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Abstract - The countries of the Mediterranean basin face several challenges regarding the sustainability of forest ecosystems and
the delivery of crucial goods and services that they provide in a context of rapid global changes. Advancing scientific knowledge and
fostering innovation is essential to ensure the sustainable management of Mediterranean forests and maximize the potential role
of their unique goods and services in building a knowledge-based bio-economy in the region. In this context, the European project
FORESTERRA ("Enhancing FOrest RESearch in the MediTERRAnean through improved coordination and integration”) aims at
reinforcing the scientific cooperation on Mediterranean forests through an ambitious transnational framework in order to reduce
the existing research fragmentation and maximize the effectiveness of forest research activities. Within the FORESTERRA project
framework, this work analyzed the infrastructures equipment of the Mediterranean countries belonging to the project Consortium.
According to the European Commission, research infrastructures are facilities, resources and services that are used by the scientific
communities to conduct research and foster innovation. To the best of our knowledge, the equipment and availability of infrastruc-
tures, in terms of experimental sites, research facilities and databases, have only rarely been explored. The aim of this paper was
hence to identify complementarities, gaps and overlaps among the different forest research institutions in order to create a scientific
network, optimize the resources and trigger collaborations.
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MediTERRAnean through improved coordination
and integration”) has the objective to strengthen
scientific cooperation on Mediterranean forest re-
search through the integration and harmonization

Introduction

The countries of the Mediterranean basin, as well
as those of other geographical areas with a Mediter-

ranean climate, are facing problems regarding the
sustainability of forest ecosystems and the provision
of essential goods and services, in a context of rapid
global change (Lindner 2010, Lafortezza et al. 2013).

The Mediterranean forest regions cover areas
typically characterized by high intrinsic diversity
in several inter-related aspects: ecological, envi-
ronmental, cultural, economic, social and historical
(Scarascia Mugnozza et al. 2000, Fabbio et al. 2003).
For this reason it is important to advance scientific
knowledge and promote innovation, which is es-
sential to ensure the sustainable management of
Mediterranean forests, maximizing the potential role
of their goods and services in building a knowledge-
based bio-economy of the region (Croitoru 2007,
Merlo and Rojas 2000). The FP7 European Project
FORESTERRA ("Enhancing FOrest RESearch in the

of research, infrastructure and existing databases
through an ambitious transnational framework to
reduce the fragmentation of existing forest research
and maximize its impact (http://www.foresterra.ew/).

There are a number of regional organizations
and research projects that collect data and compile
information relevant to Mediterranean forests and
related issues, such as FAO Silva Mediterranea Com-
mittee, AIMF, Biodiversity International, Blue Plan,
CIHEAM, CIRCE of INGV, CMA and SEL of CRA,
EFIMED, FOREST EUROPE, JRC (in particular
EFFIS for forest fires), MMFN, OFME, UNECE,
URFM of INRA, WWEF, LFCC process, etc. (FAO
2011). Yet, each of these entities looks at this issue
from different perspectives by collecting data in
response to specific questions and needs or with a
geographic focus which only embeds a part of the
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Mediterranean rim. The resulting evidence is that
forest research in the Mediterranean is poorly ex-
changed and unequally developed (Saket 2002). In
fact, while forest research is well developed in some
European countries like France, Spain and Italy, its
development is significantly lower in other countries
where few resources are allocated to forest research
(Palahi et al. 2008, Scarascia Mugnozza et al. 2000).
Such gaps are particularly evident when dealing with
infrastructures. In this perspective, the identification
of Mediterranean countries whose level of forest
research development and infrastructure equipment
is different provides an opportunity to enhance the
general level and to improve the quality of forest
research in the area as a whole (Turner et al. 2003).

To the best of our knowledge, the equipment
and availability of infrastructures, in terms of ex-
perimental sites, research facilities and databases,
have only rarely been explored. Other scientific
disciplines tried to analyze such issue (e.g. Kennedy
et al. 2008), but no attention has been paid to forest
research infrastructures so far.

