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Executive summary

Climate drivers

(YVMRK� VIGIRX� HIGEHIW�� SFWIVZEXMSRW� SJ� WIZIVEP�
variables provide evidence of the ongoing 
anthropogenic climate change in the Mediterranean 
region, particularly increase of mean and extreme 
temperatures, and dry environmental conditions. 
Climate projections show that the region will 
among the most affected regions by climate 
GLERKI�� WTIGMʗGEPP]� VIKEVHMRK� TVIGMTMXEXMSR� ERH�
the hydrological cycle, but also mean warming 
and heat extremes (in both the terrestrial and 
marine environment), sea level rise and sea water 
EGMHMʗGEXMSR�

Basin-wide, annual mean temperatures are 
now 1.5°C above the preindustrial level. In 
the last decades dry conditions have become 
more frequent and a large reduction of glaciers 
across high mountains of the Mediterranean 
has occurred at a progressively increasing pace. 
Mediterranean Sea waters have become warmer 
and saltier, Mediterranean sea level has risen at 
E�VEXI� �����QQ�]VɈ�) similar to the global trend at 
centennial scale.

In the future, the regional average warming will 
I\GIIH�XLI�KPSFEP�QIER�ZEPYI�F]���	�ERH�MX�QMKLX�
reach 5.6°C at the end of the 21st century in the 
6'4���� LMKL� IQMWWMSR� WGIREVMS�� ,IEX� [EZIW� ERH�
warm temperature extremes will intensify. Total 
annual precipitation is expected to decrease over 
most of the region (the average reduction rate 
MW� ETTVS\MQEXIP]� �	� TIV� IEGL� HIKVII� SJ� KPSFEP�
warming). However, magnitude and spatial 
distribution of changes are uncertain, because of 
HMJJIVIRGIW�EQSRK�QSHIPW��(V]�GSRHMXMSRW�[MPP�FI�
further enhanced by increasing evapotranspiration 
SZIV� PERH�� %X� XLI� WEQI� XMQI�� XLI� MRXIV�ERRYEP�
variability of the hydrological cycle will increase, 
with longer dry spells especially in the southern 
areas. Extreme precipitation events will become 
more intense over large parts of the northern 
Mediterranean areas. 

Mediterranean mean sea level is projected to be at 
the end of the 21st century in the range from 20 to 
110 cm higher than at the end of the 20th century, 
depending on the level of anthropogenic emissions. 
Sub-regional and local relative sea level rise will 
be further modulated by vertical land motions and 
regional circulation features (with deviations in the 

order of 10 cm from the basin average). Therefore, 
though in the future milder marine storms are 
I\TIGXIH��GSEWXEP�LE^EVHW��ʘSSHW�ERH�IVSWMSR�[MPP�
increase, because of mean sea level rise.

;MHIWTVIEH� WIE[EXIV� [EVQMRK� [MPP� GSRXMRYI��
%RRYEP� QIER� WYVJEGI� XIQTIVEXYVI� [MPP� MRGVIEWI�
�������s'�ERH��������s'�MR�SRI�GIRXYV]�YRHIV�XLI�
6'4���� ERH� XLI� 6'4���� WGIREVMSW�� VIWTIGXMZIP]��
Marine heat waves will become longer, more 
intense than today and their spatial extent will 
MRGVIEWI��7IE[EXIV�EGMHMʗGEXMSR�[MPP�GSRXMRYI��[MXL�
E�T,�VIHYGXMSR�XLEX�QMKLX�PEVKIV�XLER�����YRMXW�EX�
the end of the 21st century.

Pollution

%GVSWW�XLI�1IHMXIVVERIER�&EWMR��SGIER�ERH�MRPERH�
pollution are ubiquitous, diverse and increasing in 
both quantity and in the number of pollutants, due 
to demographic pressure, enhanced industrial and 
agricultural activities, and climate change.

Mediterranean seawater is generally oligotroph-
MG� �PS[� RYXVMIRX
�� [MXL� HIGVIEWMRK� PIZIPW� JVSQ�+M-
braltar eastwards to the Levantine Sea. Several 
coastal regions are hotspots of human-induced 
nutrient inputs. This nutrient enrichment causes 
eutrophication and may provoke harmful and toxic 
algal blooms, whose frequency will likely increase. 
Harmful algal blooms may cause negative impacts 
on ecosystems and may represent serious eco-
RSQMG� XLVIEXW� JSV�ʗWLIVMIW�� EUYEGYPXYVI�� XSYVMWQ�
and human health.

Emerging contaminants are well present across the 
Mediterranean Basin, and enhanced by increasing 
MRʘS[�SJ�YRXVIEXIH�[EWXI[EXIV�� 8LIWI�WYFWXERGIW�
may cause disorders of the nervous, hormonal and 
VITVSHYGXMZI�W]WXIQ��%RH�XLI�MRGVIEWMRK�JVIUYIRG]�
of extreme precipitation events in the north of the 
Mediterranean increases the supply of fecal bacteria 
and viruses to the coastal zone. The Mediterranean 
Sea is one of the most polluted large water bodies 
globally in terms of plastic and the level of this 
pollution is expected to increase in the future. 

The Mediterranean Basin is among the regions 
in the world with the highest concentrations of 
KEWISYW� EMV� TSPPYXERXW� �23ʩ, SOʩ and Oʪ). Its dry 
ERH� WYRR]� GPMQEXI�� ERH� WTIGMʗG� EXQSWTLIVMG�
circulation patterns enhance air pollution levels. 
Ships are among the major causes of increasing 
SOʩ�ERH�23x emissions in this region.

  2  Drivers of change 
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Emissions of aerosols and particulate matter 
(PM) into the atmosphere arise from a variety of 
anthropogenic activities. Particular meteorological 
conditions and natural sources, including the 
TVS\MQMX]� SJ� XLI�7ELEVE�(IWIVX�� GVIEXI�TEVXMGYPEV�
patterns of aerosol concentrations that may 
MRʘYIRGI� TEVXMGYPEXI� QEXXIV� 41� GSRGIRXVEXMSRW��
The occurrence of critically high PM concentrations 
associated with dust outbreaks is higher in the 
WSYXLIVR�1IHMXIVVERIER��"��	�SJ�XLI�ERRYEP�HE]W
�
XLER� MR� XLI� RSVXLIVR� EVIE� � ��	� SJ� XLI� ERRYEP�
days). 

Land and sea use change

Landscapes and their use have changed over 
millennia in the Mediterranean Basin, however the 
rate of change has increased substantially since the 
second half of the 20th century, with rapid growth 
of urban and peri-urban areas leading to loss of 
FMSHMZIVWMX]� ERH� LEFMXEXW�� %FERHSRQIRX� SJ� EKVS�
pastoralism (which will likely continue in the future) 
is causing unmanaged shrubs forest development 
in marginal lands, arid and mountain areas in 
European countries, while land overexploitation 
is causing widespread forest degradation in areas 
SJ�2SVXL�%JVMGE�ERH� XLI�1MHHPI�)EWX��*YXYVI� PERH�
use trends depend strongly on regional policies 
for urbanization, agriculture, forestry and nature 
conservation.

Marine resource overexploitation and unsustain-
EFPI�ʗWLMRK�TVEGXMGIW�LEZI� MRGVIEWIH� MR�XMQI�ERH�
are the main drivers of the population decline of 
WIZIVEP�WTIGMIW��4VIWIRXP]��QSVI�XLER���	�SJ�QE-
rine stocks have collapsed or are overexploited. 
Sustainable management of marine resources re-
UYMVIW�XLI�VIHYGXMSR�SJ�ʗWLMRK�TVIWWYVI�

Non-indigenous species

The Mediterranean Sea (and particularly the 
Levantine Basin) is a hotspot for the establishment 
of many non-indigenous species (invertebrates, 
primary producers, and vertebrates), whose arrival 
and increase are linked to the decrease or collapse 
in populations of native species. Most marine non-
indigenous species enter the Mediterranean Sea 
JVSQ� XLI� 6IH� 7IE� ERH� %XPERXMG� 3GIER�� FYX� XLSWI�
introduced by ships and aquaculture produce the 
largest impact on the environment. The number 
and spread of non-indigenous species will 
likely further increase with increasing shipping 
activity and impacts of climate change on the 
Mediterranean water masses.

Mediterranean land areas currently host a high 
number of non-indigenous species (mostly 
TPERXW� ERH� MRZIVXIFVEXIW
� MR� LYQER�QSHMʗIH�
ecosystems and in regions with high infrastructure 
development. Most invertebrate species are 
phytophagous pests that cause damages to crops 
and forests. Future warming is predicted to induce 
E�RSVXL[EVH�WLMJX�EX�E�WTIIH�SJ�������OQ�HIGEHI-1 
of current major non-indigenous species and 
determine a window of opportunity for new non-
indigenous species adapted to dry environments. 
The presently increasing trend of the numbers of 
introduced invertebrates and vertebrates (the latter 
generally caused by accidental escapes) will very 
likely continue, as they can be easily transported 
also as stowaways in air and maritime cargo. 

Interaction among drivers

;LIR� IGSW]WXIQW� ERH� WSGMIXEP� WIGXSVW� EVI�
threatened by multiple, co-occurring drivers, 
climate change, pollution, land and sea use 
change, and non-indigenous species can interact. 
-RXIVEGXMSRW� GEYWI� IJJIGXW� XLEX� GER� FI� EHHMXMZI�
cumulative, synergistic or antagonistic and result 
MR�EPXIVEXMSR��MRXIRWMʗGEXMSR��ERH�IZIR�MR�KIRIVEXMSR�
of new impacts. Examples of new threats are 
MRGVIEWI�SJ�ʘSSH�IZIRXW��HYI� XS�E�GSQFMREXMSR�SJ�
GPMQEXMG� ERH� PERH� YWI� GLERKIW�� HIWIVXMʗGEXMSR��
which is the result of increasing aridity and 
I\TPSMXEXMSR� SJ� VIWSYVGIW�� ERH� [MPHʗVIW�� EJJIGXIH�
by forest encroachment and heat waves, among 
many other interactions.
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This chapter describes characteristics and 
evolution of human-induced and natural factors 
that cause changes in the Mediterranean Basin 
ecosystems and human systems. In order to cover 
most major risks for people and biodiversity, four 
broad domains of change drivers are considered: 
climate change and variability, pollution, land and 
sea use changes and non-indigenous species. 
These factors correspond to the concept of “direct 
drivers”, which was introduced in the Millennium 
)GSW]WXIQ�%WWIWWQIRX� �1)%�������2IPWSR�IX�EP��
����
�� XLEX� YRIUYMZSGEPP]� MRʘYIRGI� TVSGIWWIW� MR�
IGSW]WXIQW�ERH�GER�FI�MHIRXMʗIH�ERH�QIEWYVIH�XS�
differing degrees of accuracy.

%RXLVSTSKIRMG�GPMQEXI�GLERKI�MW�EPVIEH]�EJJIGXMRK�
the environment and societies in the Mediterrane-
ER�VIKMSR��;EVQMRK�MW�YRIUYMZSGEP��ERH�XLIVI�EVI�
emerging signs of changes of the hydrological cy-
cle and other climate variables (Section 2.2). Cli-
mate models indicate a trend towards a warmer 
and drier environment, seawater warming, with 
more intense warm extremes both over land and in 
the sea, and regional increase of sea level (Section 
2.2). The Mediterranean region is likely very vulner-
able to climate change and many components of 
its terrestrial and marine environment are already 
under stress (Section 2.2).

%XQSWTLIVMG�ERH�[EXIV�TSPPYXMSR�GER�FI�HVMZIR�F]�
many factors, which affect all the compartments 
SJ�XLI�IRZMVSRQIRX��[EXIV��EMV�ERH�WSMP�WIHMQIRXW��
Pollutants can migrate from one media to another. 
There is a wide range of pollutants that can be 
biological (e.g., bacteria or insects), chemical 
(e.g., pesticides, trace metals) or physical (e.g., 
particulate matter) (7IGXMSR� ����� and Chapters 3 
and 4 of this report). 

Changes in land and sea use changes are considered 
among the major direct drivers of environmental 
change worldwide, but their characteristics vary, 
depending on each region, even at very local 
scale. Mediterranean terrestrial landscapes and 
ecosystems show different patterns of change on 
northern and southern shores, due to urbanization, 
coastal development, evolving agricultural and 
farming practices, including their abandonment. 
The overexploitation of the Mediterranean Sea 
resources poses a particular threat due to its 
intrinsic geographical limits (Section 2.4).

2SR�MRHMKIRSYW� WTIGMIW� EVI� TVSJSYRHP]� EJJIGXMRK�
terrestrial and marine ecosystems in the 

Mediterranean and their impact is not only 
measurable in biodiversity alterations, but also 
in human health and economic damages (Section 
2.5).

There is no strict consensus of the grouping of 
the drivers into the categories that have been 
adopted in this report. More condensed or more 
EVXMGYPEXIH� PMWXW� GER� FI� JSYRH� MR� XLI� WGMIRXMʗG�
literature. Our four categories include all physical, 
chemical and biological factors that directly act on 
the Mediterranean environment, with a substantial 
correspondence with those used in the recent 
-4&)7� ����� VIKMSREP� VITSVXW� �&YWXEQERXI� IX� EP��
������)PFEOMH^I�IX�EP��������2]MRKM�IX�EP��������;Y�
IX�EP������F
�

The level or rate of change of direct drivers can be 
MRʘYIRGIH�SV�EPXIVIH�F]�MRHMVIGX�HVMZIVW��1)%�������
2IPWSR� IX� EP�� ����
�� -RHMVIGX� HVMZIVW� EVI� KVSYTIH�
in categories such as demographic, economic, 
sociopolitical, cultural, religious, technological, 
PIKMWPEXMSR� ERH� ʗRERGMEP� HVMZIVW�� -R� XYVR�� MRHMVIGX�
drivers are distinguished in “endogenous” and 
“endogenous” drivers, whose magnitude can and 
GERRSX� FI� MRʘYIRGIH�EPXIVIH� F]� XLI� HIGMWMSR�
QEOIVW��VIWTIGXMZIP]��;LIXLIV�E�HVMZIV�MW�I\SKIRSYW�
or endogenous depends on the organizational 
level and on the spatial and temporal scale. The 
concepts of indirect and direct drivers roughly 
match those of driving forces and pressures in 
XLI�(VMZIVWɈ4VIWWYVIWɈ7XEXIɈ-QTEGXWɈ6IWTSRWIW�
�(47-6
�JVEQI[SVO��[LMGL�[EW�MRMXMEPP]�HIZIPSTIH�
F]�XLI�)YVSTIER�)RZMVSRQIRXEP�%KIRG]��))%�����
�

9RHIVWXERHMRK�SJ�MRHMVIGX�HVMZIVW�MW�IWWIRXMEP�JSV�
XLI�FIRIʗX�SJ�XLI�IRZMVSRQIRX��-X�MW�XLI�EGXMSR�SR�
indirect drivers by policymakers and stakeholders 
that can effectively manage the risks posed to 
the environment and human societies by climate 
change, pollution, land and sea use changes 
and arrival of non-indigenous species. However, 
this is a quite different topic with respect to the 
content of this chapter. Mechanism and tools 
MRʘYIRGMRK�HMVIGX�HVMZIVW�EVI�GSRWMHIVIH�MR�SXLIV�
parts of this report. The scope of this chapter 
is the assessment of the state of knowledge of 
physical, chemical, and biological factors, of their 
present status, past and future evolution in the 
Mediterranean Basin. 

2.1  Introduction 
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2.2.1 Framing

8LIVI� MW� RS� YRMZIVWEP� HIʗRMXMSR� SJ� XLI� PERH�
boundaries of the Mediterranean region (Chapter 
1). In this section, and also for much of this report, 
we adopt a simple regular latitude-longitude 
FS\� ���s2� XS� ����s2� ERH� ��s;� XS� ��s)��Fig. 2.1), 
which includes some regions with other than 
1IHMXIVVERIER� GPMQEXIW�� WYGL� EW� MR� XLI� %PTW��
the Eastern Balkans or part of the Sahara. This 
HIʗRMXMSR�SJ�1IHMXIVVERIER�VIKMSR�MW�WMQMPEV�XS�XLI�
1)(�^SRI�EHSTXIH� MR� -4''�%6���-4''�����
��ERH�
WPMKLXP]�PEVKIV�XLER�MR�-4''�%6���-4''�����E
�

-R�SVHIV�XS�TVSZMHI�E�WTEXMEPP]�VIʗRIH�EWWIWWQIRX��
[I� HIʗRI� WYF�VIKMSRW� SZIV� PERH� ERH� SZIV� WIE�
by using smaller rectangular boxes. Over land, 
XLI� )YVSTIER� WYF�VIKMSRW� JSPPS[� XLI� HIʗRMXMSR�
TVSTSWIH�HYVMRK�XLI�469()2')�)YVSTIER�TVSNIGX�
(Christensen et al. 2002) (Fig. 2.1),� ERH�[I�HIʗRI�
RI[�WYF�VIKMSRW� �MRWTMVIH�F]�2EFEX�IX� EP�� ����F
�
JSV� XLI� 1MHHPI� )EWX� ERH� %JVMGE�� 3ZIV� XLI� WIE�� ��
WYF�VIKMSRW� EVI� HIʗRIH� YWMRK� XLI� REXYVEP� WXVEMX�

delimitations (Fig. 2.1)��XLI�;IWXIVR�1IHMXIVVERIER�
7IE��1)(;
�FIX[IIR�XLI�+MFVEPXEV�7XVEMX�ERH�XLI�
7MGMP]� 7XVEMX�� XLI� %HVMEXMG� 7IE� �%(6
� RSVXL� SJ� XLI�
3XVERXS�7XVEMX��XLI�%IKIER�7IE��%)+
�RSVXL�SJ�XLI�
'VIXER�%VG�7XVEMXW�ERH�XLI�)EWXIVR�1IHMXIVVERIER�
7IE��1)()
�JSV�XLI�VIQEMRMRK�

;LIR� EWWIWWMRK� JYXYVI� GPMQEXI� GLERKI�� MX� MW�
important to specify the reference period to which 
climate projections are compared, along with 
JYXYVI�ɎXMQI�WPMGIWɏ��-R�1%6��[I�YWI����]IEV�PSRK�
time periods following standard IPCC practice. This 
PIRKXL�SJ� XMQI�TIVMSH� MW�WYJʗGMIRX� XS�WQSSXL�TEVX�

of the high-frequency natural climate variability 
that can otherwise mask the forced trend, but it 
is short enough to assume that climate does not 
change much during the 20 years covered. For 
the reference period, we choose the latest years 
SJ� XLI� ��XL�GIRXYV]� ����������
�� 8LMW� GLSMGI� MW�
a compromise related to the observation and 
model data availability at the Mediterranean scale. 
IPCC has traditionally chosen the pre-industrial 

2.2 Climate change

Mediterranean Basin Topography, Bathymetry & Sub-domains

Figure 2.1 | Mediterranean coastline, topography over land and bathymetry over the sea plus the box 
HIɽRMXMSR� 6IPMIJ�HEXE�EVI�HIVMZIH�JVSQ�XLI�)8343����%VG�1MRYXI�+PSFEP�6IPMIJ�1SHIP5��7YF�VIKMSRW�EVI�HIʗRIH�EW�
;IWX�1EKLVIF��;1
��)EWX�1EKLVIF��)1
��0IZERX��0)
��%REXSPME��%2
��'IRXVEP�1IHMXIVVERIER��'1
��-FIVME��-&
��*VERGI�
�*6
��%PTW��%0
�ERH�&EPOERW��&%
��8LI�1IHMXIVVERIER�7IE�MW�HMZMHIH�MRXS���WYF�FEWMRW��XLI�;IWXIVR�1IHMXIVVERIER�7IE�
�1)(;
��XLI�)EWXIVR�1IHMXIVVERIER�7IE��1)()
��XLI�%IKIER�7IE��%)+
�ERH�XLI�%HVMEXMG�7IE��%(6
�

5 LXXT���[[[�RKHG�RSEE�KSZ�QKK�KPSFEP�KPSFEP�LXQP
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TIVMSH� �EVSYRH� ����� SV� ����
� EW� E� VIJIVIRGI� FYX�
regional climate models and regional high-quality 
observations are not available for that period. This 
choice (2 full decades at the end of the 20th century) 
also targets to facilitate the repeatability of the 
1%6��GSQTYXEXMSRW�QEHI�MR�JYXYVI�1IHMXIVVERIER�
studies or reports.

-R� EHHMXMSR� XS� XLI� VIJIVIRGI� TIVMSH�� [I� HIʗRI�
EPWS� XLI� ɎTVIWIRX�GPMQEXIɏ� TIVMSH� ����������
��
[LMGL�HIʗRIW�XLI�GYVVIRX�GPMQEXI�GSRHMXMSRW��8LI�
VIJIVIRGI�TIVMSH�MW�ʗ\IH�MR�HMJJIVIRX�VITSVXW�XS�FI�
able to intercompare results of simulations across 
different model generations, whereas the present-
climate will move from one report to another. For 
I\EQTPI��XLI�-4''�%6���-4''�����
�HIʗRIH������
����� EW� TVIWIRX� GPMQEXI�� [LIVIEW� XLI� -4''�%6��
�-4''�����E
�YWIH������������*SV�XLI�EWWIWWQIRX�
of past changes, the longest period available 
�KIRIVEPP]�����������SV������������ MJ�TSWWMFPI
� MR�
the observations is used in this report and units 
such as °C per decade are used in order to compare 
past trends computed over different past periods.

For the future, we keep 20-year time slices in order 
to sample the same level of internal variability as in 
XLI�VIJIVIRGI�TIVMSH��;I�HMZMHI�XLI���WX�GIRXYV]�MR�
20-year time slices with a present-climate period 
����������
�� E� RIEV�JYXYVI� TIVMSH� ����������
��
E� QMH�XIVQ� TIVMSH� GIRXIVIH� MR� ����� ����������
�
and a far-future period close to the end of the 
��WX�GIRXYV]� ����������
�� 8LI� QMH���WX�GIRXYV]�
period is arguably of particular interest for many 
stakeholders, especially for mid-term adaptation. 
The end of the 21st century period is also of interest 
for stakeholders working on mitigation targets and 
involved in very long-term planning (e.g., for the 
design and planning of dams, forests, cities).

For the future climate change assessment, an 
important part of the uncertainty is related to the 
future evolution of socio-economic development. 
To be able to propose future climate projections 
considering various possible socio-economic 
trajectories and climate policy pathways, we follow 
XLI� -4''� WGIREVMS� ETTVSEGL��;LIVI�QSVI� VIGIRX�
studies are not available, the assessment also 
considers studies based on the older IPCC SRES 
ETTVSEGL� �2EOMÊIRSZMÊ� ����
�� %PXLSYKL� VIWYPXW�
based on multiple IPCC scenarios are reported in 
XLI�1%6���[I�QSWXP]� JSGYW�SR�X[S�STXMSRW�[LMGL�
IRGSQTEWW� XLI� VERKI� SJ� -4''�%6��� '1-4�� ERH�
'36()<� WMQYPEXMSRW�� XLI� ɎFYWMRIWW� EW� YWYEPɏ�
WGIREVMS� �6'4����� JSV�ER�I\TPEREXMSR�SJ�XLI�6'4W�
see &S\� ���) and the optimistic scenario closest 
XS�XLI�92*'''�4EVMW�%KVIIQIRX�XEVKIX��6'4���
��
These scenarios have been chosen also due to 

model projection availability constraints at the 
regional scale. 

(IXIGXMRK� XVIRHW�ERH�EXXVMFYXMRK� VIKMSREP�GPMQEXI�
GLERKI� XS� LYQER� MRʘYIRGI� MW� GLEPPIRKMRK� HYI�
to natural climate variability and the strong 
spatio-temporal dependency of different climate 
variables. For projections, uncertainty estimates 
are provided where this is possible. For small 
model ensembles, the total range is also given. 
*SV�PEVKIV�IRWIQFPI����	�GSRʗHIRGI�MRXIVZEPW�EVI�
used as much as possible or else ”whisker plots” 
describing the various statistics of the distribution 
�QIHMER�� ��XL� ERH� ��XL� TIVGIRXMPI�� ��	� MRXIVZEP��
minimum and maximum values).

2.2.1.1 Observations and reanalyses

More and more observation datasets have become 
available at regional scales, either from satellite or 
in-situ observations, or from reconstructions and 
reanalyzes. This new generation of observation-
based products are (1) long and homogeneous 
IRSYKL�XS�EPPS[�XVIRH�WXYHMIW��)7%�''-
��6MFIW�IX�
EP������
����
�SJ�WYJʗGMIRXP]�LMKL�WTEXMEP�VIWSPYXMSR�
to capture complex topography and land-sea mask 
�7%*6%2��)963��1
��XLIVIF]�EPPS[MRK�VIKMSREP�XS�
PSGEP�WXYHMIW��ERH���
�SJ�WYJʗGMIRXP]�LMKL�XIQTSVEP�
VIWSPYXMSR��HEMP]�SV�LSYVP]��'31)4,36)
��*YQM«VI�
IX� EP�� ����
�� XS� EPPS[� XLI� WXYH]� SJ� VIKMSREPP]�
relevant extreme events. High-resolution gridded 
products have also become available for southern 
Mediterranean countries e.g., Cyprus (Camera et 
EP������
�SV�8YRMWME��8VEQFPE]�IX�EP������
�

*MRHMRK�XLI�FIWX�ʗX�JSV�TYVTSWI�SFWIVZEXMSR�HEXEWIX�
is becoming a new challenge, given the large 
number of available products, often characterized 
by substantial differences. Results of past trend 
studies and model evaluations are sensitive to the 
choice of the reference dataset (Flaounas et al. 
������4VIMR�ERH�+SFMIX�������>MXXMW�������*YQM«VI�
IX�EP��������/SXPEVWOM�IX�EP��������4I´E�%RKYPS�IX�
al. 2020). Long-term, accessible, gridded, well-
calibrated and homogeneous in time and space in-
situ data are nonetheless still lacking, especially 
for the ocean or the high-frequency variables over 
land. In addition, regional model-based reanalyzes 
are still rare.

:EVMSYW� SFWIVZEXMSR� HEXEWIXW� EVI� YWIH� XS� EWWIWW�
the past evolution of the different components of 
XLI� 1IHMXIVVERIER� GPMQEXI� W]WXIQ�� %XQSWTLIVMG�
dynamics are mostly assessed against atmospheric 
VIEREP]^IW� �)6%�-RXIVMQ��)6%��'����'6
� �Section 
2.2.2). For aerosols, clouds and surface radiation, 
FSXL� WEXIPPMXI� TVSHYGXW� ERH� WXEXMSR� HEXE� �&672��
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+)&%
� EVI� YWIH� XS� IWXMQEXI� TEWX� IZSPYXMSRW�
(Section 2.2.3). The trend evaluation over land relies 
on high-resolution observation-based gridded 
TVSHYGXW�� M�I��� '69�� )�3&7� JSV� XIQTIVEXYVI�
(Section 2.2.4)�ERH�'69��)�3&7��9��(IP��+4''�JSV�
precipitation (Section 2.2.5). The other water cycle 
components are evaluated against reconstructed 
products blending in-situ observations, satellite 
ERH�QSHIPW�SJ�VMZIV�RIX[SVOW��0YH[MK�IX�EP��������
4IPPIX�IX�EP��������;ERK�ERH�4SPGLIV�����
�(Section 
�����
, while satellite data are used for sea surface 
XIQTIVEXYVI� �1EVYPPS� IX� EP�� ������ 4MWERS� IX� EP��
������4EWXSV�IX�EP������
��7IGXMSR������
, and in-situ 
data for the deep water characteristics (Houpert et 
EP��������7GLVSIHIV�IX�EP��������8IWXSV�IX�EP��������
ZSR�7GLYGOQERR�IX�EP������
�

2.2.1.2 Modelling

Complex and realistic global and regional climate 
QSHIPW� �+'1W� ERH� 6'1W
�� FEWIH� SR� JYRHEQIRXEP�
physics, chemistry and biology equations are cur-
rently the standard tools to simulate the future evo-
PYXMSR�SJ�XLI�VIKMSREP�GPMQEXI�W]WXIQ��(MJJIVIRX�X]TIW�
of climate models are available to study the Medi-
terranean climate (past and future), often organized 
in large coordinated multi-model initiatives under 
XLI� ;SVPH� 'PMQEXI� 6IWIEVGL� 4VSKVEQQI� �;'64
�
YQFVIPPE� '36()<� �+MSVKM� IX� EP�� ����
� ERH� '1-4��
(Taylor et al. 2012). Combining the various sources 
of information or extracting the most credible (ac-
tionable) information is a new challenge, sometimes 
called the “distillation” problem (Hewitson et al. 
������*IVR¤RHI^�IX�EP������
�

8LI�1%6��GPMQEXI�EWWIWWQIRX�GSRGIVRMRK�JYXYVI�
climate evolution is based on four climate model 
ensembles, chosen for their good representation 
of the Mediterranean climate and for their good 
coverage of the various sources of uncertainty in 
future climate projections:

ɓ��'1-4��ERH�'1-4��+'1�IRWIQFPIW�[MXL�VIWSPYXMSR�
VERKMRK�ETTVS\MQEXIP]�JVSQ�����XS�����OQ��XLI]�
EVI� XLI� PEVKIWX� +'1� QYPXM�QSHIP� IRWIQFPIW�
available so far. They cover at a relatively low 
resolution all the uncertainty sources and 
can provide data for all the components of the 
climate system (atmosphere, land, ocean, 
marine biogeochemistry and aerosols). Some of 
the participating models share components and 
this may result in a redundancy in the ensemble 
VIWYPXW��/RYXXM�IX�EP������
�

ɓ��8LI� )YVS�'36()<� 6'1� IRWIQFPI� MW� E� PEVKI�
high-resolution ensemble at 12 km resolution 
�.EGSF�IX� EP�� ����
��[LMGL�LEW� GPIEVP]� MQTVSZIH�
the representation of climate variables compared 

XS� GSEVWI� VIWSPYXMSR� +'1W� SZIV� PERH�� I�K���
JSV� I\XVIQI� TVIGMTMXEXMSR� �*ERXMRM� IX� EP�� ����
��
VIKMSREP�[MRHW��3FIVQERR�IX�EP������
��QSYRXEMR�
GPMQEXI� �8SVQE� IX� EP�� ������ 8SVQE� ����
�� ERH�
over the sea, e.g., for regional winds (Herrmann 
et al. 2011) and extreme winds (“medicanes”) 
�+EIVXRIV�IX�EP������
��%R�I\EQTPI�JSV�XLI�WXVSRK�
QSHMʗGEXMSR�SJ�XLI�JYXYVI�GPMQEXI�GLERKI�WMKREP�
F]�LMKL�VIWSPYXMSR�6'1�GSQTEVIH�XS�+'1W�LEW�
been found for summer precipitation over the 
%PTW� �+MSVKM� IX� EP�� ����
�� %PXLSYKL� XLI� )963�
'36()<� IRWIQFPI� MW� E� PEVKI� LMKL�VIWSPYXMSR�
multi-model dataset, it does not cover the entire 
uncertainty space of the CMIP5 ensemble. 

ɓ��8LI�1IH�'36()<�6'71� IRWIQFPI� �6YXM� IX� EP��
2016) is a relatively small ensemble which does 
not cover the CMIP5 uncertainty range particularly 
well, but is the best data source available to 
study the future evolution of the Mediterranean 
7IE��(EVQEVEOM�IX�EP������F��7SXS�2EZEVVS�IX�EP��
����
�� MXW� IGSW]WXIQW� �1SYPPIG� IX� EP�� ����
� ERH�
atmosphere-ocean interactions. The models of 
this ensemble have high-resolution in both the 
atmosphere (resolution range: 25-50 km) and the 
SGIER��VIWSPYXMSR�VERKI�������OQ
�GSQTSRIRX�SJ�
XLI�VIKMSREP�GPMQEXI�W]WXIQ��7SQSX�IX�EP������
�

ɓ��8LI�'36()<�*47�GSRZIGXMSR�'46'1�IRWIQFPI�
(Coppola et al. 2020): this mini-ensemble 
TVSZMHIW�XLI�LMKLIWX�WTEXMEP�VIWSPYXMSR������OQ
�
JSV�XLI�KVIEXIV�%PTMRI�VIKMSR��VIEGLMRK�GSRZIGXMSR�
resolving scales. It yields, in particular, a strong 
improvement in the representation of extreme 
TVIGMTMXEXMSR� EX� WYF�HEMP]� XMQI� WGEPIW� �/IRHSR�
IX�EP��������&ER�IX�EP��������*SWWIV�IX�EP��������
&IVXLSY� IX� EP�� ������ *YQM«VI� IX� EP�� ����
��
Convection resolving models are very promising 
tools to study the future evolution of extreme 
precipitation associated with thunderstorms, 
medicanes or mesoscale convective systems in 
XLI�1IHMXIVVERIER�VIKMSR��0IRHIVMRO�IX�EP������
�
or urban-climate interactions.

%� PEVKI� ZEVMIX]� SJ� HS[RWGEPMRK� QIXLSHW� EVI�
available to study the Mediterranean climate (COST 
:%09)
��1EVEYR�IX�EP������
��MRGPYHMRK�SR�PMRI�XSSPW�
SR� [IF� TVSGIWWMRK� WIVZIVW� �'Sʗ´S� IX� EP�� ����
��
%QSRK�XLIWI�QIXLSHW��GSVVIGXMRK�GPMQEXI�GLERKI�
simulations using statistical tools (bias correction 
methods) allows to improve the present-climate 
WXEXMWXMGW�SJ�GPMQEXI�WMQYPEXMSRW��[MXL�GPIEV�FIRIʗXW�
for studying threshold-dependent extremes or for 
JSVGMRK� MQTEGX� QSHIPW�� %PP� WXEXMWXMGEP� QIXLSHW�
require long-term observations (stations, gridded-
products or satellite data calibrated for climate 
applications) for the learning phase and their 
application is therefore limited in regions where 
observations are lacking.
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-R�XLI�1%6��VITSVX��'1-4�IRWIQFPIW�EVI�QSWXP]�
used for the assessment of atmospheric dynam-
ics, aerosol, cloud and radiation, water cycle, sea 
L]HVSPSK]��WIE�PIZIP�ERH�EGMHMʗGEXMSR��[LIVIEW�XLI�
)YVS�'36()<�IRWIQFPI� MW�YWIH�JSV� XLI�EWWIWW-
ment of wind, clouds, temperature, precipitation 
ERH� XLI� GV]SWTLIVI�� 8LI� 1IH�'36()<� GSYTPIH�
regional models are used for sea hydrology and 
sea level, and the FPS-convection ensemble for 
the assessment of extreme precipitation.

(IWTMXI� XLI� GSRXMRYSYW� MQTVSZIQIRX� SJ� GPMQEXI�
model ensembles by increased resolution and 
ensemble size, increased complexity and improved 
QSHIP�TL]WMGW��XLIWI�WXMPP�WYJJIV�JVSQ�HIʗGMIRGMIW�
and systematic errors. In particular their poor 
representation of some key regional phenomena 
QE]�PMQMX�GSRʗHIRGI�JSV�WSQI�EWTIGXW�SJ�XLI�1%6��
assessment. This is especially true for coastal sea 
level, medicanes, tornadoes, hail phenomena, 
lightning, city climate, sub-daily precipitation, 
glaciers, clouds or cloud-aerosol interactions, 
LYQER�MRʘYIRGI�SR�PERH�ERH�[EXIV�YWI��

2.2.2 General circulation and dynamics

2.2.2.1 General circulation

8LI�TVS\MQMX]�SJ�XLI�1IHMXIVVERIER�XS�XLI�%XPERXMG�
and Indian Oceans and the surrounding massive 
land areas, with diverse climatic characteristics, 
places the area at the crossroads of many global 
climate patterns and processes of tropical and 
I\XVE�XVSTMGEP�SVMKMR��<STPEOM�IX�EP������E��0MSRIPPS�
IX� EP�� ������ 0IPMIZIPH� IX� EP�� ������ 0MSRIPPS� IX� EP��
����E�� 0MSRIPPS� ������ 9PFVMGL� IX� EP�� ����
�� -XW�
PSGEXMSR�SR�XLI�IEWXIVR�IHKI�SJ�XLI�%XPERXMG�3GIER�
means it is particularly affected by variability 
ERH� GLERKI� MR� XLI�2SVXL� %XPERXMG� NIX� WXVIEQ� �SV�
4SPEV� *VSRX� .IX
� MR� FSXL� [MRXIV� ERH� WYQQIV�
�(¿ROIPSL�ERH�.EGSFIMX�������,YVVIPP�IX�EP��������
%XLEREWMEHMW�IX�EP��������&PEH¬�IX�EP������
�ERH�F]�
stationary blocking patterns (Tyrlis and Hoskins 
����
��8LI�1IHMXIVVERIER�&EWMR�MW�EPWS�MRʘYIRGIH�
by semi-permanent large-scale anticyclones 
�I�K��� XLI� %^SVIW� ERXMG]GPSRI� MR� XLI� [IWX� HYVMRK�
summer and the cold Siberian anticyclone 
in the northeast during winter), while mobile 
anticyclones play also important role throughout 
XLI�[LSPI� ]IEV� �,EX^EOM� IX� EP�� ����
�� (YVMRK� XLI�
summer, the climate of the Mediterranean is 
JYVXLIV� MRʘYIRGIH� F]� GMVGYPEXMSR� TEXXIVRW� WIX�
YT�F]� XLI�%WMER�WYQQIV�QSRWSSR� �6SH[IPP�ERH�
,SWOMRW�����
�ERH�PSGEP�SVSKVETL]��7MQTWSR�IX�EP��
2015). 

Observed trends

The wintertime large-scale circulation has 
exhibited a long-term trend toward increased sea-
level pressure and anticyclonic circulation over 
the Mediterranean (Fig. 2.2a and b) (Mariotti and 
(IPPɌ%UYMPE�����
��%WMHI�JVSQ�XLMW�PSRK�XIVQ�XVIRH��
the historical record has also exhibited sizable 
multi-decadal variability. This is illustrated for 
the sea-level pressure anomalies in Fig. 2.2e and 
has also been discussed widely in the contexts of 
XVIRHW�MR�XLI�2SVXL�%XPERXMG�3WGMPPEXMSR��2%3
�ERH�
associated Mediterranean drying that occurred 
over the latter half of the 20th century (Hurrell 
����
�MR�[LMGL�MRXIVREP�ZEVMEFMPMX]�MW�XLSYKLX�XS�TPE]�
ER�MQTSVXERX�VSPI��/IPPI]�IX�EP������
��'1-4��QSHIPW�
suggest that the externally forced contribution to 
WIE�PIZIP�TVIWWYVI�XVIRHW�WMRGI������GSRWMWX�SJ�E�
pattern that resembles that of the observed trends 
but with a magnitude that is considerably smaller 
(Fig. 2.2c). It is likely that both external forcing and 
internal variability have contributed to the observed 
PSRK�XIVQ� XVIRHW� �,SIVPMRK� IX� EP�� ����
�� (YVMRK�
summer, it is challenging to assess the observed 
long-term trends, as there is no strong agreement 
in the pattern of sea-level pressure change (Fig. 
2.2f and g). There are indications of a summertime 
HIGPMRI� MR� WIE�PIZIP� TVIWWYVI� SZIV� 2SVXL� %JVMGE�
and the southern Mediterranean and, indeed, the 
CMIP5 models suggest that external forcings have 
contributed to a decline in sea-level pressure in 
this region over the 20th century (Fig. 2.2h).

