; and (iii) supporting stan-
dardized applications that facilitate discovery, access and
use of LTER data [25,67].

DataONE represents a new type of research platform

Trends in Ecology and Evolution
February 2012, Vol. 27, No. 2

Data be free!

Trends in Ecology and Exfolution February 2012, Vol. 27, No. 2

oo
Box 3. Open science for society /)

Global problems require open access to global data from many
disciplines. Such data arise from scientific disciplines that often
have very different cultures with respect to data sharing, develop-
ment and adoption of standards, and practice of good data
stewardship. Incentives from research sponsors, societies and
institutions (e.g. requiring data management plans) combined with
the availability of new informatics tools and platforms, such as
DataOME, will be necessary to facilitate data intensive science. Three
avenues of research and development offer particular promise:
(i) automated provenance-tracking mechanisms that allow scientists
to understand and replicate scientific findings fully [76]; (ii) advanced
visual analytics that enable scientists to interpret complex, large
data volumes more rapidly [68]; and [(iii) wsability analysis and
software engineering support that enable scientists to use advanced
ecoinformatics tools more easily.

Tracking the provenance of scientific results is particularly
important as advances in environmental science are applied to
issues important to society. Open data provide the feedstock on
which good science is based, replicable analysis and modeling
practices lead to robust findings, and open-access publication
disseminates these critical results to the broadest audiences,
ensuring the greatest impact of open science for society.

research must be openly available and the approaches used
in deriving scientific findings must be transparent to en-
sure that seience and society maximally benefit (Box 3).

Remaining challenges

Despite the emergence of ecoinformatics solutions that
enable science, several technical and sociocultural chal-
lenges and research opportunities remain. First, from the
technical side, it is difficult to transport terabyte- and
petabyte-sized data sets. Possible solutions include adding
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Analysis of Mediterranean olive systems
using the PROTHEUS present climate data

By Luigi Ponti, ENEA, Italy

Max Anemom Temp ERA-40 I‘eanalySiS
climate data for 1958-2000

v

PROTHEUS: Regional
climate model RegCM3
coupled to MIT ocean

model l

T Down-scaling of climate data
— e ~ for the Mediterranean region

Artale et al. 2010

Beekeb http://sites.google.com/site/globalchangebiology/
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Ecos stem analysis: integration of site-specific
weat er data, GIS maps and marginal analysis

By Luigi Ponti, ENEA, Italy
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Multitrophic interactions of olive and olive fly
mapped across the Mediterranean

By Luigi Ponti, ENEA, Italy
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The GlobalChangeBiology project

Climate change & Mediterranean agroecosystems
http://sites.google.com/site/globalchangebiology/
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Olive fly infestation % in Sardinia
under climate warming
By Luigi Ponti, ENEA, ltaly
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The GlobalChangeBiology project
Climate change & Mediterranean agroecosystems Ponti et al. 2009

http://sites.google.com/site/globalchangebiology/
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MODIS LST at European scale (filtered mosaic)

1000m resolution,
2010-05-30

01:30 Aqua overpass
Raw-filtered data

«ﬁ S MODIS LST mosaic of
- 20 MODIS LST tiles

in total 415 million
pixels

PROBLEM: no data
areas due to clouds



MODIS LST at European scale (reconstructed)

Reconstructed MODIS LST
mosaic (4 maps per day)
using multivariate

approach with forward/
backward data lookup

GIS data: 4.5 billion pixels

per map used in calculation

due to set of input variables
250m resolution,
2010-05-30

01:30 Aqua overpass
gap-filled
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Metz & Neteler, in prep.



MODIS LST at European scale (reconstructed)

Ist 2004 025 average

>13500 maps

250m resolution

Marliiec Nlatalar 2012 — PRI FFM Italvy

Method implemented with GRASS GIS
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The new European daily MODIS LST time series

0 oS¢ @& (@ (][ | B _ Prague CZ monthly means MODIS LST

Pixel-wise
time series

versus MODIS !
- g G;‘@apher'

30 [cl20iRlGoog/e
@ 2EB vk

MODIS LST & lele/Atlas Wiﬁkﬁb’k %

25 | |"'I i M . — ey .-nu_ . *ﬂ\
:f.» 'rr':I { |I .f-'ﬂ"- .‘..f- llFI- |I IjI 'lll .