According to the European Commission, re-
search infrastructures are facilities, resources
and services that are used by the scientific
communities to conduct research and foster in-
novation (http://eurofed.stis.belspo.be/eurofed.
asp?id=300;100;,400&lang=en). They include: ma-
jor scientific equipment (or sets of instruments);
knowledge-based resources such as collections,
archives or scientific data; e-infrastructures, such
as data and computing systems and communication
networks; and any other infrastructure of a unique
nature essential to achieve excellence in research
and innovation.

Research infrastructures play an increasing role
in the advancement of knowledge and technology
and of their exploitation (Archibugi and Pietrobelli
2003). Research infrastructures help structuring
the scientific community and play a key role in the
construction of an efficient research and innovation
environment by offering high quality research ser-
vices to users from different countries, by attracting
young people to science and by networking facili-
ties towards open, interconnected, data-driven and
computer-intensive science and engineering.

In this perspective, within the framework of
FORESTERRA project, the aim of this paper is two-
fold: (i) making a survey of the types of forest infra-
structures available across the Mediterranean basin
and (ii) identifying complementarities, overlaps and
gaps among the different Mediterranean countries
in terms of forest infrastructures, in order to create
a scientific network, optimize the resources and
trigger future collaborations.

Figure 1 - Location of the FORESTERRA countries analyzed.

Study area

The Mediterranean basin extends for 3,800 km
from east to west, starting from the head end of
Portugal to the shores of Lebanon, and about 1,000
km from north to south, from Italy to Morocco and
Libya. In the European Union, seven Member States
are included in the Mediterranean region, some only
partially (France, Portugal, Italy, Spain), wholly oth-
ers (Greece, Malta, Cyprus).

All areas of the Mediterranean region are home
to site-specific wild animals and plants, with a large
number of species not detectable anywhere else in
the world. The rate of endemism is exceptionally
high: over half of the 25,000 flowering plants identi-
fied to date in the region, equivalent to about 10% of
all known plants on Earth, is made up of endemic
species. Mediterranean is thus among the areas of
the world with the highest biodiversity (Mittermeier
et al. 2004, Underwood et al. 2009).

Data

The FORESTERRA questionnaires on infrastruc-
tures were generated by reviewing and amending
similar initiatives carried out previously (e.g. ER-
ANET-ARIMNET and JPI-FACCE). A Mediterranean
forestry research framework database was hence
generated from the information gathered from the
questionnaires received from eleven Mediterranean
countries of the FORESTERRA Consortium: Spain,
France, Italy, Turkey, Portugal, Tunisia, Bulgaria,
Slovenia, Croatia and Greece (Fig. 1).

We detected nine-teen types of infrastructures
(Tab. 1) covering the forest research activities of
the FORESTERRA countries analyzed. We excluded
from further analysis the infrastructures common to
all countries: Experimental plantation & Forest re-
search site for long-term monitoring; Forest Genet-
ics and Biotechnology Lab; Forest Nursery, Rhizo/
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Table 1 - List of forest infrastructures recorded through the ques-

tionnaires.

INFRASTRUCTURES

1. Arboretum, Forest genetic trial, Seed bank & Seed lab

2. Biomass, Economics & Wood Technology labs

3. Botanical garden & Botany lab

4.  Carbon flux towers

5.  Eco-physiology lab

6. Environmental, GIS and Forest Geomatics labs

7.  Experimental plantation & Forest research site for long-term
monitoring

8.  Fire ecology labs

9. Forest Biochemistry lab

10. Forest Genetics and Biotechnology lab

11. Forest Hydrology lab

12. Forest Nursery, Rhizo/Phytotrons & Micropropagation lab

13. Forest Protection lab (entomology and pathology)

14. Meteorological station, lab & field equipments for climate
change studies

15. Mobile Lab Unit

16. Silviculture & Forest biometry lab

17. Soil lab

18. Stable isotopes & Chemistry labs

19. Wood harvesting, Mechanization, Trasportation & Ergonomics
lab

Phytotrons & Micropropagation lab; Meteorological
station, lab & field equipments for climate change
studies; Stable isotopes & Chemistry labs.