Future changes

9RHIV� VMWMRK� KVIIRLSYWI� KEW� GSRGIRXVEXMSRW��
climate models project that the Hadley Cell cir-
culation will change, the tropics will expand and 
the mid-latitude westerlies and associated storm 
tracks will likely shift poleward (medium/high con-
ɑHIRGI
� �=MR� ������ 0Y� IX� EP�� ����F�� ����E��'LERK�
IX�EP��������&EVRIW�IX�EP��������7LE[�IX�EP��������
(Ɍ%KSWXMRS� IX� EP�� ������ ����
�� 8LMW� MW� I\TIGXIH� XS�
enhance subsidence and reduce storminess at 
the latitudes of the Mediterranean region, with a 
resulting reduction in precipitation (medium con-
ɑHIRGI
��;LMPI� XLIVI� MW� GSRWMHIVEFPI� MRXIV�QSHIP�
spread in the magnitude of these projected chang-
es and the forced signal can be small compared to 
MRXIVREP�ZEVMEFMPMX]��;SSPPMRKW�ERH�&PEGOFYVR�������
&EVRIW�IX�EP��������>ETTE�IX�EP��������5YER�IX�EP��
������+VMWI�IX�EP������
�� XLI�1IHMXIVVERIER�GSYPH�
FI�MRʘYIRGIH�F]�EHHMXMSREP�PSGEP�GMVGYPEXMSR�ERSQ-
alies, leading to pronounced hydroclimate changes 
�7IEKIV�IX�EP��������(Ɍ%KSWXMRS�ERH�0MSRIPPS�����
��
Future projections suggest that the wintertime 
trend toward increased anticyclonic circulation 
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over the Mediterranean will continue at an acceler-
ated pace (Fig. 2.2d) �+MSVKM�ERH�'STTSPE�����
��8LMW�
is accompanied by a strengthening of the wester-
ly winds and increased storminess over north-
IVR�)YVSTI�� VIHYGIH�[IWXIVPMIW�SZIV�RSVXL�%JVMGE� 

and decreasing storminess over the Mediterra-
RIER��;SSPPMRKW�ERH�&PEGOFYVR�������6SNEW�IX�EP��
������>ETTE�IX�EP������
��'PMQEXI�QSHIPW�TVIHMGX�E� 
WYQQIVXMQI�TSPI[EVH�WLMJX�SJ� XLI�2SVXL�%XPERXMG� 
jet (Simpson et al. 2015) and a summertime de-
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Figure 2.2 | Trends in sea level pressure (SLP). �E
��I
�WLS[�XLI�(.*��(IGIQFIV�.ERYEV]�*IFVYEV]
�WIEWSR���E
�ERH�
�F
�WLS[�����������XVIRHW�MR�704�JVSQ�)6%��'�ERH���'6�VIEREP]WIW��VIWTIGXMZIP]��+VI]�!�RSX�WMKRMʗGERXP]�HMJJIVIRX�
JVSQ�^IVS�EX�XLI���	�PIZIP��7MKRMʗGERGI�MW�GEPGYPEXIH�F]�VIWEQTPMRK��[MXL�VITPEGIQIRX��XLI�VIWMHYEPW�SJ�XLI�PMRIEV�
trend, adding the resampled residuals to the linear trend and re-calculating the linear trend. This is repeated 1,000 
XMQIW�XS�SFXEMR�XLI�TVSFEFMPMX]��T�ZEPYI
�EX�IEGL�KVMH�TSMRX�XLEX�XLI�XVIRH�MW�WMKRMʗGERXP]�HMJJIVIRX�JVSQ�^IVS��7TEXMEP�
EYXSGSVVIPEXMSR� MW� EGGSYRXIH� JSV�YWMRK� XLI�*EPWI�(MWGSZIV]�6EXI�QIXLSH�SJ�;MPOW� �����
�[MXL� GSRXVSP� ZEPYI�!� �����
Stippling depicts grid points where the magnitude of the trend is larger than in any of the individual CMIP5 ensemble 
QIQFIVW�� �G
� WLS[W� XLI�'1-4��QYPXM�QSHIP�QIER� XVIRH� JSV� ����������� 8LI� IRWIQFPI�QIER� JSV� IEGL�QSHIP� MW�
GEPGYPEXIH�� XLIR� XLI� PMRIEV� XVIRH� MW�SFXEMRIH�FIJSVI�GEPGYPEXMRK� XLI�EZIVEKI� XVIRH�EGVSWW�EPP�QSHIPW��+VI]�HITMGX�
VIKMSRW�[LIVI�PIWW�XLER�����SJ�XLI�QSHIPW�EKVII�SR�XLI�WMKR�SJ�XLI�GLERKI���H
�MW�EW��G
�FYX�JSV�JYXYVI�XVIRHW�JVSQ�
������������I
�WLS[W�XMQI�WIVMIW�SJ����]IEV�VYRRMRK�QIER�704�EZIVEKIH�SZIV�XLI�1IHMXIVVERIER��KVIIR�FS\�MR�G
�JSV�
the two re-analyses, all individual ensemble members from all models and the CMIP5 multi-model mean. (f)-(j) are 
EW��E
��I
�FYX�JSV�..%��.YRI�.YP]�%YKYWX
�
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GVIEWI�[MRXIVXMQI�MRGVIEWI�MR�WIE�PIZIP�TVIWWYVI�
centered over the Mediterranean (Fig. 2.2i)� �+MSV-
KM�ERH�'STTSPE�������&PEH¬�IX�EP������
��[MXL�XLI� 
reduction in Mediterranean sea-level pressure  
continuing at an accelerated pace over the coming  
decades (Fig. 2.2i), albeit with a large inter-model 
spread �*MK�����N
� This was argued to be dominated 
by a heat-low response to drier soils in the  
1IHMXIVVERIER�VIKMSR��,EEVWQE�IX�EP������
�

��������8IPIGSRRIGXMSR�TEʆIVRW

8LI�MRʘYIRGI�SJ�XIPIGSRRIGXMSR�TEXXIVRW��PMROEKIW�
between weather changes occurring in widely 
separated regions of the globe) on Mediterranean 
climate has been extensively studied (Corte-Real 
IX� EP�� ������ ,YVVIPP� ERH� :ER� 0SSR� ������ ;MFMK�
������ 4S^S�:¤^UYI^� IX� EP�� ������ 5YEHVIPPM� IX� EP��
������ <STPEOM� IX� EP�� ����E�� ����F�� ������ ,EX^EOM�
IX�EP��������8SVIXM�IX�EP��������9PFVMGL�IX�EP��������
8]VPMW� ERH� 0IPMIZIPH� ������ 6SYWM� IX� EP�� ������ 7IR�
IX�EP������
��4EVXMGYPEVP]�HYVMRK�[MRXIV��XLI�VIKMSR�
MW� TVSRI� XS� XLI� MQTEGXW� SJ� XLI�[IWXIVP]� ʘS[� ERH�
XLI� XIPIGSRRIGXMSR� TEXXIVRW� SJ� 2SVXL� %XPERXMG�
3WGMPPEXMSR��2%3
��)EWXIVR�%XPERXMG�;IWXIVR�6YWWME�
�)%�;6
�ERH�7GERHMREZMER� �7'%2
� �&EVRWXSR�ERH�
0MZI^I]�����
��

8LI� 2%3� MW�� JSV� TEVXW� SJ� XLI� VIKMSR�� SRI� SJ� XLI�
most important modes of internal climate 
variability. It affects especially the storm-tracks 
and cyclogenesis over parts of the basin (Trigo 
IX� EP�� ������ ������ 6IEPI� ERH� 0MSRIPPS� ����
� ERH�
mainly precipitation over the western-central 
1IHMXIVVERIER�MR�[MRXIV��0EQF�ERH�4ITTPIV�������
6SHV°KYI^�*SRWIGE�ERH�HI�'EWXVS�������<STPEOM�IX�
EP������
��2%3�MW�EPWS�JSYRH�XS�LEZI�WSQI�MRʘYIRGI�
on winter precipitation in parts of the eastern 
1IHMXIVVERIER��LS[IZIV� XLMW� MRʘYIRGI� MW�WQEPPIV�
�(¿ROIPSL�ERH�.EGSFIMX�������<STPEOM�IX�EP��������
*IPMOW�IX�EP��������*IPMW�ERH�6MQFY�������2MWWIR�IX�
EP������
��%�PIWWIV�FYX�HMWXMRGX�MRʘYIRGI�MW�HIXIGXIH�
FIX[IIR�2%3�ERH� XLI�1IHMXIVVERIER� WYVJEGI� EMV�
XIQTIVEXYVI��,YVVIPP�������'YPPIR�ERH�(I1IRSGEP�
������ &IR�+EM� IX� EP�� ������ 4S^S�:¤^UYI^� IX� EP��
������ 7¤IR^� IX� EP�� ������ 'EWXVS�(°I^� IX� EP�� ������
8VMKS�IX�EP������F��8¿VOIĢ�ERH�)VPEX�������<STPEOM�
IX�EP������F��8SVIXM�IX�EP������
�

3FWIVZIH�XVIRHW�SJ�2%3�EVI�RSX�QSRSXSRMG�ERH�EVI�
HMJʗGYPX� XS� EWWIWW� WMRGI� HIGEHEP� SWGMPPEXMSRW� EVI�
too large to reach a conclusion with an acceptable 
PIZIP�SJ�GSRʗHIRGI��2IZIVXLIPIWW��QSWXP]�RIKEXMZI�
XVIRHW� TVIZEMP� WMRGI� XLI� IEVP]� ����W� JSPPS[MRK� E�
TSWMXMZI� XVIRH� WXEVXMRK� MR� XLI� ����W� �9PFVMGL� ERH�
'LVMWXSTL�������1EVMSXXM�IX�EP������F��8¿VOIĢ�ERH�
)VPEX� ������ 8VMKS� IX� EP�� ������ ������ <STPEOM� IX� EP��

������ 4MRXS� ERH� 6EMFPI� ������ 7EJʗSXM� IX� EP�� ������
-PIW�ERH�,IKIVP�����
�

Climate projections mostly suggest a weak 
TSWMXMZI� 2%3� XVIRH� MR� E� [EVQIV� JYXYVI� GPMQEXI�
�PS[�QIHMYQ�GSRɑHIRGI
� accompanied by a small 
northeastward displacement of its centers-of-
EGXMSR�F]�XLI�IRH�SJ�XLI���WX�GIRXYV]��9PFVMGL�ERH�
'LVMWXSTL� ������ +MPPIXX� IX� EP�� ������ ������,Y� ERH�
;Y�������7XITLIRWSR�IX�EP��������&EGIV�IX�EP��������
(IWIV�IX�EP��������&EVGMOS[WOE�IX�EP������
��7SQI�
WXYHMIW� MRHMGEXI� RS� WMKRMʗGERX� XVIRHW� �*]JI� IX� EP��
������(SVR�IX�EP��������6EYXLI�IX�EP��������*MWGLIV�
&VYRW� IX� EP�� ����
�� SV� IZIR� HIGVIEWMRK� XVIRHW�
�3WFSVR�IX�EP������
�

7XYHMIW� SR� XLI� IJJIGX� SJ� )P� 2M´S� 7SYXLIVR�
3WGMPPEXMSR��)273
�TLIRSQIRSR�SR�1IHMXIVVERIER�
precipitation have shown that links exist, 
particularly during autumn and spring in the 
western Mediterranean and during winter in the 
Eastern Mediterranean. However, results are 
not conclusive concerning their evolution and 
VSFYWXRIWW�� -R� JEGX�� XLI� )273� WMKREP� MW� HMJʗGYPX�
to be isolated, because of the dominating mid-
latitude dynamics, the sign of its correlation with 
total precipitation depends on season and it is not 
WXEXMSREV]��6SH¶�IX�EP��������6SH¶�������1EVMSXXM�IX�
EP�� ����F�� ������/RMTTIVX^� IX� EP�� ������,EWERIER�
������ %PTIVX� IX� EP�� ������ 0¶TI^�4EVEKIW� ERH�
6SHV°KYI^�*SRWIGE�������/EPMQIVMW�IX�EP������
��

2.2.2.3  Extratropical cyclones and 
medicanes

The Mediterranean is one of the main cyclogenet-
MG� EVIEW� SJ� XLI� [SVPH� �4IXXIVWWIR� ������ ,SWOMRW�
ERH�,SHKIW�������;IVRPM�ERH�7GL[MIV^�����
��[MXL�
much of the high-impact weather (e.g., strong 
winds and heavy precipitation) associated with cy-
clonic structures. Cyclogenesis areas such as the 
RSVXL�[IWXIVR� 1IHMXIVVERIER�� 2SVXL� %JVMGE�� XLI�
north shore of the Levantine Basin, the seasonality 
�%PTIVX�IX�EP������E������F��8VMKS�IX�EP������������E��
0MSRIPPS�IX�EP��������������'EQTMRW�IX�EP������
��EW�
well as the occurrence of explosive cyclogenesis 
�/SYVSYX^SKPSY�IX�EP��������6IEPI�IX�EP������
�EVI�
[IPP� HSGYQIRXIH� MR� XLI� PMXIVEXYVI�� ;MXLMR� 1IHM-
terranean cyclones, there is a sub-group of hybrid 
depressions of extratropical cyclogenesis, the so-
GEPPIH�ɋQIHMGERIWɌ��1IHMXIVVERIER�LYVVMGERIW
�SV�
XVSTMGEP�PMOI�G]GPSRIW��6EWQYWWIR�ERH�>MGO�������
6IEPI� ERH�%XPEW� ������)QERYIP� ����
�� 8LIWI�EVI�
mesoscale maritime extratropical cyclones that 
can physically emulate tropical characteristics at 
E� GIVXEMR� TSMRX� SJ� XLIMV� PMJI� G]GPI� �)QERYIP� ������
1MKPMIXXE�����
��7YGL�JIEXYVIW�GER�MRGPYHI�E�GPSYH�
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free area at the center (the “eye”), spiral bands 
with deep convection around it, intense surface 
winds and a warm-core and symmetric structure 
(Miglietta et al. 2015). These events can pose se-
rious societal and ecological threat to the affected 
GSEWXEP�VIKMSRW��2EWXSW�IX�EP������
�

(YVMRK� XLI� VIGIRX� TEWX� XLIVI� MW� ER� EFWIRGI� SJ�
strong trends in cyclone numbers affecting the 
Mediterranean (Lionello et al. 2016), however when 
trends are detected these are mostly negative (low/
QIHMYQ�GSRɑHIRGI
��8VMKS�IX�EP��������1ELIVEW�IX�
EP�� ������ *PSGEW� IX� EP�� ������ 2MWWIR� IX� EP�� ����
��
Similarly, the number of explosive Mediterranean 
cyclones has likely decreased, but this reduction 
MW� RSX� WXEXMWXMGEPP]� WMKRMʗGERX� �/SYVSYX^SKPSY� IX�
al. 2010). The statistical record of medicanes has 
limited reliability and sample size, given their 
maritime characteristics, small size and infrequent 
occurrence. Thus, it has not been possible to 
derive an objective climatology. Observational 
studies cannot be used to identify trends because 
XLI�MHIRXMʗGEXMSR�MW�GSQQSRP]�WYFNIGXMZI��1MKPMIXXE�
IX�EP��������8SYW�ERH�6SQIVS�������2EWXSW�IX�EP��
����
��(]REQMGEP�HS[RWGEPMRK�QIXLSHW�LEZI�FIIR�
used to build a medicane climatology, but only 
negligible trends were obtained (Cavicchia et al. 
����
��

For the future, climate models project a 
reduction in the number of cyclones (medium/
LMKL� GSRɑHIRGI
� especially in winter (Lionello et 
EP�� ������ +IRK� ERH� 7YKM� ������ &IRKXWWSR� IX� EP��
������0IGOIFYWGL�IX�EP��������0MSRIPPS�ERH�+MSVKM�
������4MRXS�IX�EP��������0¹TXMIR�IX�EP��������9PFVMGL�
IX�EP��������6EMFPI�IX�EP��������>ETTE�IX�EP��������
2MWWIR� IX� EP�� ����
�� 8LIVI� MW� WSQI� YRGIVXEMRX]��
as the spread in the model responses appears to 
FI� UYMXI� PEVKI� �9PFVMGL� IX� EP�� ������ ������,EVZI]�
IX� EP�� ����
�� ;MXL� VIWTIGX� XS� G]GPSRI� MRXIRWMX]��
climate projections are more controversial, as 
some models suggest a decrease in the frequency 
SJ� XLI� QSWX� MRXIRWI� W]WXIQW� �4MRXS� IX� EP�� ������
Raible et al. 2010), while other models show more 
extreme events or increases in the intensity of 
I\XVIQI� G]GPSRIW� �0MSRIPPS� IX� EP�� ������+EIVXRIV�
IX� EP�� ����
�� *SV�QIHMGERIW�� GPMQEXI� TVSNIGXMSRW�
indicate a decreasing response in frequency but 
MRGVIEWMRK�MRXIRWMX]��+EIVXRIV�IX�EP��������6SQIVS�
ERH� )QERYIP� ������ ������ 'EZMGGLME� IX� EP�� ������
;EPWL�IX�EP��������8SYW�IX�EP��������6SQIVE�IX�EP��
������+SR^¤PI^�%PIQ¤R�IX�EP������
�

2.2.2.4 Regional winds

Surface wind speed and its changes on different 
temporal and spatial scales are governed by driving 

and drag forces, where all relevant contributions 
EVI� HMJʗGYPX� XS� IWXMQEXI� ERH� HMWIRXERKPI� �;Y� IX�
EP�� ����E
�� 7YVJEGI�[MRH� GPMQEXI� WXYHMIW�EVI� PIWW�
common than air-temperature and precipitation 
studies for example, and more work is needed 
to explain historical wind speed evolution and 
precisely estimate different sources of uncertainty 
in the future projections. This variable is now 
becoming more important, since parts of the 
region, both inland and offshore, have high 
potential for the production of wind energy (Balog 
IX�EP��������3RIE�IX�EP������
�(Chapter 3.3).

Observation-based studies of winds over the Med-
iterranean are rare, and depend on the availabil-
ity of homogenized and long time series. In most 
regions, wind trends were found non-monotonic 
over the past decades and, concrete conclusions 
EVI�HMJʗGYPX�XS�FI�IWXEFPMWLIH��4MVE^^SPM�ERH�8SQE-
WMR�������:EYXEVH�IX�EP��������%^SVMR�1SPMRE�IX�EP��
����
��%R�EHHMXMSREP�WSYVGI�SJ�MRJSVQEXMSR�EVI�VIE-
nalysis datasets, but robust trends have been iden-
XMʗIH�SZIV�SRP]�E�JI[�VIKMSRW�MR�XLI�1IHMXIVVERIER�
�2MWWIR�IX�EP��������(SREX�IX�EP��������&IXX�IX�EP��
����
�� 'PMQEXI�QSHIP� WMQYPEXMSRW� SZIV� LMWXSVMGEP�
periods can also be used in assessing and under-
WXERHMRK�TEWX�XVIRHW��/RMTTIVX^�IX�EP������
�

(IWTMXI� XLI� YRGIVXEMRXMIW� MR� JYXYVI� TVSNIGXMSRW�
�7LITLIVH�������&IPYĤMÊ�:S^MPE�IX�EP������
�� XLIVI�
is a general agreement for a limited wind speed 
reduction over most of the Mediterranean, with the 
I\GITXMSR�SJ�XLI�%IKIER�7IE�ERH�RSVXL�IEWXIVR�PERH�
areas (Fig. 2.3, Section 2.2.8) �QIHMYQ� GSRɑHIRGI
�
�7SQSX�IX�EP��������1GMRRIW�IX�EP��������(SFV]RMR�
IX�EP��������4PERXSR�IX�EP��������&IPYĤMÊ�:S^MPE�IX�EP��
����
��'LERKIW� MR� XLI� PSGEP�[MRHW� �WYGL�EW�&SVE��
Mistral, Tramontane, Sirocco and Etesians) may 
have more complex responses involved, depending 
on the changes in their underlying feedbacks 
�+VMWSKSRS�ERH�&IPYĤMÊ�������9PFVMGL�IX�EP������
��
6IKMSREP�TVSNIGXMSRW�SZIV�XLI�%HVMEXMG�VIZIEP�WXVSRK�
sensitivity in the climate change signal of the local 
&SVE�ERH�7MVSGGS�[MRHW��&IPYĤMÊ�:S^MPE�IX�EP������
��
In particular, the frequency of winter Bora events 
is projected to increase while the frequency of 
Sirocco events is expected to decrease. Overall, the 
mean wind speed during Bora and Sirocco events 
is expected to be reduced, with the exception of 
&SVE� MR� RSVXLIVR� %HVMEXMG�� 6'1� TVSNIGXMSRW� SJ�
Mistral and Tramontane show small changes in the 
JSVQIV�ERH�WMKRMʗGERX�HIGVIEWI�MR�XLI�JVIUYIRGMIW�
SJ� XLI� PEXXIV� �3FIVQERR�,IPPLYRH� IX� EP�� ����
��
)XIWMER�[MRHW�SZIV� XLI�%IKIER�7IE� MW�SRI�SJ� XLI�
few exceptions since increases in the wind speed 
EVI�I\TIGXIH�JSV�XLI�JYXYVI� �)^FIV�������(EJOE�IX�
EP�� ����
�� -R� KIRIVEP�� 6'1� TVSNIGXMSRW� LEZI� XLI�
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tendency to simulate decrease of the wind energy 
density over the Mediterranean, with the exception 
SJ�XLI�%IKIER�7IE��,YIKMRK�IX�EP��������8SFMR�IX�EP��
������1SIQOIR�IX�EP������
�

Regional climate simulations indicate changes in 
wind speed over land regions as well (Fig. 2.3). Most 
TVSRSYRGIH�GLERKIW��GSRWMWXIRX�JSV�FSXL�6'4����ERH�
6'4���� TEXL[E]W�� EVI� ER� MRGVIEWI� SJ� [MRH� WTIIHW�
SZIV�XLI�&EPOERW�ERH�E�HIGVIEWI�SZIV�XLI�%PTW�

2.2.3 Radiation, clouds and aerosols

8LI�EQSYRX�SJ�WSPEV�VEHMEXMSR�VIEGLMRK�XLI�)EVXLɌW�
surface is a key determinant of the spatio-tem-
poral variations of climate on our planet and is 
the ultimate energy source for all processes rel-
evant for climate and life. The main factors ex-
plaining the variability of surface solar radiation 
over the Mediterranean region for different time 
scales (daily, seasonal, interannual, past and fu-
ture trends) are clouds (Pyrina et al. 2015) and 
EIVSWSPW� �2EFEX� IX� EP�� ����E�� ����F
�� 8LI� HEMP]�
ZEVMEFMPMX]� MR�GPSYHW�ERH�EIVSWSPW� MW�WXVSRKP]� MRʘY-

IRGIH�F]�[IEXLIV� VIKMQIW� �6SNEW�IX�EP�� ������2E-
bat et al. 2020) and climate oscillations such as the 
2SVXL�%XPERXMG�3WGMPPEXMSR��2%3��'LMEGGLMS�ERH�;MPH� 
2010). 

%IVSWSPW�MR�XLI�1IHMXIVVERIER�GSQI�JVSQ�ZEVMSYW�
and numerous sources (Lelieveld 2002), both 
natural, notably dust and sea-salt, and anthropo-
genic, notably sulfates, nitrates and black carbon 
(Section 2.3). Their interactions with radiation and 
clouds are essential in understanding climate in 
this region. 

2.2.3.1  Observed change in surface 
radiation

The long-term solar radiation records taken at 
widespread locations around the globe underwent 
substantial multidecadal variations, characterized 
by a reduction of surface solar radiation from the 
����W� XS� XLI� ����W�� ORS[R� EW� ɎKPSFEP� HMQQMRKɏ�
and a partial recovery, thereafter, referred to as 
ɎFVMKLXIRMRKɏ� �;MPH� ������ ������;MPH� IX� EP�� ����
��
8LMW�HMQQMRK�FVMKLXIRMRK�TEXXIVR�MW�EPWS�SFWIVZIH�
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Figure 2.3 | Projected changes (%) in surface wind speed FEWIH�SR�1IH�'36()<�WMQYPEXMSRW��6YXM�IX�EP������
�
JSV� XLI�IRH�SJ� XLI���WX�GIRXYV]� ����������
�VIPEXMZI� XS� XLI�TIVMSH������������ JSV�TEXL[E]W�6'4���� �XST�TERIP
�ERH�
6'4�����FSXXSQ�TERIP
��7IZIR�6'1W�[IVI�YWIH�JSV�6'4����ERH�IMKLX�6'1W�[IVI�YWIH�JSV�6'4�����(SXXIH�EVIEW�WLS[�
HMJJIVIRGIW�XLEX�TEWWIH�E���	�WMKRMʗGERGI�XIWX�
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in the Mediterranean area �ZIV]� LMKL� GSRɑHIRGI
��
both in all-sky and clear-sky conditions, docu-
mented with many ground-based and satellite  
observations after careful data quality assess-
QIRX�ERH�LSQSKIRM^EXMSR��7¤RGLI^�0SVIR^S�IX�EP��
������ ������ ������>IVIJSW�IX� EP�� ������/EQFI^MH-
MW�IX�EP��������1EREVE�IX�EP��������%PI\ERHVM�IX�EP��
������4JIMJVSXL�IX�EP������
��EW�[IPP�EW�GPMQEXI�WMQ-
YPEXMSRW��*SPMRM�ERH�;MPH�������>YFPIV�IX�EP�������� 
2EFEX� IX� EP�� ����
�� 8LI� WYVJEGI� WSPEV� VEHMEXMSR�
trends averaged over the Mediterranean have been 
estimated in climate model simulations between  
����� ERH� �����;�Q-² per decade for the dimming  
TIVMSH�����������
��EKEMRWX�JSV�XLI�FVMKLXIRMRK�TI-
VMSH� FIX[IIR� ����� ERH� �����;�Q-² per decade in 
���������� �*SPMRM� ERH� ;MPH� ����
� ERH� ���� ;� Q-² 
TIV�HIGEHI� MR����������� �2EFEX�IX�EP������
��8LI�
surface solar radiation anomalies calculated by 
KPSFEP� GPMQEXI�QSHIPW� JSV� XLI�TIVMSHW� ����������
ERH� ���������� EKEMRWX� XLI� VIJIVIRGI� TIVMSH� SJ�
���������� EVI� TSWMXMZI�� WLS[MRK� VIWTIGXMZIP]� XLI�
dimming and the brightening effects, since the  
reference period refers to the period where sur-
face solar radiation was the lowest (Fig. 2.4).

In parallel to the brightening period, a decrease in 
EIVSWSP�PSEHW�LEW�FIIR�SFWIVZIH�WMRGI������FSXL�
MR� KVSYRH�FEWIH� WXEXMSRW� �0M� IX� EP�� ����
� ERH� MR�
satellite data (Floutsi et al. 2016). This decrease, 
corresponding to a trend in aerosol optical depth 
SJ� ������ HIGEHI-1, is mainly due to reductions in 
anthropogenic emissions, leading to a decrease 
in anthropogenic aerosol concentrations such as 
WYPJEXI� �2EFEX� IX� EP�� ����
�� 8LIWI� EIVSWSP� XVIRHW�
have been shown to be the main explanation of the 
dimming-brightening phenomenon in the Mediter-
ranean area �LMKL� GSRɑHIRGI
 through attribution 
QSHIP�WXYHMIW��*SPMRM�ERH�;MPH�������>YFPIV�IX�EP��
������2EFEX�IX�EP������
��ERH�[MXL�XLI�HMVIGX�EIVSWSP�
IJJIGX�VIWTSRWMFPI�JSV�EFSYX���	�SJ�XLI�WMQYPEXIH�
brightening. This phenomenon is qualitatively re-
TVSHYGIH�F]�QSWX�+'1W��FYX�SRP]�F]�E�JI[�VIKMSREP�
climate models, due to different treatments of aer-
osols in models (Fig. 2.4). The evolution of natural 
aerosols is more uncertain over the same period.

Concerning clouds, a decrease in cloud cover of  
����	�TIV�HIGEHI�WMRGI� XLI�����W�LEW�EPWS�FIIR�
detected from different observations datasets over 
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Figure 2.4 | Past and future evolution of Surface Downwelling Shortwave Radiation (RSDS in W m-2), Total 
Cloud cover (CLT in %) and Aerosol Optical Depth (AOD) JVSQ������XS������EZIVEKIH�SZIV� XLI�1IHMXIVVERIER�
EVIE�MR�'1-4��+PSFEP�'PMQEXI�1SHIPW��+'1
�ERH����OQ�)YVS�'36()<�6IKMSREP�'PMQEXI�1SHIPW��6'1
�IRWIQFPIW��
*MKYVIW�FEWIH�SR�&EVXSO�IX�EP�������
��VIHVE[R�ERH�I\XIRHIH�YWMRK�TYFPMWLIH�HEXEWIXW�
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XLI� 1IHMXIVVERIER� EVIE� �7¤RGLI^�0SVIR^S� IX� EP��
����
�� 8LMW� XVIRH� QEMRP]� GSRGIVRW� PS[� ERH� QMH�
GPSYH� PE]IVW� �/EQFI^MHMW� IX� EP�� ����
� (medium 
GSRɑHIRGI
� The spread between models that 
capture these trends is high, because of their 
HMJʗGYPXMIW� XS� GETXYVI� GPSYH� GLEVEGXIVMWXMGW� (Fig. 
2.4)�� 'PSYHW� QE]� EPWS� LEZI� TPE]IH� E� WMKRMʗGERX�
role in the past trend of surface solar radiation, 
at least locally �PS[�GSRɑHIRGI
� Stronger positive 
trends in surface solar radiation are detected 
in spring over western Mediterranean Basin, 
explained by a decrease in cloud optical depth 
JSV� XLMW� WIEWSR� SZIV� XLMW� FEWMR� �/EQFI^MHMW� IX�
al. 2016), and despite an averaged positive trend 
of surface solar radiation observed over the 
eastern basin, more uncertainty exists due to the 
lack of observations of both clouds and aerosols 
�%PI\ERHVM�IX�EP������
��

2.2.3.2  Projected change in surface 
radiation

In future climate projections, anthropogenic 
aerosol loads over the Mediterranean are expected 
to keep on decreasing �LMKL�GSRɑHIRGI
�because of 
decreases in anthropogenic emissions in Europe 
�7LMRHIPP� IX� EP�� ����
�� 8LI� HIGVIEWI� MW� I\TIGXIH�
to be more pronounced in the near future with 
an aerosol optical depth anomaly between -0.12  
ERH������������	�YRGIVXEMRX]�VERKI
�JSV�XLI������
����� TIVMSH�[MXL� VIWTIGX� XS� XLI� VIJIVIRGI� TIVMSH�
����������(Fig. 2.4), and will slow down in the far 
JYXYVI� �FIX[IIR� ������ ERH� ������� ���������� ZW�
���������
�� 8LI� IZSPYXMSR� SJ� REXYVEP� EIVSWSPW� MW�
more uncertain, due to current unknown future 
evolution of the desert dust (Section 2.3.2).

Total cloud cover is also expected to decrease 
during the 21st century over the Mediterranean 
�QIHMYQ� GSRɑHIRGI
� �&S¬� ERH� 8IVVE]� ������
)RVMUYI^�%PSRWS� IX� EP�� ������ &EVX¶O� IX� EP�� ������
,IRXKIR� IX� EP�� ����
�� 8LMW� MW� GSRWMWXIRX� [MXL� XLI�
RSVXL[EVH�I\TERWMSR�SJ�XLI�,EHPI]�GIPP��7¤RGLI^�
0SVIR^S�IX�EP��������(Ɍ%KSWXMRS�IX�EP������
�(Section 
2.2.2) and with enhanced lower tropospheric drying 
�,IRXKIR� IX� EP�� ����
�� 8LI� I\TIGXIH� ERSQEP]� MR�
cloud cover for the mid-21st century ranges from  
����� XS� ����	� MR� XLI� 6'4���� �����	� YRGIVXEMRX]�
range, Fig. 2.4
��FIGEYWI�SJ�XLI�HMJʗGYPX]�SJ�QSHIPW�
to capture the spatial variability of the cloudiness 
IZSPYXMSR��&EVX¶O�IX�EP������
�

%W� TVSNIGXIH� F]�+'1W�� WYVJEGI� WSPEV� VEHMEXMSR� MW�
expected to continue increasing in the 21st century, 
especially in the near future� �QIHMYQ�GSRɑHIRGI
��
8LI�ERSQEP]�MW�FIX[IIR�����ERH�����;�Q-² for the 
TIVMSH�����������MR�XLI�6'4���������	�YRGIVXEMRX]�

range), in line with the decrease in anthropogenic 
EIVSWSPW� �&S¬� IX� EP�� ������ +YXM¬VVI^� IX� EP�� ����
�
(Fig. 2.4). However, this evolution is not shared by 
EPP�6'1W��&EVX¶O�IX�EP��������+YXM¬VVI^�IX�EP������
��
Only regional climate models which consider 
aerosol dynamics simulate the increase in surface 
solar radiation as the global models (Boé et al. 
������+YXM¬VVI^�IX�EP������
��8LMW�MRGVIEWI�MR�JYXYVI�
surface solar radiation is reinforced by an expected 
HIGVIEWI� MR� GPSYH� GSZIV� �)RVMUYI^�%PSRWS� IX� EP��
2016), despite a compensational effect of increased 
absorption in clear sky conditions due to higher 
water vapor content in the atmosphere (Haywood 
et al. 2011) (Fig. 2.4).

2.2.4 Temperature and related extremes

2.2.4.1  Observed temperature 
changes

Climate reconstructions, ground-based obser-
vations, reanalysis and remote-sensing datasets  
all corroborate the transition to warmer condi-
tions during the 20th century and that warming 
has accelerated during the last decades (high  
GSRɑHIRGI
� Basin-wide, annual mean temper-
EXYVIW� EVI� RS[� ���s'� EFSZI� PEXI� ��XL� GIRXYV]�
levels �&S\� ����� *MK�� ����
. Particularly after the  
����W�� VIKMSREP� [EVQMRK� LEW� EGGIPIVEXIH� ERH� 
increases at a higher rate than the global average  
�0IPMIZIPH�IX�EP�� ������0MSRIPPS�IX�EP�� ����E��>MXXMW� 
ERH� ,EHNMRMGSPESY� ������ 'VEQIV� IX� EP�� ������ 
0MSRIPPS� ERH� 7GEVEWGME� ������ >MXXMW� IX� EP�� ����
��
These studies present a strong consensus that 
the recent observed warming is robust throughout 
the region analysis, though magnitude and level of 
WMKRMʗGERGI� SJ� XLI� SFWIVZIH� XIQTIVEXYVI� XVIRHW�
in the Mediterranean varies depending (a) on the 
region, country or station under consideration, (b) 
on the type of data set investigated and (c) on the 
season and period of analysis.

Solar forcing and large volcanic eruptions 
EVI� JSYRH� XS� LEZI� E� WXVSRK� MRʘYIRGI� SR� XLI�
Mediterranean temperature variability over the 
PEWX� GIRXYVMIW� �8VSYIX� ����
�� %� GSQFMREXMSR� SJ�
climate reconstructions, documentary sources and 
observed data suggests that looking at the long-
term timescale (e.g., over the last 500 years), warm 
periods are not exceptional for the Mediterranean, 
[LMGL�MW�GLEVEGXIVM^IH�F]�E�WIUYIRGI�SJ�[EVQMRKɈ
GSSPMRK� G]GPIW� �0YXIVFEGLIV� ERH� <STPEOM� ������
'EQYJJS�IX�EP��������0IPMIZIPH�IX�EP������
��%�WXYH]�
of summer temperature since Roman times shows 
that although the mean 20th century European 
(including the northern part of the Mediterranean 
&EWMR
� [EW� RSX� WMKRMʗGERXP]� [EVQIV� XLER� WSQI�
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IEVPMIV� GIRXYVMIW�� XLIVI� EVI� RS� IEVPMIV� ���]IEV�
periods found to be warmer than the most recent  
��HIGEHIW��0YXIVFEGLIV�IX�EP������
�

Recent climatic trends are clear, particularly after 
XLI� ����W��3ZIV� XLIWI� PEWX� HIGEHIW�� EGGSVHMRK� XS�
HMJJIVIRX� X]TI� SJ� SFWIVZEXMSRW�� WMKRMʗGERX� TSWMXMZI�
trends of the order of 0.1-0.5°C per decade have 
FIIR� MHIRXMʗIH� (Fig. 2.5)� �2EWVEPPEL� ERH� &EPPMRK�
������ 7EEVSRM� IX� EP�� ������ *IMHEW� IX� EP�� ������
&VYRIXXM�IX�EP��������)P�/IRE[]�IX�EP��������8EREVLXI�
IX� EP�� ������ 0IPMIZIPH� IX� EP�� ������ 0MSRIPPS� ������
(SREX�IX�EP��������1EVMSXXM�IX�EP��������0MSRIPPS�ERH�
7GEVEWGME�������&MPFES�IX�EP������
��-R�EHHMXMSR��JSV�
parts of the basin, there is some evidence that the 
diurnal temperature range has also changed (Price 
IX�EP��������&MPFES�IX�EP��������7YR�IX�EP������
�

Besides mean values, hot and cold extremes have 
also become warmer, while in particular there is 
strong evidence and consensus that heat waves 
LEZI� FIGSQI�QSVI� JVIUYIRX� ERH� WIZIVI�� :EVMSYW�
GPMQEXMG� MRHMGEXSVW� WLS[� WMKRMʗGERX� MRGVIEWMRK�
trends of extreme heat events characteristics (e.g., 
duration, frequency and intensity). The number of 
warm and tropical nights has also increased over 
most Mediterranean locations including Iberia, 

RSVXL�%JVMGE��-XEP]��1EPXE��+VIIGI��%REXSPME�ERH�XLI�
0IZERX� �/SWXSTSYPSY�ERH�.SRIW�������&EVXSPMRM�IX�
EP�� ������ /YKPMXWGL� IX� EP�� ������ )P� /IRE[]� IX� EP��
������+EPHMIW�������(SREX�IX�EP��������*MPELM�IX�EP��
������0IPMIZIPH�IX�EP��������'IGGLIVMRM�IX�EP��������
2EWL[ER� IX� EP�� ������ 8SPMOE� ����
�� 4EVXW� SJ� XLI�
region were impacted by some of the most severe 
record-breaking weather events of the last decade, 
mainly related with summer heat extremes 
(Coumou and Rahmstorf 2012). Considering only 
winter, some studies that suggest a different 
behavior of hot and cold extremes between the 
eastern and western parts of the Mediterranean, 
with negative temperature trends in the former 
ERH�TSWMXMZI�XVIRHW�MR�XLI�PEXXIV��,IVXMK�IX�EP��������
Efthymiadis et al. 2011), but these studies do not 
include the most recent warm decades.

2.2.4.2 Future temperatures

%GGSVHMRK�XS�JYXYVI�TVSNIGXMSRW��XLI�KVIEXIV�1IH-
iterranean Basin is among the most responsive 
regions to global warming. Previous studies have 
MHIRXMʗIH�XLI�VIKMSR�EW�SRI�SJ�XLI�QSWX�TVSQMRIRX�
GPMQEXI�GLERKI�LSX�WTSXW��+MSVKM�������0MSRIPPS�IX�
EP��������+MSVKM�ERH�0MSRIPPS�������(MJJIRFEYKL�ERH�
+MSVKM�������0MSRIPPS�������0MSRIPPS�ERH�7GEVEWGME�
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Figure 2.5 | Observed temperature trends (left panels) and time-series of temperature over land for the 
Mediterranean based on the Climatic Research Unit (CRU) (Harris et al. 2020) gridded observations. Time-series 
VIJIV� XS� XLI�[LSPI�1IHMXIVVERIER�EW�HIʗRIH� MR�XLI� PIJX�TERIPW�ERH�JSV� XLVII�1IHMXIVVERIER�WYF�VIKMSRW� (Fig. 2.1): 
2SVXL��*6��%0&%
��'IRXVEP��-&��'1��%2
�ERH�7SYXL�1IHMXIVVERIER��;1��)1��0)
��
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����
�� 1YPXM�QSHIP� IRWIQFPIW� SJ� GPMQEXI� WMQY-
lations indicate that widespread warming will al-
most certainly occur in the Mediterranean in the 
21st century �LMKL� GSRɑHIRGI
� though, climate 
models might overestimate actual values in warm 
and dry conditions (Boberg and Christensen 2012).

The warming level of warming strongly depends 
SR�XLI�VIJIVIRGI�TIVMSH�HIʗRMXMSR��XLI�JYXYVI�XMQI�
horizon and the level of greenhouse gas forcing 
�'LVMWXIRWIR�IX�EP��������+MSVKM�ERH�0MSRIPPS�������
'SPPMRW�IX�EP��������(YFVSZWOÀ�IX�EP��������.EGSFIMX�
IX�EP��������1EVMSXXM�IX�EP��������3^XYVO�IX�EP��������
0MSRIPPS�ERH�7GEVEWGME�������>MXXMW�IX�EP������
��%�
quantitative estimation based on state-of-the-art 
)963�'36()<�VIKMSREP�WMQYPEXMSRW�MW�TVIWIRXIH�
in Table 2.1 and *MK�� �������. Over land regions, a 
VSFYWX�ERH�WMKRMʗGERX�[EVQMRK�SJ�XLI�VERKI�SJ�����
���s'��[MXL�VIWTIGX� XS� XLI�VIJIVIRGI�TIVMSH������
����
�MW�WYKKIWXIH�JSV�XLI�JYXYVI��8LI�VSFYWXRIWW�
ERH�WMKRMʗGERGI�SJ�XLI�GPMQEXI�WMKREP�MW�QYGL�LMKLIV�
for air temperature rather than other variables 
WYGL� EW� TVIGMTMXEXMSR� �/RYXXM� ERH� 7IHP¤ÐIO� ������
Lelieveld et al. 2016). There are strong indications 
and a general consensus that regional warming 
will continue faster than the global average and 
[MPP� I\GIIH� XLI� KPSFEP�QIER� ZEPYI� F]� ��	�SR� ER�
ERRYEP�FEWMR�ERH���	�MR�WYQQIV��LMKL�GSRɑHIRGI
 
�:EYXEVH� IX� EP�� ������ (SWMS� ERH� *MWGLIV� ������
0MSRIPPS�ERH�7GEVEWGME�������2MOYPMR�IX�EP������
��
(E]XMQI� XIQTIVEXYVIW� EVI� I\TIGXIH� XS� MRGVIEWI�
more than nighttime temperatures, indicating 
an increase of the amplitude of the diurnal 
XIQTIVEXYVI�VERKI��0MSRIPPS�ERH�7GEVEWGME�����
�

Changes in the occurrence of extreme events 
closely follow changes in inter-annual variability. 
Therefore, such changes can be also considered 
as a proxy measure of seasonal extremes (Schär 
IX�EP��������+MSVKM�����
��8LI�MRXIRWMX]�SJ�I\XVIQI�
temperature is projected to increase more rapidly 
than the intensity of more moderate temperatures 
over the continental interior due such increases 
MR�XIQTIVEXYVI�ZEVMEFMPMX]��&IRMWXSR�IX�EP������
� 

Projected changes in extreme temperature 
indicators suggest that the frequency and severity 
of heat waves will increase �LMKL� GSRɑHIRGI
�
�(MJJIRFEYKL�IX�EP��������+SYFERSZE�ERH�0M�������
+MSVKM�ERH�0MSRIPPS�������*MWGLIV�ERH�7GL§V�������
(MJJIRFEYKL�ERH�+MSVKM�������7MPPQERR�IX�EP��������
6YWWS�IX�EP��������.EGSF�IX�EP��������/SWXSTSYPSY�
IX�EP��������>MXXMW�IX�EP��������0IPMIZIPH�IX�EP��������
3Y^IEY�IX�EP��������0MSRIPPS�ERH�7GEVEWGME�����
��
%GGSVHMRK� XS� TVSNIGXMSRW� JSV� E� FYWMRIWW�EW�YWYEP�
scenario, summer daily maximum temperature is 
I\TIGXIH� XS� MRGVIEWI�YT� XS��s'�F]� XLI�IRH�SJ� XLI�
21st century in comparison with the recent past 
�7MPPQERR�IX�EP��������0IPMIZIPH�IX�EP������
��&IWMHIW�
warmer daytime temperature maxima, parts of 
the Mediterranean will likely face an increase of 
QSVI� XLER���	� MR� XLI�RYQFIV�SJ� XVSTMGEP�RMKLXW��
Increase of warm temperature extremes will be 
HVEQEXMG� TEVXMGYPEVP]� MR� WYQQIV� ERH�[MXL� E� �s'�
global warming almost all nights will be warm and 
XLIVI�[MPP� FI� RS� GSPH� HE]W� �7MPPQERR� IX� EP�� ������
(SWMS� ERH� *MWGLIV� ������ 0MSRIPPS� ERH� 7GEVEWGME�
2020).
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Figure 2.6 | Projected changes in annual temperature between the recent past reference period (REF: 1980-
1999) and three future sub-periods (NEAR: 2020-2039, MID: 2040-2059, END: 2080-2099), based on the ensemble 
QIER�SJ�)963�'36()<�����s�WMQYPEXMSRW�JSV�TEXL[E]W�6'4�����XST�TERIPW
�ERH�6'4�����FSXXSQ�TERIPW
��
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;EVQMRK�MW�TVSNIGXIH�XS�FI�QMPHIV�MR�[MRXIVW�ERH�
much stronger during summers. This is mainly 
attributed to land-atmosphere interactions and 
the transition to drier conditions (Seneviratne et 
EP�� ������ .EIKIV� ERH� 7IRIZMVEXRI� ������ 5YIWEHE�
IX� EP�� ������ >MXXMW� IX� EP�� ����
�� %RSXLIV� MQTSVXERX�
feedback, particularly for southern Mediterranean, 
is the coupling of longwave radiation between the 
desert soil surface and lower atmosphere which 

EQTPMʗIW�[EVQMRK�ERH�MRXIRWMʗIW�XLI�WYQQIVXMQI�
LIEX� PS[� SZIV� XLI� 7ELEVE� �'SSO� ERH� :M^]� ������
Evan et al. 2015). The exceptional summertime 
warming over parts of the region is also likely 
associated with a thermal low, which is explained 
by the widening of the Persian trough that extends 
JVSQ� 7SYXL� %WME� XS� XLI� IEWXIVR� 1IHMXIVVERIER��
and is projected to expand westward and combine 
with the intensifying thermal low over the Sahara 
(Lelieveld et al. 2016).