T T VT European _ 250m resolution
sty gl mosaic

YANANERARRYAD E 4 maps per day
AT T T W . data since 2000

ETRIARE'ERE ... usable as virtual
TV VvV meteorologic stations

JIiiPP iR eeiddddididd for temperature Metz & Neteler, in prep



© Markus Neteler 2012 - PGIS, FEM, ltaly

GDD Meteo and LST
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Kobayashi et al., 2002.

J Med Entomol, 39:4-11.

Neteler, Metz, in prep.

Implemented in GRASS GIS



cology... an open(ing) science

Cell Trends in Ecology and Evolution
~ =t February 2012, Vol. 27, No. 2

Yes, but what's still
missing...?
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Open science wants Open Source!

Trends in Ecology and Evolulion June 2012, Vol. 27, No. 6

Let the four freedoms paradigm apply to ecology

Duccio Rocchini and Markus Neteler

Fondazione Edmund Mach, Research and Innovation Centre, Department of Biodiversity and Molecular Ecology, Via E. Mach 1,

38010 5. Michele all’Adige (THN), Italy

In 18985, Richard Stallman, one of the most brilliant minds
in computer science, founded the Free Software Founda-
tion and launched the concept of ‘copyleft’, the opposite of
copyright. The aim, outlined in the GNTU Manifesto (http/
www.gnu.orglgnu/manifesto html, [1]), was to make soft-
ware programs ‘free’ as in freedom’.

The famous ‘four freedoms’ expounded by Stallman (1]
are: (i) the freedom to run the program for any purpose;
(i) the freedom to study how the program works and adapt it
to one's own needs; (iii) the freedom to redistribute copies;
and (iv) the freedom to make improvements to the program
and release them to the public. Thus, the whole (scientific)
community benefits from software development. These free-
doms are also inherent in several free software licenses, the
GNU General Public License (GPL) being one of the most
popular,

Approximately a quarter of a century after Stallman put
forward his ideas, William K. Michener and Matthew
B. Jones, in an article in TREE [2] focusing on the analysis
of ecological data, stated that: ‘analytical processes are
fundamental to most published results in ccology”. Explicit
reference to the analytical procedures adopted in generat-
ing scientific results iz crucial for reproducibility, vet these
processes are rarely decumented in published ecological
papers [2]. Scientific workflow applications, such as Kepler
{https:/kepler- prﬂjﬂft ﬂrg} uttcmpt to address the problem
i).] but are only ps eause the underly-

In our view, thc (“C'p]ll:‘lt use of Fr\on and Open Source
Software l:FG‘-.-"SI with availability of the code is essential for
completely open science: ‘scientific communication relies on

Corresponding awtkor: Roechind, I¥. {ducciorocchini@gmail.com),
tduccio.rocchini@fmach.it 1.

310

evidenee that cannot be entirely included in publications’,
but ‘anything less than the release of source programs is
intolerable for results that depend on computation’ [3].

The idea of FOSS and the public availahbility of the code
has been arvound for almost as long as software [4]. None-
theless, as far as ecologists are concerned, the open source
philosophy is only just taking off, as Stokstad has also
pointed out [5].

The increasing availahbility of open ecological data
through networks such as the Global Biodiversity Informa-
tion Facility (GBIF, http:fwww.ghif.org, [6]) or the Data
Observation Network for Earth (DataONE) federated data
archive (http:www._dataone.org, [7]) makes it increasingly
possible to test cutting-edge ecological theories, such asdark
diversity [8], evolutionary paths [9] and climate change
seenarios [10]. In using a shared open-source code for testing
these ecological theories, researchers can be sure that their
results are reliable and also that the code they have used is
robust [11]. Thls is particularly true when complex algo-
rithms (or ches) are involved.