Methodology

A data matrix X was created having dimension ¢,
Jwhere 1 is the number of different types of research
infrastructure while j is the number of considered
countries. The matrix element ¥,; was set up to one
if the j-th country owns the i-th infrastructure, or
to zero when such infrastructure is not present in
the country.

The row vector x, represents the distribution
of the ¢-th infrastructure ¢ within countries. The
column vector ¥, represents the infrastructural
endowment of the country. A country owning all
(none) infrastructure would have a vector ;having
all"1" (OI‘ uou)

The analysis was carried out in three steps. In
the first step we analyzed the simple ordering of
countries by number of infrastructures owned and
of infrastructures by number of countries in which
itis distributed. Then, we analyzed the relationships
between pairs of countries in terms of mutual com-
plementarities of infrastructures. In the last step we
made use of multidimensional scaling technique to
determines groups of countries similar by infrastruc-
tural equipment (Salvati and Zitti 2009). This allows
to highlight common patterns of specialization.

The simple ordering of countries and infrastruc-
tures (step 1) was obtained by respectively summing
the elements of the correspondent column or row
vectors:

Cr 2, R= 3z,

In the step 2, we created the square matrixes I
having dimension jxj in which each element rep-
resents a relationship between a pair of countries.
Such relationship is expressed by the mean of a
complementarity index between the two countries
71 e j2. We created three matrixes that correspond
to three different complementarity indices: a general
complementarity index I, a specific complementa-
rity index I° and a relative specific complementarity
index I°. The general complementarity index I’
represents the number of different infrastructures
that are owned by one and only one of the two
countries divided by the total number of different
infrastructures I:

Ilszz =[2 |xij1 - x’ijZI] 2

It takes maximum value 1 when the two countries
are perfectly complementary without overlapping;
it takes the minimum value of 0 when the countries
own exactly the same kind of infrastructures. This
index is symmetric (i.e. the value does not change
inverting the two countries j1 and 72) and thus the
matrix I' is symmetric. We can interpret this index
as the overall result of a partnership between the
two countries.

The specific complementarity index I represents
the number of infrastructures missing in the country
J' and owned by the country J?, divided by the total
number of different infrastructures .J:

Fjlj,? =[2 (J_xijl) xz]2] 2

It takes the maximum value 1 when the country
4% has no infrastructure while country J*has all the
kind of infrastructures considered; it assumes the
minimum value 0 when the countries have the same
kind of infrastructures. It can be considered as a
proxy for the effect of the partnership between the
two countries from the point of view of country j1.

The relative specific complementarity index I°
represents the number of infrastructure missing in
the country J’and owned by the country J?, divided
by the number of infrastructures missing to the
country J':

Po= 13 Ty, ) w0,/ [ (1))

It takes the maximum value 1 when the country
J7 has all the infrastructures missing to the country
J1. It takes the minimum value 0 when the country
J% has none of the infrastructures missing in country
J1. It can be considered as the relative effect of the
partnership between the two countries from the
point of view of country J*.

Finally, to determine a two-dimensional clas-
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Experimental plantation & Forest research site for
long-term monitoring

Forest Genetics and Biotechnology lab

Forest Nursery, Climate
chambers, Rhizotrons, Phytotrons &...

Meteorological station, Lab and field equipments for
climate change studies

Stable isotopes & Chemistry labs

Arboretum, Forest genetic trial, Seed bank & Seed
lab

Eco-physiology lab

Forest Protection lab (entomology and pathology)