2.2.5 Precipitation, related extremes and 
the water cycle

2.2.5.1  Observed trends in 
precipitation

Observed precipitation trends during the full or 
portions of the 20th century up to present day, 
covering the full or portions of the Mediterranean 
Basin, are available in gridded format from various 
WSYVGIW�� WYGL� EW� '69�� 9()0�� )�3&7�� )963�1��
%RRYEP�� (.*� �(IGIQFIV�.ERYEV]�*IFVYEV]
� ERH�
..%� �.YRI�.YP]�%YKYWX
� TVIGMTMXEXMSR� XVIRHW�
JVSQ� XLI�'69� HEXEWIX� JSV� HMJJIVIRX� XMQI� TIVMSHW��
���������� ERH� ���������� EVI� WLS[R� MR� Fig. 2.8. 
Fig. 2.9 shows the temporal evolution of land 
TVIGMTMXEXMSR� ����������
� EZIVEKIH� SZIV� XLI� JYPP�
Mediterranean area and its northern, central and 
WSYXLIVR�TSVXMSRW��HIʗRIH�EW�XLI�WYQ�SJ�XLI�XLVII�
northern, central and southern regions of Fig. 2.8, 
respectively).

The sign of the observed precipitation trend exhibits 
pronounced spatial variability and depends on the 
time period and season considered (Fig. 2.8). For 
I\EQTPI��XLI�TIVMSH�����������WLS[W�E�TVIZEMPMRK�
decreasing trend over most of the Mediterranean 
Basin of annual and winter precipitation, which 
is reversed over large portions of the basin if 
[I� SRP]� GSRWMHIV� XLI� TIVMSH� ����������� 8LMW� MW�
because of the marked multidecadal variability 
of precipitation in the Mediterranean, which may 
actually mask trends induced by greenhouse gas 
emissions. The prominent role of multidecadal 
variability is also evident when precipitation is 
regionally averaged (Fig. 2.9). In this case the most 
evident trend is a decrease of winter precipitation 
over the central and southern portions of the basin 
since the second half of the 20th century. Overall, 
because of the marked multidecadal variability of 
precipitation and the small magnitude of trends, 
XLI� GSRʗHIRGI� MR� XLI� HIXIGXMSR� SJ� XVIRHW� JVSQ�
greenhouse gas emissions for the historical past 
MW�PS[��0IPMIZIPH�IX�EP��������0MSRIPPS�IX�EP������E��
4I´E�%RKYPS� IX� EP�� ������ :MGIRXI�7IVVERS� IX� EP��
2020).
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Figure 2.7 | Time-series of simulated mean annual 
(top panel), summer (middle panel) and winter 
�FSʆSQ� TERIP
� XIQTIVEXYVI� EZIVEKIH� SZIV� XLI�
Mediterranean based on EURO-CORDEX 0.11° 
simulations for historical times (black curve) and future 
TEXL[E]W�6'4���� �FPYI� GYVZI
� ERH�6'4���� �VIH� GYVZI
��
Solid lines indicate the ensemble means and shaded 
areas the spread of the simulations. Box-plots represent 
XLI� EZIVEKIW� SZIV� XLI� HIGEHI� ���������� MR� XIVQW� SJ�
model spread. 
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Figure 2.8 | Observed annual, DJF, JJA precipitation trends from the CRU dataset. Left and right panels consider 
XLI�����������ERH�����������TIVMSHW��VIWTIGXMZIP]�

Figure 2.9 | Time series of annual, DJF, and JJA precipitation over land from the CRU dataset. Time-series refer 
XS�XLI�[LSPI�1IHMXIVVERIER�EW�HIʗRIH�MR�XLI�PIJX�TERIPW�ERH�XLVII�1IHMXIVVERIER�WYF�VIKMSRW�(Fig. 2.1)��2SVXL��*6��
%0&%
��'IRXVEP��-&��'1��%2
�ERH�7SYXL�1IHMXIVVERIER��;1��)1��0)
�
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Figure 2.10 | Maps showing EURO-CORDEX-based change in annual, winter and summer precipitation change, 
JSV� XLI�6'4����ERH�6'4����WGIREVMSW�ERH� XLI�RIEV�JYXYVI��QMH�XIVQ�ERH� JEV�JYXYVI�[MXL�VIWTIGX� XS� XLI�VIJIVIRGI�
period.

2.2.5.2 Future precipitation

Mean precipitation changes

21st century precipitation projections for the 
Mediterranean region have been produced based 
SR� +'1� ERH� 6'1� IRWIQFPIW� SJ� I\TIVMQIRXW��
%REP]WIW�SJ�+'1�TVSNIGXMSRW�SZIV�XLI�1IHMXIVVERIER�
VIKMSR�LEZI�FIIR�GSRHYGXIH�JSV�'1-4���+MSVKM�ERH�
'STTSPE�������+MSVKM�ERH�0MSRIPPS�������1EVMSXXM�IX�
EP������
�ERH�'1-4���1EVMSXXM�IX�EP��������0MSRIPPS�
ERH�7GEVEWGME�����
��7IZIVEP�KIRIVEXMSRW�SJ�6'1�
FEWIH� TVSNIGXMSRW� JSV� XLI� )963�1IHMXIVVERIER�
region are also available from projects such as 
469()2')��(¬UY¬�����
��)27)1&0)7��(¬UY¬�IX�
EP�� ����
� ERH�)963�'36()<� �.EGSF� IX� EP�� ����
��
In addition, projections based on coupled regional 
atmosphere-ocean models have been conducted 
EW�TEVX�SJ�XLI�'-6')��+YEPHM�IX�EP������
�ERH�1)(�
'36()<��6YXM�IX�EP������
�TVSNIGXW�

%� GSRWMWXIRX� HSQMRERX� WMKREP� IQIVKIW� JVSQ�
these projections, consisting of a predominant 
drying through the entire Mediterranean Basin 
MR� XLI� [EVQ� WIEWSRW� �%TVMP� XLVSYKL� 7ITXIQFIV��
[MXL� PEVKIWX� QEKRMXYHI� MR� ..%
�� HV]MRK� MR� QSWX�
central and southern areas along with wetting in 
XLI� RSVXLIVRQSWX� VIKMSRW� �I�K��� XLI� %PTW
� MR� XLI�
winter season �QIHMYQ� GSRɑHIRGI
� This large-
scale pattern of change is illustrated for the Euro-
'36()<�HEXEWIX��EX� XLI�ERRYEPP]�EZIVEKIH�WGEPI��
in *MK������� JSV� XLI�6'4����ERH�6'4����WGIREVMSW�

and different future time slices. Table 2.1 provides 
quantitative values of precipitation change for 
different scenarios and model ensembles over the 
Mediterranean region.

In general, the patterns of change intensify in 
magnitude from the near future to the far future 
time slices and from the low to high greenhouse 
gas emission scenarios, i.e., they intensify with the 
anthropogenic forcing and resulting global warm-
MRK��%W�E�VIWYPX��JSV�I\EQTPI��EX�XLI�1IHMXIVVERIER�
scale, the CMIP5 ensemble yields a decrease of 
annual precipitation over the Mediterranean area 
SJ�EFSYX��	�TIV�HIKVII�SJ�KPSFEP�[EVQMRK��0MSRIPPS�
ERH�7GEVEWGME�����
��

The magnitude and pattern of precipitation de-
crease vary widely across models. For example, 
XLI�WYQQIV�TVIGMTMXEXMSR�VIHYGXMSR� MR� XLI�'1-4��
and CMIP5 datasets for the high-end greenhouse 
gas emission scenarios (roughly equivalent to the 
6'4���
� ZEVMIH� JVSQ� PIWW� XLER� ��	� XS� SZIV� ��	�
EGVSWW� QSHIPW� �-4''� ������ +MSVKM� ERH� 0MSRIP-
PS� ������ 0MSRIPPS� ERH� 7GEVEWGME� ����
�� %PXLSYKL�
qualitatively consistent, different ensembles show 
different sensitivities over the Mediterranean. 
8LI�'1-4��+'1�IRWIQFPI� TVSHYGIH� E� PIWW� TVS-
RSYRGIH� WYQQIV� HV]MRK� XLER� XLI� '1-4�� SRI��
when expressed in terms of change per degree of 
KPSFEP�[EVQMRK��-4''�����F
��6'1�FEWIH�TVSNIG-
XMSRW��I�K���EW�TEVX�SJ�)YVS�'36()<�]MIPH�E� PS[IV�
HV]MRK� XLEX�+'1�FEWIH�SRIW��[MXL�VIHYGIH�EVIEW�
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of precipitation decrease in the future compared 
XS�XLI�+'1W��'SRWMHIVMRK�E�VERKI�SJ�KPSFEP�[EVQ-
MRK�SJ��������s'� (Section 2.2.4.2) at the end of the 
21st century (with respect to the reference peri-
SH� ���������
� ERH� E� HIGVIEWI� SJ� �	� TIV� HIKVII�
of global warming, this gives a reduction between  
��ERH���	�JSV�XLI�1IHMXIVVERIER�ERRYEP�TVIGMTMXE-
tion (on land). 

Fig. 2.11 shows the temporal evolution of 
Mediterranean scale precipitation (RCP2.6 and 
6'4���
� JVSQ������XS������ MR�XLI�)963�'36()<�
dataset, and presents both mean and inter-model 
range of data. The large inter-model spread includes 
some positive values and two scenarios start to 
separate, at least in an ensemble mean sense, 
only after the mid of the 21st century. Therefore, 
while it is possible to assess that precipitation will 
likely decrease over the Mediterranean Basin, at 
PIEWX�YRHIV�XLI�LMKLIV�IRH�WGIREVMSW��MX�MW�HMJʗGYPX�
to assign robust quantitative values, especially at 
sub regional scale.

The uncertainty in projections is even larger as 
we move to the local scale because of the effects 
of local forcings, e.g., topography and coastlines. 
For example, focusing on the high elevations 
SJ� XLI� %PTMRI� GLEMR�� +MSVKM� IX� EP�� �����
� JSYRH�
that the RCM projections at 12 km resolution 
exhibit an increase of summer precipitation in 
EVIEW� [LIVI� XLI� +'1W� TVSNIGX� E� HIGVIEWI�� 8LMW�
is due to the occurrence of increased convection 
related to high elevation warming and heating. 
%W� ERSXLIV� I\EQTPI�� MRGVIEWIW� SJ� GSPH� WIEWSR�
precipitation in the upwind side of mountain chains 
and decreases in the lee side have been found 
F]� XLI� LMKL�VIWSPYXMSR� WMQYPEXMSRW� SJ� +ES� IX� EP��
(2006) in response to the topographically-forced 
precipitation shadowing effect. These results were 
GSRʗVQIH� F]� XLI� EREP]WMW� SJ� XLI� )963�'36()<�
IRWIQFPI� TVSNIGXMSRW� �/SXPEVWOM� IX� EP�� ����
�� -R�
other words, high resolution RCM projections 
suggest that care needs to be taken when 
extending large scale patterns to the local scale, 
since local scale changes can be heavily affected 
by topography and coast lines.

Variability and extremes

Several studies have assessed changes in 
interannual variability of precipitation over the 
1IHMXIVVERIER� VIKMSR� MR� +'1�FEWIH� TVSNIGXMSRW��
mostly using as a measure of variability the 
GSIJʗGMIRX� SJ� ZEVMEXMSR� �M�I��� XLI� MRXIVERRYEP�
standard deviation divided by the mean), which 
removes the strong dependence of precipitation 
WXERHEVH�HIZMEXMSR�JVSQ�XLI�QIER��6§MW§RIR�������

+MSVKM�ERH�&M�������+MSVKM�ERH�'STTSPE�������+MSVKM�
IX�EP������
��8LI]�EPP�JSYRH�E�TVIZEMPMRK�MRGVIEWI�MR�
precipitation variability over the Mediterranean, 
especially over areas showing strong precipitation 
decreases, which thus appears to be a robust 
response in global climate projections. However, 
this result may not apply if the metrics used to 
measure variability is the standard deviation.

Figure 2.11 | Time-series of simulated mean annual 
�XST� TERIP
�� [IX� �QMHHPI� TERIP
� ERH� HV]� �FSʆSQ�
panel) season over the Mediterranean land areas 
based on EURO-CORDEX 0.11° simulations for 
historical times (black curve) and future pathways 
6'4���� �FPYI� GYVZI
� ERH� 6'4���� �VIH� GYVZI
�� 7SPMH�
lines indicate the ensemble means and shaded areas 
the spread of the simulations. Box-plots represent the 
EZIVEKIW�SZIV�XLI�HIGEHI�����������MR�XIVQW�SJ�QSHIP�
spread. 
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+MSVKM�IX�EP�������������
�GEVVMIH�SYX�ER�EREP]WMW�SJ�
changes in different hydroclimatic indices from an 
ensemble of CMIP5 projections and, on an annual 
basis, consistently found an increase in mean daily 
TVIGMTMXEXMSR� MRXIRWMX]�ERH���XL�TIVGIRXMPI�SJ�HEMP]�
precipitation, a decrease in precipitation frequency 
and wet spell length and an increase in the number 
of dry days and dry spell length �QIHMYQ�GSRɑHIRGI
. 
The hydroclimatic intensity index introduced by 
+MSVKM�IX�EP�������
��[LMGL�MW�IWWIRXMEPP]�XLI�TVSHYGX�
of precipitation intensity and mean dry spell length, 
shows a consistent increase throughout the 
Mediterranean Basin. These conclusions based 
SR� +'1� TVSNIGXMSRW�� [IVI� IWWIRXMEPP]� GSRʗVQIH�
F]� ER� EREP]WMW� SJ� LMKL�VIWSPYXMSR� )963�'36()<�
TVSNIGXMSRW�F]�.EGSF�IX�EP�������
��I\GITX�JSV�E�WPMKLX�
HIGVIEWI�SJ���XL�TIVGIRXMPI�HEMP]�TVIGMTMXEXMSR�SZIV�
some areas of the Iberian, Italian and Hellenic 
TIRMRWYPEW� ERH� WSYXLIVR� *VERGI� MR� WYQQIV�� %�
recent study (Lionello and Scarascia 2020), based 
on CMIP5, shows that global warming will further 
increase the existing difference in intensity of 
precipitation and hydrological extremes between 
2SVXL� ERH� 7SYXL�1IHMXIVVERIER� EVIEW�� &SXL� XLI�
daily precipitation intensity the total precipitation 
during extreme events are already larger in the 
2SVXL�XLER�MR�XLI�7SYXL�1IHMXIVVERIER�EVIEW��ERH�
differences will increase with global warming. The 
projected increase of dry spell length is larger 
MR� XLI� WSYXL� XLER� MR� XLI� 2SVXL� 1IHMXIVVERIER�
�QIHMYQ�GSRɑHIRGI
�

In conclusion, �LMKL� GSRɑHIRGI
 both global 
and regional climate projections indicate a 
predominant shift towards a precipitation regime 
of higher interannual variability (when measure 
F]� XLI� GSIJʗGMIRX� SJ� ZEVMEXMSR
�� LMKLIV� MRXIRWMX]�
of precipitation and greater extremes (especially 
in winter, spring and fall, but not in the southern 
areas), decreased precipitation frequency and 
longer dry spells (especially in summer). This 
hydroclimatic response to global warming is 
KVIEXIV� JSV� XLI�6'4���� XLER� XLI�6'4����WGIREVMS�
and for the far future vs. the near future time slices 
�LMKL�GSRɑHIRGI
�

2.2.5.3  Changes in evaporation, net 
water losses over sea and 
over land

Evaporation in the Mediterranean not only provides 
moisture locally, but also results in a net export 
of water to neighboring areas, primarily to the 
7SYXL�ERH�)EWX��1EVMSXXM�IX�EP������E��2MIXS�IX�EP��
2006). The Mediterranean Sea is the dominant 
regional evaporation source, and changes in 
Mediterranean Sea evaporation impact the 

WIEɌW� [EXIV�� WEPX� ERH� LIEX� FYHKIXW�� 0EVKI�WGEPI�
internal climate variability and greenhouse gas 
forced global change have been primary drivers 
of Mediterranean evaporation changes during 
the 20th century and into the 21st century, while 
local processes have acted to modulate those 
IJJIGXW� �1EVMSXXM� ERH� (IPPɌ%UYMPE� ����
�� 3ZIVEPP��
the net surface water loss (evaporation minus 
precipitation over the sea) has increased over 
most of the Mediterranean surface, mainly due 
to a decrease of precipitation during the period 
����������ERH�E�WXVSRK�IZETSVEXMSR�MRGVIEWI�WMRGI�
the mid-seventies due to local warming (Mariotti 
������ 7IZEYPX� IX� EP�� ������ 1EVMSXXM� IX� EP�� ������
7OPMVMW�IX�EP������
��8LI�JVIWL[EXIV�HMWGLEVKI�HYI�
to the river runoff has also decreased (Ludwig et 
EP������
��4VSNIGXIH�VIKMSREP�[EVQMRK�XVIRHW�TSMRX�
to continuing increases in Mediterranean Sea 
evaporation, land drying in southern areas during 
summer and a net regional water loss.

Observations-based estimates of Mediterranean 
7IE� IZETSVEXMSR� JVSQ� XLI� 3%*PY\� 4VSKVEQQI�
WXEVXMRK� MR� ����� TSMRX� XS� HIGEHEP� ZEVMEXMSRW� [MXL�
E� QMRMQYQ� EVSYRH� ����������� ERH� ER� SZIVEPP�
TSWMXMZI� XVIRH� SJ� EFSYX� ��	� HIGEHI-1 (0.06 mm  
day-1 decade-1) (Mariotti 2010). Since the mid-
����W��XLIVI�MW�E�WYFWXERXMEP�IZETSVEXMSR�MRGVIEWI�
(0.1-0.2 mm day-1 decade-1) with a tendency toward 
LMKLIV�VEXIW�SJ�MRGVIEWI�HYVMRK�XLI�����W��1YGL�SJ�
XLI�IZETSVEXMSR�MRGVIEWI�WMRGI�XLI�QMH�����W�LEW�
been in early winter, especially in the Ligurian Sea, 
%HVMEXMG� 7IE�� ERH� WSYXLIEWXIVR� 1IHMXIVVERIER��
The evaporation increase has resulted in a rate 
SJ� MRGVIEWI� MR� JVIWL[EXIV� ʘY\IW� HYVMRK� �����
����� IWXMQEXIH� MR� XLI� VERKI� SJ� ��������QQ�HE]-1 
decade-1. Increases in sea surface temperatures 
have primarily driven these evaporation changes 
via changes in the surface humidity gradient. Based 
SR� 3%*PY\� HEXE�� XLI� IWXMQEXIH� 1IHMXIVVERIER�
mean rate of evaporation change in relation to 
XLI�[EVQMRK�MW�EFSYX�����QQ�HE]-1�/-1��SV���	�/-1) 
SZIV� XLI� TIVMSH� SJ� ����������� %R� MRGVIEWI� MR� RIX�
+MFVEPXEV�[EXIV�ʘY\�XS�GSQTIRWEXI�JSV�XLI�SZIVEPP�
increase in fresh water loss has been derived 
�*IRSKPMS�1EVG�IX�EP������
�

For the land surrounding the Mediterranean Sea, 
past evapotranspiration changes are regionally 
and seasonally dependent and largely follow 
precipitation trends, since soil moisture availability 
is a primary limiting factor. Increasing soil-
moisture limitations seem to have driven recent 
global evapotranspiration decline and increased 
drought tendencies over the Mediterranean region 
�7LIJʗIPH� ERH�;SSH� ������ :MGIRXI�7IVVERS� IX� EP��
������7EQERMIKS�IX� EP�� ����
��)ZETSXVERWTMVEXMSR�
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IWXMQEXIW� JVSQ� *VIRGL� 2EXMSREP� 'IRXVI� JSV�
1IXISVSPSKMGEP� 6IWIEVGL� �'261
� �(SYZMPPI� IX� EP��
����
� HMWTPE]� E� XIRHIRG]� JSV� IZETSXVERWTMVEXMSR�
XS� MRGVIEWI�HYVMRK�[MRXIV�WMRGI�XLI�������*SV� XLI�
summer there is a progressive decrease (Mariotti 
et al. 2015). 

The future evolution of the Mediterranean Sea 
physical characteristics is strongly related to the 
evolution of the air-sea and land-sea exchanges 
of water and heat. For the Mediterranean Sea, the 
net surface water loss by the sea is constituted by 
the combination of the evaporation over the sea, 
the precipitation over the sea, the river runoff and 
the Bosphorus Strait net transport. Increase in the 
net surface water loss by the sea is expected in 
the future due to a decrease in precipitation and in 
river runoff and an increase in evaporation (Mariotti 
IX� EP�� ������ ������ 7¤RGLI^�+SQI^� IX� EP�� ������
)PKYMRHM� IX� EP�� ������ (YFSMW� IX� EP�� ������ 4PERXSR�
IX�EP��������%HPSJJ�IX�EP������
��6IPEXMZI�XS�XLI���XL�
GIRXYV]��XLMW�MRGVIEWI�VERKIW�JVSQ����XS����	�JSV�
XLI�QMH���WX�GIRXYV]�����������
�ERH�JVSQ�����XS�
���	�EX�XLI�IRH�SJ�XLI���WX�GIRXYV]�����������
�MR�
XLI�QIHMYQ�VERKI�%�&�WSGMS�IGSRSQMG�WGIREVMSW�
(Planton et al. 2012).

8S� E� ʗVWX� SVHIV�� '1-4�� TVSNIGXMSRW� EVI� PEVKIP]�
WMQMPEV� XS� XLSWI� FEWIH� SR� '1-4�� �1EVMSXXM� IX�
EP�� ����
� ERH� GSRWMWXIRX� [MXL� XLSWI� FEWIH� SR�
VIKMSREP� QSHIP� HS[RWGEPMRK� �7¤RGLI^�+SQI^� IX�
EP�� ������ (IPPɌ%UYMPE� IX� EP�� ����
�� &]� �����������
the Mediterranean Sea evaporation is projected to 
increase during all seasons and especially in winter 
�TVSNIGXIH�ERRYEP�QIER�MRGVIEWI�MW������t�����QQ�
day-1
��1EVMSXXM�IX�EP������
��2SXI�XLEX�JYXYVI�GLERKI�
MR� XLI� 2MPI� JVIWL[EXIV� MRʘS[� VIQEMRW� YRORS[R�
due to the impossibility so far to accurately model 
XLI� MRʘYIRGI� SJ� VIKMSREP� [EXIV�� ERH� PERH�YWI�
anthropogenic activities on its past and future 
IZSPYXMSR��7SQSX�IX�EP��������(YFSMW�IX�EP������
�

Over land, evapotranspiration projections present 
mixed changes, with a precipitation-driven in-
GVIEWI� MR�[MRXIV� SZIV�2SVXLIVR� EVIEW�� ERH� E� HI-
crease in summer over many land areas, especial-
P]�SZIV�7TEMR��[IWXIVR�2SVXLIVR�%JVMGE�ERH�8YVOI]��
Evapotranspiration increase will be also driven 
by increase of atmospheric evaporative demand 
�:MGIRXI�7IVVERS� IX� EP�� ����
�� 8LIWI� IZETSXVER-
spiration changes have been linked to a projected 
northward expansion of the Mediterranean land 
X]TI� �%PIWWERHVM�IX�EP������
�ERH�VIKMSREP�WYVJEGI�
ZIKIXEXMSR�GLERKIW��%REZ�ERH�1EVMSXXM�����
�

Changes in precipitation and evaporation over 
the Mediterranean Basin will lead to changes in 

HVSYKLX� SGGYVVIRGI�� (VSYKLX� GER� FI� SJ� HMJJIVIRX�
types, such as meteorological, hydrological and 
EKVMGYPXYVEP�HVSYKLX��[LMGL�GER�SJXIR�FI�HMJʗGYPX�XS�
separate. Here we focus on meteorological drought, 
essentially measured by indices of monthly, 
WIEWSREP�YT�XS�ERRYEP�TVIGMTMXEXMSR�HIʗGMXW��WYGL�
as the precipitation index (PI) or the standardized 
precipitation index (SPI). The Mediterranean Basin, 
is impacted by frequent drought episodes due to 
the strong inter-annual variability of rainfall in 
this region, and a trend towards drier conditions 
and increased meteorological drought occurrence 
EJXIV� XLI� ����W� SZIV� XLI� 1IHMXIVVERIER� &EWMR�
was found based on analyses of observations 
�:MGIRXI�7IVVERS�IX�EP��������,SIVPMRK�IX�EP��������
7TMRSRM�IX�EP��������'EPSMIVS�IX�EP������
��(YI�XS�XLI�
pronounced interannual and decadal variability of 
Mediterranean precipitation, the robustness of this 
VIWYPX� RIIHW� XS� FI� GSRʗVQIH�� ERH�QE]� HMJJIV� JSV�
different areas of the Mediterranean.

Concerning projections, since most model 
simulations indicate a trend towards drier 
conditions over the Mediterranean, especially in 
the warm season and over the southern areas, 
it is expected that the frequency and intensity 
of meteorological drought will increase under 
[EVQIV� GPMQEXIW�� 8LMW� LEW� FIIR� GSRʗVQIH� (high 
GSRɑHIRGI
 by extensive analyses of precipitation 
projections with both global and regional climate 
QSHIPW� �+MSVKM� ERH� 0MSRIPPS� ������ 1EVMSXXM� IX� EP��
������(EM�������(YFVSZWOÀ�IX�EP��������7TMRSRM�IX�
EP��������������7XEKKI�IX�EP��������5YMRXERE�7IKY°�
IX� EP�� ������ 2EYQERR� IX� EP�� ������ 0MSRIPPS� ERH�
Scarascia 2020).

2.2.6 The cryosphere

2.2.6.1  Observed trends in the 
cryosphere

%JXIV�XLI�TIEO�SJ�XLI��PMXXPI�MGI�EKI���b������������
%(�� -Z]�3GLW�IX�EP������
� MRGVIEWMRK�WYQQIV�ERH�
mean annual air temperature led to a dramatic 
reduction in the area and volume of glaciers across 
high mountains of the Mediterranean (Hughes 
����
�� 7LSVX� KPEGMIV� VIEHZERGIW� [IVI� SFWIVZIH�
MR� XLI� ����W�� ����W�� ����W� ERH� ����W� �>IQT� IX�
EP�� ����
��(IKPEGMEXMSR� VEXI�KIRIVEPP]� EGGIPIVEXIH�
MR� VIGIRX� HIGEHIW� �6EFEXIP� IX� EP�� ����
�� EPXLSYKL�
the patterns of glacier retreat were complicated 
by the sensitivities of glaciers to different climatic 
VIKMQIW� �,YKLIW� ����
�� %W� KPEGMIV� VIXVIEXW� XS�
cirque headwalls, it becomes more dominated by 
local topoclimatic controls, especially avalanching 
WRS[��2IZIVXLIPIWW��E�GSQTPIXI�PSWW�SJ�KPEGMIVW�MR�
some low-latitude mountain ranges has already 
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SGGYVVIH� �6EFEXIP�IX�EP������
��EGGSQTERMIH�F]�E�
shorter duration of seasonal snow cover (Brown and 
1SXI�����
��7IZIVEP�WQEPP�GMVUYI�KPEGMIVW�I\MWXMRK�
MR� XLI� WSYXLIVR� (MREVMG� %PTW�� &EPOER� 4IRMRWYPE��
8YVOI]��4]VIRIIW��7MIVVE�2IZEHE�ERH�XLI�%TIRRMRIW�
disappeared across the 20th century and in the 
PEWX�HIGEHIW� �,YKLIW�����
�� -R� XLI�%PTW��KPEGMIVW�
GSZIVIH�������OQ2�MR�������������OQ2�MR�XLI�����W�
ERH�������OQ2� MR�������QIERMRK�E���	�PSWW� JVSQ�
����� XS� ����� �>IQT� IX� EP�� ����
�� *I[� ZIV]� WQEPP�
glaciers still exist in mountains of Montenegro 
ERH� %PFERME�� )PWI[LIVI�� TIVIRRMEP� MGI� ERH� WRS[�
patches still survive and attest to how close some 
Mediterranean mountains are to supporting small 
glaciers even where the equilibrium line altitude 
�)0%
�MW�PSGEXIH�EFSZI�XLI�LMKLIWX�TIEOW��,YKLIW�
����
��)0%� VEMWIH�F]�EFSYX�����Q� MR� XLI�[IWXIVR�
%PTW� SZIV� XLI� TIVMSH� ���������� �6EFEXIP� IX� EP��
����
�[LMPI�MR�XLI�WSYXLIEWXIVR�%PTW�GLERKI�MR�XLI�
)0%�[EW�MR�XLI�SVHIV�SJ�EFSYX������Q�FIX[IIR�XLI�
����W�ERH�������'SPYGGM�ERH�ŀIFVI�����
�

Temperature increase led to a shift of periglacial 
processes to higher elevations as well as degra-
dation of mountain permafrost in high mountain 
IRZMVSRQIRXW� �3PMZE� IX� EP�� ����
�� -R� XLI� [IWXIVR�
and central Mediterranean, permanently frozen 
KVSYRH�MW�RS[�VEVIP]�JSYRH�FIPS[�������Q��%PTMRI�
TIVQEJVSWX�FIPX�MW�HIXIGXIH�EFSZI�������Q�MR�RSVXL-
IVR�EWTIGXW�ERH�������Q�MR�WSYXLIVR�SRIW�ERH�MR�
XLI�4]VIRIIW��EFSZI�������Q�MR�XLI�7SYXLIVR�%PTW��
EFSZI�b������Q�SR�6MPE�1SYRXEMR�ERH�b������Q�SR�
1SYRX�3P]QTYW�ERH�EFSZI�������������Q�MR�RSVXL-
IEWXIVR� 8YVOI]� ERH� GIRXVEP� %REXSPME� �3PMZE� IX� EP��
����
��2S�TIVQEJVSWX�FIPX� MW� JSYRH� MR� XLI�LMKLIWX�
QSYRXEMRW� MR� WSYXLIVR� )YVSTI� �7MIVVE� 2IZEHE
� 
ERH� RSVXLIVR� %JVMGE� �%XPEW
� [LIVI� TIVQERIRX�
frozen conditions are only found in the form of 
isolated patches at the highest elevations at  
������������Q� �3PMZE� IX� EP�� ����
� ERH� ������Q� 
�:MIMVE� IX� EP�� ����
�� VIWTIGXMZIP]�� 'IVXEMR� GPMQEXI�
conditions (i.e., reduced snow cover) can favour the 
presence of permafrost patches at relatively low el-
IZEXMSRW�MR�XLI�'IRXVEP�%TIRRMRIW�SV�F]�PMXLSPSKMGEP�
conditions (i.e., volcanic sediments, karst litholo-
gy), as detected in the highest active European vol-
GERS��1X��)XRE
�EX�IPIZEXMSRW�EFSZI�������Q��1EKKM�
IX�EP������
�SV�MR�PMQIWXSRI�HSQMREXIH�QSYRXEMRW�
EGVSWW�XLI�1IHMXIVVERIER��'SPYGGM�ERH�+YKPMIPQMR�
����
�

2.2.6.2  Future conditions in the 
cryosphere

Mountain glaciers in the Mediterranean region 
are projected to continue losing mass in the 21st 
century until complete disappearance of most 

mountain glaciers by the end of the century (very 
LMKL� GSRɑHIRGI
�� %� VIGIRX�QYPXM�QSHIP� TVSNIGXMSR�
I\IVGMWI� �+PEGMIV1-4�� ,SGO� IX� EP�� ����
� MRHMGEXIW�
that relative volume losses by 2100 (average of 
QSHIP�VYRW�t��WXERHEVH�HIZMEXMSR
�EVI�SJ�XLI�SVHIV�
SJ� ��� t��	� JSV�6'4���� ERH� ��� t��	� JSV�6'4�����
This indicates that, even under scenarios with 
strong reduction in greenhouse gas emissions, 
only glaciers at the highest elevation will persist 
at the end of the 21st century. For mid-century, 
changes depend far less on the climate scenario, 
[MXL�VIHYGXMSRW�SJ�XLI�SVHIV�SJ����t��	�JSV�6'4����
ERH����t��	�JSV�6'4����

Projected changes of the mountain snow cover 
are studied based on climate model experiments, 
IMXLIV� HMVIGXP]� JVSQ� +'1� SV� 6'1� SYXTYX�� SV�
following downscaling and the use of snowpack 
models. Future changes in snow conditions are 
mostly driven by changes in meteorological drivers. 
8LI� TVSNIGXMSRW� KIRIVEPP]� HS� RSX� WTIGMʗGEPP]�
account for future changes in the deposition rate of 
light absorbing particles on snow and associated 
GLERKIW� MR� WRS[� EPFIHS�� %X� PS[IV� IPIZEXMSR��
YRHIV� XLI� GYVVIRX�QYPXM�ERRYEP�QIER� VEMR�WRS[�
transition elevation, the water mass of the snow 
GSZIV� MW�TVSNIGXIH� XS�HIGPMRI�F]���	�PMOIP]�VERKI��
������	�� FIX[IIR� XLI� VIGIRX� TEWX� TIVMSH� ������
����
�ERH�XLI�RIEV�JYXYVI�����������
��VIKEVHPIWW�
of the climate scenario). By the end of the 21st 
GIRXYV]�����������
��VIHYGXMSRW�SJ�YT�XS���	��PMOIP]�
VERKI� �����	
� EVI� I\TIGXIH� YRHIV� 6'4����� ��	�
�PMOIP]�VERKI�JVSQ������	
�YRHIV�6'4����ERH���	�
�PMOIP]� VERKI� �����	
� YRHIV� 6'4���� �&IRMWXSR�
IX� EP�� ������ ,ER^IV� IX� EP�� ������ :IVJEMPPMI� IX� EP��
����
�� %X� LMKLIV� IPIZEXMSRW�� TVSNIGXIH� VIHYGXMSRW�
are smaller �LMKL� GSRɑHIRGI
� as temperature 
increases at higher elevations affect the ablation 
component of snow mass evolution (in particular, 
melt and sublimation), rather than the onset and 
accumulation component. The strong interannual 
variability of snow conditions is projected to remain 
a key feature of this cryospheric component 
throughout the 21st century �LMKL�GSRɑHIRGI
�

In the Mediterranean domain, permafrost is 
only located in the mountains, often patchy and 
GSRʗRIH�XS�EVIEW�SJ�VYKKIH�XSTSKVETL]��MRGPYHMRK�
cliffs. In contrast to glacier and snow cover, climate 
projections of the ground thermal regime have not 
been performed in a comprehensive manner, using 
a cascade of climate models and impact models. 
Evidence stems from small-scale studies, but 
all studies points towards increased permafrost 
thaw in mountain environments, following surface 
EMV� XIQTIVEXYVI� GLERKIW� �1EVQ]� IX� EP�� ������
&IRMWXSR�IX�EP������
��*YXYVI�GLERKIW�MR�QSYRXEMR�
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permafrost have major implication for natural 
hazards (slope instabilities).

2.2.7 Ocean hydrology

The Mediterranean Sea can be considered as a 
PEFSVEXSV]� SJ� XLI� KPSFEP� SGIER� �0EGSQFI� ������
&¬XLSY\� IX� EP�� ����
� EW� MX� WLS[W� QER]� OI]� ERH�
interesting oceanic physical processes, such the 
open-sea deep convection occurring in some ar-
IEW� �+YPJ� SJ� 0MSR�� 7SYXL�%HVMEXMG�� ERH� XLI�'VIXER�
Sea) leading to the formation of cold and salty 
HIIT�[EXIV�QEWWIW��8WMQTPMW�IX�EP��������7GLVSIH-
er et al. 2012). The dominance of evaporation in the 
Mediterranean Sea and intermediate water forma-
XMSR��MR�XLI�6LSHIW�+]VI
�PIEHW�XS�ER�ERXM�IWXYEVMRI�

thermohaline circulation with a surface layer with 
XLI� %XPERXMG� ;EXIV� �%;�� GSQTEVEXMZIP]� JVIWL� ERH�
warm) and a layer with the Levantine Intermedi-
EXI�;EXIV��0-;��ZIV]�WEPX]�ERH�GSQTEVEXMZIP]�GSPH
�
IRXIVMRK� ERH� I\MXMRK� EGVSWW� XLI� +MFVEPXEV� 7XVEMX�� 
simultaneously.

In addition, the Mediterranean Sea is surrounded 
by various and complex topography channeling re-
gional winds (Mistral, Tramontane, Bora, Meltem, 
7MVSGGS�� )XIWMERW
� XLEX� HIʗRI� PSGEP� GMVGYPEXMSRW��
The presence of complex coastlines, islands, nar-
row and shallow straits require adapted observa-
tion strategies and high-resolution modeling tools. 
Further, the Mediterranean Sea is also known to 
MQTEGX� XLI� %XPERXMG� 3GIER� XLVSYKL� XLI� 1IHMXIV-
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Figure 2.12 |�%
� 0SGEP�EQTPMɽGEXMSR� JEGXSV�SJ� XLI�1IHMXIVVERIER� WIE� WYVJEGI�[EVQMRK�YWMRK�����������EW�
reference period. Local sea surface warming values are divided by the basin-averaged warming value. Reddish (resp. 
blueish) colors mean that the area is warming more (resp. less) that the basin-average. The top panel is the ensemble 
QIER�SJ�ʗZI�1IH�'36()<�GSYTPIH�VIKMSREP�GPMQEXI�W]WXIQ�QSHIPW��JYVXLIV�EZIVEKMRK�[EVQMRK�VEXIW�SJ�JSYV����]IEV�
PSRK�XMQI�TIVMSHW��������������������������������������������
�ERH���WGIREVMSW��6'4�����6'4���
��8LI�FSXXSQ�MW�
FEWIH�SR�XLI�'1)17�SFWIVZEXMSRW�����������
��B) Fraction of the Mediterranean Sea surface (in %) experiencing 
a given sea surface temperature change value (in °C), GSQTEVIH�XS�XLI�VIJIVIRGI�TIVMSH�����������
�JSV�ZEVMSYW�
TIVMSHW������������MR�FPYI������������MR�SVERKI������������MR�TYVTPI������������MR�VIH
�ERH�JSV�XLI�WGIREVMSW�6'4����
ERH�6'4����YWMRK�XLI�IRZIPSTI�SJ�XLI�VIWYPXW�SJ���1IH�'36()<�GSYTPIH�VIKMSREP�GPMQEXI�W]WXIQ�QSHIPW��8LI�GLERKI�
MR�XLI�'1)17�SFWIVZEXMSRW�MW�EHHIH�JSV�XLI�TIVMSH������������MR�FPEGO
��-RJSVQEXMSR�MW�ʗVWX�EKKVIKEXIH�EX�XLI�]IEVP]�
scale.
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VERIER�3YXʘS[�;EXIVW� XLEX�ʘS[� MRXS� XLI�%XPERXMG�
at about 1,000 m depth and are considered as a 
WSYVGI�SJ�WEPX�ERH�LIEX�JSV�XLI�%XPERXMG�3GIER��%V-
tale et al. 2006).

2.2.7.1  Observed change in marine 
waters

There is increasing evidence that Mediterranean 
water masses are becoming warmer and deep 
water masses saltier. This assertion is supported 
FSXL�F]�HMVIGX�QIEWYVIQIRXW��&¬XLSY\�ERH�+IRXMPM�
������6M\IR�IX�EP��������:EVKEW�=¤´I^�IX�EP��������
����
�ERH�F]�RYQIVMGEP�WMQYPEXMSRW��&IYZMIV�IX�EP��
������,EV^EPPEL�IX�EP��������7SQSX�IX�EP������
�

7MRGI� XLI� ����W� YTTIV� PE]IV� XIQTIVEXYVI� LEW�
MRGVIEWIH� �6MZIXXM� IX�EP�� ������:EVKEW�=¤´I^�IX�EP��
����
�EW�[IPP�EW�WIE�WYVJEGI�XIQTIVEXYVI��1EVYPPS�
IX� EP�� ������4EWXSV� IX� EP�� ����
��[MXL�EGGIPIVEXMSR�
WMRGI� XLI� ����W� �1EG°EW� IX� EP�� ����
�� 7MRGI� XLI�
FIKMRRMRK�SJ� XLI�����W�� XLI�WIE�WYVJEGI�[EVQMRK�
VEXI� VERKIW� FIX[IIR� ������ ERH� �����s'� HIGEHI-1 

on average over the whole Mediterranean Sea, 
depending on the studied period and on the 
VIJIVIRGI�HEXE�WIXW��2EFEX�IX�EP��������')%1�������
(EVQEVEOM�IX� EP�� ����E
�� -R� XLI�TIVMSH�����������
[MXL�VIWTIGX�XS������������EPP�1IHMXIVVERIER�7IE�
areas show a positive yearly-mean sea surface 
temperature anomaly of at least +0.2°C. The sea 
surface warming has not been uniform, but mostly 
bimodal (Fig. 2.12b) with stronger trends in the 
IEWXIVR� FEWMR� �%HVMEXMG�� %IKIER�� 0IZERXMRI� ERH�
2SVXL�)EWX� -SRMER� 7IEW�� Fig. 2.12a), where some 
EVIEW�[EVQIH�F]�����s'��:IV]� PSGEP�TPEGIW� MR�XLI�
0IZERXMRI� &EWMR� LEZI� [EVQIH� ��	�QSVI� VETMHP]�
than the Mediterranean Sea average whereas a 
WTSX�MR�XLI�-SRMER�7IE�LEW�[EVQIH���	�PIWW�XLER�
the basin average (Fig. 2.12a)��2SXI�XLEX�XLI�GPMQEXI�
models currently underestimate the observed sea 
surface warming (blue and black lines in Fig. 2.12b) 
�2EFEX�IX�EP��������7IZEYPX�IX�EP��������(IPPɌ%UYMPE�
IX�EP������
�

In the Mediterranean Sea, periods of abnormally 
warm sea surface, also called "marine heat 
waves" have become more frequent, more intense, 
spatially more extended and more severe over the 
PEWX�HIGEHIW� �3PMZIV�IX�EP�� ������(EVQEVEOM�IX�EP��
����E
�� 8S� MPPYWXVEXI� XLMW� XVIRH�� XLI� QSWX� WIZIVI�
QEVMRI�LIEX�[EZIW�HIXIGXIH�WMRGI������EVI�������
������������ERH�������&IRWSYWWER�IX�EP������
��-R�
EHHMXMSR�� ��� QEVMRI� LIEX� [EZIW� SGGYVVIH� HYVMRK�
XLI� ���������� ���]IEV� TIVMSH� [LIVIEW� SRP]� ��
SGGYVVIH�HYVMRK�XLI�����������TIVMSH��(EVQEVEOM�
IX�EP������E
��'SRXVEV]�XS�WIE�WYVJEGI�XIQTIVEXYVI��
a corresponding sea surface salinity evolution has 

RSX� FIIR� VITSVXIH� �6M\IR� IX� EP�� ������ 7IZEYPX� IX�
EP������
��I\GITX�JSV�WTIGMʗG�PSGEXMSRW��3^IV�IX�EP��
������:EVKEW�=¤´I^�IX�EP������
��

Long-term trends in the Mediterranean Sea 
intermediate and deep hydrology have been 
detected, though they are affected by marked 
variability on decadal time scales, the Eastern 
Mediterranean Transient (EMT, Roether et al. 
����
�� ;IWXIVR� 1IHMXIVVERIER� 8VERWMXMSR� �;18��
7GLVSIHIV�IX�EP������
�ERH�&M37��+EÐMÊ�IX�EP������
�
being probably the most known manifestations of 
this. 