Tq avaid hlmrk hm: caleulations and built-in user inter-
faces, eritic ers have recourse to several
examples of FOSS in areas of ecological research, such as
ecological statistics (e.g. R Language and Environment for
Statistical Computing, http2fwww R-project.org, [12]) and
spatial ecology [e.g. Geographical Resources Analysis Su it
port System (GRASS) GIS, http:/fgrass.osgeo.org, [4]). The
maodular design of such software means decentralized
contributions can be made to the source code and allows
different institutions and individuals around the world to
improve the code base.

If FOSS were more widely employed in ecology and the
code used in data analysis provided in scientific papers,
more rezearchers [11] would be able to rely on and replicate

Why we are here
at FOSS4G-CEE...

peer-reviewed functio ill need to be made in
thiz area to improve the processes for amﬂ
ffect the backbone of ecological software: its code. There
fore, there iz an allman's four
freedoms paradigm in ecology.
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Conclusion: Open science wants Open Source!

"If you are still hesitant about
releasing your code, then ask
yourself this question: does it

nature Inte re kily journal of science

nature news home | news archive | specials | opinion | features | news blog

p SOmmentson  Published onine 13 October 2010 | Nature 467, 753 (2010)| perform the algorithm you
== this story doi:10.1038/467753a = - .
e describe in your paper? If it
Stories by subject Publlsh youl computer code: it is does, your audience will accept
+ Lab e good enough it, and maybe feel happier with

Freely provided working code — whatever itS OW n effo rts to W rite p rog ra m S .

its quality — improves programming and

enables others to engage with your If not, We”’ you ShOUId le that
research, says Nick Barnes. ”
’ anyway.

Mick Barmes

[Nick Barnes]

I am a professional software engin
secret with scientists: most profess
very good. The code inside your la
often badly docurmented, inconsisty

Why does this matter to science? § Letls add tO thIS:

published research papers often re
which means that most scientists

e e e et YES, but aim to integrate
your code into an
Open Source Community
project!




FEM GIS and Remote sensing unit:
Spatial modelling of disease vectors, biodiversity and beyond

ARIO DI SAN MICHELE ALEADIGERS

Fomdazione Edwwod Mach .

You are here: Home Search: | Enter Search.. <@ Submit

Home GIS and Remote Sensing Unit at Fondazione Edmund Mach a
People The mission of the GIS and Remote Sensing unit (Piaitaforma GIS & Remote Sensing) is to develop and
provide multi-scale approaches for the description of 2-, 3- and 4-dimensional biclogical systems and
Research processes. Core activities are the acquisition, processing and validation of geographical data, the
support for the scientific analysis and management of physical, ecological and geographical data,
Publications collected within research projects or monitoring activities. The Geographic Information System (GIS)
approach allows the description of continental down to landscape scale systems such as including the
Press coverage 3D-reconstruction of small sampling sites. We focus on the geostatistical analysis of such information
layers, the creation and processing of indicators, and the production of ecological, landscape genetics,
Tutorials eco-epidemiological and physiological models. The group pursues actively the development of innovative
methods and their implementation in a GIS framework including the analysis of proximal and remote
Cluster sensing data and time-series,
The Edmund Mach Foundation (FEM) is a private research foundation established by the government of
the Autonomous Province of Trento which continues and improves the activities of the former Istituto
News Agrario di 5. Michele alladige (1ASMA) and the former Centro di Ecologia Alpina (CEA). The GIS and

Remote Sensing group is part of the Research and Innovation Centre (FEM-CRI).
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New paper: Climatic Factors
Driving Invasion of the Tiger

squito
Roiz D., Neteler M., Castellani C.,
Arnoldi D, Rizzoli A, 2011:
Climatic Factors Driving Invasion
of the Tiger Mosguito (Aedes
albopictus) into New Areas of
Trentino, Northern Italy. PLoS
ONE. 6(4): 214800

[More]

New paper: Benefits of
!pers%ectra remote sensing
or tracking plant invasions

He, K.S ., Rocchini, D., Neteler,

M., Nagendra, H. (2011). Benefits £
of hyperspectral remote sensing E v
for tracking plant invasions.
Diversity and Distributions, 17:
381392,

1
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