Silviculture & Forest biometry lab

Soil lab

Environmental, GIS and Forest Geomatics labs

Biomass, Economics & Wood Technology labs

Forest Hydrology lab

Fire ecology labs

Forest Biochemistry lab

Wood harvesting, Mechanization, Trasportation &
Ergonomics lab

Carbon flux towers

Botanical garden & Botany lab

Mobile Lab Unit

Figure 2 - Frequency graph of the infrastructures belonging to the
forest research institutes of the FORESTERRA countries.
sification of the infrastructural systems among the
different countries, we performed a Multi-Dimen-
sional Scaling (MDS) analysis. MDS is a means of
visualizing the level of similarity of individual cases
of a dataset. It refers to a set of related ordination
techniques used in information visualization, in
particular to display the information contained in
a distance matrix. An MDS algorithm aims to place
each object in N-dimensional space such that the
between-object distances are preserved as well as
possible. Each object is then assigned coordinates
in each of the N dimensions. The number of dimen-
sions of an MDS plot N can exceed 2 and is specified
a priori. Choosing N=2 optimizes the object loca-
tions for a two-dimensional scatterplot (Borg and
Groenen 2005, Honarkhah and Caers 2010).
Starting from the matrix X, we set up the square
matrix of scalar products P=X"X having dimension
JxJ (which corresponds to the matrix of the indices
I multiplied by J). We decided to apply an Euclidean
metric to the matrix of distances between countries.
We applied to this matrix the dimensional reduc-
tion by finding sequentially the vectors that minimize
a loss function of the distances from the points d.

Results and Discussion

The analysis allowed to identify the geographi-

Table 2 - Ranking of countries by endowment of infrastructures.
FORESTERRA Nr. of
countries infrastructures
ltaly 18
Turkey 17
Spain 17
France 17
Greece 16
Slovenia 15
Israel 14
Portugal 13
Croatia 11
Tunisia 9
Bulgaria 6
2
® Israel
1 ® Portugal | Franfe
]
s
~ Tunisia
So T . -
G i Italy ®%
S W Turkey
£
E
-1 ® Croatia g Greece.
Slovenia
2
3 2 1 0 1 2
Dimension 1 (64%)

Figure 3 - Scatter plot of the MDS analysis.

cal distribution of the forest infrastructures across
Mediterranean countries, identifying the most and
the less common infrastructure (Fig. 2) and the most
and less endowed country (Tab. 2).

The MDS analysis in two dimensions had a data
fitting of about 85% (depending on Mardia's Fit
Measure) with 64% in the first dimension and 21% of
the second, respectively (Fig. 3). The first dimension
summarizes the infrastructure that are substantially
more common (greater weight to more variables pre-
sent). Essentially, it repeats the ranking by number
of infrastructure. While Turkey and Italy are almost
overlapping and are well represented by the first
dimension, the second dimension shows two models
of specification in the countries immediately follow-
ing in the list: on the one hand, Slovenia, Greece
and Croatia, on the other Israel, Portugal , France
and Spain. Bulgaria and Tunisia are confirmed to be
poorly endowed by general infrastructure, and not
equipped of specific infrastructure. The intermedi-
ate position on this dimension of the countries most
endowed is compatible with the presence in these
countries of both types of specializations.

Looking at the original data (not shown here),
it is possible to identify the specific infrastructures
that characterize the groups of countries classified
by the second dimension: Carbon Flux Towers;
Forest Biochemistry lab; Forest Nursery, Rhizo/
Phytotrons & Micropropagation lab; Stable isotopes
& Chemistry labs, for the countries at the top of
the figure; Botanical garden & Botany lab; Eco-
physiology lab; Arboretum, Forest genetic trial, Seed
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Tahle 3 -

Matrix of indices of general complementarity (number of complementary infrastructures on total infrastructure).

Italy Turkey Spain France

Greece

Slovenia Israel Portugal Croatia  Tunisia

15%
20%
30%
40%
35%
40%
45%
65%
65%
80%

Turkey
Spain
France
Greece
Slovenia
Israel
Portugal
Croatia
Tunisia
Bulgaria

15%
25%
25%
30%
35%
40%
70%
60%
75%

10%
40%
45%
20%
35%
55%
55%
70%

40%
55%
20%
35%
55%
55%
70%

45%
60%
55%
55%
55%
60%

65%
60%
50%
60%
75%

25%
55%
45%
50%

50%
20%
35%

40% -
35% 25%

Table 4 -
infrastructure).