7MRGI� XLI� QMH� ����W� XLI� XIQTIVEXYVI� ERH� XLI�
WEPMRMX]�SJ�XLI�0IZERXMRI�-RXIVQIHMEXI�;EXIV��0-;
�
LEZI�MRGVIEWIH�F]�����s'��Fig. 2.13, “Sicily Channel” 
TERIP
� ERH� ����� TWY�� M�I��� [MXL� VEXIW� SJ� �����s' 
yr-1 and 0.006 psu yr-1, respectively (Schroeder et 
EP�� ����
�� 7YGL� XVIRHW� EVI� EX� PIEWX� SRI� SVHIV� SJ�
magnitude greater than those reported for the 
global ocean intermediate layer (Schroeder et al. 
����
��8LI�[IWXIVR�FEWMR�HIIT�[EXIVW�EVI�WLS[R�
to have gradually increased their temperature and 
WEPMRMX]�WMRGI�XLI�����W��6SLPMRK�ERH�&V]HIR�������
&¬XLSY\�IX�EP��������6M\IR�IX�EP��������1EVX]�ERH�
Chiavérini 2010), with an acceleration after the 
QMH� ����W� ERH� ER� IZIR� WXVSRKIV� VEXI� WMRGI� �����
HYI�XS�ER�EFVYTX�;18��1EVX]�ERH�'LMEZ¬VMRM�������
&SVKLMRM�IX�EP��������7GLVSIHIV�IX�EP������
��(IIT�
[EXIV� XVIRHW� SJ� ����s'� t�����s'� HIGEHI-1 and 
�����t������ TWY� HIGEHI-1� �WMRGI� ����
� LEZI� FIIR�
VITSVXIH� F]� GSQTEVMRK� XMQI� WIVMIW� SJ� HIIT� '8(�
(conductivity-temperature-depth) casts (Borghini 
IX�EP������
��Fig. 2.13, bottom panel).

Changes in the Mediterranean water mass char-
acteristics have a signature also in the water 
SYXʘS[MRK� JVSQ� XLI� 1IHMXIVVERIER� 7IE� XLVSYKL�
XLI� 7XVEMX� SJ� +MFVEPXEV� �1MPPSX� IX� EP�� ������2EVER-
NS� IX� EP�� ����
�� 1SSVMRK� SFWIVZEXMSRW� GSPPIGXIH� 
WMRGI� ����� �Fig. 2.13�� Ɏ+MFVEPXEV� 7XVEMXɏ� TERIP
�
show a positive trend in temperature and salinity  
SJ� ���\���� °C yr-1� ERH� ����\���� psu yr-1, respec-
XMZIP]��ZSR�7GLYGOQERR�IX�EP������
��7MRGI������E�
noticeable increase of these trends is interpreted 
EW�XLI�WMKREP�SJ�XLI�;18��2EVERNS�IX�EP������
��-R�
EHHMXMSR��RS�WMKRMʗGERX�GLERKIW�MR�XLI�WXVEMX�XVERW-
TSVXW� �RIX� I\GLERKI�� *IRSKPMS�1EVG� IX� EP�� ������
&SYXSZ�IX�EP��������7SXS�2EZEVVS�IX�EP������
�ERH�
WYVJEGI�GMVGYPEXMSR��4EWGYEP�IX�EP������
�LEZI�FIIR�
detected.

2S�WMKRMʗGERX�XVIRHW�MR�JVIUYIRG]�SJ�HIRWI�[EXIV�
formation events have been detected (Beuvier et 
EP�� ������,SYTIVX� IX� EP�� ������ 7SQSX� IX� EP�� ������
(YRMÊ�IX�EP�� ����
�� EPXLSYKL�E�WXVSRK� MRXIVERRYEP�
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variability is reported for each of the dense water 
formation sites, the northwestern Mediterranean 
�1EVX]� ERH� 'LMEZ¬VMRM� ������ ,SYTIVX� IX� EP�� ������
7SQSX� IX� EP�� ������ ;EPHQER� IX� EP�� ����
�� XLI�
%HVMEXMG� 7IE� �(YRMÊ� IX� EP�� ����
�� ERH� XLI� %IKIER�
7IE��6SIXLIV�IX�EP��������&IYZMIV�IX�EP������
�

2.2.7.2  Future change in marine 
waters

Air-sea and land-sea exchanges

The future evolution of the Mediterranean Sea 
physical characteristics is strongly related to the 
evolution of the air-sea and land-sea exchanges of 
water and heat. For the Mediterranean Sea, the net 
surface water loss by the sea is constituted by the 
combination of the evaporation over the sea, the 
precipitation over the sea, the river runoff and the 
Bosphorus Strait net transport. The net surface 
heat loss by the sea consists of the shortwave 
radiation, the longwave radiation, the latent heat 
ERH� XLI�WIRWMFPI�LIEX�ʘY\IW� �XLIWI� ZEVMEFPIW�EVI�
assessed in more detail in Sections 2.2.3, 2.2.4 and 
2.2.5, as well as in Section 3.1.3.2).

In addition to the changes in radiation, the future 
evolution of the Mediterranean Sea physical char-
acteristics is strongly related to the evolution of 
XLI�SXLIV�EMV�WIE�LIEX�ʘY\IW��9RHIV�TVIWIRX�GPM-
mate conditions, the net heat loss by the Medi-
terranean Sea surface (namely the sum of short-
wave radiation, longwave radiation, latent heat 
ERH�WIRWMFPI�LIEX�ʘY\IW
�MW�TSWMXMZI�QIERMRK�XLEX�
sea is losing heat by its surface over a long peri-
od of time. In the future, the net heat loss by the 
sea surface is expected to decrease (Somot et al. 
������������(YFSMW�IX�EP��������+YEPHM�IX�EP��������
%HPSJJ�IX�EP��������7SXS�2EZEVVS�IX�EP������
��FI-
cause the increase in shortwave, net longwave and 
WIRWMFPI� LIEX� ʘY\IW� [MPP� HSQMREXI� XLI� MRGVIEWI�
MR� PEXIRX�LIEX� PSWW� �(YFSMW�IX�EP������
��;MXL� VI-
spect to the end of the 20th century and based on  
coupled regional climate models, the decrease in 
XLI�RIX� LIEX� PSWW� GSYPH� VIEGL�FIX[IIR� ����� ERH��
�����;�Q-2 by 2050 following the medium-range  
%�&� WGIREVMS� �(YFSMW� IX� EP�� ����
� ERH� FIX[IIR�
�����ERH������;�Q-2 �VIWT�������ERH������;�Q-2 ) at 
the end of the 21st century following high-range 
6'4���� �VIWT��QIHMYQ�VERKI�6'4���
�WGIREVMSW�
�7SXS�2EZEVVS�IX�EP�� ����
��8LMW� MQTPMIW� XLEX� XLI�
atmosphere could even start to warm the Medi-
terranean Sea from the mid-21st century instead 
of cooling it in the present-day climate according 
to some models �QIHMYQ� GSRɑHIRGI
� Changes 
in the Mediterranean Sea surface heat budget 
depend to a great extent on the socio-econom-
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Figure 2.13 | Warming stripes in the Intermediate 
Water (from east to west) and the Deep Water (in the 
Gulf of Lion). Each stripe refers to a single year and 
GSZIVIH� TIVMSHW� HMJJIV� HITIRHMRK� SR� ZEVMEFPI�� :EPYIW�
have been computed using yearly potential temperature 
averages in different locations where long-term 
QSSVMRK� HEXE� EVI� EZEMPEFPI� EX� HMJJIVIRX� HITXLW�� (EXE�
from the eastern Ionian come from the HCMR Pylos 
HIIT�3FWIVZEXSV]��:IPESVEW�IX�EP������
��ERH�LEZI�FIIR�
HS[RPSEHIH�JVSQ�'1)17��(EXE�JVSQ�XLI�7MGMP]�'LERRIP�
GSQI� JVSQ� XLI�'26�-71%6�QSSVMRK� �7GLVSIHIV�IX� EP��
����
�ERH�GER�FI�HS[RPSEHIH�JVSQ�'1)17��(EXE�JVSQ�
XLI� +YPJ� SJ� 0MSR� �����Q� ERH� ������Q
� GSQI� JVSQ� XLI�
0-32�3FWIVZEXSV]� SJ� XLI�1337)�2IX[SVO� �,SYTIVX� IX�
EP������
�ERH�GER�FI�HS[RPSEHIH�JVSQ�7)%23)��8IWXSV�
IX� EP�� ����
��(EXE� JVSQ� XLI�+MFVEPXEV� 7XVEMX� GSQI� JVSQ�
the IEO (Spanish Oceanographic Institute) mooring (von 
7GLYGOQERR�IX�EP������
�ERH�GER�FI�HS[RPSEHIH�JVSQ�
the Copernicus Marine Environment Monitoring Service 
�'1)17
��2SXI�XLEX�GSPSYV�WGEPIW�EVI�HMJJIVIRX�JSV�IEGL�
panel. 
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ic scenario chosen: the higher the greenhouse 
gas emissions, the greater the response of the 
budget.

To summarize, an increase in the net surface water 
loss by the sea is expected in the future due to a 
decrease in precipitation and in river runoff and an 
increase in evaporation (Sections 2.2.5 and 3.1.1). 
In addition, a decrease in the net surface heat 
loss by the sea is expected in the future (Sections 
2.2.3 and 2.2.5) because the increase in shortwave, 
net longwave and sensible heat will dominate 
the increase in latent heat loss. In particular, this 
means that, from the middle of the 21st century, 
some models predict that the atmosphere could, 
in average, warm the Mediterranean Sea instead 
of cooling it in the present-day climate.

Future changes in the wind strength over the sea 
will likely remain low even at the end of the 21st 
century in pessimistic scenarios (Section 2.2.2).

Sea surface temperature

In future climate change scenarios based on both 
+'1W� ERH� 6'1W� MRGPYHMRK� XLI� 1IHMXIVVERIER�
7IE� VITVIWIRXEXMSR�� E� WMKRMʗGERX� [EVQMRK� SJ�
the Mediterranean Sea surface temperature is 
projected �ZIV]�LMKL�GSRɑHIRGI
��7SQSX�IX�EP��������
4PERXSR� IX� EP�� ������ 7LEPXSYX� ERH� 3QWXIHX� ������
%HPSJJ� IX� EP�� ������1EVMSXXM� IX� EP�� ������%PI\ERHIV�
IX�EP��������(EVQEVEOM�IX�EP������F
��8LI�[EVQMRK�
VEXI�HITIRHW�EX�XLI�ʗVWX�SVHIV�SR�FSXL�XLI�XIQTSVEP�
horizon and the greenhouse gas emission scenario 
�ZIV]�LMKL�GSRɑHIRGI
��%HPSJJ�IX�EP��������1EVMSXXM�IX�
EP��������(EVQEVEOM�IX�EP������F
��8LI�WIE�[EVQMRK�
will generally remain below that of the air over 
surrounding land �LMKL� GSRɑHIRGI
 due to ocean 
thermal inertia, probably leading to an increase 
in land-sea temperature contrast (Somot et al. 
����
��;MXL�VIWTIGX�XS�XLI�IRH�SJ�XLI���XL�GIRXYV]��
the annual-mean and basin-mean sea surface 
XIQTIVEXYVI� MW�I\TIGXIH� XS� MRGVIEWI�F]��������s'�
FIJSVI� XLI� QMH���WX� GIRXYV]� ERH� F]� �������s'� 
(resp. 1.1-2.1°C) at the end of the 21st century 
TIVMSH�YRHIV�XLI�TIWWMQMWXMG�6'4�����VIWT��QIHMYQ�
6'4���
� WGIREVMS� �(EVQEVEOM� IX� EP�� ����F
�� 8LI�
upper values of those warming ranges are possibly 
underestimated as higher warming are obtained in 
'1-4��+'1W��1EVMSXXM�IX�EP��������(EVQEVEOM�IX�EP��
����F
�

Future warming will be roughly homogeneous in 
space �QIHMYQ� GSRɑHIRGI
�with the Balearic Sea, 
XLI�2SVXL�-SRMER�7IE��XLI�2SVXLIEWX�0IZERXMRI�7IE�
ERH�XLI�%HVMEXMG�7IE�MHIRXMʗIH�EW�TSXIRXMEP�LSXWTSXW�
of maximum warming �PS[� GSRɑHIRGI
� �*MK�� ����E
 

�%HPSJJ� IX� EP�� ������(EVQEVEOM� IX� EP�� ����F�� 7SXS�
2EZEVVS�IX�EP������
��8LMW�LSXWTSX�TEXXIVR�LS[IZIV�
does not match well with the observed warming 
pattern (Fig. 2.12a), illustrating that climate change 
related evolution is likely still hidden by natural 
variability. Spatially, the future warming of the sea 
surface is bimodal as it has been in the past (Fig. 
2.12b)��*SV�XLI�RIEV�JYXYVI�����������
�[MXL�VIWTIGX�
to the end of the 20th century, local annual-mean 
sea surface temperature change is everywhere 
positive and can reach locally +1.6°C at maximum 
whatever the scenarios whereas at the end of the 
21st century, the local annual-mean warming 
WTVIEHW� JVSQ��� XS��s'� JSV�WGIREVMS�6'4���� �VIWT��
JVSQ��������s'�JSV�6'4���
�

;EVQMRK� MW� RSX� TVSNIGXIH� XS� FI� GSRWXERX� EPP�
year round. Stronger warming is expected in 
summer and weaker warming in winter (medium 
GSRɑHIRGI
� resulting in substantial increase in 
warm extremes and a decrease in cold extremes 
�%PI\ERHIV� IX� EP�� ����
�� %W� ER� MPPYWXVEXMSR�� YRHIV�
6'4����� QE\MQYQ� QSRXLP]�QIER� WIE� WYVJEGI�
XIQTIVEXYVI� ERSQEPMIW� GSYPH� VIEGL� ��s'� SZIV�
���������� ERH� QSVI� XLER� ��s'� SZIV� ����������
(median of the CMIP5 models) averaged over 
XLI� 1IHMXIVVERIER� 7IE� �%PI\ERHIV� IX� EP�� ����
��
-R� EHHMXMSR�� JVSQ� XLI� TIVMSH� ����������� XLI� ���
year mean sea surface temperature will always 
be warmer than the warmest year during the  
TIVMSH� ���������� �QIHMYQ� GSRɑHIRGI
� This will 
EPVIEH]�FI�XLI�GEWI�MR�EFSYX���	�SJ�XLI�]IEVW�JSV�
XLI�����������TIVMSH��%PI\ERHIV�IX�EP������
�

Marine heat waves will very likely increase in 
spatial coverage, become longer, more intense 
and more severe than today �QIHMYQ�GSRɑHIRGI
��
The intensity of this evolution strongly depends on 
the temporal horizon and on the socio-economic 
WGIREVMS� �*V¹PMGLIV� IX� EP�� ������ (EVQEVEOM� IX� EP��
����F
��&]� ����Ɉ������ MX� MW� I\TIGXIH� XLEX�QEVMRI�
heat wave frequency increases by a factor 1.5, 
HYVEXMSR� F]� ���Ɉ����� QIER� MRXIRWMX]� F]� ���� ERH�
WIZIVMX]� F]� ���� [MXL� ZEPYIW� PEVKIP]� MRHITIRHIRX�
JVSQ� XLI� WSGMS�IGSRSQMG� WGIREVMSW� �(EVQEVEOM�
IX�EP������F
��&]�������QSHIPW�TVSNIGX�EX�PIEWX�SRI�
long-lasting marine heat wave occurring every 
]IEV� YRHIV� 6'4���� YT� XS� �� QSRXLW� PSRKIV�� ERH�
EFSYX� �� XMQIW� QSVI� MRXIRWI� ERH� ��� XMQIW� QSVI�
WIZIVI� XLER� XSHE]ɌW� IZIRXW�� 8LIMV� SGGYVVIRGI� MW�
I\TIGXIH�FIX[IIR�.YRI�ERH�3GXSFIV�� EJJIGXMRK�EX�
TIEO��XLI�IRXMVI�1IHMXIVVERIER�&EWMR��(EVQEVEOM�
IX�EP������F
��9RHIV�E�6'4����WGIREVMS�� XLI������
marine heatwaves may become a normal event for 
the period 2021-2050 and a weak event at the end 
of the 21st century �QIHMYQ�GSRɑHIRGI
��(EVQEVEOM�
IX�EP������F
�
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The warm extreme sea surface temperature 
changes at the end of the 21st century is likely 
due to a combination of three factors: a mean sea 
WYVJEGI�[EVQMRK��ER�EQTPMʗGEXMSR�SJ�XLI�WIEWSREP�
cycle and an increase in the interannual and day-
XS�HE]�ZEVMEFMPMX]��%PI\ERHIV�IX�EP��������(EVQEVEOM�
IX�EP������F
�

Sea surface salinity

The future evolution of sea surface salinity of the 
Mediterranean Sea remains largely uncertain as 
MXW�WMKR�SJ�GLERKI��%HPSJJ�IX�EP��������7SXS�2EZEVVS�
IX�EP������
��%R]�GLERKI�[MPP�PMOIP]�FI�WTEXMEPP]�ERH�
temporally inhomogeneous �QIHMYQ� GSRɑHIRGI
�
due to the primary role of the river and near-
%XPERXMG�JVIWL[EXIV�MRTYXW��%HPSJJ�IX�EP��������7SXS�
2EZEVVS�IX�EP������
��*SV�XLI�IRH�SJ�XLI���WX�GIRXYV]��
basin-scale surface salinity anomalies range from  
������XS�������TWY��VIWT��������XS������TWY
�JSV�XLI�
TIWWMQMWXMG�6'4�����VIWT��6'4���
�WGIREVMS��7SXS�
2EZEVVS� IX� EP�� ����
�� ,S[IZIV�� E� WYVJEGI� WEPMRMX]�
increase in the eastern Mediterranean Basin is 
more likely than not whereas the western basin 
may see an increase or a decrease in its surface 
WEPMRMX]� �%HPSJJ� IX� EP�� ������ 7SXS�2EZEVVS� IX� EP��
2020).

Surface circulation and exchanges across 
straits

Change in sea surface circulation has not been 
HIITP]� EWWIWWIH� ]IX� MR� XLI� PMXIVEXYVI� �%HPSJJ� IX�
EP��������1EG°EW�IX�EP������
��HIWTMXI� XLIMV�WXVSRK�
capacity to locally modulate the future sea surface 
temperature and salinity anomalies. In particular, 
it is likely that the surface circulation changes 
affect the local sea surface warming hotspots 
PMWXIH� EFSZI�� 2SXMGIEFPI� WYVJEGI� GMVGYPEXMSR�
changes have been reported for the end of the 21st 
GIRXYV]�MR�XLI�&EPIEVMG�7IE�ERH�MR�XLI�2SVXL�-SRMER�
7IE�MRHITIRHIRXP]�JVSQ�XLI�WGIREVMS�GLSMGI��%HPSJJ�
et al. 2015).

%X� XLI� WXVEMX� SJ� +MFVEPXEV�� XLI� RIX� LIEX� XVERWTSVX�
towards the Mediterranean Sea will likely increase 
HYI� XS� RIEV�%XPERXMG�[EVQMRK� EW�[IPP� EW� XLI� RIX�
mass transport due to increased sea surface water 
HIʗGMX� �7SQSX� IX� EP�� ������ 1EVGSW� ERH� 8WMQTPMW�
������'EVMPPS�IX�EP��������%HPSJJ�IX�EP��������7SXS�
2EZEVVS�IX�EP������
��8LI�JYXYVI�IZSPYXMSR�SJ�XLI�RIX�
salt transport at the strait is unclear, because it 
HITIRHW�SR�XLI�WEPMRMX]�GLERKI�MR�XLI�RIEV�%XPERXMG�
Ocean surface layer entering the Mediterranean 
7IE��1EVGSW�ERH�8WMQTPMW�������%HPSJJ�IX�EP��������
7SXS�2EZEVVS� IX� EP�� ����
�� 8LMW� QIERW� XLEX� MX� MW�
currently unclear if the salt transport from the 

%XPERXMG� [MPP� MRGVIEWI� SV� HIGVIEWI� MR� XLI� JYXYVI�
leading to large uncertainty for the salinity change 
in the Mediterranean Sea.

Deep water characteristics

(YI� XS� XLI� GSRXVEWXMRK� IJJIGXW� SJ� MRGVIEWI� MR� WIE�
surface temperature and salinity, the future 
evolution of the sea surface density is uncertain. 
+IRIVEPP]�� WGIREVMSW� [MXL� WXVSRK� KVIIRLSYWI�
gas concentration increase project a decrease 
in surface density associated to an increase in 
ZIVXMGEP�WXVEXMʗGEXMSR�SJ�XLI�[EXIV�GSPYQR��-RGVIEWI�
MR�HIRWMX]��XLYW�E�HIGVIEWI�MR�WXVEXMʗGEXMSR
�MW�WXMPP�
possible in scenarios with low level of warming 
�%HPSJJ�IX�EP������
��(YI�XS�MXW�EGXMZI�XLIVQSLEPMRI�
circulation, the surface climate change signal 
QE]�FI�TVSTEKEXIH�IJʗGMIRXP]�XS[EVHW�XLI�HIITIV�
layers of the Mediterranean Sea (Somot et al. 
������'EVMPPS�IX�EP������
�ERH� PIEH� XS� PEVKIV�HIIT�
warming rates than in other oceans in the world.

The warming and saltening rates of the deep layers 
is very uncertain as it depends on various factors 
such as the surface signal, the intensity of the 
present and future Mediterranean thermohaline 
circulation (MTHC). This means in particular that 
the socioeconomic scenario is not the main source 
of uncertainty in future changes of the deep layers 
�%HPSJJ�IX�EP������
��%X�XLI�IRH�SJ�XLI���WX�GIRXYV]��
water masses deeper than 600 m may warm 
FIX[IIR�������ERH������s'��ERH�XLIMV�WEPMRMX]�QE]�
increase or decrease with a large uncertainty 
VERKI��HITIRHMRK�SR�XLI�QSHIP��������������
�TWY�
�%HPSJJ�IX�EP��������7SXS�2EZEVVS�IX�EP������
�

%PP� TYFPMWLIH� WXYHMIW� EKVII� SR� E� PSRK�XIVQ�
weakening of the open-sea deep convection, the 
winter deep water formation and the related branch 
of the thermohaline circulation in the western 
Mediterranean Sea in high emission scenarios 
�8LSVTI�ERH�&MKK�������7SQSX�IX�EP��������%HPSJJ�
IX� EP�� ������ 7SXS�2EZEVVS� IX� EP�� ����
�� ,S[IZIV��
natural variability may lead to increase in deep 
[EXIV� JSVQEXMSR�[MXL� VIWTIGX� XS� XSHE]ɌW� WMXYEXMSR�
during short periods in the future (Macías et al. 
����
��*SV�XLI�IRH�SJ�XLI���WX�GIRXYV]�ERH�XLI�%��
scenario, decrease of the maximum mixed layer 
depth reached in the northwestern Mediterranean 
7IE�VIEGL�FIX[IIR����	�ERH����	�HITIRHMRK�SR�
XLI�QSHIP�GLSMGI��7SQSX�IX�EP��������%HPSJJ�IX�EP��
2015). The picture in the eastern Mediterranean 
Sea is more contrasted with weakening in 
some simulations but enhanced convection and 
thermohaline circulation in others (Somot et al. 
������%HPSJJ�IX�EP��������7SXS�2EZEVVS�IX�EP������
��
Some simulations (but not all) project that EMT-like 
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situation may become the new normal situation for 
XLI�IEWXIVR�FEWMR��%HPSJJ�IX�EP������
�

2.2.8 Sea level, storm surges and wave 
heights

%�TEVXMGYPEV�GLEVEGXIVMWXMG�SJ�XLI�1IHMXIVVERIER�7IE�
in terms of sea level variability is that it is a semi-
enclosed domain linked to the global ocean through 
XLI�7XVEMX�SJ�+MFVEPXEV��8LMW�MQTPMIW�XLEX�GLERKIW�MR�
XLI�RIEVF]�%XPERXMG�EVI�UYMGOP]�XVERWJIVVIH�MRXS�XLI�
Mediterranean as a basin-wide barotropic signal. 
%X�XLI�WEQI�XMQI��FEWMR�[MHI�WIE�PIZIP�ERSQEPMIW�
caused by local forcing (e.g., thermal expansion, 
evaporation) tend to be transferred to the global 
ocean in a way that the Mediterranean is in balance 
[MXL� XLI� RIEVF]� %XPERXMG�� %W� E� GSRWIUYIRGI�� XLI�
Mediterranean basin-wide variations, especially 
at low frequencies, closely follow the variations in 
XLI� RIEVF]�%XPERXMG� �'EPEJEX� IX� EP�� ������ %HPSJJ� IX�
EP�� ����
�� 8LI�I\GITXMSR� XS� XLMW� MW� XLI�TEVX� SJ� XLI�
variability related to changes in the atmospheric 
mechanical forcing (i.e., wind and atmospheric 
pressure), which can produce Mediterranean-
%XPERXMG�HMJJIVIRGIW�SJ�JI[�GQ�IZIR�EX�QYPXMHIGEHEP�
XMQI�WGEPIW� �1IRIQIRPMW�IX�EP��������.SVH£�IX�EP��
2012).

The Mediterranean Sea is a microtidal region, with 
tidal range mostly below 15 cm and relatively low 
sea levels with 50-year return values below 60 cm 
SZIV�QSWX�SJ�XLI�FEWMR��1EVGSW�IX�EP������
��8LIWI�
values are small compared to other European 
7IEW�� 8LI� X[S� I\GITXMSRW� EVI� XLI� 2SVXL� %HVMEXMG�
ERH� XLI�+YPJ�SJ�+EFIW��[LIVI�WXSVQ�WYVKI� PIZIPW�
are estimated to be several times per year above 
���GQ��[MXL���]IEV�VIXYVR�ZEPYIW�EVSYRH����GQ�ERH�
���GQ��VIWTIGXMZIP]��'SRXI�ERH�0MSRIPPS�����
�
The wave climate in the region is milder than  
MR� XLI� %XPERXMG� [MXL� WQEPPIV� QIER� [EZI� LIMKLXW�
(1-1.5 m) and shorter periods (5-6 s) and presents 
an important spatial variability due to the complex 
orography and coastline surrounding the basin 
�1IR¬RHI^�IX�EP�������
��-XW�ZEVMEFMPMX]�MW�GSRRIGXIH�
XS� 2%3� ERH� XLI� -RHMER� 1SRWSSR� MRHI\� �0MSRIPPS�
and Sanna 2005) and other northern hemisphere 
teleconnection indices, particularly the East 
%XPERXMG�4EXXIVR��0MSRIPPS�ERH�+EPEXM�����
��%RRYEP�
maxima along the coastlines are largest (above 
��QIXIVW
�EX�XLI�RSVXL[IWXIVR�GSEWX�SJ�%JVMGE��FYX�
LMKL�ZEPYIW�[IPP�EFSZI���QIXIVW�SGGYV� MR�WIZIVEP�
TEVXW��0MSRIPPS�IX�EP������
�

2.2.8.1 Observed change in sea-level

(YVMRK� XLI� ��XL�GIRXYV]�� GSEWXEP� XMHI� KEYKIW�
around the Mediterranean have recorded a rise 

in the mean sea level. Once tide gauge data have 
been corrected for the vertical land motion, the sea 
level trend is very consistent among sites being 
b����QQ�]V-1��;¹TTIPQERR�ERH�1EVGSW�����
��8LMW�
trend is superimposed on interannual and decadal 
variability that can temporarily mask the sea level 
VMWI��8LI�GPIEVIWX�I\EQTPI�MW�XLI�TIVMSH�����������
during which Mediterranean sea level showed a 
decreasing trend because a higher than usual 
EXQSWTLIVMG�TVIWWYVI��8WMQTPMW�IX�EP������
��%JXIV�
that period, the atmospheric pressure returned 
to the typical values and sea level continued to 
follow the global evolution. For the more recent 
period, in which sea level has been monitored  
F]� WEXIPPMXI� EPXMQIXV]� ����������
�� 1IHMXIVVERIER�
WIE� PIZIP� XVIRH� LEW� MRGVIEWIH� YT� XS� ���� t����QQ�
yr-1�� GSRWMWXIRX� [MXL� KPSFEP� WIE� PIZIP� XVIRH� �����
t����QQ� ]V-1
� �'E^IREZI� ERH� ;'64� +PSFEP� 7IE�
0IZIP�&YHKIX�+VSYT�����
��8LI�VMWI�EX�KPSFEP�WGEPI�
is mainly the result of a combination of water 
thermal expansion and land-based ice melting. 
(YVMRK� XLI� ��XL� GIRXYV]� FSXL� JEGXSVW� GSRXVMFYXIH�
equally, although during the last decades, glacier 
QIPX� MW� HSQMREXMRK� �'E^IREZI� ERH� ;'64� +PSFEP�
7IE�0IZIP�&YHKIX�+VSYT�����
�

%REP]WIW� SJ� XMHI� KEYKI� HEXE� LEZI� VIZIEPIH� ER�
increase in the magnitude and duration of the 
extreme sea level events in the region during the 
last decades, caused by the rise in the relative 
QIER� WIE� PIZIP� �JSV� XLI� RSVXLIVR� %HVMEXMG� 7IE��
0MSRIPPS� IX� EP�� ����F�� 1EVGSW� IX� EP�� ����
�� -R�
general, wave observational records are too 
short for assessing multidecadal trends, with the 
I\GITXMSR�SJ�XLI�2SVXLIVR�%HVMEXMG�7IE��[LIVI�SRI�
among the worldwide longest instrumental time 
WIVMIW�������XS�TVIWIRX
�WLS[W�ER�MRGVIEWI�MR�XLI�
number of storms, but a decrease of the extreme 
[EZI�LIMKLXW��4SQEVS�IX�EP������
�

2.2.8.2 Future sea-levels

The modeling of Mediterranean mean sea level 
JYXYVI�ZEVMEXMSRW�MW�RSX�WXVEMKLXJSV[EVH��;MXL�XLIMV�
coarse spatial resolution, present-day global 
GPMQEXI�QSHIPW��+'1W
�EVI�RSX�EFPI�XS�VITVSHYGI�
the regional processes in the basin, although, they 
are better suited to represent the connection to 
the global ocean (Calafat et al. 2012). Conversely, 
regional climate models (RCMs) can capture 
part of the regional variability but are usually not 
designed to reproduce the connection with the 
global ocean, and thus missing a key part of the 
ZEVMEFMPMX]��%HPSJJ�IX�EP������
��8LIVIJSVI��WIE�PIZIP�
rise projections solely based on RCMs have missed 
that component and only should be considered 
for the regional patterns, which can cause local 
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spatial deviations from the basin average by up to 
����GQ��'EVMPPS�IX�EP��������%HPSJJ�IX�EP������������
��
In conclusion, accounting for all components 
shows that the Mediterranean sea level rise will 
FI�GPSWI�XS�XLI�RSVXLIEWXIVR�%XPERXMG��[LIVI�JYXYVI�
WIE�PIZIP�[MPP�FI�WMQMPEV��HMJJIVIRGI�PS[IV�XLER��	
�
to the global mean sea level because regional 
differences produced by changes in the circulation 
and mass redistribution almost compensate each 
SXLIV��7PERKIR�IX�EP������
��8LMW�PIEHW�XS�IWXMQEXI�
XLEX�XLI�FEWMR�QIER�WIE�PIZIP�[MPP� PMOIP]�FI�������
cm higher than at the end of the 20th century, 
with a small probability to be above 110 cm. Main 
contributions to basin-average sea level changes 
are coming from terrestrial ice melting and the 
RSVXLIEWXIVR�%XPERXMG�H]REQMGW��.SVH£�IX�EP��������
Fig. 2.14
�� %� HMJJIVIRX� GSQTYXEXMSR� FEWIH� SR� XLI�
sea level projections in the SROCC (Oppenheimer 
IX� EP�� ����
� ERH� EGGSYRXMRK� JSV� XLI� YRGIVXEMRX]�
GEPGYPEXMSR�QIXLSH�SJ�XLI�%6���'LYVGL�IX�EP������
��
GSRʗVQW�XLEX�XLI�PMOIP]�VERKI�SJ�XLI�1IHMXIVVERIER�
Sea level will be approximately in the range from 

20 to 110 cm higher (depending on scenario) at 
the end of the 21st century than at the end of the 
��XL�GIRXYV]��0I�'S^ERRIX�IX�EP��������8LM¬FPIQSRX�
IX�EP������
�

6'1W�ERH�+'1W�HS�RSX�QSHIP�I\XVIQI�WIE�PIZIP�
IZIRXW� ERH� WTIGMʗG� �(� WMQYPEXMSRW� JSVGIH� F]�
high frequency atmospheric forcing are needed. 
Published studies point towards a reduction on 
the average number of positive surges throughout 
XLI� ��WX� GIRXYV]� �1EVGSW� IX� EP�� ������ 'SRXI� ERH�
0MSRIPPS� ������ 0MSRIPPS� IX� EP�� ����
�� 3ZIVEPP�� XLI�
results indicate small progressive reduction in 
comparison with their present-day magnitude as 

a function of time and of the emission scenario, 
VIEGLMRK�E�ZEPYI�MR�XLI�VERKI�JVSQ���	�ERH����	�EX�
XLI�IRH�SJ�XLI���WX�GIRXYV]�MR�XLI�6'4����WGIREVMS�
�0MSRIPPS�IX�EP������
�� -R�ER]�GEWI�JYXYVI�WIE�PIZIP�
rise will become the dominant factor and it will 
lead to an increase frequency and intensity level 
SJ�GSEWXEP�ʘSSHW��0MSRIPPS�IX�EP��������:SYWHSYOEW�
IX�EP������
�

Regarding future changes in waves, they will 
FI� HIXIVQMRIH� F]� GLERKIW� MR� XLI�[MRH� ʗIPH� SZIV�
the Mediterranean Sea (Section 2.2.2). Published 
studies point towards a generalized reduction 
SJ� XLI�QIER� WMKRMʗGERX� [EZI� LIMKLX� ʗIPH� SZIV� E�
large fraction of the Mediterranean Sea, especially 
MR�[MRXIV� �0MSRIPPS� IX� EP�� ������ ������ 4IVI^� IX� EP��
2015). Similarly, the wave extremes are expected 
to decrease in number and intensity, although 
there is no consensus whether very large extreme 
events, associated with very strong winds, would 
EPWS�HIGVIEWI��+EIVXRIV�IX�EP��������6SQIVE�IX�EP��
������6SQIVS�ERH�)QERYIP�����
�

������%GMHMɽGEXMSR�SJ�XLI�1IHMXIVVERIER�7IE

Human activities are responsible for an increase 
in atmospheric COʩ since the beginning of the 
industrial era. The input of anthropogenic carbon 
MR� XLI� 1IHMXIVVERIER� MW� GEYWIH� F]� XLI� ʘY\� EX�
the air-sea interface, but also results for the 
Mediterranean Sea, from exchange with the 
%XPERXMG� 3GIER� EGVSWW� XLI� 7XVEMX� SJ� +MFVEPXEV��
%TTVS\MQEXIP]� ��	� SJ� ERXLVSTSKIRMG� GEVFSR� MW�
EFWSVFIH� F]� XLI� SGIERW� �7EFMRI� IX� EP�� ����
� ERH�
leads to decrease of pH in ocean water masses. 
The Mediterranean Sea is able to absorb relatively 
more anthropogenic COʩ per unit area than the 
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Figure 2.14 | Projected Mediterranean sea level rise averaged in (2080-2099) with respect to present climate 
(1980-1999) under scenario RCP8.5. 6IWYPXW� FEWIH� SR� '1-4�� ERH� 1IH�'36()<� SYXTYXW� JSV� XLI� H]REQMGEP�
GSQTSRIRXW�ERH�7PERKIR�IX�EP�������
�JSV�SXLIV�GSQTSRIRXW���E
�7YQ�SJ�EPP�GSRXVMFYXSVW��F
�6ERKI�SJ�TVSNIGXIH�ZEPYIW�
JSV� XLI� HMJJIVIRX� GSRXVMFYXSVW�� 2)� %XPERXMG� H]REQMGW� �%XP� (]R
�� 1IHMXIVVERIER� H]REQMGW� �1IH� (]R
�� %XQSWTLIVMG�
0SEHMRK��%0
��+PEGMEP�-WSWXEXMG�%HNYWXQIRX��+-%
��+VSYRH�;EXIV��+;
�ERH�8IVVIWXVMEP�-GI�1IPXMRK��8-1
�ERH�8SXEP�
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RECENT CHANGE
PROJECTED CHANGES RCP2.6 PROJECTED CHANGES RCP8.5
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Table 2.1 | Climate change as a function of time period and Representative Concentration Pathway for the land sub-
regions in Fig. 2.1 and the whole Mediterranean Sea area. All changes are with respect to the (1980-1999) reference period. 
For temperature and precipitation, recent changes are based on the Climate Research Unit CRU-TS, future changes are based 
on the E963-C36()< regional model simulations. When values are annotated with "*" less than 2/3 of the models agree on the 
sign of projected changes. For surface solar radiation, cloud cover and aerosol optical depth values are based on CMIP5 global 
simulations. For sea surface temperature, recent changes are based on CMEMS observations (2000-2017), future changes on the 
MIH-C36()< regional simulations. For sea level rise, future changes are based on blended multiple databases (see text).
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global ocean for two reasons. It is more alkaline, 
thus giving it greater chemical capacity to take up 
anthropogenic COʩ, and deep waters are ventilated 
on shorter timescales (Schneider et al. 2010), thus 
allowing rapid penetration of COʩ in its interior.

2.2.9.1 Observed change in acidity

Concerning the past trends of anthropogenic car-
bon absorption by the Mediterranean Sea, the 
presence of natural COʩ prevents to determine it 
from direct measurements in the water column. 
Estimations of anthropogenic COʩ from data-based 
approaches are limited and with large uncertain-
ties that provides concentrations that disagree by 
more than a factor of two in the Mediterranean Sea 
�7GLRIMHIV�IX�EP��������8SYVEXMIV�ERH�+S]IX�����
��
These large differences further result in even op-
posing estimates for the net COʩ transport across 
XLI�7XVEMX�SJ�+MFVEPXEV�

In this context, the modeling approach using 
high-resolution regional model provided some 
insights on the information resulting from the data 
FEWIH�IWXMQEXIW� ERH� UYERXMʗGEXMSR� SJ� TVSGIWWIW�
responsible of anthropogenic COʩ storage and 
EGMHMʗGEXMSR� SJ� XLI� 1IHMXIVVERIER� 7IE� �4EPQM¬VM�
IX� EP�� ����
�� ��	� SJ� XSXEP� ERXLVSTSKIRMG� GEVFSR�
inventory in the Mediterranean Sea is due to 
RIX� I\GLERKI� EX� XLI�7XVEMX� SJ�+MFVEPXEV��[LMPI� XLI�
VIQEMRMRK���	�MW�JVSQ�XLI�EMV�WIE�ʘY\��-X�GSRʗVQW�
XLEX� XLI� ��	� LMKLIV�QIER� XSXEP� EPOEPMRMX]� SJ� XLI�
1IHMXIVVERIER� 7IE� MW� VIWTSRWMFPI� JSV� E� ��	�

increase in anthropogenic carbon inventory. The 
LMKLIV� EPOEPMRMX]� EGXW� XS� RIYXVEPM^I� EGMHMʗGEXMSR�
and simulated average surface pH change is thus 
similar for the Mediterranean Sea and the global 
SGIER��������YRMXW
��[MXL�HIIT�[EXIVW�I\LMFMXMRK�E�
larger anthropogenic change in pH than typical 
global ocean deep waters because ventilation 
times are faster (between -0.005 and -0.06 units) 
(Palmiéri et al. 2015).

2.2.9.2 Future change in acidity

8LI� TYFPMWLIH� PMXIVEXYVI� GSRGIVRMRK� WTIGMʗGEPP]�
XLI� JYXYVI� EGMHMʗGEXMSR�SJ� XLI�1IHMXIVVERIER�7IE�
MW� UYMXI� PMQMXIH� PIEHMRK� XS� PS[� GSRʗHIRGI� MR� XLI�
assessment. Based on thermodynamic equations 
of the COʩ�GEVFSREXI�W]WXIQ�GLIQMGEP�IUYMPMFVMYQ�
MR� WIE[EXIV�� +S]IX� IX� EP�� �����
� GEPGYPEXIH� XLI�
ZEVMEXMSR�SJ� T,� �ŸT,
� EW�E� JYRGXMSR�SJ� XLISVIXMGEP�
anthropogenic COʩ� GSRGIRXVEXMSRW�� 9RHIV� XLI�
most optimistic SRES scenario, the results 
indicate that in 2100, pH may decrease down to 
������MR�XLI�[IWXIVR�FEWMR�ERH�HS[R�XS�������MR�XLI�
eastern basin (compared to the pre-industrial pH). 
;LIVIEW� JSV� XLI� QSWX� TIWWMQMWXMG� 76)7� VIWYPXW�
JSV� ����� TVSNIGX� E� T,� HIGVIEWI� HS[R� XS� ������
ERH� ������� JSV� XLI� [IWXIVR� ERH� JSV� XLI� IEWXIVR�
FEWMRW�� VIWTIGXMZIP]� �+S]IX� IX� EP�� ����
�� ,S[IZIV��
these estimates do not consider that the warming 
of seawater will decrease exchanges across 
ocean-atmosphere interface and penetration 
SJ� ERXLVSTSKIRMG� .YRKGEVFSR�� XLYW� XLI]� XIRH� XS�
SZIVIWXMQEXI�JYXYVI�EGMHMʗGEXMSR�

2.3.1 Introduction

8LI� ����� %KIRHE� JSV� 7YWXEMREFPI� (IZIPSTQIRX�
pledges to “ensure that all human beings can enjoy 
TVSWTIVSYW�ERH�JYPʗPPMRK�PMZIW�ERH�XLEX�IGSRSQMG��
social and technological progress occurs in 
LEVQSR]� [MXL� REXYVIɏ� �92� ����
�� 4SPPYXMSR� TYXW�
at risk the possibility of achieving these out-
comes and hence health and well-being. Pollution 
touches all parts of the planet. It is affecting our 
health through the food we eat, the water we drink 
ERH� XLI� EMV�[I� FVIEXLI�� %TTVS\MQEXIP]� ���QMPPMSR�
premature deaths are estimated to occur annually 
as a result of the way we use natural resources 
and impact the environment to support global 
TVSHYGXMSR� ERH� GSRWYQTXMSR�� &]� HIʗRMXMSR��
“pollutant” shall mean any substance that is 
introduced into the environment that has undesired 

effects, or adversely affects the usefulness of a 
natural resource (air, soil, water and ecosystems). 
Pollutants can take many forms: (i) physical, 
substances that are not necessarily involved in 
GLIQMGEP� SV� FMSPSKMGEP� VIEGXMSRW�� I�K��� HYWX�� �MM
�
chemical, substances that are involved in chemical 
VIEGXMSRW��I�K���TIWXMGMHIW��ERH��MMM
�FMSPSKMGEP��I�K���
bacteria.

2.3.2 Physical pollutants

Particulate matter (PM) levels have been monitored 
during the past decades, mainly because of their 
IJJIGXW� SR� LIEPXL� ERH� GPMQEXI�� %IVSWSPW� MRXS� XLI�
atmosphere arise from a variety of anthropogenic 
activities (transport, industry, biomass burning, 
etc.) as well as natural sources (volcanic eruptions, 
WIE�WEPX��WSMP�HYWX�WYWTIRWMSR��REXYVEP�JSVIWX�ʗVIW��

2.3 Pollution

CHAPTER 2 - DRIVERS OF CHANGE



95CLIMATE AND ENVIRONMENTAL CHANGE IN THE MEDITERRANEAN BASIN  |  MedECC

etc.) (Seinfeld and Pandis 2006). Both sources 
result in direct emission of PM (primary PM) and 
emission of gaseous aerosol precursors (leading 
XS� WIGSRHEV]� 41
�� %� RYQFIV� SJ� ITMHIQMSPSKMGEP�
studies have examined the impact of PM on 
human health, expressed as increased mortality 
and morbidity varying according to the physical 
(size, shape, etc.) and chemical (composition) 
GLEVEGXIVMWXMGW�SJ�41��:ER�(MRKIRIR�IX�EP������
�
 
The PM impact on climate is primarily a cooling 
effect due to increased scattering to space as the 
atmospheric aerosol burden increases. The over-
all cooling by aerosols might be equivalent to a 
VEHMEXMZI�JSVGMRK�SJ�YT�XS�����;�Q-2, counterbalanc-
MRK� KPSFEP�[EVQMRK� F]� KVIIRLSYWI� KEWIW� �+MPPIXX�
IX�EP��������/RYXWSR�IX�EP������
��1SVI� MQTSVXERX�
than this direct effect may be the indirect effect 
that aerosols have on climate, acting as cloud con-
HIRWEXMSR�RYGPIM��''2
��0IZMR�IX�EP��������+IVEWS-
poulos et al. 2006). Moreover, the particles have a 
large effect in reducing visibility as well as play a 
WMKRMʗGERX�VSPI�MR�XLI�HIXIVMSVEXMSR�SJ�QSRYQIRXW�
ERH�FYMPHMRKW� �+IVEWSTSYPSW�IX�EP�� ����
��7IZIVEP�
studies conducted over the Mediterranean Basin 
VIZIEPIH� E� HMWXMRGX� WTEXMEP� MRLSQSKIRIMX]� �+IV-
asopoulos et al. 2006), with PM levels increasing 
from north to south and west to east of the basin 
�5YIVSP�IX�EP������
��ERH�HMWXMRGX�WSYVGIW��41�EREP-
]WMW� XLVSYKL� XLI� ]IEVW� EPPS[IH� XLI� MHIRXMʗGEXMSR�
ERH�GPEWWMʗGEXMSR�SJ�41�ITMWSHIW�EW�JSPPS[W���M
�PS-
cal urban PM pollution events (mostly in the cold 
season), (ii) regional PM pollution episodes (warm 
season) and (iii) dust outbreaks (Rodríguez et al. 
����
�

���������4EVXMGYPEXI�QEʆIV��41
�PIZIPW�
and sources

Several factors favor the occurrence of high 
PM concentrations in the Mediterranean Basin. 
First, the abrupt topography, coupled with the 
characteristic synoptic scale patterns, results in 
low mean wind speeds that hinder the air mass 
renovations and favor the accumulation of PM in 
XLI�WYVVSYRHW�SJ�IQMWWMSR�VIKMSRW�Ɉ�PIEHMRK�XS�XLI�
WS�GEPPIH� %XPERXMG�2SVXLIVR� GPIER� EMV� EHZIGXMSRW�
IZIRXW� �6SHV°KYI^� IX� EP�� ����
�� 7IGSRH�� XLI� PS[�
precipitation in the Mediterranean Basin favors 
the long residence time of PM in the atmosphere, 
leading to higher background PM levels (Rodríguez 
IX�EP��������5YIVSP�IX�EP������
��8LI�NSMRX�MRʘYIRGI�
SJ� PS[� TVIGMTMXEXMSR� VEXIW� ERH� XVEJʗG�JSVGIH�
resuspension of road (which is strongly enhanced 
by the dust accumulation in streets and roads), 
construction and demolition dust promoted the 
local urban episodes in the Mediterranean Basin 

�6SHV°KYI^� IX� EP�� ������ 8EPFM� IX� EP�� ����
�� 8LMW�
factor, combined with the high percentage of water 
coverage of the area, especially in the East region 
of the basin, has a great contribution of the sea-
salt aerosols to the PM levels and composition (Im 
����
��

PM observations from monitoring networks, in the 
TIVMSH������������[IVI�EREP]^IH�MR�SVHIV�XS�GLEV-
acterize particulate pollution and its health effects 
EGVSWW� 1IHMXIVVERIER� GSYRXVMIW� �/EVEREWMSY� IX�
EP������
�� -X�[EW�GSRGPYHIH�XLEX� XLI�EZIVEKI�GSR-
centrations for PM across the Mediterranean Ba-
sin are within the range of annual means typical 
of European sites and according to the monitoring 
WMXI�GLEVEGXIVMWXMGW��XVEJʗG�ERH�YVFER�FEGOKVSYRH�
WMXIW
��5YIVSP�IX�EP��������4YXEYH�IX�EP������
��8LI�
regional patterns mentioned in previous studies 
were highlighted, with higher PM concentrations 
MR�-XEPMER�ERH�+VIIO�GMXMIW��ERH�PS[IV�PIZIPW�MR�XLI�
;IWXIVR� 1IHMXIVVERIER� �&EVGIPSRE�� 1EVWIMPPI��
1EHVMH�� ,YIPZE
�� 41��� PIZIPW� EX� XLI� XVEJʗG� WMXIW�
showed a quite similar variation. In Turin, as in 
the other cities of the Po valley (Bologna, Milan, 
Parma, Modena and Reggio Emilia), the combina-
tion of stagnant air conditions with high emissions 
and high population density is the main cause of 
very strong pollution episodes (Cyrys et al. 2012). 
7MQMPEVP]��XLI�EMV�TSPPYXMSR�TVSFPIQW�MR�%XLIRW�ERH�
Thessaloniki are the result of the high population 
density and the accumulation of air pollutants over 
the city, due to topography (basin surrounded by 
mountains), narrow and deep street canyons and 
EHZIVWI�QIXISVSPSKMGEP�GSRHMXMSRW��/EVEREWMSY�IX�
EP��������/EWWSQIRSW�IX�EP������
��8LIVQEP�MRZIV-
sions, followed by accumulation of air pollutants in 
the lower layers of the atmosphere are also very 
GSQQSR� MR�HMJJIVIRX� PSGEXMSRW� PMOI�%XLIRW� �/EVE-
REWMSY� IX� EP�� ����
� SV�&IMVYX� �7EPMFE� IX� EP�� ����
��
increasing the evening concentrations of ambient 
PM10.

In most countries of the southern Mediterranean, 
EMV� TSPPYXMSR� MW� RSX� WYJʗGMIRXP]�QSRMXSVIH� �2EMHNE�
IX�EP������
��)QMWWMSR�MRZIRXSVMIW�EVI�PIWW�TVIGMWI�
than that available in the northern Mediterranean 
since they are generally based on surveys and 
UYIWXMSRREMVIW�� &IGEYWI� SJ� XLEX�� PSGEP� WGMIRXMʗG�
EVXMGPIW� [IVI� VIPEXMZIP]� WGEVGI� ERH� LEVH� XS� ʗRH��
However, most of the available studies show 
that PM concentrations in this Mediterranean 
region are much higher than the limit values 
KMZIR� MR� ;,3� KYMHIPMRIW� �2EMHNE� IX� EP�� ����
��
)QMWWMSRW�JVSQ�VSEH�XVEJʗG��VIWYWTIRWMSR�SJ�VSEH�
dust, especially on unpaved roads, and natural 
contributions have been found to be an important 
WSYVGI�SJ�ʗRI�TEVXMGPIW�ERH�TPE]�E�OI]�VSPI�SR�XLI�
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observed levels and exceedances (Mahmoud et al. 
������%FHIVVELMQ�IX�EP��������2EMHNE�IX�EP������
��
Cairo (Egypt) is an example of a city where road 
XVEJʗG� IQMWWMSRW� EVI� LYKIP]� MQTSVXERX� MR� 41���
GSRGIRXVEXMSR�� ERH�� EG�GSVHMRK� XS�;,3� MW� VEROIH�
MR�XLI���VH�TSWMXMSR�SR�XLI�PMWX�SJ�XLI�QSWX�TSPPYXIH�
GMXMIW�F]�41����1ELQSYH�IX�EP��������0S[IRXLEP�IX�
EP��������2EMHNE�IX�EP������
�

Since it is expected that the majority of the Medi-
terranean population will continue to live in cities, 
especially in the eastern and southern part of the 
basin, with a tendency to growth, higher anthro-
pogenic pressure in a context of climate change 
[MPP�SGGYV� �6EJEIP�IX�EP��������2EMHNE�IX�EP������
��
Most PM exceedances were registered in regional 
FEGOKVSYRH�WMXIW��)WGYHIVS�IX�EP������
��[MXL�QSVI�
XLER� ��	� SJ� XLIQ� FIMRK� EXXVMFYXIH� XS� HYWX� SYX-
FVIEOW��)WGYHIVS�IX�EP��������1MXWEOSY�IX�EP������
��
Compared with the central and northern Europe, 
the occurrence of higher PM concentrations asso-
ciated with dust outbreaks is higher in the Med-
MXIVVERIER�&EWMR� �6SHV°KYI^�IX�EP�� ����
��ERH�EVI�
more frequent and more intense in the central 
and eastern than those in the western Mediter-
ranean Basin. These episodes have been studied 
SR� ER� ���]V� TIVMSH� �����Ɉ����
� �4I]� IX� EP�� ����
��
(YWX�SYXFVIEOW�EVI�ZIV]� JVIUYIRX� MR� XLI�WSYXLIVR�
1IHMXIVVERIER��[LIVI�XLI]�SGGYV�QSVI�XLER���	�
of the days, while in northern Mediterranean this 
ZEPYI� MW� FIPS[� ��	�� 8LI� GIRXVEP� 1IHMXIVVERIER�
appears as a transitional area, with a decreasing 
south to north gradient of dust outbreaks, with 
slightly higher frequency of dust episodes in its 
south, when compared to west and east sides of 
the basin, for similar latitudinal positions (Pey et 
EP������
��

Regarding intensity characteristics and seasonality 
TEXXIVRW��WMKRMʗGERXP]�LMKL�GSRXVMFYXMSRW�EVI�GSQ-
mon in autumn-spring in the eastern Mediterrane-

an, with occurrence of many severe episodes (daily 
HYWX�EZIVEKIW�SZIV�����ƟK�Qʌ� in PM10) throughout 
the year. However, in the western Mediterranean a 
clear summer prevalence is noticed, with low oc-
GYVVIRGI�SJ�WIZIVI�ITMWSHIW��ERH�RS�WIEWSREP�XVIRH�
is detected in the central region, with moderate-in-
XIRWMX]�ITMWSHIW� �4I]�IX�EP������
��8LI�GSRXVMFYXMSR�
of dust outbreaks to PM concentrations reveals a 
downward trend in the period between 2006 and 
2011, a period in which there was also a decrease of 
XLI�2%3�MRHI\�JSV�XLI�WYQQIV�TIVMSH��8LIVIJSVI��MX�
can be concluded that a sharp change in the atmos-
pheric circulation have affected the number of dust 
ITMWSHIW�ERH��GSRWIUYIRXP]��XLI�ERRYEP�HYWX�MRʘS[W�
to PM10 (Fig. 2.15) observed in the Mediterranean 
&EWMR��4I]�IX�EP������
�

8LI� PS[� 41����41��� VEXMS� �ETTVS\MQEXIP]� ����
� MR�
the eastern Mediterranean region also indicates that 
the particle size distribution has a large contribu-
tion of coarse particles which are either affected by 
a background level of naturally occurring dust (dust 
SYXFVIEOW� JVSQ� XLI� 7ELEVER� (IWIVX� ERH� WIE� WEPX�
particles from the Mediterranean Sea itself) or that 
the region is characterized by high levels of prima-
V]�GSEVWI�41�IQMWWMSRW��/SªEO�IX�EP������F������E
��
)ZIR�XLSYKL�XLI�41����41���VEXMS�WLS[IH�WIEWSR-
al variations, the values remained lower than 0.5 in 
QSWX�GEWIW��/SªEO�IX�EP������E��%WEJ�IX�EP������
��E�
value that is least two times lower than those of the 
western Mediterranean (Saliba and Massoud 2010).

���������4EVXMGYPEXI�QEʆIV��41
� 
GLIQMGEP�TVSɽPIW

Regarding the chemical composition of PM, differ-
ent species can be found such as carbonaceous 
GSQTSYRHW�� MRSVKERMG� MSRW�ERH�QIXEPW��+EPMRHS�IX�
EP�� ����
�� %PXLSYKL� XLI]� EVI� TVIWIRX� EX� I\XVIQIP]�
low levels, some components such as trace met-
als are relevant in air quality studies because of 

Figure 2.15 |�41���GSRGIRXVEXMSR�EFSZI�XLI�ERRYEP�PMQMX�ZEPYI�SJ����xKɰQ-3 �FEWIH�SR�)9�(MVIGXMZI���������')
�
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their toxicity and environmental persistence (Roig 
IX�EP������
��6IGIRX�GPMRMGEP�ERH�XS\MGSPSKMGEP�WXYH-
ies demonstrate the link between exposure to air-
borne metal through inhalation and pulmonary and 
cardiovascular effects, genotoxic and carcinogenic 
SYXGSQIW� ERH� MRGVIEWIH� HEMP]�QSVXEPMX]� �+SXXMTSPY�
IX�EP��������0MTTQERR�ERH�'LIR�������8GLSYR[SY�
et al. 2012).

Cooling metal concentrations are considered as 
KSSH�XVEGIVW�SJ�WTIGMʗG�TSPPYXMSR�WSYVGIW��FSXL�REX-
YVEP�ERH�ERXLVSTSKIRMG��%VLEQM�IX�EP��������(METSYPM�
IX�EP������
��8LI�QEMR�REXYVEP�WSYVGIW�MRGPYHI�[MRH�
FPS[R�HYWX�ERH�WIE�WTVE]��'LIR�IX�EP��������)RKIP-
FVIGLX� ERH� .E]ERX]� ����
� MRGPYHMRK� IPIQIRXW� WYGL�
as calcium, aluminum, iron, potassium, sodium and 
QEKRIWMYQ��(IWIVX�HYWX�GSRXVMFYXI� XS�41�GSQTS-
WMXMSR� ERH� LEZI� E� LMKL� MRʘYIRGI� SR� GPMQEXI� MR� XLI�
2SVXL�EW�[IPP�EW�MR�XLI�7SYXL�SJ�XLI�1IHMXIVVERIER�
�/GLML�IX�EP��������/EWOESYXMW�IX�EP������
��7TIGMʗG�
meteorological circulations and natural sources like 
the Mediterranean Sea and the proximity of Saha-
VE�GVIEXI�WTIGMʗG�TEXXIVRW�SJ�EIVSWSP�GSRGIRXVEXMSRW�
XLEX�GSYPH�MRʘYIRGI�RSX�SRP]�XLI�TEVXMGYPEXI�GSRGIR-
trations through Europe but also the global climate 
HYI�XS�XLI�XVERWTSVX�SJ�HYWX�JVSQ�XLI�7ELEVE��+ERSV�
et al. 2010).

Regarding anthropogenic activities, exhaust and 
non-exhaust vehicle emissions, coal combustion and 
a variety of industrial processes, like metal works 
and smelters, are the major sources of heavy met-
als such as zinc, copper, nickel or chromium (Thor-
TI�ERH�,EVVMWSR�������4ERX�ERH�,EVVMWSR�����
�� -R�
the last decades, emissions of some heavy metals in 
1IHMXIVVERIER�&EWMR�LEZI�HVSTTIH�WMKRMʗGERXP]�� MR�
particular from industrial facilities due to improve-
QIRX�SJ�EFEXIQIRX� XIGLRMUYIW� �(E]ER�IX�EP������
��
In the case of lead, a drastic reduction in ambient 
concentrations has been observed since the intro-
HYGXMSR�SJ�YRPIEHIH�KEWSPMRI��'LS�IX�EP��������7EP-
ZEHSV�IX�EP������
��8LI�MRʘYIRGI�SJ�XVEJʗG�ERH�HYWX�
outbreak intrusions on PM levels and metal content 
LEZI�FIIR�WXYHMIH��+EPMRHS�IX�EP������
��WLS[MRK�XLEX�
the PM coarse fraction was affected more by varia-
XMSRW�MR�XVEJʗG�MRXIRWMX]�XLER�XLI�WYFQMGVSR�JVEGXMSR��
the highest decreases during the weekends due to 
XLI�VIHYGXMSR� MR� XVEJʗG� MRHYGIH�VIWYWTIRWMSR��8LEX�
dust outbreaks had a greater impact on the levels of 
SXLIV�QIXEPW�WYGL�EW�XMXERMYQ�ERH�PIEH��WMKRMʗGERX-
ly affecting their seasonal variability. High concen-
trations of vanadium and nickel compared with the 
values found at larger urban areas were observed. 
8LMW�GSYPH�FI�EXXVMFYXIH�XS�E�WMKRMʗGERX�GSRXVMFYXMSR�
JVSQ�WSMPW��HYWX�SYXFVIEOW��+EPMRHS�IX�EP������
�ERH�
IZIR�WLMT�IQMWWMSRW� �1SRXIMVS�IX�EP�� ����E��6YWWS�
IX�EP������
�

%RSXLIV�MWWYI�VIPEXIH�XS�41�GSQTSWMXMSR�MW�MXW�VEHM-
onuclide content. Radionuclides in the atmosphere 
rapidly attach on submicron-sized aerosols, and 
their variability in ground-level air is driven by the 
FILEZMSV�SJ�EIVSWSPW��4SZMRIG�IX�EP��������,MVSWI�ERH�
4SZMRIG� ����
�� %XQSWTLIVMG� VEHMSRYGPMHIW� EVI� HI-
posited from the air onto the land and sea surface 
by wet and dry deposition. In this way, the terres-
trial and marine environments are labeled by nat-
ural and anthropogenic radionuclides that can be 
used as tracers of environmental processes (Pham 
IX�EP������
��6EHMSRYGPMHI�GSRXIRX�GER�TSWI�E�LIEPXL�
hazard following an accident involving nuclear ma-
terial (Baeza et al. 2016). However, the occurrence 
of anthropogenic radionuclides in aerosols is also 
due to erosion and resuspension processes, as well 
as the emission and transport of particulate mat-
ter due to biomass burning as consequence of wild 
ʗVIW��7XVSHI�IX�EP��������)ZERKIPMSY�IX�EP������
��ERH�
HYWX� XVERWTSVX� HYI� XS� HYWX� SYXFVIEOW� �,IVR¤RHI^�
IX�EP������
��(YI�XS�XLIWI�TVSGIWWIW��XLI�ERXLVSTS-
genic radionuclide concentration in near surface at-
QSWTLIVI�MW�ZEVMEFPI��2EXYVEPP]�SGGYVVMRK�VEHMSRY-
clides are also present in airborne particles as they 
are also present in soil particles able to be eroded, 
re-suspended or transported by the processes pre-
viously described, and also due to the radon exhala-
XMSR�JVSQ�WSMP��[LMGL�MW�IWTIGMEPP]�WMKRMʗGERX�XS�PIEH�
210 and polonium-210 (Baeza et al. 2016).

��������4PEWXMGW��QEGVS�QMGVS�RERS


;I�PMZI�MR�XLI�TPEWXMG�EKI��WMRGI�W]RXLIXMG�TSP]QIVW�
are present in most aspects of human life both in 
developing and industrialized countries. The world-
wide production for plastics increased annually by 
��	�WMRGI�XLI�����W��VIEGLMRK�����1X�MR�������+I]-
IV�IX�EP������
��%W�SJ������ETTVS\��������1X�SJ�TPEWXMG�
[EWXI�LEH�FIIR�KIRIVEXIH��EVSYRH��	�SJ�[LMGL�LEH�
FIIR� VIG]GPIH����	�[EW� MRGMRIVEXIH��ERH���	�[EW�
EGGYQYPEXIH�MR�PERHʗPPW�SV�XLI�REXYVEP�IRZMVSRQIRX�
�+I]IV�IX�EP������
��7]RXLIXMG�XLIVQSTPEWXMGW�GSRWXM-
tute the most abundant and still growing component 
SJ�ERXLVSTSKIRMG�HIFVMW�IRXIVMRK�XLI�)EVXLɌW�SGIERW�
�-ZEV�HS�7YP�ERH�'SWXE�����
��9T�XS���	��SV�WSQI-
times more, of the waste that accumulates on land, 
shorelines, the ocean surface or seabed is plastic 
�&EVRIW�IX�EP������
��8LI�WQEPPIWX�JSVQ�SJ�TPEWXMG�PMX-
XIV� MW�GEPPIH�QMGVS�TPEWXMG� � ��QQ
�ERH�GER� VITVI-
WIRX�YT�XS���������MXIQW�OQ-2 or 5 kg km-2 in marine 
waters, and up to 25 kg km-2 in coastal sediments 
�/SYXWSHIRHVMW�IX�EP��������6]ER�IX�EP������
��4PEW-
tic debris, their dissolved derivatives, as well as, 
the adsorbed organic pollutants (Hirai et al. 2011) 
pose a direct risk to human and marine ecosystem 
LIEPXL� �+EPPS[E]�������/SIPQERW�IX�EP������
��%W�
a rule, widely used plastics do not rapidly degrade 
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naturally when released into the environment, it 
can take 50 or more years for plastic to fully de-
GSQTSWI��1¿PPIV�IX�EP������
��

In the Mediterranean Sea, the average density of 
TPEWXMG����MXIQ�TIV���Qʟ), as well as its frequency 
SJ� SGGYVVIRGI� ����	� SJ� XLI� WMXIW� WEQTPIH
�� EVI�
comparable to the accumulation zones described 
JSV�XLI�ʗZI�WYFXVSTMGEP�SGIER�K]VIW��'MRGMRIPPM�IX�EP��
����
��MRGVIEWMRK�XLI�MQTEGX�JSV�QEVMRI�FMSXE�[MXL�
hotspots for the risk of plastic ingestion across 
multiple taxa especially in the coastal zone (Compa 
IX� EP�� ����
�� 4PEWXMG� HIFVMW� MR� XLI� 1IHMXIVVERIER�
surface waters �*MK�� ����
 was dominated by 
millimeter-sized fragments, but showed a higher 
proportion of large plastic objects than that present 
MR�SGIERMG�K]VIW��VIʘIGXMRK�XLI�GPSWIV�GSRRIGXMSR�
with pollution sources (Cózar et al. 2015). Multi-
annual simulations of advected surface passive 
debris depict the Tyrrhenian Sea, the northwestern 
1IHMXIVVERIER�WYF�FEWMR�ERH�XLI�+YPJ�SJ�7MVXI�EW�
TSWWMFPI� VIXIRXMSR�EVIEW� �1ERWYM� IX� EP�� ����
��2S�
TIVQERIRX�WXVYGXYVI�EFPI�XS�VIXEMR�ʘSEXMRK�MXIQW�MR�
the long-term were found, as the basin circulation 
ZEVMEFMPMX]�FVMRKW�WYJʗGMIRX�ERSQEPMIW�XS�EPXIV�XLI�
distribution (Mansui et al. 2015).

Beyond the concern with “traditional” PM effects, 
an emergent research issue worldwide has been 

focused in the occurrence of microplastics in the 
EXQSWTLIVMG� GSQTEVXQIRX� �14�� TPEWXMG� TEVXMGPIW�
[MXL�E�PSRKIWX�HMQIRWMSR� ���QQ
��14�QE]�YRHIVKS�
photo-oxidative degradation in the environment, 
EPSRK� [MXL� [MRH� WLIEV� ERH�SV� EFVEWMSR� EKEMRWX�
other ambient particulates, eventually fragmenting 
MRXS� ʗRI� TEVXMGPIW� �+EWTIVM� IX� EP�� ����
�� 8LI� VMWO�
SJ� MRLEPMRK� ʗFVSYW� 14� JSPPS[MRK� [MHIWTVIEH�
contamination within different environmental 
compartments deserves special attention owing 
to both the scale of their worldwide production 
and their potential to fragment into smaller, more 
FMSEZEMPEFPI�ʗFIVW��,YQER�I\TSWYVI� XS�14�GSYPH�
EPWS�SGGYV�XLVSYKL�MRKIWXMSR��JSV�I\EQTPI�ʗFVSYW�
14� GER� WIXXPI� SR� XLI� ʘSSV�� GLMPHVIR�� S[MRK� XS�
crawling and frequent hand-to-mouth contact, 
MRKIWX� HEMP]� WIXXPIH� HYWX� �+EWTIVM� IX� EP�� ����
��
Two studies have demonstrated the presence 
SJ�14� MR� XLI�EXQSWTLIVI� �(VMW�IX�EP������������
��
thereby suggesting potential human exposure 
(none of these studies has been conducted in the 
Mediterranean Basin).

2.3.3 Chemical pollutants

2.3.3.1 Nutrients

2YXVMIRXW��QEMRP]�RMXVSKIR��2��ERH�TLSWTLSVSYW��4
�
constitute an important factor controlling marine 
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Figure 2.16 | Averaged 2013–2017 map of plastic debris concentration (g kmɮ�) at the sea surface. Some 
KISKVETLMGEP�REQIW�YWIH�MR�XLI�XI\X�EVI�KMZIR��XLI���
�+YPJ�SJ�%V^I[����
�+YPJ�SJ�8YRMW����
�+YPJ�SJ�7MHVE����
�%FY�5MV�&E]��
��
�'MPMGMER�7IE����
�-^QMV��XLI���
�8LIVQEMG�+YPJ����
�7EVSRMG�+YPJ����
�&YRE�&SNERE�����
�2;�%HVMEXMG�����
�8EVERXS�+YPJ��
���
�+YPJ�SJ�2ETPIW�����
�+YPJ�SJ�+IRSE�����
�+YPJ�SJ�0MSR�����
�'EXEPER�7IE��ERH����
�1EPEKE�&E]��0MYFEVXWIZE�IX�EP������
��
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primary producers, as they control phytoplankton 
growth, biomass and species composition (Sakka 
,PEMPM� IX� EP�� ����
�� %GGSVHMRK� XS� XLI� RYXVMIRX�
concentrations, marine waters are characterized 
as oligotrophic (low nutrient concentrations), 
mesotrophic (nutrient enriched water), or eutrophic 
(nutrient rich water). The Mediterranean Sea is 
characterized by oligotrophic off-shore waters, 
with decreasing levels of nutrients eastwards 
JVSQ� +MFVEPXEV� XS� XLI� 0IZERXMRI� 7IE� �-KREXMEHIW�
IX� EP�� ������ 8ERLYE� IX� EP�� ����
�� 8LI� )EWXIVR�
Mediterranean Sea is the most oligotrophic region, 
[MXL� ZIV]� PS[� RMXVEXI� GSRGIRXVEXMSRW� � �����xQ
�
ERH�TLSWTLSVSYW�� �����x1
��4YNS�4E]�IX�EP������
��
4VSRSYRGIH�TLSWTLSVSYW�PMQMXEXMSR��[MXL�2�4�VEXMS�
"�����MW�SFWIVZIH�JSV�XLI�WSYXL�SJ�0IZERXMRI�7IE�ERH�
-SRMER�7IE��/VIWW�IX�EP��������4YNS�4E]�IX�EP������
�

However, Mediterranean coastal areas, which 
are highly populated, are experiencing increasing  
2� ERH� 4� PSEHMRK� JVSQ� ERXLVSTSKIRMG� EGXMZMXMIW��
WYGL� EW� YVFER� IJʘYIRXW�� MRHYWXVMEP� HMWGLEVKIW��
agricultural runoffs, aquaculture activities and riv-
erine inputs from a drainage area of 1.5x10ʣ km2 
�92)4�1%4�����
��8LI�SZIVEPP�MRTYXW�SJ�2�ERH�4�MR�
XLIWI�EVIEW�EVI�EFSYX���������ERH���������1X�]V-1, 
VIWTIGXMZIP]��8LI�QEMR�WSYVGIW�SJ�2�MR�1IHMXIVVE-
RIER�EVI�YVFER�[EWXI[EXIV� XVIEXQIRX� ���	
� ERH�
PMZIWXSGO� JEVQMRK� ���	
�� *IVXMPM^IV� YWI� GER� EPWS�
bring nitrogen and inputs can exceed 10ʣ kg yr-1 
�*MK�� ����
�� %UYEGYPXYVI� GSRXVMFYXIH� EPWS� XS� XLI�
IQMWWMSR�SR�2����	
��*SV�4��XLI�QEMR�IQMXXIVW�EVI�
QERYJEGXYVI� SJ� JIVXMPM^IVW� ���	
�� JEVQMRK� SJ� ERM-
QEPW����	
�ERH�YVFER�[EWXI[EXIV�XVIEXQIRX����	
�
�92)4�1%4�����F
�

Some coastal regions are known as hotspots of 
RYXVMIRX�MRTYXW��-R�XLI�2SVXL�SJ�1IHMXIVVERIER�7IE��
XLI�0EKSSR�SJ�:IRMGI�ERH�XLI�+YPJ�SJ�0MSR�WYWXEMRIH�
LMKL�RMXVEXI� PIZIPW�� ���x1�ERH���x1�� VIWTIGXMZIP]�
�%GVM�IX�EP��������7IZIVMR�IX�EP������
��2MXVEXI�VMGL�
[EXIVW� GLEVEGXIVM^I� EPWS� XLI� )EWXIVR� %HVMEXMG�
7IE� ��� x1
� �7OINMG� IX� EP�� ����
� ERH� XLI� ;IWXIVR�
8]VVLIRMER�7IE������x1
��%WXVEPHM�IX�EP������
��-R�XLI�
WSYXLIVR� 1IHMXIVVERIER�� 8LI� +YPJ� SJ� +EF«W� MW� E�
QEMR�VIKMSR�ORS[R�JSV�4�IRVMGLQIRX���Ɉ�����x1�
��
since Tunisia is an important producer country of P 
JIVXMPM^IVW��2MXVEXI��������x1
�ERH�EQQSRME��b��x1
�
WLS[IH�EPWS�TVSRSYRGIH�PIZIPW�MR�XLMW�+YPJ��(VMVE�
et al. 2016). High nitrate concentrations were 
often measured in other Tunisian coastal systems, 
WYGL�EW�XLI�0EKSSR�SJ�&M^IVXI��23ʪ����������2,ʫ+:  
��Ɉ��� x1
� �7ELVESYM� IX� EP�� ����
� ERH� XLI� 2SVXL�
0EOI�SJ�8YRMW��23ʪ������Ɉ����x1
��%VQM�IX�EP������
��
-R�XLI�%PKIVMER�4VSZIRªEP�&EWMR�ERH�XLI�+MFVEPXEV�
Strait, enrichment of water with nitrate has been 
VITSVXIH���������x1
��&¬XLSY\�IX�EP��������+¶QI^�
et al. 2000).

2YXVMIRX� IRVMGLQIRX� SJ� 1IHMXIVVERIER� 7IE� QE]�
result in a high increase in phytoplankton growth 
and biomass, leading to the eutrophication. The 
impacts of eutrophication include hypoxia or 
anoxia and may provoke harmful algal blooms, 
WSQI�SJ�XLIQ�XS\MG��,EVQJYP�EPKEP�FPSSQW��,%&W
�
cause human illness and mortality and have socio-
economic impacts related to toxicity of harvested 
ʗWL�ERH�WLIPPʗWL��PSWW�SJ�EIWXLIXMG�ZEPYI�SJ�GSEWXEP�
ecosystems, and reduced water quality impacting 
tourism (Section 2.3.4).
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2.3.3.2  Gaseous pollutants: nitrogen 
dioxide, sulphur dioxide, ozone

The Mediterranean Basin is one of the regions in 
the world where high concentrations of gaseous air 
TSPPYXERXW� �RMXVSKIR�HMS\MHI�Ɉ�23ʩ��WYPTLYV�HMS\MHI�Ɉ�
SOʩ�� ERH� S^SRI� Ɉ�3ʪ) have been reported frequently 
�(E]ER� IX� EP�� ����
�� 8LI� IPIZEXIH� GSRGIRXVEXMSRW�
observed are attributed to the combination of diverse 
emission sources affecting the Mediterranean Basin 
MRGPYHMRK� MRHYWXV]�� XVEJʗG� ERH� WLMTTMRK� IQMWWMSRW�
�/EVEREWMSY�IX�EP������
��8LI�1IHMXIVVERIER�GPMQEXI�MW�
characterized by arid conditions as well as many hours 
SJ� WYRWLMRI� ERH� WTIGMʗG� EXQSWTLIVMG� VIGMVGYPEXMSR�
TEXXIVRW�XLEX�WMKRMʗGERXP]�IRLERGI�EMV�TSPPYXMSR�PIZIPW�
�/EVEREWMSY�IX�EP��������5YIVSP�IX�EP������
�

'SQQSRP]��23ʩ�GSRGIRXVEXMSRW�MR�2SVXL�1IHMXIVVERI-
an countries are higher than those observed in north-
ern Europe (Cyrys et al. 2012). This fact was attributed 
to the transport sector, and to the higher conversion of 
RMXVMG�S\MHI��23
�XS�23ʩ caused by high temperatures 
and Oʪ�GSRGIRXVEXMSRW��7GLIQFEVM�IX�EP��������/EVE-
REWMSY�IX�EP������
��8LI�WTEXMEP�TEXXIVR�SJ�2�HITSWM-
tion varies across the Mediterranean Basin (Fig. 2.18). 
In Iberia, dry deposition is an important component 
SJ� XLI� XSXEP� EXQSWTLIVMG�2� MRTYX� XS�REXYVEP�LEFMXEXW�
�+EVG°E�+¶QI^�IX�EP��������3PMZIMVE�IX�EP������
�

Ships are among the major emitters of air pollutants 
such as SOʩ�ERH�23x, their contribution to the emissions 
from the transport sector (Schembari et al. 2012) 
and to the air pollution in the Mediterranean Basin 
�1SRXIMVS�IX�EP������F��6YWWS�IX�EP������
� MW�KVS[MRK��
7IZIVEP�WXYHMIW�LEZI�EPWS�WLS[R�XLEX�23ʩ exceedances 
(yearly and hourly) in cities of the Mediterranean Basin 
EVI� GEYWIH� F]� VSEH� XVEJʗG� IQMWWMSRW� �&SVVIKS� IX� EP��
������&IPLSYX�IX�EP������
�(Fig. 2.19).

8LI� PEVKI� ZEVMIX]� SJ� :SPEXMPI� 3VKERMG� 'SQTSYRHW�
�:3'W
�� 23x emissions and the climate conditions 
SJ�1IHMXIVVERIER�&EWMR�MRʘYIRGIW�3ʪ formation and 
HIWXVYGXMSR��7ELY�ERH�7E\IRE�������7ELY�IX�EP������
��
These factors result in higher Oʪ concentrations and 
frequent tropospheric Oʪ episodes recorded across 
the Mediterranean Basin, with different frequencies 
MR�XLI�)EWX�ERH�;IWX��7MGEVH�IX�EP������
�

The western Mediterranean Basin is characterized 
by frequent sea breezes, driven by sea-land thermal 
contrast. These sea-land breezes play an important 
role for the Oʪ concentrations since they transport air 
masses, including Oʪ precursor gases, from urban 
agglomerations located in coastal areas, towards 
MRPERH�WYFYVFER�ERH�VYVEP�EVIEW��1MPP¤R�IX�EP������
��

High Oʪ episodes in this region are linked to the 
combination of one or several of these mechanisms: 
�M
� PSGEP�VIKMSREP� TLSXSGLIQMGEP� TVSHYGXMSR� ERH�
WYVJEGI� XVERWTSVX� JVSQ� GSEWXEP� XS� MRPERH� VIKMSRW��
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Figure 2.18 | Modelled nitrogen deposition for the 
Mediterranean region based on the European Mon-
itoring and Evaluation Programme (EMEP) model at 
���\���s� PSRKMXYHI�PEXMXYHI� VIWSPYXMSR� �)1)4� 17'�;�
GLIQMGEP� XVERWTSVX�QSHIP� ZIVWMSR� VZ���
6�� 1SHIPPIH� 2�
HITSWMXMSR� MW� FEWIH� SR� ����� IQMWWMSRW� HEXE�� �%
� 8SXEP� 
2�HITSWMXMSR� �S\MHM^IH�VIHYGIH�� HV]�[IX
�� �&
� TIVGIRX-
age of dry deposition, (C) percentage of wet deposition, 
�(
�TIVGIRXEKI�SJ�S\MHM^IH�HITSWMXMSR�ERH��I
�TIVGIRXEKI�
SJ�VIHYGIH�HITSWMXMSR��3GLSE�,YIWS�IX�EP������
�

6 www.emep.int
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(ii) Oʪ transport from higher-altitude atmospheric 
layers, due to air mass re-circulation in the previous 
HE]W�� ERH� �MMM
� PSRK�VERKI� XVERWTSVX� SJ� 3ʪ and its 
TVIGYVWSV�KEWIW��5YIVSP�IX�EP������
��-R�XLI�IEWXIVR�
Mediterranean Basin, the Oʪ episodes depends on 
the relative strength of the high-pressure system 
covering the eastern Mediterranean and Balkan area: 
(i) strong pressure gradient with northerly winds, 
GVIEXMRK�KSSH�ZIRXMPEXMSR�MR�XLI�%XLIRW�&EWMR��/EPPSW�
IX�EP������
�� �MM
�[IEO�TVIWWYVI�KVEHMIRX�[MXL� PSGEP�
regional Oʪ�IZIRXW�TVIZEMP��ERH��MMM
�WXVEXSWTLIVMG�3ʪ 
contributions to increase surface Oʪ concentrations 
HYVMRK� WTIGMʗG� QIXISVSPSKMGEP� WGIREVMSW� �>ERMW� 
IX� EP�� ������ /EPEFSOEW� IX� EP�� ����
�� 8VSTSWTLIVMG� 
Oʪ concentrations observed in the summer over this 
region �*MK�� ����
 are among the highest over the 
2SVXLIVR�,IQMWTLIVI��(E]ER�IX�EP������
�

2.3.3.3 Trace metallic elements

Metal trace elements (MTE, or heavy metals in the 
old designation) whose main ones are cadmium (Cd), 
GLVSQMYQ� �'V
�� GSTTIV� �'Y
�� PIEH� �4F
�� RMGOIP� �2M
��

zinc (Zn) and mercury (Hg) are common elements 
MR� XLI�IEVXLɌW�GVYWX� �2EZEVVS�4IHVI´S�IX�EP������
��
They are also generated by human activities 
�,EWWERMIR�ERH�%FHIP�0EXMJ�������8SZEV�7¤RGLI^�IX�
EP��������1IVLEF]�IX�EP������
��9VFER�ERH�MRHYWXVMEP�
wastewaters, atmospheric deposition and run-off 
from metal contaminated sites constitute the major 
WSYVGIW�SJ�XS\MG�QIXEPW��92)4�1%4�����E
��

High MTE levels have been found in various soils 
(vegetated soils, dikes, waste rock and slag) at min-
ing sites in Morocco. These mining activities in ad-
dition to agricultural and pastoral practices consti-
tute a way of entry of the MTEs into the food chain 
and thus increase the risk of contamination of the 
population. Several plant species are adapted to 
these high levels of MTE and thus represent an im-
portant potential for the development of mining site 
rehabilitation strategies (Smouni et al. 2010). In ag-
VMGYPXYVEP�WSMPW�SJ�XLI�%VKSPMHE�&EWMR��4IPSTSRRIWI��
+VIIGI
��XLI�18)�GSRGIRXVEXMSRW�EVI�LMKL��JSPPS[MRK�
E�HIGVIEWMRK�SVHIV��*I�"�1R�"�2M�"�>R�b�'V�"�'Y�"�'S�
b�4F�"�%W�"�'H��/IPITIVX^MW�����
��

Figure 2.19 | Nitrogen dioxide (NO̥
�GSRGIRXVEXMSRW�EFSZI�XLI�ERRYEP�PMQMX�ZEPYI�SJ����xKɰQ-3 �FEWIH�SR�)9�
(MVIGXMZI���������')
�

Figure 2.20 | Number of days (more than 25) above ozone (O̦
�PMQMX�ZEPYI�SJ�����xKɰQ-3 �FEWIH�SR�)9�(MVIGXMZI�
��������')
�
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In marine ecosystems, the hotspots of lead, 
mercury and cadmium were essentially located 
on the north-central and southeastern shores of 
the Mediterranean Basin (Fig. 2.21)� �92)4�1%4�
2012b). Polluted surface samples on the Barcelona 
GMX]� GSRXMRIRXEP� WLIPJ� XEOIR� MR� ����� VIEGLIH�
IRVMGLQIRX�JEGXSVW�SJ�YT�XS�����JSV�,K��EFSYX����JSV�
4F�ERH�'H��ERH�EFSYX����JSV�>R��'V�ERH�'Y��-R�������
the data showed a decline with enrichment factors 
FIX[IIR� ��� ERH� ��� JSV� ,K� ERH� 'H� ERH� FIX[IIR�
5 and 12 for Zn, Cr, Pb and Cu (Palanques et al. 
����
�� -R� XLI� 8EVERXS� +YPJ� �-SRMER� 7IE�� 7SYXLIVR�
Italy) (Table 2.2), MTE distribution is principally 
MRʘYIRGIH� F]� MRHYWXVMEP� ERH� YVFER�[EWXIW�� 6MZIV�
discharges and prevailing anticlockwise marine 
GYVVIRXW� EVI� JYVXLIV� JEGXSVW� MRʘYIRGMRK� QIXEP�
accumulation in sediments (Buccolieri et al. 
2006). In surface sediments in Lebanon (eastern 
Mediterranean Sea), trace metals (Cd, Pb, Zn, and 
'V
� GSRXEQMREXMSR� EX� &IMVYX� 4SVX� [EW� GPEWWMʗIH�
as “the most highly polluted“ and as “moderately 
TSPPYXIHɏ�EX�8VMTSPM�4SVX��1IVLEF]�IX�EP������
�

Freshwater ecosystems are also affected by MTE 
pollution. In the Ichkeul Lake Basin (northeastern 
Tunisia) MTE showed concentrations in the 
sediment samples following the order: Fe > Mn > 
>R�"�4F�"�2M�"�'V�"�'Y�"�'H��8SYE]PME�IX�EP������
��
8LI� GSRGIRXVEXMSRW� SJ� *I�� 'H�� 2M� ERH� 'V� MR� XLI�
bottom sediments of the Lower Litani River Basin 
�0IFERSR
�[IVI�LMKLIV� MR�XLI�HV]�WIEWSR��2ILQI�
IX� EP�� ����
�� -R� VMZIV� WIHMQIRXW� JVSQ� E� WIQM�
EVMH� 1IHMXIVVERIER� &EWMR� �%PKIVME
�� 18)W� [IVI�
grouped by their level of contamination: high (Pb, 
'H�� >R�� 'Y
� ERH� PS[� �%P�� *I�� 'V�� 'S��2M
�� 7SYVGIW�
of this contamination were essentially industrial, 
agricultural and domestic waste, as well as 
ZIV]� WTIGMʗG� SRIW� �KEWSPMRI� WXEXMSR
� ERH� HMJJYWI�
pollution from atmospheric deposition (gasoline, 
SVIW��EIVSWSPW
��&IREFHIPOEHIV�IX�EP������
�

MTE are known for their toxicity, persistence, and 
bioaccumulation in human and animal tissues, 
and biomagnify (concentrate at successively 
LMKLIV� PIZIPW� MR� XMWWYIW
� MR� JSSH� GLEMRW� �92)4�
1%4� ����F
�� -R� XLI� RSVXL[IWXIVR� 1IHMXIVVERIER�
Sea, the concentrations of 21 trace elements 
WLS[IH� KVIEX� ZEVMEFMPMX]� MR� XLVII� WTIGMIW�� ʗWL�

(sea bass, Dicentrarchus labrax), mussels (Mytilus 
galloprovincialis) and oysters (Crassostrea gigas). 
The essential elements (Cu, Mn and Zn) were 
LMKLIWX� MR�S]WXIVW��FYX�*I��'V��2M��7I��'S�ERH�1S�
levels were highest in mussels. Fish had the lowest 
concentrations for all trace elements, which were 
at least one order of magnitude lower than in 

Al Cr Cu Fe Hg Mn Ni Pb Ti Zn
Min 36,866 75.2 42.4 26,313 0.04 552 47.9 44.7 2,343 86.8
Max 72,020 102.8 52.3 36,098 0.41 2,826 60.7 74.8 3,876 129.0
Mean 58,564 85.9 47.4 31,566 0.12 893 53.3 57.8 3,065 102.3

Table 2.2 | Metal concentrations (µg g-1 dry weight) in marine sediment of Taranto Gulf (Ionian Sea, southern 
Italy) (Buccolieri et al. 2006).