Matrix of indices of specific complementarity (number of infrastructures obtained in the partnership by the row country on total

Italy Turkey Spain France Greece

Slovenia Israel Portugal Croatia Tunisia Bulgaria

5% 10%

10%

5%
5%
5%

10%
5%
15%
15%

Italy
Turkey
Spain
France
Greece
Slovenia
Israel
Portugal
Croatia
Tunisia
Bulgaria

10%
20%
15%
30%
30%
35%
45%
60%
65%
80%

15%
10%
20%
25%
30%
40%
60%
60%
75%

5%
25%
35%
20%
35%
50%
55%
70%

25%
30%
20%
35%
50%
55%
70%

25%
35%
40%
45%
50%
60%

5%
5%
20%
15%
20%

5%
5%
0%
0%
25%
30%

0%
0%
0%
0%
15%
20%
5%

5%
10%
5%
5%
10%
10%
15%
20%

0%
0%
0%
0%
5%
10%
5%
0%
15%

0%
0%
0%
0%
0%
10%
0%
0%
5%
- 5%
20% -

35%
40%
40%
50%
65%

20%
40%
40%
50%

30%
20%
35%

25%
30%

Table 5 -
total infrastructure missing to the same country).

Matrix of indices of relative specific complementarity (number of infrastructures obtained in the partnership by the row country on

Italy Turkey Spain France Greece

Slovenia Israel Portugal Croatia Tunisia Bulgaria

50% 100%

67%

50%
33%
25%

100%
33%
75%

- 75%

83% -

86% 71%

50% 88%
64% 73%
77% 69%
73% 67%
78% 67%

Italy
Turkey
Spain
France
Greece
Slovenia
Israel
Portugal
Croatia
Tunisia
Bulgaria

67%
100%
75%
100%
86%
88%
82%
92%
87%
89%

75%
50%
67%
71%
75%
73%
92%
80%
83%

25%
83%
100%
50%
64%
77%
73%
78%

0%
0%
0%
0%
50%
57%
13%

50%
670/0
25%
25%
33%
29%
38%
36%

0%
0%
0%
0%
17%
29%
13%
0%
23%

0%
0%
0%
0%
0%
29%
0%
0%
8%
- 7 O/ ]
22% -

50%
33%
100%
75%
67%

50%
33%
0%
0%
83%
- 86%
88%
73%
62%
67%
72%

36%
62%
53%
56%

46%
27%
39%

33%
33%

bank & Seed lab for the countries in the lower part.
In conclusion, we can classify the forest research
infrastructures equipment of the analyzed countries
in four groups:
1) countries characterized by the presence of nearly
all the infrastructure, consisting on Italy and
Turkey;
countries with only a few general infrastructure
(Tunisia and Bulgaria);
a "West Europe and Israel" model with large
occurrence of Carbon Flux Towers, Forest Bio-
chemistry lab, Stable isotopes and Microscopy
Lab & Chemistry labs, composed of Israel, which
is the most characteristic country of the group,
and three Western Mediterranean countries
(Portugal, France and Spain);
a "Balkan" model with large occurrence of Bo-
tanical garden & Botany lab, Eco-physiology lab
and Arboretum, Forest genetic trial, Seed bank
& Seed lab, composed of Slovenia, Greece and

2)

3)

4)

Croatia (which has less infrastructure but more

specific than group 2).

Consequently, as also suggested by the comple-
mentarity indices analysis (Tab. 3, Tab. 4 and Tab.
5), while for the group 2 is necessary to develop
agreements with most endowed countries (group 1
but also some in groups 3 and 4), bilateral partner-
ships could be fruitful in particular for groups 3 and
4 considering the different pattern of specialization.
The unique bilateral partnership that allows full
coverage are those integrating Italy (which also has
the specific infrastructure of the two specialized
models) with France or Greece. Agreements among
more than two countries should include members
of all the four groups.

Conclusions

In a framework of scientific and technical forest
research, this study may help to: (i) foster coordina-
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tion and integration of forest research activities at
European level; (ii) endorse the multidisciplinary ap-
proach to address new research challenges through
closer cooperation between different research fields
(silviculture, ecology, physiology, climatology, mo-
lecular biology, pathology, wood technology, etc.);
(iii) increase scientific and technical excellence;
(iv) make easier the access to complementary
research facilities and expertise between national
and international institutions, optimizing the use
of technical resources; (v) create support studies
on the multifunctionality of the European forests.
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