Mercury

Cadmium

Lead

Up to 20

21 to 46

47 to 218

219 to 370

Concentration, Ɵg/g dw

Concentration, Ɵg/g dw
2.1 to 4.5Up to 0.6

0.7 to 2.0 4.6 to 64.1

Concentration, Ɵg/g dw
0.76 to 7.5Up to 0.15

0.16 to 0.75 7.6 to 81.3

Figure 2.21 | Mean concentrations of principal trace 
metals in coastal sediments of the Mediterranean 
Basin (92)4�1%4�����F
�
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bivalves. The maximum values set by European 
regulations for Hg, Cd and Pb were never exceeded 
�7UYEHVSRI�IX�EP������
��8LI� PIZIPW�SJ�%W��,K�ERH�
Pb measured in some commercially key species 
from Sicilian coasts suggest relatively reduced 
TSPPYXMSR�PIZIPW�JSV�ʗWL�VIWSYVGIW�MR�XLMW�TEVX�SJ�XLI�
1IHMXIVVERIER�VIKMSR��8VEMRE�IX�EP������
�

2.3.3.4 Organic pollutants

4SP]G]GPMG�%VSQEXMG�,]HVSGEVFSRW��4%,W


The contamination of the marine environment 
F]� TSP]G]GPMG� EVSQEXMG� L]HVSGEVFSRW� �4%,W
� LEW�
VIGIMZIH�GSRWMHIVEFPI�EXXIRXMSR�WMRGI�XLI�IEVP]�����W�
after occurrence of tragic marine oil spills like the 
%QSGS� 'EHM^� SMP� WTMPP� �1EVGL� ������ &VIWX�� *VERGI��
���\��ʠ� X� GVYHI� SMP
�� 4%,W� GSRWMWX� SJ� X[S� SV�QSVI�
JYWIH�FIR^IRI�VMRKW��4%,�HMWXVMFYXMSR�MW�GSRXVSPPIH�
by multiple and inter-dependent parameters. 
Some of these parameters are linked to intrinsic 
physicochemical properties of these compounds, 
mainly hydrophobicity which controls their partition 
between dissolved and particulate phases. Others 
are related to the hydrological and biogeochemical 
characteristics of the environment including water 
agitation and turbidity, sediment granulometry and 
particulate or dissolved organic matter content. They 
are issued from unburned petroleum or oil-derived 
TVSHYGXW��TIXVSKIRMG�4%,W
�SV�JVSQ�XLI�MRGSQTPIXI�
combustion of fossil fuels and biomass (pyrogenic 
4%,W
��4IXVSKIRMG�4%,W�EVI�GLEVEGXIVM^IH�F]�PMKLXIV�
GSQTSYRHW� �TLIRERXLVIRI�� RETLXLEPIRI�� ʘYSVIRI
�
and their alkylated derivatives (methyl, dimethyl 
IXG�
�ERH�LEZI�LMKL�EJʗRMX]�JSV�XLI�HMWWSPZIH�TLEWI��
4]VSKIRMG�4%,W�EVI�GLEVEGXIVM^IH�F]�YRWYFWXMXYXIH�
higher molecular weight compounds that exhibit 
QSVI� EJʗRMX]� JSV� WYWTIRHIH� TEVXMGPIW�� (MWXVMFYXMSR�
of petrogenic-like and pyrogenic-like compounds 
LIPT� MHIRXMʗGEXMSR� SJ� 4%,� WSYVGIW� MR� XLI� QEVMRI�
IRZMVSRQIRX��)MKLX�4%,W�FIPSRK�XS�XLI�PMWX�SJ�TVMSVMX]�
WYFWXERGIW�� %RXLVEGIRI�� &IR^S� �E
� 4]VIRI�� &IR^S�
(b) Fluoranthene, Benzo (ghi) Perylene, Benzo (k) 
*PYSVERXLIRI��-RHIRS�����GH
�4]VIRI��*PYSVERXLIRI�
ERH� 2ETLXLEPIRI�� 8LI� XST� �� EVI� PMWXIH� EW� TVMSVMX]�
hazardous substances due to their potential toxic, 
mutagenic and carcinogenic effects on organisms 
and human health (Hussein et al. 2016). 

The diagnosis of the Mediterranean with regard to 
these substances is governed by international and 
REXMSREP�IRZMVSRQIRXEP�EKIRGMIW� �M�I��� XLI�97�)RZM-
VSRQIRXEP� 4VSXIGXMSR� %KIRG]� �97�)4%
�� XLI� )YVS-
TIER� )RZMVSRQIRXEP� 'SQQMWWMSR�� XLI� 9RMXIH� 2E-
XMSRW� )RZMVSRQIRX� 4VSKVEQ� �92)4
�� 8LI� 2EXMSREP�
Observatory of the Environment and Sustainable 
(IZIPSTQIRX�� 32)((� �%PKIVME
�� 2EXMSREP� )RZMVSR-

QIRXEP�4VSXIGXMSR�%KIRG]��%24)��8YRMWME
��)K]TXMER�
)RZMVSRQIRXEP� %JJEMVW� %KIRG]�� ))%%� �)K]TX
� XLEX�
VIGSQQIRH�XLI�QSRMXSVMRK�SJ�������4%,W�[MXL�WTI-
GMEP� IQTLEWMW� SR� 4%,W�QMGVSTSPPYXERXW� MR�QEVMRI�
matrices. 

The overall data set suggests that both petrogenic 
ERH� T]VSKIRMG� 4%,W� GSRXVMFYXI� XS� XLI� 4%,� TSSP�
in Mediterranean coastal waters. Pyrogenic 
inputs increase in urbanized areas due to large 
atmospheric inputs and deposition in winter 
�+YMKYI� IX� EP�� ������ &EVLSYQM� IX� EP�� ����
�� 8SXEP�
4%,�MRTYXW�JVSQ�XLI�6L·RI�VMZIV�VITVIWIRX����X�]V-1 
whereas inputs from sewage treatment plant are 
QYGL� PS[IV� � �� X� ]V-1
� �;MXOS[WOM� IX� EP�� ����
��(YI�
XS� XLIMV� L]HVSTLSFMGMX]��4%,W�EVI� GSRWMHIVIH� XS� FI�
preferentially associated with particles in coastal 
QEVMRI�[EXIVW�ERH�WIHMQIRXW��%HLMOEVM�IX�EP������
��
(MWWSPZIH�4%,W�GSRGIRXVEXMSRW�MR�XLI�[EXIV�GSPYQR�
QE]� FI� ��JSPH� LMKLIV� XLER� MR� WYWTIRHIH� TEVXMGPIW�
�+YMKYI�IX�EP������
��(MWWSPZIH�4%,�GSRGIRXVEXMSRW�
EVI� MR� XLI� VERKI� ������������ RK� 0-1� �ʋ��� 4%,W
�
(Berrojalbiz et al. 2011) in Mediterranean open sea 
waters whereas higher concentrations characterize 
coastal urbanized areas, up to 560 ng L-1��ʋ���4%,W
�
MR�1EVWIMPPI�+YPJ�SJ�*SW��*VERGI
��+YMKYI�IX�EP������
��
��Ɉ���� RK� 0-1� �ʋ��� 4%,W
� MR� :IRMGI� PEKSSR� �-XEP]
�
�1ERSHSVM� IX� EP�� ����
�� ��Ɉ���� RK� 0-1� �ʋ��4%,W
� MR�
%PI\ERHVME�GSEWXEP�[EXIVW��)K]TX
��)P�2IQV�ERH�%FH�
%PPEL� ����
�� -R� GSEWXEP� WIHMQIRXW�� GSRGIRXVEXMSRW�
range from 10-200 ng g-1�H�[���HV]�[IMKLX
��%WME�IX�EP��
����
� MR�1EVWIMPPI�&E]��*VERGI� �+SKSY�IX�EP������
��
'VIXER� 7IE�� +VIIGI� �>EKLHIR� IX� EP�� ����
�� 7JE\��
8YRMWME��'ERREVWE�IX�EP������
��0MKYVME��-XEP]��1IVLEF]�
et al. 2015), Tripoli harbor, Lebanon (Emara et al. 
����
�ERH�)EWXIVR�LEVFSV��)K]TX��)QEVE�IX�EP������
�

4%,�GSRGIRXVEXMSR�KVEHMIRXW�EVI�TVSRSYRGIH�EPSRK�
GSEWX�STIR� WIE� XVERWIGXW�� 4%,� GSRGIRXVEXMSRW�
rapidly decrease from the vicinity of rivers, 
IWXYEVMIW� ERH� WQEPP� IJʘYIRXW� XS[EVHW� GSEWXEP� ERH�
offshore waters. The contamination of estuaries 
of large rivers and that of harbors in the vicinity of 
big industrial and urban centers indicates a poor 
quality environment where a potential risk to the 
PSGEP�TSTYPEXMSR�QE]�SGGYV� �&EVLSYQM�IX�EP������
��
Otherwise in most Mediterranean coastal waters, 
HEXE� VIʘIGX� GSRXEQMREXMSR� PIZIPW� JVSQ� WPMKLXP]�
polluted to polluted. Industrial areas near the cities 
SJ�7JE\�ERH�+EF«W��8YRMWME
�[IVI�VITSVXIH�QSHIVEXI�
to-highly impacted by hydrocarbons compared to 
other Mediterranean coastal environments (Fourati 
IX� EP�� ����F�� ����E
�� 8LI]� VIQEMR� KPSFEPP]� LMKLIV�
XLER�XLSWI�VITSVXIH�MR�XLI�RSVXLIVR�+YPJ�SJ�1I\MGS�
and much lower than those recorded in Chinese 
GSEWXEP� IRZMVSRQIRXW� �>LSY� ERH� 1EWOESYM� ������
*SYVEXM�IX�EP������F
�
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-R�WSQI�GEWIW��4%,�GSRGIRXVEXMSRW�EVI� MRʘYIRGIH�
by physical circulation processes that can lead to 
deposits of contaminants an order of magnitude 
higher offshore that those near the source of 
pollutants. Episodic processes of pollutants 
VIHMWXVMFYXMSR� QE]� EPWS� WMKRMʗGERXP]� EJJIGX� XLI�
pollution status of marine areas. For example, the 
TL]WMGEP� EGGYQYPEXMSR� SJ� 4%,� EX� EMV�WIE� MRXIVJEGI�
(x 200-1,000) during microlayer formation in 
EFWIRGI�SJ�[MRH� �;YVP� ERH�3FFEVH�����
�� JSPPS[IH�
F]� 4%,� WGEXXIVMRK� HYVMRK� QMGVSPE]IV� HMWVYTXMSR�
F]� [MRH� FPS[� VIGSZIV]�� GER� PSGEPP]� IRLERGI� 4%,W�
concentrations and impact the biota. Similarly, 
4%,� WIHMQIRX� VIQSFMPM^EXMSR� HYVMRK� VIWYWTIRWMSR�
events may greatly modify their potential harmful 
IJJIGXW� SR� QEVMRI� FMSXE� �+YMKYI� IX� EP�� ����
�� -R�
Toulon bay (France), the resuspension of highly 
contaminated surface sediments (concentration of 
Ɔ���4%,W�!�����\��ʠ ng g-1) led to a 10-fold increase 
SJ� HMWWSPZIH� Ɔ��� 4%,� GSRGIRXVEXMSRW� MR� XLI� [EXIV�
above. The remobilization in seawater was higher 
JSV�����VMRK�4%,W��IWTIGMEPP]�FIR^S�K�L�M
�TIV]PIRI��
whose concentration exceeded the authorized limit 
ZEPYIW�SJ�XLI�)YVSTIER�;EXIV�*VEQI[SVO�(MVIGXMZI�
�+YMKYI� IX� EP�� ����
�� -X� MW� MQTSVXERX� XS� QSRMXSV�
pollutants not only at active industrial facility sites 
but also in disused industrial areas close to the 
sea border where remnant pollution can produce 
chronic adverse effects on marine biota.

Species feeding on particles and phytoplankton may 
FMSEGGYQYPEXI� ERH�SV� FMSEQTPMJ]� 4%,� GSRGIRXVE-
tions in their body tissues. Measuring accumulation 
SJ� 4%,W� MR�QYWWIP� FMZEPZIW� JVSQ� XLI�Mytilus edulis 
complex has become a European Commission con-
trol strategy of marine waters quality in the Medi-
XIVVERIER� �3PIR]G^� IX� EP�� ������ 7MVI� ERH�%QSYVSY\�
����
��(MJJIVIRX�QIXEFSPMXIW�QE]�FI�QIEWYVIH�MR�ʗWL�
and shells and considered as markers of exposure to 
4%,��6IWIEVGL� SR� XLI� VIPEXMSRWLMTW�[MXL� IQIVKIRX�
contaminants is at its beginning and cocktail effects 
have not been much studied yet. Microplastics have a 
high potential to adsorb these hydrophobic contami-
nants and to transfer them throughout the food web 
to the deep ocean for longer sequestration time.

Pesticides

4IWXMGMHI�%GXMZI�-RKVIHMIRXW��4%-
�GER�FI�GSRWMHIVIH�
as a contaminant as well as a pollutant, in the 
compartments where they are detected. Mainly 
originated by agricultural activities, water pollution 
F]�4%-�MW�E�GSRGIVR�JSV�GSRXMRIRXEP�[EXIV�VIWSYVGIW�
(rivers, lakes and aquifers) and coastal and marine 
environment of the Mediterranean Sea. Studies 

carried out in southern Europe showed the high 
leaching of herbicides in Mediterranean weather 
conditions (Louchart et al. 2001), allowing the 
contamination of groundwater resources. In the 
other side, by runoff process, surface waters would 
FI� GSRXEQMREXIH� F]� 4%-� ERH� XLIMV� QIXEFSPMXIW� SV�
HIKVEHEXMSR�TVSHYGXW��%� PEVKI�RYQFIV�SJ�TIWXMGMHI�
EGXMZI� MRKVIHMIRXW� �4%-
� �SZIV� �����
� EVI� TVIWIRXP]�
used or were used until non-approval or non-
VIRI[EP�MR�)YVSTI��)YVSTIER�*SSH�7EJIX]�%YXLSVMX]�
2011) and even modern screening methods limit the 
RYQFIV�SJ�4%-�EREP]^IH�MR�SRI�WEQTPI�� ����
��6SYWMW�
IX�EP������
��-R�[EXIV�FSHMIW��XLI�QE\MQYQ�EPPS[EFPI�
GSRGIRXVEXMSRW�EVI���ƟK�0ʌ��JSV�IEGL�4%-�ERH���ƟK�0ʌ� 
JSV� EPP� UYERXMʗIH� 4%-W�� *SV� HVMROEFPI� [EXIV� XLIWI�
PMQMXW�EVI�����ƟK�0ʌ��ERH�����ƟK�0ʌ��respectively.

Concentrations of these molecules in water bodies 
�WYVJEGI� ERH� YRHIVKVSYRH� [EXIVW
� [IVI� UYEPMʗIH�
ERH�UYERXMʗIH�MR�RIEVP]�EPP�XLI�GSYRXVMIW�EVSYRH�XLI�
Mediterranean Sea. But a recent review at world 
scale (Stehle and Schulz 2015) stated the difference 
of availability of referenced data sets for insecticide 
GSRGIRXVEXMSRW�MR�[EXIV��RSXEFP]�MR�XLI�2SVXL�ERH�XLI�
2SVXL�)EWX�%JVMGE�TSSV�MRJSVQEXMSR�[EW�EZEMPEFPI�

In European countries, particularly in France 
�(YFSMW�IX�EP��������0STI^�IX�EP������
��-XEP]��3RSVE-
XM�IX�EP��������1IJJI�ERH�HI�&YWXEQERXI�����
��7TEMR�
�&EPEKYIV� IX� EP�� ����
� ERH� +VIIGI� �0IOOEW� IX� EP��
������ /SRWXERXMRSY� IX� EP�� ����
� MQTPIQIRXEXMSR� SJ�
XLI�)9�;EXIV�*VEQI[SVO�(MVIGXMZI��;*(
�TVSHYGIH�
large public data sets for pesticide concentrations 
in surface waters and aquifers by state administra-
XMSRW��%GGSVHMRK�XS�XLI�WXEXMWXMGEP�SJʗGI�SJ�XLI�)YVS-
TIER�9RMSR��7TEMR�ERH� -XEP]�EVI� XLI�GSYRXVMIW�[MXL�
QSWX� YWI� SJ� TIWXMGMHI�� %W� E� VIWYPX�� MR� XLSWI� GSYR-
tries, pesticides are one of the most frequently de-
tected classes of micro-pollutants in water�. It is not 
possible to give in this report an exhaustive account 
SJ�EPP�4%-�QIRXMSRIH�MR�XLI�PMXIVEXYVI�EW�IRGSYRXIVIH�
in Mediterranean waters. Thus, we decided to focus 
SR�XLI�QSWX�JVIUYIRXP]�HIXIGXIH�4%-�ERH�KMZI�WSQI�
examples of maximum concentrations measured. 

-R�[EXIV�FSHMIW�QSWX�JVIUYIRXP]�QIRXMSRIH�4%-�MR-
WIGXMGMHIW�EPVIEH]�MR�YWI�EVI�GLPSVT]VMJSW�������ƟK�0-1) 
�'GERGGETE� IX� EP�� ����
�� HMQIXLSEXI� ������� ƟK� 0-1) 
�'EQTS�IX�EP������
��QEPEXLMSR��������ƟK�0-1) (Yurt-
OYVER� ERH� 7E]Kô� ����
�� MQMHEGPSTVMH� ���������
������ ƟK� 0-1
� �,IVVIVS�,IVR¤RHI^� IX� EP�� ����
� ERH�
HME^MRSR�������ƟK�0-1) (Youssef et al. 2015). Prohibited 
4%-�MRWIGXMGMHIW� QIRXMSRIH� EVI� ((8� �HMGLPSVSHM-
TLIR]PXVMGLPSVSIXLERI
� ERH� MXW�QIXEFSPMXIW� ������ XS� 
����� xK� 0-1
� �(ELWLER� IX� EP�� ����
�� ,'&� �LI\E-

� LXXTW���[[[�IIE�IYVSTE�IY�EMVW������IRZMVSRQIRX�ERH�LIEPXL�TIWXMGMHIW�WEPIW

CHAPTER 2 - DRIVERS OF CHANGE

https://www.eea.europa.eu/airs/2018/environment-and-health/pesticides-sales


105CLIMATE AND ENVIRONMENTAL CHANGE IN THE MEDITERRANEAN BASIN  |  MedECC

GLPSVSFIR^IRI
������ƟK�0-1) (Youssef et al. 2015) and 
IRHSWYPJER��������ƟK�0-1
��)P�&EOSYVM�IX�EP������
�

TLI�QSWX�JVIUYIRXP]�QIRXMSRIH�4%-�LIVFMGMHIW�MR�YWI�
EVI�WMQE^MR� ������ƟK�0-1
� �/SRWXERXMRSY�IX�EP������
��
XIVFYXL]PE^MR� ��������ƟK�0-1) (Ricart et al. 2010), li-
RYVSR� ������� ƟK� 0-1
�� ����(� ���� ƟK� 0-1) and glypho-
WEXI� [MXL� MXW� QIXEFSPMXI� %14%� ����� ƟK� 0-1) (Meffe  
ERH� HI� &YWXEQERXI� ����
�� 1SWX� TVSLMFMXIH� 4%-� 
herbicides mentioned in studies are atrazine- 
HIWIXL]P��������ƟK�0-1
� �'EQTS�IX�EP������
��QIXSPE-
GLPSV� �������ƟK�0-1
� �/SRWXERXMRSY�IX�EP�� ����
��()%�
�HMIXL]P�EXVE^MRI
� ������ ƟK� 0-1) (Hildebrandt et al. 
����
�� HMYVSR� �������� ƟK� 0-1) (Robles-Molina et al. 
����
��(-%��HIMWSTVST]P�EXVE^MRI
� ���ƟK�0-1) (Shomar 
IX� EP�� ����
�� EPEGLPSV� ������� ƟK�0-1) (Stamatis et al. 
����
�� MWSTVSXYVSR����ƟK�0-1) (Ricart et al. 2010) and 
QSPMREXI��������ƟK�0-1
��+¶QI^�+YXM¬VVI^�IX�EP������
��

'SRGIRXVEXMSRW�SJ�4%-�JYRKMGMHIW�EVI�PIWW�QIRXMSRIH�
XLER�SXLIV�4%-��1IXEPE\]P�������ƟK�0-1) (Hildebrandt et 
EP������
�ERH�GEVFIRHE^MQ�������ƟK�0-1) (Licciardello 
et al. 2011) have been reported. 

For the future, in most southern Mediterranean 
GSYRXVMIW�� TVSLMFMXMSRW� SJ� TEVXMGYPEV� 4%-W� JSV�
agricultural uses are applied within a few years 
delay from European Commission decisions. 
Many countries developed programs to reduce 
pesticide use that have uncertain effects like in 
*VERGI� �+YMGLEVH� IX� EP�� ����
�� 2I[� TVSTSWIH� 4%-�
are characterized by shorter standard half-lives 
and lower dose requirements, nevertheless there 
MW� RS� EWWYVERGI� XLEX� XLIWI� ɎRI[ɏ� 4%-� SRGI� YWIH�
widely in many different contexts will have virtuous 
environmental spreading behaviors.

Climate changes may have conversational effects 
SR� 4%-� [EXIV� GSRXEQMREXMSR�� *MVWXP]�� WSQI� EYXLSVW�
predict an increase use of pesticides to compensate 
increases of abundance and seasonal activity of bi-
SEKKVIWWSVW� �&S\EPP� IX� EP�� ����
�� EPXLSYKL� XIQTIV-
ature enhancement has been declared to decrease 
4%-� IJʗGMIRG]� F]� GSRHMXMSREP� VIWMWXERGI� SJ� FMSEK-
gressors towards herbicides, insecticides and fungi-
GMHIW��1EX^VEʗ�����
��9RHIV�XLIWI�GSRHMXMSRW��HSWIW�
applied should be increased to guarantee the same 
protection with unseen consequences in environment 
WTVIEHMRK�� (EMP]� XIQTIVEXYVI� ʘYGXYEXMSR� QE]� MR-
GVIEWI�4%-�XS\MGMX]�PMOI�JSV�GLPSVT]VMJSW��:IVLI]IR�ERH�
7XSOW� ����
�� FYX� XIQTIVEXYVI� IRLERGIQIRX� WLSYPH�
FSSWX�HIKVEHEXMSR�SJ�QSWX�ORS[R�4%-�TVSFEFP]�WLSVX-
ening their half-life.

Change in precipitation patterns with increased 
occurrence of extreme precipitation events should 
also modify agricultural patterns. For instance, 

rainfed barley Mediterranean production yields 
[SYPH� HIGVIEWI� �:IVLI]IR� ERH�7XSOW� ����
� JYIPMRK�
some changes in the crop systems. Implementation 
SJ�QSVI�MRXIRWMZI�W]WXIQW��1EPIO�ERH�:IVFYVK�����
�
can imply an increase of treatments. Increasing 
weight of extreme events would increase erosion 
�6EGPSX�IX�EP������
�ERH�XLIR�TVSQSXI�HMWTPEGIQIRX�
JVSQ�PERH�XS�WIE�JSV�XLI�4%-W�IEWMP]�EHWSVFIH�SR�WSMP�
particles like clay and organic matter.

2.3.3.5 Emerging contaminants

-R�XLI�1IHMXIVVERIER�&EWMR����	�SJ�GSEWXEP�WIXXPI-
ments with more than 2,000 inhabitants operate a 
[EWXI[EXIV�XVIEXQIRX�TPERX��[LMPI���	�HS�RSX��7IG-
SRHEV]�XVIEXQIRX�MW�QSWXP]�YWIH����	
�MR�1IHMXIV-
VERIER� XVIEXQIRX� TPERXW�� [LMPI� ��	� SJ� XLI� TPERXW�
LEZI� SRP]� TVMQEV]� XVIEXQIRX� �'LEXLE� IX� EP�� ����
��
%W�E�GSRWIUYIRGI�SJ�XLMW�XIGLRMGEP��WSGMEP�ERH�IR-
vironmental issue, different types of chemical sub-
WXERGIW�EVI�VIPIEWIH�MRXS�XLI�IRZMVSRQIRX��+VSW�IX�
EP��������6EXSPE�IX�EP��������1SVIRS�+SR^¤PI^�IX�EP��
������ 4EPYWIPPM� IX� EP�� ����F�� ����E
�� %QSRK� XLIWI�
substances, emerging contaminants (ECs) are a 
category that has received special attention over 
XLI�PEWX����]IEVW��)'W�EVI�HIʗRIH�EW�ɎGSRXEQMRERXW�
of emerging concern that are naturally occurring, 
manufactured or man-made chemicals or mate-
rials which have now been discovered or are sus-
pected present in various environmental compart-
ments and whose toxicity or persistence are likely to 
WMKRMʗGERXP]�EPXIV�XLI�QIXEFSPMWQ�SJ�E�PMZMRK�FIMRKɏ�
�7EYZ¬�ERH�(IWVSWMIVW�����
�

8LIVI� EVI� HMJJIVIRX� GPEWWMʗGEXMSRW� SJ� XLIWI� GSR-
taminants due to their usage or origin and effects. 
*SV�I\EQTPI�� ��
�ERXMFMSXMGW�� ��
�ERXMQMGVSFMEPW�� ��
�
HIXIVKIRX�QIXEFSPMXIW�� ��
� HMWMRJIGXERXW�� ��
� HMWMR-
JIGXMSR� F]TVSHYGXW�� ��
� IWXVSKIRMG� GSQTSYRHW�� ��
�
ʗVI�SV�ʘEQI� VIXEVHERXW�� ��
� JVEKVERGIW�� ��
� MRWIGX�
VITIPPERXW�����
�4%,W��TSP]EVSQEXMG�L]HVSGEVFSRW
��
(11) personal care products, and (12) pesticides or 
MRWIGXMGMHIW����
�TLEVQEGIYXMGEPW�����
�TPEWXMGM^IVW��
���
�VITVSHYGXMZI�LSVQSRIW�����
�WSPZIRXW�����
�WXIV-
SMHW�ERH����
�WYVJEGXERXW��7MRKL�ERH�/YQEV�����
�

ECs that are very soluble in water (tetracycline, sul-
famethoxazole, carbamazepine, and erythromycin, 
etc.) receive more attention than others because 
SJ� XLIMV� MQTEGX� SR� XLI� IRZMVSRQIRX� �/PETIV� ERH�
;IPGL�����
��4SXIRXMEP�)'W�WSYVGIW�ERH�TEXL[E]W�
of ground and surface water pollution are shown in 
Fig. 2.22. Typically, the route of these compounds 
towards a water body begins with the excretion of 
the metabolites and parent compounds and their 
disposal to the wastewater treatment plants (Bar-
VMSW�)WXVEHE�IX�EP������
�
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8LI� IRHSGVMRI� HMWVYTXSVW� �)(W
� EVI� E� WYFHMZMWMSR�
of ECs with chemicals that interfere with the 
FSH]ɌW� IRHSGVMRI� W]WXIQ� ERH� TVSHYGI� EHZIVWI�
developmental, reproductive, neurological, and 
immune effects in humans, abnormal growth 
patterns and neurodevelopmental delays in children 
�1SVIRS�+SR^¤PI^�IX�EP������
��8LI�QENSVMX]�SJ�XLI�
)(W�GSQI�JVSQ�TVSHYGXW�YWIH�XS�ʗKLX�YRHIWMVEFPI�
[MPHPMJI�ERH�EKVMGYPXYVEP�XLVIEXW��1SVIRS�+SR^¤PI^�
et al. 2015), for example, pesticides, fungicides 
and rodenticides, synthetic products used in 
plastic industry (bisphenols or phthalates) and a 
variety of buildings materials, isolation materials 
�TSP]GLPSVMREXIH� FMTLIR]P� ERH� QIXEPW
�� %� PMWX� SJ�
GSQQSR�WSYVGIW�SJ�)(W�MW�WLS[R�MR�Fig. 2.23.

The presence of ECs in Mediterranean Basin is 
[IPP�HSGYQIRXIH��4LXLEPMG�%GMH�)WXIVW��4%)W
��MR-
GPYHMRK� HMQIXL]P� TLXLEPEXI� �(14
�� HMIXL]P� TLXLE-
PEXI��()4
��HM�MWSFYX]P�TLXLEPEXI��(M&4
��HM�R�FYX]P�
TLXLEPEXI� �(R&4
�� FIR^]PFYX]P� TLXLEPEXI� �&^&4
�
ERH�HMIXL]PLI\]P�TLXLEPEXI��(),4
��[MXL�XSXEP�GSR-
GIRXVEXMSRW�VERKMRK�JVSQ�����XS�������RK�0ʌ� were 
found in Marseille Bay (northwestern Mediterra-
RIER�7IE
��4EPYWIPPM�IX�EP������F
��,MKL�GSRGIRXVE-
XMSRW�SJ�4%)W�[IVI�EPWS�SFWIVZIH� MR�HIIT�[EXIVW�
SJJWLSVI��������RK�0ʌ�
�EW�[IPP�EW�MR�XLI�6L·RI�6MZIV�
(615.1 ng Lʌ�
��4EPYWIPPM�IX�EP������E
�

%� XSXEP� SJ� ��� TLEVQEGIYXMGEPW� MR� WIE�[EXIV� ERH� ���
in sediments were found at concentrations from 

low ng Lʌ��YT�XS�����RK�0ʌ� (azithromycin) in sea wa-
ter and from low ng gʌ��YT� XS������RK�Kʌ� (xylazine) 
in sediments of Mar Menor lagoon located in the 
7SYXL�)EWX�SJ�7TEMR� �1SVIRS�+SR^¤PI^�IX�EP������
��
4LEVQEGIYXMGEPP]� EGXMZI� GSQTSYRHW� �4L%'W
� [IVI�
HIXIGXIH�MR�XLI�)ZVSXEW�6MZIV��7SYXLIVR�+VIIGI
�[E-
XIVW�� 8LI� HMYVIXMGW� ERH� XLI� EREPKIWMGW�ERXM�MRʘEQ-
matory class were the most abundant, followed by 
ERXML]TIVXIRWMZIW�� TW]GLMEXVMG� HVYKW�� ƕ�FPSGOMRK�
agents and antibiotics and the concentration levels 
VERKIH� JVSQ� ����� RK� 0ʌ� up to 51 ng Lʌ� (Mandaric 
IX�EP������
��%RXMFMSXMGW�[IVI�HIXIGXIH� MR�QSVI�XLER�
��	�SJ�XLI�[EXIV�WEQTPIW�GSPPIGXIH�JVSQ�E�1IHMXIV-
ranean river (Llobregat, Spain) and the concentra-
XMSR� PIZIPW� VERKMRK� JVSQ� ���� RK� 0ʌ�� �ʘYQIUYMRI
� XS�
������ RK� 0ʌ�� �WYPJEQIXLS\E^SPI
� �4VSME� IX� EP�� ����
��
Triclosan (an antimicrobial) was reported to be a 
contaminant of the Llobregat and Ebro rivers (Spain) 
and the concentrations in some samples were higher 
than 150 ng Lʌ�. These concentrations should be con-
WMHIVIH� WMKRMʗGERX� GSRWMHIVMRK� XLI� XS\MGMX]� SJ� XLIWI�
compounds and their expected ability to be a precur-
sor of other highly toxic compounds such as dioxins 
�/ERXMERM� IX� EP�� ����
�� %^MXLVSQ]GMR� �ERXMFMSXMG
� [EW�
QIEWYVIH�EX��������RK�0ʌ��MR�E�XVMFYXEV]�SJ�)P�%PFYNµR�
�7TEMR
� �1SVIRS�+SR^¤PI^�IX�EP������
�ERH�EGIXEQM-
RSTLIR�[EW�HIXIGXIH�EX�������RK�0ʌ� off Thessaloniki, 
+VIIGI��2¹HPIV�IX�EP������
��7SQI�HVYK�GPEWWIW��WYGL�
as analgesics, antibiotics and betablockers, were 
WXMPP� UYERXMʗIH� EX� PIZIPW� FIX[IIR� ���� �QIXSTVSPSP
�
and hundreds of ng Lʌ� (azithromycin) in seawater. In 
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particular, six substances (e.g., azithromycin, amoxi-
cillin, venlafaxine, salicylic acid, acetaminophen and 
ibuprofen) were measured at median concentrations 
higher than 20 ng Lʌ�. Pharmaceuticals were also 
found in coastal and oceanic waters adjacent to the 
7XVEMX�SJ�+MFVEPXEV��&MIP�1EIWS�IX�EP������
�

The impacts of exposure to some ECs have caused 
concern for both people and wildlife. Many of these 
substances may cause disorders of the nervous, 
hormonal and reproductive system, thus posing 
EHZIVWI� LIEPXL� SYXGSQIW� �6I^K� IX� EP�� ������ &MPEP� IX�
EP�� ������ ������,IVRERHI^�:EVKEW� IX� EP�� ������9PPEL�
IX� EP�� ������ 6EWLIIH� IX� EP�� ����
�� 8LIWI� W]RXLIXMG�
chemicals exhibit geno- or cytotoxic activity and 
can cause obesity, diabetes, cardiovascular and 
reproductive disorder or even leads to cancer 
(Tiwari et al. 2012). Etteieb et al. (2016) have shown 
that the components responsible of cytotoxicity 
in water samples from Medjerda river in Tunisia 
[IVI� QEMRP]� G]GPSTIRXEWMPS\ERI�� HIGEQIXL]P� �(�
��
G]GPSLI\EWMPS\ERI�� HSHIGEQIXL]P� �(�
�� (�PMQSRIRI��
ERH� IVKSPMRI���QIXLERSP�� ����HMHIL]HVS���QIXL]P��
7SQI�)'W��WYGL�EW����α�IWXVEHMSP��FMWTLIRSP�%�ERH�
phtalates were reported to alter marine community 
WXVYGXYVI��)WWMH�IX�EP��������1Ɍ6EFIX�IX�EP������
�

2.3.4 Biological pollutants

2YQIVSYW� ZMVYWIW� SV� FEGXIVME� SJ� LYQER� SV� ERMQEP�
origin can spread in the environment and infect peo-

ple via water, air and food, mostly through ingestion 
and occasionally through skin contact. These virus-
es and bacteria are released into the environment by 
various routes including water run-offs and aerosols. 
Furthermore, they can infect humans exposed to con-
taminated surface waters and ground water used for 
agriculture irrigation with severe consequences for 
LYQER�LIEPXL��HI�+MKPMS�IX�EP������
��-R�QSWX�WIQM�EV-
id areas, groundwater and surface waters constitutes 
an important and strategic resource, particularly as 
water stress increases and water resources of good 
UYEPMX]�FIGSQI�WGEVGI��)P�%]RM�IX�EP������
��1SPIGYPEV�
epidemiology and regular surveillance are necessary 
to elucidate the public health hazards associated 
with exposure to environmental viruses and bacteria 
�'EFVEP�������6SHVMKYI^�0E^EVS�IX�EP������
�IWTIGMEPP]�
in the South region where the water contamination 
combined to water scarcity strongly have large socio-
IGSRSQMG�MQTEGXW��92�;EXIV�����
��'PMQEXI�TVSNIG-
tions for the Mediterranean climate areas estimate 
general warming and changes in precipitation distri-
bution. Mediterranean coastal rivers are subject to 
ʘEWL�ʘSSHW�HYVMRK�I\XVIQI�IZIRXW�XLEX�XVERWTSVX�XLI�
majority of the annual loads of bacteria and other con-
taminants (Chu et al. 2011). The frequency of extreme 
summer precipitation events increased over large re-
KMSRW�SJ�XLI�1IHMXIVVERIER��+MSVKM�ERH�0MSRIPPS�����
 
(Sections 2.2.5 and 3.1.3.3), increasing so the supply 
of fecal bacteria and viruses to the coastal zone. In a 
global context, wastewater management will be the 
key to preventing environmental dispersion of human 
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fecal pathogens in future climate change scenarios 
�6YWM´SP�IX�EP������
�

,EVQJYP� %PKEP� &PSSQW� �,%&W
� EVI� WTSVEHMG� TLI-
nomena triggered by massive proliferations of phy-
toplankton species reaching high cell concentrations 
�7IPPRIV�IX�EP������
�XLEX�EVI�WYWTIGXIH�XS�LEZI�KVIEX-
er occurrences due to global warming (Hallegraeff 
����
�� ,%&W� LEZI� IRZMVSRQIRXEP� MQTEGXW� �VIH�XMHI��
QYGMPEKI� TVSHYGXMSR�� ERS\ME
� �6SHKIV� IX� EP�� ������
(Ɍ7MPZE�IX�EP������
�ERH�VITVIWIRX�WIVMSYW�IGSRSQMG�
XLVIEX�JSV�ʗWLIVMIW��EUYEGYPXYVI�ERH�XSYVMWQ��,SEK-
land et al. 2002). They may also harm human health, 
WMRGI���	�SJ� FPSSQMRK�QMGVSEPKEI�EVI�EFPI� XS�TVS-
duce toxins responsible of different human intoxica-
XMSRW��7ERXM�(IPME�IX�EP������
��,%&W�GER�SGGYV�MR�FSXL�
freshwater and marine environments. In the Mediter-
ranean Basin, marine ecosystems have received more 
EXXIRXMSR�EPXLSYKL�SGGYVVIRGI�SJ�,%&�MR�JVIWL[EXIV�
PEOIW�EVI�VITSVXIH��'SSO�IX�EP��������6SQS�IX�EP������
�
and are suspected to increase with climate change in 
XLI�VIKMSR��6SQS�IX�EP������
�[MXL�GSRWIUYIRGIW�JSV�
TSXEFPI�[EXIV� WYTTP]� �0¬ZIWUYI�IX� EP�� ����
��&IJSVI�
������,%&W�[IVI�VEVIP]�HSGYQIRXIH�MR�XLI�1IHMXIV-
ranean Sea. Since then, adverse events and several 
toxic episodes have been reported in different coast-
al regions (Fig. 2.24)��'IGGLM�IX�EP��������+EVVMHS�IX�EP��
����
�� 2S[EHE]W�� LEVQJYP� ERH� XS\MG� TL]XSTPEROXSR�
species become dominant in many coastal environ-
ments of the Mediterranean Sea.

Most toxic events in the Mediterranean Sea are 
QEMRP]� VIPEXIH� XS� XLI� HMRSʘEKIPPEXIW� %PI\ERHVMYQ�
�ORS[R� XS� MRHYGI� 4EVEP]XMG� 7LIPPʗWL� 4SMWSRMRK� ��
PSP) and Dinophysis (producers of toxins causing 
XLI�(MEVVLIMG�7LIPʗWL�4SMWSRMRK���(74
� �:MPE�IX�EP��
������4IRRE�IX�EP������
��%��QMRYXYQ is the most ob-
WIVZIH� HMRSʘEKIPPEXI�� [MXL� VIGYVVIRX� FPSSQW� ���ʠ-
10ʥ cells l-1
�MR�XLI�)FVS�(IPXE�ERH�XLI�+YPJ�SJ�+EF«W��
MRHYGMRK� WMKRMʗGERX� ʗWL� QSVXEPMX]� �%FHIRREHLIV�
IX� EP�� ������+EVG¬W� ERH�'EQT�����
��&PSSQW�SJ�%��
catenella (10ʡ cells l-1) have been observed both in 
the northern (Thau Lagoon) and the southern Med-

iterranean Sea (Bizerte Lagoon, Tunisia), causing 
WSQIXMQIW� WLIPPʗWL� GSRXEQMREXMSR� �0EEFMV� IX� EP��
����
�� 8LI� ITM�FIRXLMG� HMRSʘEKIPPEXI�4VSVSGIRXVYQ�
lima� �TVSHYGIV� SJ� (74� XS\MRW
� LEW� FIIR� HIXIGXIH�
SR�QSWX�1IHMXIVVERIER� GSEWXW� �+EVG¬W� ERH� 'EQT�
2012), sometimes with high densities (>10ʤ cells l-1) 
�%MWWESYM� IX� EP�� ������1SRGIV� IX� EP�� ����
�� &PSSQW�
of Karenia selliformis (10ʠɈ��ʢ cells l-1), associated 
[MXL�MRXIRWMZI�ʗWL�QSVXEPMX]��[IVI�VITSVXIH�JSV�QER]�
]IEVW�MR�XLI�+YPJ�SJ�+EF«W��*IOM�IX�EP������
��6IGIRX-
ly, human health problems are caused by blooms of 
Ostreopsis cf. ovata (10ʠ-10ʡ cells l-1) in Italy, Spain, 
%PKIVME�ERH�*VERGI��'MQMRMIPPS�IX�EP������
��2I[�VI-
cords of Gambierdiscus and *YOY]SE�MR�XLI�;IWX�ERH�
East of the Mediterranean Sea increase the risk of 
Ciguatera intoxication (Laza-Martinez et al. 2016).

Toxic diatoms 4WIYHS�RMX^WGLME (producers of tox-
MRW�GEYWMRK�XLI�%QRIWMG�7LIPʗWL�4SMWSRMRK���%74
�
showed also blooms (10ʠ-10ʤ cells l-1) in Mediterra-
RIER�GSEWXW�SJ�7TEMR��*VERGI��+VIIGI��-XEP]�ERH�8Y-
RMWME�� ERH� GSRXEQMREXMSR� SJ�QYWWIPW� F]� %74� [IVI�
reported (Sakka Hlaili et al. 2016). Mussel contam-
MREXMSR�F]�%74� XS\MR�[IVI� VITSVXIH� MR�7TERMWL�ERH�
Tunisian waters and have been linked to the blooms 
of 4WIYHS�RMX^WGLME spp. and 2MX^WGLME� FM^IVXIRWMW, 
VIWTIGXMZIP]��+MQ¬RI^�4ETMSP�IX�EP��������&SYGLSYM-
cha-Smida et al. 2015).

Toxic and harmful algal blooms continue to increase 
in magnitude, frequency and geographical distribu-
tion around the world and over the Mediterranean 
Sea (Hallegraeff 2010). The chronic eutrophication 
and climatic change including global warming are 
VITSVXIH�EW�WMKRMʗGERX�JEGXSVW�MRZSPZIH�MR�XLMW�KPSFEP�
MRGVIEWI�SJ�,%&W�ERH�XS\MG�IZIRXW��%RHIVWSR�IX�EP��
������7EOOE�,PEMPM�IX�EP������
�

A Before 1980 B 1980 to 2015

Figure 2.24 | Harmful algal blooms VIGSVHIH�FIJSVI�������%
�ERH�FIX[IIR������ERH�������&
�EPSRK�XLI�1IHMXIVVERIER�
coast (Cecchi et al. 2016).
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2.4 Land and sea use changes

2.4.1 Land use changes 

2.4.1.1  Past trends and recent 
dynamics 

Mediterranean landscapes 

The climatic conditions of Mediterranean Basin 
have played a key role for drawing its landscapes, 
which result from the interaction between human 
activity, a complex topography, and an extreme var-
MIH�WSMP�ERH�GPMQEXI��4MRXS�'SVVIME�ERH�:SW�����
��
%PXMXYHMREP�KVEHMIRXW�ERH�XLI�HMWXERGI�JVSQ�XLI�WIE�
are the main factors differentiating the landscapes 
SJ�XLI�1IHMXIVVERIER�&EWMR��4MRXS�'SVVIME�ERH�:SW�
����
�� ERH� XLI� QEMR� IGSW]WXIQW� GSRXVMFYXMRK� XS�
outline these landscapes include the Mediterrane-
an shores with a high number of habitats such as 
areas of dunes, rocks and wet areas. Moving away 
from the coast, Mediterranean maquis (a typical 
dense and closed shrub vegetation, mainly consti-
tuted by sclerophyllous species) and forests evolve, 
which includes evergreen shrubs or trees fully 
adapted to xeric conditions. In many cases, the 
maquis derives from the evergreen Mediterranean 
forest that develops in less water limiting growing 
conditions. Mediterranean steppic prairies rep-
resent the typical degradation of maquis that ad-
ZERGIW�HIWIVXMʗGEXMSR��*MREPP]�� XLI�1IHMXIVVERIER�
deciduous forest extends where climates gradually 
shifts from typical Mediterranean to inland. 

8LI�QSHMʗGEXMSRW�SGGYVVIH� MR� XLI�1IHMXIVVERIER�
landscapes are the result of land use practices 
XLEX� MRGVIEWIH� MR� MRXIRWMX]� WMRGI� XLI� 2ISPMXLMG��
when in the Middle east domestication of plant and 
animals took the place of hunting and gathering 
(Blondel 2006). Human pressure on the natural 
ecosystem greatly varied depending on societal 
evolution developed over the area. In any case, 
wood exploitation has been key in localized periods 
of empires expansion. Forest destruction was 
XLI� ʗVWX� WXIT� GSRWIUYIRGI� SJ� LYQER� TVIWWYVI�
on the natural habitat as the effect of increasing 
agricultural activity and livestock and wood 
exploitation in the Mediterranean Sea trade 
cycle in order to cover the needs of the maritime 
IQTMVI��&EVOESYM�����
��8LIVI�MW�E�PSRK�LMWXSV]�SJ�
YVFERM^EXMSR�� VIʘIGXIH� MR�GSYRXPIWW�EVGLISPSKMGEP�
ERH�LMWXSVMGEP�WIXXPIQIRXW�SZIV�XLI�VIKMSR��(METTM�
2015). 

%W� E� VIWYPX�� XLI� 1IHMXIVVERIER� PERHWGETI� MW� E�
complex mosaic of alternating semi-natural hab-

iXEXW�� +VEWWPERHW� ERH� TEWXYVIW� VITVIWIRX� SRI� SJ�
the most spread land use in European Mediterra-
nean areas in the plain and low hilly areas (Cosen-
XMRS� IX� EP�� ����
� ERH� XLI]� GER� TVSZMHI� JSVEKI� JSV�
grazing animals or hay for conservation. The use 
of terraces in hilly areas permitted the cultivation 
on slopes of olive groves, vineyard and sowing 
crops while at the same their cultivation repre-
sented a means to reduce soil erosion, prevent 
run-off and increase water saving (Blondel 2006). 
8LI�(ILIWE�1SRXEHS�7]WXIQ��X]TMGEP�SJ�7TEMR�ERH�
Portugal) is characterized by low density trees 
(represented by evergreen Mediterranean oaks) 
combined with crop production or pastoral activ-
ities, mainly represented by animal grazing. This 
system integrates the three main rural activities 
�JSVIWX�GSVO� TVSHYGX� LEVZIWXMRK�� PMZIWXSGO� LYW-
bandry, and agriculture) within a single landscape 
that consists of grass and trees. This system that 
combines extensive grazing of natural pastures, 
cereal cultivation and harvest of wood products, 
has shown remarkable stability, biodiversity, and 
WYWXEMRIH�TVSHYGXMZMX]�SZIV�����]IEVW�SV�PSRKIV�EW�
the result of the maintenance of botanically rich 
QSWEMG�PMOI� LIVFEGISYW� TPERX� PE]IVW� �.SJJVI� ERH�
6EQFEP�����
��-R�EHHMXMSR�XS�EKVMGYPXYVEP�TVSHYG-
tion, these complex systems contributed, at the 
same time, to several ecosystem services such 
as preservation of the environment and its natural 
resources securing the sustainability of the sys-
XIQ��&PSRHIP�������,ES�IX�EP������
��

(IWTMXI� WQEPP�WGEPI� XVEHMXMSREP� JEVQMRK� W]WXIQW�
has been practiced for long time and it is still 
adopted in many parts of the Mediterranean 
region, huge changes in agricultural practices 
have taken place during the last 50-100 years 
across several Mediterranean areas as driven by 
MRGVIEWMRK�TVSʗXEFMPMX]�SJ�RI[�EKVMGYPXYVEP�W]WXIQW�
�(IFSPMRM�IX�EP������
��8LI�KVIEXIWX�GLERKIW�MRZSPZIH�
uprooting of ancient and small-scale vineyards, 
orchards and olive groves, which turned into 
industrial scale fruit or olive plantations. Similarly, 
QM\IH�VSXEXMSREP�JEVQMRK�W]WXIQW�[IVI�WMQTPMʗIH�
and replaced usually by intensive monocultures, 
requiring high inputs (i.e., high fertilization rate 
ERH� [EXIV� VIUYMVIQIRX
� �(IFSPMRM� IX� EP�� ����
��
Intensive and large-scale farming systems also 
required the creation of new infrastructure, such 
as basins to cope with water shortage, which 
GSRXVMFYXIH� XS� GLERKI� XLI� REXYVEP� PERHWGETI�� %PP�
these changes caused unsustainable pressure on 
the surrounding environment, resulting in either 
loss of wildlife-rich habitats and socio-economic 
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viability over large parts of the region due to land-
abandonment of small-scale farmers.

Recent changes in Mediterranean landscapes

The rate of change of landscapes in the Mediter-
ranean Basin has increased since the second half 
of the 20th century. Many regions in Mediterranean 
Europe experienced the abandonment of marginal 
lands, especially in arid and mountain areas (La-
WERXE�IX�EP������
� (Section 3.2.3.1), and the follow-
ing development by shrubs and tree species. Many 
studies show the abandonment of typical features 
like farming terraces, olive orchards, and upland 
grasslands leading to non-managed reforesta-
XMSR��JSV�I\EQTPI�� MR���	�SJ�XLI�-FIVMER�4IRMRWYPE�
JSV�XLI�����������TIVMSH��,MPP�IX�EP������
��EPP�SZIV�
-XEP]� HYVMRK� ����������� WQEPP� JSVIWX� TEXGLIW� GSZ-
IV� MRGVIEWIH�E�����	��7EPPYWXMS�IX�EP������
��[LMPI�
��	�SJ�TEWXYVIW�[IVI�XYVRIH�MRXS�JSVIWXW�MR�EVIEW�
SJ� 8YWGER]� JVSQ������ XS� ����� �%QMGM� IX� EP�� ����
��
MR� -XEPMER� QSYRXEMRW�� ����	� SJ� EKVMGYPXYVEP� EVIEW�
HMWETTIEVIH�HYVMRK�XLI�����ɌW��'SRXM�ERH�*EKEVE^^M�
����
��WMQMPEVP]� MR�TVI�EPTMRI�*VERGI�HYVMRK������
������8EMPPIJYQMIV�ERH�4M¬KE]�����
��MR�EVIEW�JVSQ�
XLI�)EWXIVR�1IHMXIVVERIER�VIKMSR�SJ�*VERGI������	�
SJ� GVSTW� ERH� ����	� SJ� TEWXYVIW� [IVI� GSRZIVXIH�
MRXS�JSVIWXW�JVSQ������XS�������%FEHMI�IX�EP������
��
E� ����	� SJ� ZMRI]EVH� EVIEW� MR� 7IVFME� [EW� XVERW-
JSVQIH� MRXS�QIEHS[W� ERH� TEWXYVIW� HYVMRK� �����
������4IVSZMÊ�IX�EP������
��1IHMXIVVERIER�MWPERHW�EW�
)PFE��[LIVI�YT� XS���	�SJ�EKVMGYPXYVEP�EVIEW�[IVI�
EFERHSRIH�HYVMRK� XLI�����������TIVMSH� �'EVXE�IX�
EP������
��ERH�0IWZSW��WLS[MRK�VIGIRX� ����������
�
WPMKLX�HIGVIEWIW�MR�EKVMGYPXYVEP�PERH��:ER�HIV�7PYMW�
et al. 2016). 

The remaining agricultural systems have generally 
become more intensive, with a shift towards 
livestock production and an increase of industrial 
inputs (fertilizers and pesticides), as it has been 
VITSVXIH� JSV�7TEMR�� IWTIGMEPP]� WMRGI� XLI�����ɌW� XS�
������+Y^Q¤R�IX�EP������
��ERH�TYRGXYEP�EVIEW�SJ�
+VIIGI�ERH�-XEP]��JVSQ������XS�������:ER�HIV�7PYMW�
et al. 2016) (Section 3.1.2.1).

Conversely, scarce and mainly pre-21st century 
WXYHMIW� JVSQ� 2SVXL� %JVMGE� WLS[� I\XVIQI� PERH�
degradation due to overexploitation (Le Houérou 
����
��TVMRGMTEPP]�F]�KVE^MRK�TVIWWYVI�FYX�EPWS�F]�
forest conversion to agriculture and fuel-wood 
VIGSPPIGXMSR��*SV�XLI�XSXEP�2SVXL�%JVMGE�ERH�1MHHPI�
East regions, the rate of deforestation increased 
JVSQ�XLI�����ɌW�XS�XLI�����ɌW�F]����	��XLI�JEWXIWX�
MRGVIEWI� [SVPH[MHI� �,ERWIR� ERH� (I*VMIW� ����
��
For example, in Morocco, it has been registered 
JSVIWX� VIKVIWWMSR� ERH� HIKVEHEXMSR� JVSQ� ����� XS�

����� �6INHEPM� ����
�� [LMPI� MR� 6SKEWWE� �%PKIVME
� E�
PSRK�XIVQ� I\TIVMQIRX� ����������
� HIQSRWXVEXIH�
the main role of overgrazing in such degradation 
�7PMQERM� ERH�%MHSYH�����
��6IGIRX� WXYHMIW�FEWIH�
in new observations and remote sensing show 
WMQMPEV�HIWIVXMʗGEXMSR�XVIRHW�MR�QSWX�TEVXW�SJ�XLI�
1EKLVIF� �,MVGLI� IX� EP�� ����
�� +VE^MRK� LEW� FIIR�
also the principal factor of forest degradation 
in northern Mediterranean islands as Crete 
HYVMRK�XLI�����������TIVMSH��,SWXIVX�IX�EP������
��
1SVISZIV��MRGVIEWIW�SZIV���	�MR�PMZIWXSGO�HIRWMX]�
have been observed between 2001 and 2011 in 
4SVXSʗRS��-XEP]
�ERH�0IWZSW��+VIIGI
��:ER�HIV�7PYMW�
IX� EP�� ����
�� ERH�YT� XS� ����	� MR�2MW]VSW� �+VIIGI
�
JVSQ������XS�������4IXERMHSY�IX�EP������
��WLS[MRK�
that land abandonment does not always result in 
forest encroachment.

Changes in Mediterranean landscapes have 
been particularly intense in metropolitan areas 
and their surroundings. These landscapes are 
growing very rapidly all-over the Mediterranean 
���	� FIX[IIR� ����� ERH� ����
� �9RHIV[SSH� IX� EP��
����
�FYX�IWTIGMEPP]�MR�GSEWXEP�EVIEW��9VFERM^EXMSR�
mainly occurred at the cost of arable land (e.g., in 
&EVGIPSRE
��&EWRSY�IX�EP������
�ERH�JSVIWXIH�EVIEW��
EW�KIRIVEPP]�VITSVXIH�MR�XLI�1IHMXIVVERIER��+IVEVH�
et al. 2010). However, in some periurban areas, 
agricultural land has also increased following the 
KVS[XL�SJ�GMXMIW��EW�MR�1YVGME��7TEMR
�FIX[IIR������
ERH� ����� �+EVG°E�%]PP¶R� ����
�� )\EQTPIW� GSYPH�
be found also in eastern Mediterranean, such as 
in Erdemli (Turkey), where the total length of the 
VSEHW� MRGVIEWIH� ����	� FIX[IIR� ����� ERH� �����
following the growth of periurban agriculture 
�%PTLER�����
�

2.4.1.2  Principal impacts of land use 
changes

Forestry and other natural resources

2I[� JSVIWXW� EJXIV� PERH� EFERHSRQIRX� GSYPH� EPXIV�
biodiversity patterns in the Mediterranean (Fabbio 
IX� EP�� ����
�� EW� LEW� FIIR� HIQSRWXVEXIH� JSV� XLI�
VERKI�SJ�GIVXEMR�FMVH�WTIGMIW��+MP�8IRE�IX�EP������
��
2I[�JSVIWXW�EVI�IWXEFPMWLIH�F]�XVII�WTIGMIW�[LSWI�
dynamics have been favoured by recent land use 
GLERKIW�� IZIR� QSVI� XLER� GPMQEXI� �%Q¬^XIKYM�
et al. 2010). Meanwhile, other species as oaks 
EVI� PIWW� FIRIʗXIH� F]� WYGL� GLERKIW� �%G¤GMS� IX�
EP�� ����
�� EPXLSYKL� KIRIVEP� TEXXIVRW� WLS[� MR�
JEGX� WYGGIWWMSREP� H]REQMGW� XS[EVHW� 5YIVGYW�
HSQMRERGI� EX� XLI� I\TIRWI� SJ� 4MREGIEI� �%PJEVS�
6I]RE�IX�EP������
��*MVI�VIKMQIW�EVI�EPWS�EPXIVIH��EW�
JYIP�GSRXMRYMX]�MW�MRGVIEWIH�JEGMPMXEXMRK�ʗVI�WTVIEH��
which in turn could result in more landscape 
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LSQSKIRIMX]� �0SITJI� IX� EP�� ����
�� %PWS�� JSVIWX�
continuity could increase forest insect pest spread 
�,¶HEV�ERH�>EQSVE�����
��8LI�IJJIGX�SJ�MRGVIEWIH�
forest cover in the diminution of water resources is 
QSVI�GSRʘMGXMZI�EPXLSYKL�XLI�TEXXIVR�MW�GPIEVIV�MR�
catchments with records of large and rapid forest 
I\TERWMSR� �+EPPEVX� IX� EP�� ����
� (Section 3.1.1.3). 
(YVMRK�XLI�ʗVWX�WXEKIW�SJ�PERH�EFERHSRQIRX�XLIVI�
is also a great risk of land degradation due to soil 
ERH� RYXVMIRX� PSWW� �8LSVRIW� ����
�� 2IZIVXLIPIWW��
the contribution of these new forests to carbon 
WXSVEKI�MW�GIVXEMR��:MP£�'EFVIVE�IX�EP������
�

(IWTMXI� XLI� REXYVEP� JSVIWX� VIGSZIV]� EJXIV� PERH�
abandonment, forests in the Mediterranean Basin 
are still interested by many different threatening 
JEGXSVW�� WYGL� EW� [MPHʗVIW�� SZIVKVE^MRK�� MRGSVVIGX�
management and extreme climate and meteor-
ological events (drought, windstorms) and this 
MR� XYVR� GSYPH� PIEH� IZIRXYEPP]� XS� HIWIVXMʗGEXMSR�
�:MP£�'EFVIVE�IX�EP������
��;MPHʗVIW�FIGSQI�QSVI�
and more frequent due to drier summers coupled 
with wood expansion due to land abandonment 
�4EYWEW� ERH� *IVR¤RHI^�1Y´S^� ����
�� %PXLSYKL�
IZMHIRGI�MRHMGEXIW�XLEX�ʗVIW�EVI�HIGVIEWMRK�HYI�XS�
MRGVIEWIH�IJJSVXW�MR�ʗVI�WYTTVIWWMSR�EPP�SZIV�1IH-
iterranean Europe in more recent periods (Turco et 
EP������
��XLIVI�MW�PEVKI�TSXIRXMEP�VMWO�SJ�QIKE�ʗVIW�
in the near future (Loepfe et al. 2011). Changes of 
traditional silvicultural schemes able to produce 
high productive goals to a more extensive man-
agement or forest abandonment has led to deep 
QSHMʗGEXMSRW�SJ�GSQTSWMXMSR�ERH�WXVYGXYVI��

%RSXLIV� QENSV� JEGXSV� EJJIGXMRK� HIKVEHEXMSR� SJ�
Mediterranean forests is grazing by domestic 
animals that utilize understory especially in 
period of reduced forage availability in pastures 
(such as summer or, in certain cases, winter). The 
traditional grazing in forest formation should not be 
banned as when the stocking rate is adequate, this 
result in a proper sustainable forest management 
that can reduce potential fuel biomass and can 
TVIWIVZI� XLMW� XVEHMXMSR� PERHWGETI� �/EMVMW� IX� EP��
2015) while, on the contrary, overgrazing can 
produce erosion, reduction in soil cover, losses of 
nutrients and in this way is it can be considered one 
SJ�XLI�QSWX�MQTSVXERX�JEGXSVW�SJ�HIWIVXMʗGEXMSR�MR�
1IHMXIVVERIER� EVIEW� �4ETEREWXEWMW� ERH�/E^EOPMW�
����
�� (VSYKLXW�� LIEX� [EZIW� SV� [MRHWXSVQW� GER�
have a negative effect on many forests in the 
Mediterranean Basin producing reductions in 
JSVIWX�KVS[XL�ERH�SJ�JSVIWX�HIGPMRIW��:E]VIHE�IX�EP��
2012) that prelude to land degradation and, in turn, 
HIWIVXMʗGEXMSR��%PP�XLIWI�JEGXSVW�TVSHYGI�WXVIWWIW�
to forests that can be exacerbated in the next 
HIGEHIW�F]�GPMQEXI�GLERKI��:EPPEHEVIW�IX�EP������
�

Land degradation is the principal consequence 
of plant cover loss (by uncontrolled forestry, 
SZIVKVE^MRK�� ʗVIW�� IXG�
�� [LMGL� GSYPH� PIEH� XS�
HIWIVXMʗGEXMSR� MR� GSQFMREXMSR� [MXL� MRGVIEWMRK�
EVMHMX]�ERH�I\XVIQI�GPMQEXMG�IZIRXW��8LSVRIW�����
��
In mountain environments, forest and understory 
cover loss, principally by overgrazing, have been 
clearly associated to higher erosion rates (Cheggour 
et al. 2012), as well as recent increases in forest 
cover were linked to the opposite (Barreiro-Lostres 
IX� EP�� ����
�� 7SMP� IVSWMSR� MW� E� WIVMSYW� TVSFPIQ�
XLVSYKLSYX� XLI�8YRMWMER�(SVWEP� �XLI�IEWXIVRQSWX�
TEVX� SJ� XLI� %XPEW� QSYRXEMR� VERKI
�� -X� LEW� FIIR�
IWXMQEXIH� XLEX� �	� SJ� XLI� EVIE� MW� FEHP]� HEQEKIH�
F]� IVSWMSR� ERH� ��	� SJ� XLI� EVIE� MW� QSHIVEXIP]�
HEQEKIH� �(+�%'8%� ����
�� 8LMW� HIKVEHEXMSR� MW�
an accumulated effect of agricultural strategies 
adopted over the Tunisian semi-arid areas during 
XLI� PEWX� XLVII�QMPPIRRME� �.IFEVM� ����
�� -J� [I� SRP]�
consider short-term effects, the degradation can 
be partly attributed to the building of large dams 
HYVMRK�XLI�����W�ERH�����W��8LMW�[EW�HSRI�[MXLSYX�
KMZMRK�WYJʗGMIRX�EXXIRXMSR� XS�TVSTIV�QEREKIQIRX�
SJ� YTTIV� GEXGLQIRX� EVIEW� �.IFEVM� IX� EP�� ����
��
,S[IZIV��XLI�GSRXVMFYXMSR�SJ�XLI�WTIGMʗG�FMSGPMQEXMG�
conditions of the Mediterranean climate in this 
degradation should not be underestimated. The 
soils are better characterized by the degradation 
of rock material rather than their organic matter 
GSRXIRX��'IVHER�IX�EP��������'YHIRRIG�IX�EP������
��
Consequently, they are not well developed and 
SJXIR�WLEPPS[��8LI�LYQER� MRʘYIRGI� MW�GVYGMEP�SR�
catchment scale in terms of landscape degradation 
XLEX� EJJIGXW� XLI� L]HVSPSKMGEP� VIKMQI� �.IFEVM� IX�
al. 2010). In the last hundred years, continuous 
changes were undertaken by the introduction 
of new crop cover (in fact, the most important 
change leading to better water management in 
the southern part of the Mediterranean may come 
JVSQ� MQTVSZMRK� [EXIV� IJʗGMIRG]� MR� EKVMGYPXYVEP�
irrigation) (Berndtsson et al. 2016), deforestation, 
YVFERM^EXMSR�� VMZIV� RIX[SVO� QSHMʗGEXMSR�� HEQ�
buildings and embankment. Fortunately, better 
water resource planning, reservoir maintenance, 
WLSVXEKI�� ʘSSH� QEREKIQIRX�� ERH� L]HVS�
agricultural infrastructure design are currently 
TVSQSXIH��:IVOIVO�IX�EP������
�(Section 4.5.1).

9VFERM^EXMSR� MW� GSRWMHIVIH� E�QENSV� HVMZMRK� JSVGI�
of biodiversity loss and biological homogenization 
�+VMQQ�IX�EP������
��GEYWMRK�PERHWGETI�JVEKQIR-
tation, dramatic loss of open habitats and of the 
land use gradient, replacing adjacent land uses 
such as agricultural and more natural vegetation. 
9VFERM^EXMSR�MW�EPWS�SRI�SJ�XLI�QEMR�HVMZIVW�SJ�MR-
troduction of non-indigenous species, generating 
high propagule pressure, and frequent and intense 
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disturbance with complex consequences for bi-
SHMZIVWMX]� �&EWRSY�IX�EP��������'PSXIX�IX�EP������
��
The strong human pressure has also contributed 
XS�MRGVIEWI�[EXIV�WLSVXEKIW��TSPPYXMSR��JSVIWX�ʗVIW��
and the abandonment of ancient pastoral regimes. 
Recent studies also demonstrate the negative con-
WIUYIRGIW�SJ�RI[�EVXMʗGMEP�EVIEW�MR�GSEWXEP�HYRIW�
habitats, both affecting carbon stocks (Carranza 
IX�EP������
��ERH�KIRIVEXMRK�QSVI�GSQTPI\�IJJIGXW�
when stabilizing the natural changing dynamics of 
HYRI�W]WXIQW��1ER^ERS�IX�EP������
�

Crops and livestock

Food production in the Mediterranean region is 
changing rapidly, due to multiple local and global 
social and environmental changes. The increased 
number of urban and displaced people increase 
demand for food in urban areas, with limited 
agricultural production and with great water 
VIWXVMGXMSRW��*%3�����E
��7GEVGI�VIWSYVGIW��WYGL�EW�
ʗWLIVMIW��EVI�FIMRK�I\LEYWXIH� �WII�RI\X�WIGXMSR
��
Evidence for the limited capacity to cope with these 
challenges can be documented in recent history. 
For example, water reserves were not able to cope 
with extensive droughts in the last two decades 
in Spain, Morocco and Tunisia, causing many 
irrigation dependent agricultural systems to cease 
TVSHYGXMSR��*EYV«W�IX�EP��������+EVVMHS�IX�EP��������
*%3�����
��

Livestock production, mainly located in semi-arid 
and arid lands has shifted from extensive modes 
XS�W]WXIQW�LIEZMP]�HITIRHIRX�SR�JIIH�KVEMR����	�SJ�
total food imports), inducing high poverty rates and 
rural exodus and rendering production sensitive 
to climatic shifts elsewhere (Sections 3.1.2.1 and 
4.5.1). 

Besides soil erosion, the major land degradation 
processes in the Mediterranean Basin are soil 
sealing, compaction mainly due to agricultural 
MRXIRWMʗGEXMSR��WEPMRM^EXMSR��ERH�GSRXEQMREXMSR�HYI�
to industrial activities. Soil organic carbon stocks 
tend to decrease when transforming grasslands, 
forest or other native ecosystems to croplands and 
to increase when restoring native vegetation on 
former croplands or by restoring organic soils to 
their native condition. Permanent and traditional 
woody cultivation such olive tree and grapevine 
may compensate this trend due to their positive 
contribution of their carbon uptake.

Human society will have to rely on an increase of 
output per unit area in agriculture and forestry. 
Intensively used agricultural systems are often 
2�WEXYVEXIH� ERH� XLI� EYKQIRXIH� YWI� SJ� JIVXMPM^-

IV� MRGVIEWIW� XLI� PIEGLMRK� SJ�2� MRXS� EUYMJIVW� ERH� 
aquatic ecosystems and thus carries costs to en-
vironmental services such as water quality. In 
summer irrigated crops conditions are propitious 
JSV� LMKL� 2ʩ3� PSWWIW�� )QMWWMSR� JEGXSVW� JSV� 2ʩO,  
distinguishing the effects of water management, 
crop type, and fertilizer management. Mediterra-
nean agricultural soils produce large CHʫ emis-
WMSRW� MR� ʘSSHIH� GVSTW� �I�K��� VMGI
� XLVSYKL�QIXL-
ERSKIRIWMW��VITVIWIRXMRK��	�SJ�EPP�',ʫ production 
from agricultural sources (Section 3.2.3.2).

(YVMRK� XLI� TEWX� X[S� HIGEHIW�� VYVEP� EVIEW� [IVI� 
reshaped by technological improvements in re-
sources exploitation, the accelerating abandon-
ment of traditional rural life and an increase in the 
QSFMPMX]�SJ� MRHMZMHYEPW� �4MRMPPE�IX�EP��������(SQSR�
2011). This pathway has led in many developed 
countries to a particular land-cover change pat-
tern that consists in low plains and coastal are-
as that are being increasingly utilised for human  
activities due to their higher potential for agri-
cultural productivity, while mountain or margin-
al areas are being abandoned because no more  
economically viable for production (Statuto et 
EP�� ������ 2SVM� ����
�� 'SRWMHIVMRK� XLI� MRGVIEWMRK� 
demand of food for an ever-growing population, 
leading to an increased productivity and inten-
WMʗGEXMSR� IJJSVXW� MR� TVSHYGMRK� EVIEW� �4LIPTW� ERH�
/ETPER� ����
�� XLMW� TEXXIVR� LEW� RSXMGIEFPI� IJ-
fects on the patchwork alternating semi-natural  
habitats that characterized the Mediterranean 
environment and the relevant natural ecosystem 
services. Management practices of grassland in 
in hilly Mediterranean areas were progressively 
reduced because of reduction of animal grazing 
and abandonment. This produced remarkable  
IJJIGXW�SR�ʘSVMWXMG�WMQTPMʗGEXMSR��PSWW�SJ�FMSHMZIVWM-
ty, reduction of habitat for wildlife or to the survivor 
itself of the resource due to shrubs encroaching 
�4ETEREWXEWMW�������%VKIRXM�IX�EP������
��4IVIRRM-
al cultivation, such as olive tree grove, originally 
planted in marginal areas on terraces and repre-
senting a quite stable ecosystem managed with 
few chemical inputs, were replaced by intensive 
modern plantations managed under an intensive 
ERH� LMKLP]� QIGLERM^IH� W]WXIQ�� 8LMW� MRXIRWMʗGE-
tion resulted into a progressive abandonment of 
marginal areas because of their low economic vi-
ability leading to a shift of land use to pasture for 
sheep and goats, since the land is not suitable for 
ER]�SXLIV�OMRH�SJ�GYPXMZEXMSR��0SYQSY�ERH�+MSYVKE�
����
�

'SRZIVWIP]�� XLI� MRXIRWMʗGEXMSR� TVSGIWW� XS[EVHW�
highly mechanized and high-density plantation is 
FSSWXMRK�JEVQIVWɌ�MRGSQI�FYX�MX�MW�EPWS�GEYWMRK�WSQI�
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environmental drawbacks. The combined effect 
of a more intensive management and cultivation 
extension is rising the issue of contamination 
by excess in the use of synthetic fertilizers and 
other agrochemicals to increase land productivity 
�&IEYJS]� ERH� 4MIROS[WOM� ������ &IEYJS]� ����
��
-RXIRWMʗGEXMSR� VIWYPXW� MRXS� E� HIKVEHEXMSR� SJ�
habitats and landscapes and the exploitation of 
scarce water resources, thus putting the naturally 
scarce resources of olive growing areas to an 
IHKI�� (VMT� MVVMKEXMSR�� EWWSGMEXIH� XS� ER� MQTVSZIH�
IJʗGMIRG]�SJ�MVVMKEXMSR��SJXIR�LEW�MR�JEGX�RS�IJJIGX�SR�
IJʗGMIRG]�FYX�MRGVIEWIW�KPSFEP�[EXIV�GSRWYQTXMSR��
The use of this technique decreases the need for 
human power, allowing the increase of cultivation 
EVIE�ERH�JSWXIVMRK�QYPXMTPI�GVSTTMRK��/YTIV�IX�EP��
������1SPPI�ERH�8ERSYXM�����
��7SMP�IVSWMSR�MW�EPWS�
a growing issue due to the widening of cultivated 
EVIE�� EW� MR� XVII� GVSTW� E� WMKRMʗGERX� JVEGXMSR� SJ�
the soil is vulnerable to the action of rainfall and 
VYRSJJ��8LI�MRXIRWMʗGEXMSR�SJ�EKVMGYPXYVEP�PERH�YWI�
has therefore raised the question of the long-term 
sustainability of agroecosystems (Liebig et al. 
����
�

(MʂIVIRX�PERH�YWIW�EW�E�WMRKPI�HVMZIV�SJ�GLERKI 

(IQSKVETL]�� XIGLRSPSK]�� WSGMS�IGSRSQMG� JEGXSVW�
and climate change have gradually transformed 
Mediterranean landscapes. Land uses are in fact 
the combination between the use of natural and 
food resources, constructions, road networks, 
etc., and land use changes result in the balance of 
XLIMV� GSRWIUYIRGIW��2EXYVEP� LEFMXEXW� EW� EJJIGXIH�
by human activities are consequently reduced in 
WM^I�ERH�GSRXMRYMX]� ʗREPP]� VIWYPXMRK� MRXS� E� PSWW�SJ�
connectivity, i.e., the capability of the landscape to 
help or to prevent movements of organisms across 
LEFMXEX�GSQTSRIRXW��8E]PSV�IX�EP������
��%�VIHYGIH�
or lack of connectivity may have consequences on 
FMSHMZIVWMX]� XLVSYKL� PSWWIW� SJ� IGSPSKMGEP� ʘY\IW�
between habitat patches and therefore trends in 
connectivity across different landscapes should be 
evaluated to consider proper actions to counteract 
potentially negative impact of human pressure on 
ERMQEP� SV� ZIKIXEP� FMSHMZIVWMX]� �,IVR¤RHI^� IX� EP��
2015). Over the Mediterranean Basin, two main 
trends, reforestation following the abandonment 
of agricultural areas in hilly and mountainous 
areas and the relevant expansion of agricultural 
ERH� EVXMʗGMEP� EVIEW� MR� XLI� GSEWXEP� EVIEW�� TPEMRW�
and valleys, had different impacts on connectivity. 
In particular, reforestation after agricultural 
abandonment was correlated to a slight 
improvement in the connectivity of the European 
JSVIWX�MR�XLI�TIVMSH������������7EYVE�IX�EP������
��
%X� XLI� WEQI� XMQI�� XLI� WTVIEH� SJ�QSRSGYPXYVI� MR�

the plain resulted in a de-fragmentation process. 
&SXL� XLIWI� XVIRHW� TVSHYGIH� E� WMQTPMʗGEXMSR� ERH�
homogenization of the landscape, in terms of 
number, dimensions and typology of the patches 
that shape the agro-ecological territory.

2.4.1.3 Future projections

Land use change is expected to have different 
consequences on the productivity of several eco-
systems and the carbon balance. The expected 
warmer and dryer conditions on southern Med-
iterranean Basin will likely shift crop cultivation 
XS� 2SVXL�� [LIVI� [EXIV� HIʗGMX� MW� TVSNIGXIH� XS� FI�
PIWW� LEVWL� �'IKPEV� IX� EP�� ����
�� ;LMPWX� XLI� PIWW�
adaptable crop systems will likely suffer changed 
pedological and climatic conditions, the most re-
silient crops, such as olive tree and grapevine may  
have the potential to resist to this trend due to 
their high adaptability to cope with high temper-
EXYVIW� ERH�[EXIV� WGEVGMX]��1SVMSRHS� IX� EP�� �����
�
ERH� ,ERREL� IX� EP�� �����
� TVIHMGXIH� E� KVEHYEP�
northward shift of this cultivation in the medium 
XIVQ��8EREWMNIZMG�IX�EP������
�� -RGVIEWMRK�XIQTIV-
ature joint with the expected reduce rainfall rate 
may lead detrimental consequences for those 
cultivations such as corn, rice and spring wheat 
requiring wetter conditions. Some crops may be 
replaced with more resilient crops such as barley, 
sorghum and hay, which, however, may not well 
ʗX� [MXL� XLI� QEVOIX� HIQERH� ERH� XLI� TVSHYGXMSR�
chain of the Mediterranean area. For most of the 
main Mediterranean vegetable and cereals, a de-
crease in production is expected in the absence of 
WTIGMʗG�LMKL� MRTYX� EKVSRSQMG� WXVEXIKMIW� WYGL�EW�
JIVXMPM^EXMSR� ERH� MVVMKEXMSR� �&VIKEKPMS� IX� EP�� ������
6YM^�6EQSW�IX� EP�� ������&VMPPM� IX� EP�� ����
�[LSWI�
requirement is expected to increase (Tanasijevic et 
EP��������7EEHM�IX�EP������
��

Climate change impacts are expected to also 
affect managed forests, leading to shift in typical 
JSVIWX�GSQQYRMXMIW�XS�LMKLIV�EPXMXYHIW��+MXE]�IX�EP��
2001). These impacts will likely affect the whole 
[SSH]� WTMRRIVIX�� MRʘYIRGMRK� XMQFIV� I\XVEGXMSR�
and plantations, and management practices. 
These latter practices (e.g., fuelwood collection, 
forest grazing, and road expansion) can degrade 
the forest ecosystem conditions, particularly 
[LIR� ETTPMIH� SZIV� RI[� JSVIWX� EVIE�� %GGSVHMRKP]��
depredated soil and forestry systems may indirectly 
favor the introduction of pests and pathogens, 
GLERKMRK� ʗVI�JYIP� PSEHW�� GLERKMRK� TEXXIVRW� ERH�
frequency of ignition sources, and changing local 
QIXISVSPSKMGEP� GSRHMXMSRW� �2ITWXEH� IX� EP�� ����
��
+VEWWPERH� ERH� TEWXYVIW� [MPP� PMOIP]� I\TIVMIRGI� E�
further decrease in extension due to a progressive 
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rural abandonment and emigration to urban areas, 
often associated with low-income level in mountain 
areas and lack of job opportunity (Sturaro et al. 
����
�� ERH� XLI� MQTEGXW� SJ� GPMQEXI� GLERKI�� 8LMW�
latter will particularly impact natural pastures, 
which are acknowledged to be very sensitive and 
vulnerable to climate conditions. 

The predicted climate warming is also expected 
to lead changes of grasslands structure 
and composition, increasing the soil-water 
competition with trees that will be found to place 
at higher altitude as effect of higher temperatures. 
In temperate climate, warming may length the 
forage growing season but decrease forage quality, 
with important variations due to rainfall changes 
�'VEMRI�IX�EP��������,EXʗIPH�IX�EP��������-^EYVVEPHI�
et al. 2011), whilst Mediterranean pastures will 
likely show production decrease due to prolonged 
drought conditions. Modern agricultural practice 
can partly overcome expected production due to 
changed cultivation areas, but plant adaptation 
would require more time to be able to adapt to 
XLI� RI[� GPMQEXI�� %PWS�� LMKLIV� MRTYX� RIIHIH� XS�
cope with changed agronomic conditions can 
lead to wrong perspective of the crop, forest and 
grassland production trend as well as extensive 
IRZMVSRQIRXEP� HEQEKI�� 1SVI� WTIGMʗGEPP]�� E�
larger use of fertilizer or other high inputs may 
result in short-term increases in food production 
for long-term losses in ecosystem services, 
such as water quality degradation (Zalidis et al. 
������1EPEK¶�IX�EP�� ����
�� WSMP� IVSWMSR�� VIHYGIH�
JIVXMPMX]�� SV� SZIVKVE^MRK� �;SSH� IX� EP�� ����
�� %PP�
these changes are expected to affect the carbon 
balance. 

Land use is an important control of carbon 
WXSVEKI�� XLIVIJSVI�� IGSW]WXIQ�WLMJXW� ERH�LEVWLIV�
climatic conditions may lead to different forms of 
stress (i.e., water and nutrient stress, pedological 
stress, climatic stress, abiotic, etc.) which, in turn, 
reduce the potentiality of the different ecosystems 
in terms of carbon storage (i.e., biomass 
VIHYGXMSR��PIWW�KVS[XL�ERH�HIZIPSTQIRX
��%PP�XLIWI�
changes can have negative consequences in the 
perspective of COʩ mitigation capacity (Foley et al. 
2005), since is expected a decrease of total carbon 
sequestration capacity from agro and forestry 
W]WXIQW��MRGVIEWIH�GEVFSR�ʘY\IW�JVSQ�WSMPW�HYI�XS�
quicker decomposition process and lower carbon 
mineralized in soil.

2.4.2 Sea use changes

Fisheries (over) exploitation is the main driver of 
marine population decline and has led to the bad 

state of most highly commercial stocks and the 
low abundance of top predators. Climate change 
and variability may be responsible for catch 
ʘYGXYEXMSRW�SJ�WSQI�WXSGOW��IWTIGMEPP]�XLI�WQEPP�
TIPEKMG�ʗWLIW
��JSV�HMWXVMFYXMSR�WLMJXW�FYX�EPWS�JSV�
altering catch composition in favour of warm-
[EXIV� WTIGMIW�� 6IGIRX� XLISV]� TVIHMGXW� ʗWL� WM^I�
decreases in response to increased sea surface 
temperature and low oxygen supply. Excessive 
exploitation will certainly lead to even lower stock 
biomasses, especially for top predators. Further 
sea warming will very likely lead to a higher 
percentage of warm-water species in the catch 
ERH�WQEPPIV�ʗWL�WM^IW�

��������8VIRHW�MR�ɽWLIVMIW�I\TPSMXEXMSR

In the Mediterranean Sea, which together with the 
&PEGO� 7IE�� GSRWXMXYXIW� *%3� 1ENSV� *MWLMRK� %VIE� 
���� ʗWLMRK� LEW� FIIR� TVEGXMGIH� WMRGI� ERXMUYMX]�� 
8SHE]��1IHMXIVVERIER�ʗWLIVMIW�EVI�HMZIVWI�EQSRK�
EVIEW� ERH� XLI� ʗWLMRK� ZIWWIPW� ERH� XIGLRMUYIW� 
vary geographically as a result of different environ-
mental, oceanographic, biological, climatic, cul-
tural and socio-economic conditions prevailing in 
each area (Papaconstantinou and Farrugio 2000), 
with a strong contrast between the northern and 
southern coastlines. The high number of islands, 
ports and shelters across the Mediterranean and 
the contrast between north and south renders the 
IRJSVGIQIRX�SJ�ʗWLIVMIW�VIKYPEXMSRW�ERH�QEREKI-
QIRX� ZIV]� HMJʗGYPX�� 1IHMXIVVERIER� ʗWLIVMIW� EVI�
highly multispecies in nature targeting over 200 
ʗWL�ERH�MRZIVXIFVEXI�WTIGMIW��(MQEVGLSTSYPSY�IX�
EP������
�ERH�EVI�STIVEXIH�XLVSYKL�E�PEVKI�RYQFIV�
SJ�WQEPP�WM^IH�ERH�PS[�XSRREKI�ʗWLMRK�ZIWWIPW�[MXL�
RS�PEVKI�MRHYWXVMEP�ʘIIXW��7XIVKMSY�IX�EP������
��8LI�
number of small-scale coastal vessels operating 
MR�1IHMXIVVERIER�)9�[EXIVW� MW� EFSYX� ��	�SJ� XLI�
XSXEP��EVSYRH�������ZIWWIPW
�[MXL�XLI�VIQEMRMRK��	�
FIMRK�XVE[PIVW�ERH��	�FIMRK�TYVWI�WIMRIVW��'SPPS-
GE�IX�EP������
��%PXLSYKL�XLI�RYQFIV�SJ�EPP�X]TIW�SJ�
1IHMXIVVERIER� )9� ʗWLMRK� ZIWWIPW� HIGPMRIH� WMRGI�
������XLI�EGXYEP�ʗWLMRK�IJJSVX�LEW�FIIR�MRGVIEWMRK�
due to new technologies and higher capacity ves-
WIPW��'SPPSGE�IX�EP������
��

7QEPP� TIPEKMG� ʗWLIVMIW� STIVEXI� EPP� ]IEV� VSYRH�
but in many Mediterranean Sea subareas they 
WLS[� E� WXVSRK� WIEWSREPMX]� XLEX� MW� VIʘIGXIH�
YTSR� XLIMV� GEXGLIW� ERH� MW� HIVMZIH� JVSQ� ʗWLMRK�
VIKYPEXMSRW� ERH� GSRWYQIV� LEFMXW�� %GGSVHMRK� XS�
XLI�QSRXLP]�HMWXVMFYXMSR�SJ� PERHMRKW�ERH�ʗWLMRK�
IJJSVX�� XLI� QEMR� ʗWLMRK� WIEWSR� MR� QSWX� EVIEW�
is concentrated in spring and summer months 
�0PSVIX�IX�EP������F
�
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2.4.2.2  Current status of marine 
ɽWLIVMI�W�VIWSYVGIW

In the Mediterranean Sea, recent publications 
FEWIH� SR� WGMIRXMʗG� WYVZI]W�� WXSGO� EWWIWWQIRXW�
and catch data, generally agree that the majority 
SJ� 1IHMXIVVERIER� ʗWLIVMIW� WXSGOW� EVI� HIGPMRMRK�
in biomass as a result of their overexploitation 
�'SPPSGE� IX� EP�� ������ ������ :EWMPEOSTSYPSW� IX� EP��
������ 8WMOPMVEW� IX� EP�� ����
�� 0SGEP� VITSVXW� EPWS�
GSRʗVQ�XLI�FEH�WXEXYW�SJ�1IHMXIVVERIER�ʗWLIVMIW��
I�K��� MR� +VIIO� WIEW� �8WMOPMVEW� IX� EP�� ����F
� ERH�
MR� XLI� 0MKYVMER� 7IE� �%FIPPE� IX� EP�� ����
�� SJXIR�
attributed to inadequate management practices 
�8WMOPMVEW� ������ 'EVHMREPI� IX� EP�� ����
�� 8LI� PSRK�
lasting overexploitation of the Mediterranean Sea 
has been driving the decline in biomass of most 
GSQQIVGMEP� ʗWL� ERH� MRZIVXIFVEXI� WXSGOW� EGVSWW�
the basin and the near depletion of several of them 
�*VSIWI� ERH� /IWRIV�6I]IW� ������ :EWMPEOSTSYPSW�
IX�EP��������3WMS�IX�EP��������8WMOPMVEW�IX�EP��������
7XIVKMSY�IX�EP��������'SPPSGE�IX�EP��������*VSIWI�IX�
EP������
��8LI�SZIVEPP�WXSGO�WXEXYW�MW�VEXLIV�YRMJSVQ�
across the Mediterranean ecoregions with low 
stock biomass being the common characteristic. 
,S[IZIV�� XLI� WXSGO� WTIGMʗG� FMSQEWW� PIZIPW� ZEV]�
EQSRK�IGSVIKMSRW��*VSIWI�IX�EP������
��

The catch history of Mediterranean Sea stocks 
unmasked the overexploitation of many stocks 
WMRGI� XLI� ����W�� [LIR� EFSYX� ��	� SJ� XLIQ� [IVI�
HIGPMRMRK� MR� FMSQEWW� �*VSIWI� ERH� /IWRIV�6I]IW�
����
�� 6IGIRX� PMXIVEXYVI� VIZIEPW� XLEX� ʗWLIVMIW�
overexploitation occurs across the entire area 
�8WMOPMVEW� IX� EP�� ����E
� ERH� PSGEPP]�� I�K��� MR� +VIIO�
7IEW��8WMOPMVEW�IX�EP������F
��7IZIVEP�1IHMXIVVERIER�
WXSGOW� LEZI� FIIR� VITSVXIH� SZIVʗWLIH� FEWIH� SR�
HEXE�JVSQ�PERHMRKW��8WMOPMVEW�IX�EP������F������E
��
WGMIRXMʗG� WYVZI]W� �7XIVKMSY� ERH� 8WMOPMVEW� ����
��
SV�WXSGO�EWWIWWQIRXW��'SPPSGE�IX�EP������
��3XLIV�
WXYHMIW� GSRʗVQ� XLEX� EPQSWX� EPP� WTIGMIW� XEVKIXIH�
F]� XLI� ʗWLMRK� ʘIIXW� EVI� FIMRK� SZIVI\TPSMXIH� MR�
XLI� 1IHMXIVVERIER� 7IE� �'EVHMREPI� IX� EP�� ������
*IVRERHIW�IX�EP������
�

Based on the catch-based method, the cumulative 
percentage of collapsed and overexploited stocks 
ETTIEVIH�XS�I\GIIH���	�EGVSWW�XLI�1IHMXIVVERI-
ER�7IE�MR�������8WMOPMVEW�IX�EP������E
�[MXL�XLI�I\-
ploitation pattern differing among the Mediterra-
nean subareas (Tsikliras et al. 2015). The western 
Mediterranean has been reported to be in a better 
state with less overexploited and collapsed stocks 
and more developing ones compared to the cen-
tral and eastern parts of the sea (Stergiou et al. 
����
��7MQMPEVP]��FEWIH�SR�ZEVMSYW�ʗWLIVMIW�MRHMGE-
tors, the western and central Mediterranean are in 

better condition compared to the eastern part of 
XLI�WIE��8WMOPMVEW�IX�EP������
��%GGSVHMRK�XS�XLI�SJʗ-
cial stocks assessments that were then available,  
the percentage of overexploited stocks exceeds 
��	�MR�QSWX�EVIEW� �'SPPSGE�IX�EP������
�ERH�IZIR�
VIEGLMRK���	�MR�WSQI��3WMS�IX�EP������
��8LI�QSHIP�
ETTVSEGL�SJ�3WMS�IX�EP�������
�IWXMQEXIW�XLEX���	� 
SJ� XLI� YREWWIWWIH� HIQIVWEP� ʗWL� WTIGMIW� EVI� 
potentially overexploited in most areas. Cardi-
REPI� IX� EP�� �����
� VITSVXIH� XLEX� XLI� WXSGOW� SJ� EPP�
target species that have been assessed are over-
I\TPSMXIH� [MXL� XLI� EZIVEKI� VEXMS� SJ� *�*MSY (actual  
ʗWLMRK� QSVXEPMX]� XS� XLI� PIZIP� XLEX� [SYPH� TVSZMHI�
QE\MQYQ� WYWXEMREFPI� ]MIPH
� VERKMRK� JVSQ� ���� 
(giant red shrimp %VMWXEISQSVTLE� JSPMEGIE
� XS� ����
(hake Merluccius merluccius). Steadily increasing 
exploitation rates and deteriorating gear selectivity 
have been recently reported as two conditions that 
PIEH�XS�WLVMROMRK�ʗWL�WXSGOW��:EWMPEOSTSYPSW�IX�EP��
����
��8LI�QSWX�VIGIRX�EWWIWWQIRX�SJ�����1IHM-
XIVVERIER�WXSGOW�WLS[IH� XLEX� ����SJ� XLIQ� ���	
�
[IVI�WYFNIGX�XS�SRKSMRK�SZIVʗWLMRK��*VSIWI�IX�EP��
����
�

2.4.2.3 The future of marine resources

8LI�+MPP�3\]KIR�0MQMXEXMSR�8LISV]��+308
�TVIHMGXW�
E�VIHYGXMSR�MR�XLI�WM^I�SJ�ʗWL�HYI�XS�XLIMV�MREFMPMX]�
to compensate, via their gill surface, for the 
increased metabolic rate that results from higher 
temperatures. Fish individuals that survive are 
I\TIGXIH�XS�WLVMRO�MR�WM^I��'LIYRK�IX�EP������E
��8LI�
Mediterranean Sea is among the semi-enclosed 
areas where local species extinctions and range 
shifts were predicted to be most common (Cheung 
IX�EP������
��8LI�+308�XLISV]�QE]�EPWS�I\TPEMR�XLI�
poleward shift of marine organisms (Cheung et al. 
����F
�ERH�XLIMV�I\TERWMSR�XS�HIITIV�[EXIVW��4IVV]�
et al. 2005) both of which occur in the Mediterranean 
7IE� �8WMOPMVEW� ERH� 7XIVKMSY� ����
� ERH� QE]� LEZI�
ER�MQTEGX�SR�1IHMXIVVERIER�ʗWLIVMIW�MR�XIVQW�SJ�
catch and revenue (Cheung et al. 2010).

&IWMHIW� ʗWL� HMWXVMFYXMSR� WLMJXW� ERH� HIGPMRIW� MR�
PSGEP� ʗWL� WXSGOW�� WGMIRXMʗG� TVSNIGXMSRW� WYKKIWX�
that marine resources and biodiversity will suffer 
increasing stress if temperatures are not held 
FIPS[��s'�EFSZI�TVIMRHYWXVMEP�PIZIPW��+EXXYWS�IX�EP��
2015). Sea warming and deoxygenation combined 
[MXL� ʗWLMRK� TVIWWYVI� ERH� SXLIV� WXVIWWIW� GSYPH�
EJJIGX�KVS[XL��ERH�HMWXVMFYXMSR�SJ�ʗWL�TSTYPEXMSRW��
resulting in changes in the potential yield of 
exploited marine species and economic losses 
�7YQEMPE�IX�EP������
�EW�ʗWLIVMIW�EVI�I\TIGXIH�XS�
decline (Cheung et al. 2010). Reaching the goals of 
XLI�92*'''�4EVMW�%KVIIQIRX�[SYPH�FIRIʗX�SGIER�
life and economies by protecting millions of metric 
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XSRW� SJ� LMKL� ZEPYIH� GEXGL� [MXL� ��	� SJ� QEVMXMQI�
GSYRXVMIW�FIRIʗXMRK�JVSQ�XLMW�TVSXIGXMSR��7YQEMPE�
IX�EP������
�

Fisheries in the Mediterranean will not be 
sustainable in the future unless the marine 
I\TPSMXIH� TSTYPEXMSRW� EVI� ʗWLIH� PIWW�� M�I��� MJ� XLI]�
are allowed to recover and rebuild their biomass 
(Pauly and Zeller 2016) through the reduction of the 

ʗWLMRK�TVIWWYVI�XLEX�MW�ETTPMIH�YTSR�XLIQ��*VSIWI�
IX�EP������
��)GSW]WXIQ�FEWIH�ETTVSEGL�LEW�EPWS�
an important role that will ensure that both higher 
and the lower trophic levels are rebuilding (Pikitch 
IX� EP�� ����
� ERH� JYPP]�QEVMRI�TVSXIGXIH�EVIEW�EVI�
a key management tool to accomplish rebuilding 
of the biomass of marine populations, ensure 
ecosystem health and resilience against sea 
[EVQMRK��6SFIVXW�IX�EP������
�

The human-aided introduction of non-indigenous 
WTIGMIW� MRXS� RI[� FMSKISKVETLMG� VIKMSRW� Ɉ� LEW�
been one of the main increasing global drivers 
of ecological change for over a millennium (Elton 
����
��2SR�MRHMKIRSYW�WTIGMIW�LSQSKIRM^I�FMSHM-
versity across the globe, resulting in shifted and 
sometimes more simple ecological communities 
�1SSRI]�ERH�,SFFW�������6MPSZ�ERH�'VSSOW�����
��
They can displace native species out of their natu-
ral habitats through competition, consumption, or 
parasitism. This displacement results in affected 
communities with reduced native species diversi-
ty, altered species composition as well as in major 
GLERKIW�MR�IGSW]WXIQ�JYRGXMSRMRK��:MP£�IX�EP��������
Cameron et al. 2016). Moreover, these changes 
alter supporting, provisioning, regulating ecosys-
tem services that people depend upon, impacting 
LYQER�[IPP�FIMRK��/EXWERIZEOMW�IX�EP������F��:MP£�
ERH�,YPQI�����
��

Rates of introduction and impacts have 
accelerated dramatically in the past few decades 
due to various human activities and related 
pathways of non-indigenous species introduction 
�'EVPXSR� ������ 'VSSOW� ERH� 7YEVI^� ����
�� -R� XLI�
marine environment, the growth of seaborne 
XVEHI�[MXL� MXW�LYKI�ʘIIXW�JEGMPMXEXIW�XLI�HMWTIVWEP�
of organisms attached to the hulls of ships and 
MRWMHI� FEPPEWX� [EXIV� �'VSSOW� ERH� 7YEVI^� ������
/EXWERIZEOMW�IX�EP������
��%UYEGYPXYVI��PMZI�QEVMRI�
seafood and bait, and aquarium trade have also 
become important vectors for the introduction of 
marine non-indigenous species, as well as the 
EVXMʗGMEP� GSRRIGXMSRW� SJ� [EXIV� FSHMIW� [MXL� ZIV]�
HMJJIVIRX�FMSXEW��6MPSZ�ERH�'VSSOW�����
��ERH�QENSV�
GEXEWXVSTLIW�PMOI�XWYREQMW��'EVPXSR�IX�EP������
��-R�
terrestrial ecosystems, intentional introductions 
prevail over unintentional. For non-indigenous 
plants, ornamental and horticultural introductions 
escaped from cultivation account for the highest 
RYQFIV��0EQFHSR�IX�EP������
�ERH�EVI�MRGVIEWMRK�
WXIEHMP]��:ER�/PIYRIR�IX�EP������
��8IVVIWXVMEP�RSR�

indigenous vertebrates follow similar patterns as 
plants. However, most terrestrial non-indigenous 
MRZIVXIFVEXIW� LEZI� FIIR� MRXVSHYGIH� EGGMHIRXEPP]��
many are major pests in forestry and agriculture 
(Roques et al. 2010). 

2.5.1 Non-indigenous species in the 
Mediterranean Sea 

8LI� ʗVWX� MRXVSHYGXMSR� SJ�QEVMRI� WTIGMIW� MRXS� XLI�
1IHMXIVVERIER� 7IE� HEXIW� FEGO� XS� XLI� PEXI� ��XL�
GIRXYV]� �4SPM� ����
�� 7MRGI� XLIR�� HYI� XS�QEVMXMQI�
shipping expansion and after three centuries of 
accumulating human pressures, this basin has 
become a hotspot of introduction of non-indigenous 
WTIGMIW� �6MPSZ� ERH� +EPMP� ������ 'SPP� IX� EP�� ����
��
2SR�MRHMKIRSYW�WTIGMIW�MR�XLI�1IHMXIVVERIER�7IE�
QSWXP]� EVVMZI� JVSQ� XLI� -RHS�4EGMʗG� VIKMSR� IMXLIV�
directly (by swimming or drifting) or indirectly as 
foulers or as hitchhikers inside ballast water in a 
TVSGIWW� GEPPIH� 0IWWITWMER� QMKVEXMSR� �4SV� ����
��
But there are many other vectors that deliver 
non-indigenous species into the Mediterranean 
and have varying importance depending on the 
VIKMSR� �6MPSZ� ERH� +EPMP� ����
�� 8oday, the total 

2.5 Non-indigenous species
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Figure 2.25 | Number of new non-indigenous species 
per 6 years in the Mediterranean since 1988 (Zenetos 
����
�
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known number of non-indigenous species is 
still debated, but the last count puts it close to a 
XLSYWERH�WTIGMIW��>IRIXSW�IX�EP������
��*SV�WSQI�
of the species, the impact on local biodiversity, 
and possibly also ecosystem functions and 
services, seems obvious, but in most cases, the 
impact is unknown because of lack of research 
�/EXWERIZEOMW� IX� EP�� ����F
�� 8LI� 1IHMXIVVERIER�
7IE� MW� [EVQMRK� VETMHP]� �2]ONEIV� ������ 7MWQE�
:IRXYVE� IX� EP�� ����
� (Section 2.2.4). Therefore, 
it is quite possible that the establishment of 
thermophilic non-indigenous species is strongly 
facilitated by climate change (Stachowicz et al. 
2002). 

2.5.1.1  Spatiotemporal trends, 
sources and vectors of 
introduction

The most recent assessment of marine non-indig-
IRSYW� WTIGMIW� MR� XLI� 1IHMXIVVERIER� �2SZIQFIV�
����
�GSYRXW�����WTIGMIW�� MRGPYHMRK�*SVEQMRMJIVE�
�>IRIXSW� ����
�� %QSRK� XLI� MRXVSHYGIH� WTIGMIW�
HYVMRK� XLI� PEWX����]IEVW� ����� XE\E
�� MRZIVXIFVEXIW�
HSQMREXI� [MXL� "��	� ����� WTIGMIW
� VITVIWIRXIH�
mostly by molluscs and decapods. Primary pro-
HYGIVW� JSPPS[� [MXL� ETTVS\MQEXIP]� ���� WTIGMIW�
among which macroalgae, especially rhodo-
TL]XIW��TVIZEMP��:IVXIFVEXIW��QSWXP]�ʗWLIW
�JSPPS[�
[MXL����WTIGMIW�

The trend in introduction of species in the Med-
iterranean (Fig. 2.25), which culminated in the 
2000-2005 period with more than 20 new spe-
cies per year (122 in total), appears to be over-
all decreasing after 2005 �*MK������
��%W�STTSWIH�
to invertebrates and primary producers, ver-
XIFVEXIW� GSRXMRYI� MRGVIEWMRK�� [MXL� ��� WTIGMIW�
HIXIGXIH�MR�XLI�����������TIVMSH�ZW����WTIGMIW�
in the period 2006-2011. The overall decreas-
ing rate in non-indigenous species is evident 
across the Mediterranean Marine Strategy 
*VEQI[SVO�(MVIGXMZI� �17*(
� EVIEW�� I\GITX� JSV�
the Central Mediterranean where an increase 
is observed, attributed to vertebrates �*MK������
. 
���RI[�ʗWL�WTIGMIW�[IVI�HIXIGXIH� MR� XLI�GIR-
XVEP�1IHMXIVVERIER�MR�XLI�TIVMSH�����������ZW��
�� ʗWL� WTIGMIW� MR� XLI� TIVMSH� ����������� 8LIWI�
species are either spreading from the eastern 
Mediterranean to the central region or are new-
P]� MRXVSHYGIH� WTIGMIW� MR� XLI� EVIE�� :IVXIFVEXIW�
�ʗWL�SRP]
�EVI�HSQMREXIH�F]�0IWWITWMER� MQQM-
grants but over the last decade the number of 
ʗWL� WTIGMIW� VIPEXIH� XS� EUYEVMYQ� XVEHI� [LMGL�
have been intentionally released to the wild 
�GPEWWMʗIH� EW� IWGETIIW� JVSQ� GSRʗRIQIRX
� MW�
MRGVIEWMRK� �>IRIXSW�IX� EP�� ������1EVGIPPM� IX� EP��
������(IMHYR�����
�

Regarding the spatial distribution of non-indige-
nous species, the number of Lessepsian species 
is very high on the eastern Mediterranean coast-
PMRI�� VIEGLMRK� ���� WTIGMIW�TIV� ����OQʟ, and de-
GPMRIW�XS[EVH�XLI�RSVXL�ERH�[IWX��/EXWERIZEOMW�IX�
EP������E
��8LI�HMWXVMFYXMSR�SJ�WTIGMIW� MRXVSHYGIH�
by shipping is strikingly different, with several hot-
spot areas occurring throughout the Mediterrane-
an Basin. Two main hotspots for aquaculture-in-
XVSHYGIH� WTIGMIW� LEZI� FIIR� MHIRXMʗIH� �XLI� 8LEY�
ERH� :IRMGI� PEKSSRW
�� 'IVXEMR� XE\SRSQMG� KVSYTW�
[IVI� QSWXP]� MRXVSHYGIH� XLVSYKL� WTIGMʗG� TEXL-
[E]W�ʗWL�XLVSYKL�WIE�GSVVMHSVW��QEGVSTL]XIW�F]�
aquaculture, and invertebrates through sea corri-
HSVW�ERH�F]�WLMTTMRK��/EXWERIZEOMW�IX�EP������E
��
Hence, the local taxonomic identity of the non-in-
digenous species is greatly dependent on the 
HSQMRERX� QEVMXMQI� EGXMZMXMIW�MRXIVZIRXMSRW� ERH�
the related pathways of introduction. The com-
position of non-indigenous species assemblages 
HMJJIVW� EQSRK� 1IHMXIVVERIER� IGSVIKMSRW�� WYGL�
differences are greater for Lessepsian and aqua-
culture-introduced species.

2.5.1.2  Non-indigenous species as 
drivers of biodiversity and 
ecosystem change

The introduction of non-indigenous species in the 
1IHMXIVVERIER�7IE�LEZI�GEYWIH�QSHMʗGEXMSRW�MR�
biodiversity patterns. One of the best documented 
and most profound impacts of the introduction of 
non-indigenous species on native Mediterranean 
ecosystems is the deforestation of algal forests 
and the creation of extent barrens (i.e., areas 
[MXL� FEVI� VSGO� ERH� IRGVYWXMRK� GEPGMʗIH� EPKEI��
*MK�� ����) by the overgrazing activity of two non-
MRHMKIRSYW� LIVFMZSVI� VEFFMXʗWLIW�� Siganus 
luridus and S. rivulatus. These species have 
become dominant in the ichthyofauna of shallow 
rocky habitats in the eastern Mediterranean, 
and have caused ecosystem-wide changes by 
creating and maintaining areas denuded of 
canopy algae (an important habitat for many 
GSEWXEP�ʗWLIW
��'LIQMR¬I�IX�EP������
��8LMW�JSVQ�
of "deforestation" is associated with a dramatic 
reduction in biodiversity, biomass, and algal 
growth, and effects that move up the food chain 
XS�XLI�PSGEP�ʗWLIVMIW��7EPE�IX�EP��������:IVK¬W�IX�
EP������F
�

In the Levantine Sea, the catch of commercial 
ʗWLIVMIW� MW� RS[� HSQMREXIH� F]� RSR�MRHMKIRSYW�
WTIGMIW� �)HIPMWX� IX� EP�� ������ /EXWERIZEOMW� IX� EP��
����
�� VIʘIGXMRK� XLI� HIGPMRI� SJ� REXMZI� FMSXE� ERH�
its replacement by thermophilic non-indigenous 
WTIGMIW� �%VRHX� IX� EP�� ����
�� -R� 8YVOMWL� GSEWXEP�
waters in the Levantine Sea, non-indigenous 

CHAPTER 2 - DRIVERS OF CHANGE



118 CLIMATE AND ENVIRONMENTAL CHANGE IN THE MEDITERRANEAN BASIN  |  MedECC

ʗWL� WTIGMIW� FMSQEWW� I\GIIHW� ��	� SJ� XLI� XSXEP�
ʗWL�FMSQEWW�ERH���	�SJ� XLI�XSXEP�LIVFMZSVI�ʗWL�
FMSQEWW� �+MEOSYQM� IX� EP�� ����
�� *MWLIVW� MR� XLI�
WEQI�EVIE��/EĢ��8YVOI]
�TIVGIMZIH�XLI�MRXVSHYGXMSR�
of non-indigenous species as the most important 
VIEWSR�JSV�XLI�GYVVIRX�ʗWL�WXSGO�HITPIXMSR��

Yet, it is uncertain whether the decline of native 
biota in the Levantine Sea is driven mainly by 
biotic interactions with non-indigenous species 
or climate change, or both, as the Lessepsian 
species are thermophilic and their establishment 
is assisted by climate change (see discussion 
FIPS[
��%�VIGIRX�QIXE�EREP]WMW�WYKKIWXW� XLEX� XLI�
HIGPMRI�SJ� REXMZI�ʗWL� GER�FI�QSWXP]� EXXVMFYXIH� XS�
ocean warming and not to negative interactions 
[MXL�RSR�MRHMKIRSYW�WTIGMIW� �+MZER�IX�EP������E
��
Multi-species collapses of native species are also 
at least partially attributed to climate change 
(Rilov 2016), with the collapse of the sea urchin 
4EVEGIRXVSXYW�PMZMHYW experimentally demonstrated 
to be related to the fast ocean warming (Yeruham 
et al. 2015). 

%REP]WMW� JSGYWIH�SR�WLEPPS[� VIIJ�ʗWL�WLS[W� XLEX�
non-indigenous species are very diverse ecologi-
cally, and they considerably increase the total com-

QYRMX]� XVEMX�HMZIVWMX]�SJ� XLI�1IHMXIVVERIER� �+MZER�
IX�EP������F
��*YVXLIVQSVI��XVEMX�WMQMPEVMX]�FIX[IIR�
non-indigenous and indigenous Mediterranean 
species was lower than expected, indicating that 
RSR�MRHMKIRSYW� ʗWL� XIRH� XS� SGGYT]� VIPEXMZIP]� ZE-
cant niches within the Mediterranean. Temporal-
P]�� RSR�MRHMKIRSYW� ʗWL� WTIGMIW� HMWTPE]� MRGVIEWIH�
trait similarity to native Mediterranean species, 
suggesting that forecasting future establishment 
QE]�FI�GLEPPIRKMRK��+MZER�IX�EP�������F
�GSRGPYHI�
XLEX� XLI�1IHMXIVVERIER��EX� PIEWX� MR�ʗWL�� MW� XVERW-
forming into an extension of the Red Sea in terms 
of trait and species composition. Such biological 
trait analysis is also required for other taxonomic 
groups. 

There is a serious research gap in assessing  
and quantifying the impacts of non-indigenous 
species on marine ecosystems in the Mediterra-
nean Sea. Impact assessment is mostly based on 
expert judgment or correlational studies, while 
manipulative or natural experiments are largely 
lacking for assessing the impacts of most non-in-
HMKIRSYW�WTIGMIW�MR�XLI�VIKMSR��/EXWERIZEOMW�IX�EP��
����F
��(MWIRXERKPMRK�XLI�VSPI�SJ� XLI� MRXVSHYGXMSR�
of non-indigenous species and climate change or 
other local or global stressors to derive cause- 
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Figure 2.26 | Change in the number of new non-indigenous species per 6 years in the Mediterranean MSFD 
regions �%HVMEXMG��;IWXIVR�1IHMXIVVERIER��'IRXVEP�1IHMXIVVERIER��)EWXIVR�1IHMXIVVERIER�7IEW
�WMRGI�������2SXMGI�
XLEX�XLI�WGEPI�MW�HMJJIVIRX�JSV�XLI�IEWXIVR�1IHMXIVVERIER��>IRIXSW�����
�
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IJJIGX� TEXL[E]W� MW� MRLIVIRXP]� HMJʗGYPX� ERH� [SYPH�
probably necessitate a combination of experimen-
tal and modelling approaches.

Efforts are made to assess non-indigenous 
species impacts with existing knowledge. 
Based on a conservative additive model, which 
downgrades reported impacts of low inferential 
strength, an index of the Cumulative IMPacts 
SJ� MRZEWMZI� %0MIR� WTIGMIW� �'-14%0
� SR�QEVMRI�
habitats in the Mediterranean has been devel-
STIH�ERH�IWXMQEXIH��/EXWERIZEOMW�IX�EP������
��
8LI� IWXMQEXMSR� SJ� '-14%0� [EW� FEWIH� SR� EW-
sessments of impacts for every combination 
SJ� ���RSR�MRHMKIRSYW� WTIGMIW� ERH����LEFMXEXW��
and their distributions in the Mediterranean 
(i.e., presence in 10x10 km cells). It showed 
strong spatial heterogeneity in impacts. Spa-
tial patterns varied depending on the pathway 
of introduction of the non-indigenous species 
in the Mediterranean Sea. Species introduced 
by shipping gave the highest impact scores and 
impacted a much larger area than those in-
troduced by aquaculture and through sea cor-
ridors. Overall, non-indigenous macroalgae 
had the highest impact among all taxonomic 
groups, when estimated as the sum of impact 
scores across the entire Mediterranean Sea, 
i.e., accounting not only for the severity of the 
impacts but also their spatial extent. The most 
impactful non-indigenous species was Caulerpa 
cylindracea, which has become dominant over 
large areas of shallow waters in the western 
Mediterranean and compete with native spe-
GMIW� �4ME^^M� IX� EP�� ����
�� 2IKEXMZI� MQTEGXW� SJ� 
C. cylindracea have been documented on al-

gal, sea grass, and sponge communities (Cec-
GLIVIPPM� IX� EP�� ������ 4ME^^M� IX� EP�� ������ 4ME^^M�
ERH�'IGGLIVIPPM�������&EPHEGGSRM�ERH�'SVVMIVS�
����
�

2.5.1.3  Further introductions, 
monitoring and managing 
non-indigenous species

The introduction of species in the Mediterranean 
Sea is a continuous process and it is very likely that 
it will continue for years to come. In most of the 
cases, these species fail to thrive but, evidently, 
some become numerically and ecologically 
dominant in their new environment, generating 
new and sometimes severe impacts of the 
MRXVSHYGXMSRW��%W�E�GSRWIUYIRGI�� MR� XLI�TEWX� X[S�
decades research interests in non-indigenous 
species have increased, mostly stimulated by 
evidence on their ecological and socio-economic 
impacts in the Mediterranean region. This has 
also raised the urgency of innovative approaches 
to forecast, track and manage these species 
�'SVVEPIW�IX�EP������
��

One of the most recent and potentially damaging 
non-indigenous species for this basin is the 
GSQQSR�PMSRʗWL��4XIVSMW�QMPIW), which increasingly 
appears in many parts of the eastern Mediterranean 
MR�XLI�PEWX�JI[�]IEVW��&EVMGLI�IX�EP������
��(YI�XS�MXW�
VETMH�MRGVIEWI�MR�EFYRHERGI��/PIXSY�IX�EP������
�ERH�
JEWX�KISKVETLMGEP�I\TERWMSR��%^^YVVS�IX�EP������
��
this harmful species has become emblematic for 
raising concern on Mediterranean non-indigenous 
species introductions but it also well illustrates a 
process of developing monitoring capabilities and 

Figure 2.27 | Ecosystem shift from algal forests to barrens due to the overgrazing activity of non-indigenous 
LIVFMZSVI�VEFFMXɽWL� %PKEP�JSVIWXW�LSWX�LMKL�ʗWL��MRZIVXIFVEXI��ERH�EPKEI�FMSHMZIVWMX]�[LIVIEW�FEVVIRW�EVI�EWWSGMEXIH�
with low levels of biodiversity across all taxonomic groups. 6EFFMX�ɑWL�TLSXS��1YVEX�(VEQER�
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Biodiversity Biodiversity

Invasive Rabbitfish Barrens
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management strategies within the Mediterranean 
region. 

(SGYQIRXMRK�XLI�WTVIEH�SJ�XLMW�RSR�MRHMKIRSYW�
WTIGMIW�GER�KVIEXP]�FIRIʗX�F]� XLI�TEVXMGMTEXMSR�
of resource users, a partnership which can sup-
TSVX�QSRMXSVMRK�SFNIGXMZIW��%^^YVVS�ERH�&EVMGLI�
����
�ERH�FI�YWIH�XS�VIHYGI��EX�PIEWX�PSGEPP]��XLI�
EFYRHERGI� SJ� RSR�MRHMKIRSYW� WTIGMIW� �/PIMXSY�
IX� EP�� ����
�� 1SVI� KIRIVEPP]�� TEVXMGMTEXSV]� ET-
TVSEGLIW�FIRIʗX�XLI�WGMIRXMʗG�GSRWIRWYW��[LMGL�
is a key element for both documenting and re-
sponding to these introductions (Scyphers et al. 
����
��8LMW�MW�EPWS�VIʘIGXIH�MR�WSQI�SJ�XLI�KYMH-
ing principles on the management of non-in-
digenous species adopted by key regional and 
MRXIVREXMSREP� FSHMIW�PIKMWPEXMZI� JVEQI[SVOW��
concerning non-indigenous species, such as 
XLSWI�TVSZMHIH�F]�XLI�)9��6IKYPEXMSR����������
��
92)4�1%4�ERH�F]�*%3�+*'1��[LMGL�EVI�GSR-
ZIVKMRK� XS[EVHW� ʗRHMRK� GSQQSR� WXVEXIKMIW� XS�
face Mediterranean species introductions. In 
XLMW� VIKEVH�� XLI� -RXIKVEXIH�1SRMXSVMRK� ERH�%W-
WIWWQIRX�4VSKVEQQI�ERH�VIPEXIH�%WWIWWQIRX�
'VMXIVME��-1%4
�EHSTXIH�XLVSYKL�(IGMWMSR�-+������
F]� XLI���XL�3VHMREV]�1IIXMRK� �'34�����%XLIRW��
+VIIGI�������*IFVYEV]�����
�SJ�XLI�'SRXVEGXMRK�
Parties to the Barcelona Convention, stress the 
need of comprehensive monitoring and coordi-
nated transnational actions to face the common 
issue of Mediterranean non-indigenous species 
MRXVSHYGXMSRW�� %� VIGIRX� I\TIVX� EWWIWWQIRX� SJ�
management options of marine non-indigenous 
species prioritized 11 management actions for 
controlling 12 model species according to their 
dispersion capacity, distribution, and taxonomic 
MHIRXMX]��+MEOSYQM�IX�EP������
��8LI�EGXMSRW�[IVI�
EWWIWWIH�YWMRK�ʗZI�GVMXIVME� �IJJIGXMZIRIWW�� JIE-
sibility, acceptability, impacts on native commu-
nities, and cost), combined in an "applicability" 
metric. Raising public awareness and encour-
aging the commercial use of non-indigenous 
species gained the highest priority, and biolog-
ical control was considered the least applicable 
�+MEOSYQM�IX�EP������
��

To predict future change in the distribution of 
native species and the spread of non-indigenous 
WTIGMIW�� WTIGMIW� HMWXVMFYXMSR� QSHIPW� �7(1
� EVI�
regularly used. In these models, climate matching 
is calculated between the area of origin (donor) and 
the area of potential spread (recipient). However, a 
recent study that matched the native range of Red 
7IE�ʗWL�ERH�XLIMV�RI[�VERKI�MR�XLI�1IHMXIVVERIER�
Sea showed poor matching, and thus indicated 
XLEX� 7(1W� QE]� YRHIVIWXMQEXI� XLI� TSXIRXMEP�
spread of non-indigenous species (Parravicini et 

al. 2015). The authors call for caution in employing 
such models for forecasting the introduction of 
non-indigenous species and their response to 
environmental change, as uncertainty is large. 
Better knowledge of the fundamental niche of 
species (their physiological performance under 
different environmental conditions) can potentially 
improve the prediction of spread of non-indigenous 
species in the Mediterranean. Furthermore, an 
analysis combining ship movements with port 
environmental conditions and biogeography can 
be used to quantify the probability of new primary 
introductions through ballast water (Seebens et al. 
����
�

2.5.2 Terrestrial non-indigenous species 
and pests

���������7TEXMEP�TEʆIVRW�ERH�XIQTSVEP�
trends

Degree of introduction across Mediterranean-
type ecosystems and geographical areas

The information available on terrestrial non-native 
species in the Mediterranean Basin countries 
is not comprehensive, and the number of non-
indigenous species is underestimated due to 
the incompleteness of collected data and the 
monitoring bias towards some taxonomic groups. 
*SV�I\EQTPI��%FIPP¤R�IX�EP�� �����
� VITSVXIH�QSVI�
XLER� ���� RSR�MRHMKIRSYW� FMVHW� JSV� 7TEMR� ERH�
Portugal, more than twice the number listed by 
(%-7-)������
�JSV�XLI�[LSPI�)YVSTI��

Most non-indigenous species in the Mediterrane-
an Basin are plants, followed by invertebrates (Fig. 
����
��2EXYVEP�LEFMXEXW�MR�XLI�1IHMXIVVERIER�&EWMR�
LSWX�QSVI�XLER�����RSR�MRHMKIRSYW�TPERX�WTIGMIW�
�%VMERSYXWSY�IX�EP������
��8LI�XE\SRSQMG�WMQMPEVMX]�
SJ�XLI�RSR�REXMZI�ʘSVE�EQSRK�1IHMXIVVERIER�&E-
WMR�GSYRXVMIW�MW�ZIV]�PS[��*SV�I\EQTPI��PIWW�XLER����
WTIGMIW�EVI�GSQQSR�EGVSWW���1IHMXIVVERIER�)Y-
VSTIER�GSYRXVMIW��%VMERSYXWSY�IX�EP������
��ERH�SRP]�
���WTIGMIW�EVI�GSQQSR�MR���QENSV�1IHMXIVVERIER�
MWPERHW� �0PSVIX�IX�EP�� ����E
��,S[IZIV��RSR�REXMZI�
plants share similar traits, as shown by the high 
TVSTSVXMSR�SJ�TIVIRRMEP�LIVFW�[MXL�E�PSRK�ʘS[IVMRK�
period, which are pollinated and dispersed by the 
[MRH��0PSVIX�IX�EP������E������
��

The major part of non-indigenous invertebrate 
species are arthropods, especially insects (Roques 
2010), with a low representation of nematodes  
ERH� ʘEX[SVQW� �2EZIW� IX� EP�� ������ .YWXMRI� IX� EP��
����
�� 4L]XSTLEKSYW� TIWX� WTIGMIW� EVI� PEVKIP]�
dominating among non-indigenous species all 
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over the Mediterranean Basin, accounting for 
more than a half of the invertebrate species and 
about one-third are associated with woody plants 
�1EXSĤIZMÊ�ERH�4ENEÐ�ŀMZOSZMÊ�������6SUYIW�������
%ZX^MW� IX� EP�� ����
�� %QSRK� XLIQ�� ,IQMTXIVERW��
mostly scales and aphids, constitute the dominant 
KVSYT��EGGSYRXMRK�JSV������	�SJ�XLI�RSR�MRHMKIRSYW�
species in any part of the Mediterranean Basin 
�6SPP� IX� EP�� ������ -RKLMPIWM� IX� EP�� ������1EXSĤIZMÊ�
ERH� 4ENEÐ� ŀMZOSZMÊ� ������ 7IPNEO� ������ %ZX^MW� IX�
EP�� ����
�� 8LMW� SZIV�VITVIWIRXEXMSR� SJ� ,IQMTXIVE�
in non-indigenous species seems related to 
their small size and easier of transportation with 
infested imported plants. 

%� GSQTPIXI� TPERX� TEXLSKIRW� HEXEFEWI� MW� RSX�
available. However, a European database of non-
indigenous forest and woody pathogens indicate 
E� PMWX� SJ� ���� TPERX� TEXLSKIRW�� -R� 1IHMXIVVERIER�
GSYRXVMIW�� %WGSQ]GSXE� MW� XLI� QSWX� RYQIVSYW�
group, while Oomycota and Basidiomycota 
VITVIWIRX� ��	� ERH� �	� SJ� XLI� XSXEP�� VIWTIGXMZIP]�
�7ERXMRM� IX� EP�� ����
�� ;MXL� VIKEVH� XS� ZIVXIFVEXIW��
most non-indigenous species are birds, followed 
by mammals, while the number of reptiles and 
amphibians is low. 

The impact of non-indigenous species varies 
largely among countries. Countries with higher 
,YQER�(IZIPSTQIRXEP�-RHI\IW�ERH�MQTSVXW�LSWX�E�
PEVKI�HIRWMX]�SJ�RSR�REXMZI�TPERXW��:MP£�ERH�4YNEHEW�
2001). Between countries and within countries, 
the density of non-native plants is related to the 
PIRKXL� SJ� XIVVIWXVMEP� XVERWTSVX� RIX[SVOW�� %VIEW�
with extensive road and rail networks, high 
anthropogenic disturbance, low altitude, short 
distance to the coastline and dry, hot climate show 
higher richness of non-indigenous plant species 
�+EWW¶�IX�EP������
��1SWX�EJJIGXIH�PERHWGETIW�EVI�
those highly urbanized and with high population 
HIRWMXMIW��7SFVMRS�IX�EP��������+SR^¤PI^�1SVIRS�IX�
EP������
��%GGSVHMRKP]��XLI�QSWX�EJJIGXIH�IGSW]WXIQW�
F]� RSR�MRHMKIRSYW� TPERXW� EVI� LYQER�QSHMʗIH�
WYGL� EW� VYHIVEP�� [E]WMHIW� SV� EKVMGYPXYVEP� ʗIPHW�
�:MP£�IX�EP��������,YPQI�IX�EP��������%VMERSYXWSY�IX�
al. 2010). 

%W� JSV� SXLIV� RSR�MRHMKIRSYW� XE\E�� QSWX� TIWXW�
are introduced in managed habitats, such as 
agricultural lands and parks and gardens, forests 
FIMRK� PIWW�EJJIGXIH� �1EXSĤIZMÊ�ERH�4ENEÐ�ŀMZOSZMÊ�
����
�� %QSRK� XLI� MRJIWXIH� TPERX� WTIGMIW�� RSR�
native ornamental plants (palms, legume trees), 

Figure 2.28 | Number and proportion of terrestrial non-indigenous plant, invertebrate and vertebrate species 
per country �)%7-2
ʥ.
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Citrus and )YGEP]TXYW are slightly more colonized 
XLER� REXMZI� WTIGMIW� �6SUYIW� ����
�� :IVXIFVEXIW�
also tend to occupy anthropic habitats and, to a 
PS[IV�I\XIRX��[SSHPERHW� �EX� PIEWX� JSV�FMVHW
� �/EVO�
IX� EP�� ����
�� 8LI� HIKVII� SJ� MRXVSHYGXMSR� SJ� RSR�
indigenous invertebrate species also varies among 
countries, Italy and France showing much more 
established non-indigenous species than any 
other European country (Roques 2010). The same 
trend is reported also for plant pathogens (Santini 
IX�EP������
�

Mediterranean islands and islets host a large 
number of non-indigenous species, mainly plants 
�&VYRHY� ����
�� *SV� I\EQTPI�� ER� EREP]WMW� SJ� ���
small Italian islands showed that they are affected 
F]� ���� RSR�REXMZI� TPERXW�� [MXL� E� VIQEVOEFPI�
increase of acacias and succulents in the last 
HIGEHIW� �'IPIWXM�+VETS[� IX� EP�� ����
�� 8LI� QEMR�
determinants of non-indigenous plant species 
richness in small islands are tourist development 
ERH�XLI�TIVGIRXEKI�SJ�EVXMʗGMEP�PERH�GSZIV��,S[IZIV��
at the local scale, para-oceanic island ecosystems 
such as the Balearic Islands have a relatively lower 
number of non-native plants than their mainland 
GSYRXIVTEVXW� �:MP£�IX�EP�� ����
�� =IX�� WSQI�WTIGMIW�
can be introduced into more ecosystem types in 
MWPERHW�XLER�MR�XLI�QEMRPERH��+MQIRS�IX�EP������
��
In general, there are large differences in the 
taxonomic composition of non-indigenous insect 
assemblages between islands and continental 
countries, e.g., France and Corsica, Italy and Sicily 
�0MIFLSPH�IX�EP������
��ERH�+VIIGI�ERH�'VIXI��%ZX^MW�
IX�EP������
�

Temporal trends of non-indigenous species  
and pests

The rate at which humans have moved species 
beyond their native ranges has tremendously 
MRGVIEWIH� SZIV� XLI� PEWX� ���Ɉ���� ]IEVW� �HM� 'EWXVM�
������6IMGLEVH�ERH�,EQMPXSR�����
��ERH�QSVI�WS�
MR�XLI�PEWX�HIGEHIW��+IRSZIWM�IX�EP��������'EVHEHSV�
IX� EP�� ����
�� %PXLSYKL� EPP� XE\SRSQMG� KVSYTW� LEZI�
shown a general rise during this period consistent 
with the exponential increase in trade and travel 
�.IERQSRSH� IX� EP�� ������ 7IIFIRW� IX� EP�� ������
'EVHEHSV� IX� EP�� ����
�� PMXXPI� MW� ORS[R� EFSYX� LS[�
temporal dynamics of non-indigenous species 
ZEVMIW�EQSRK�XE\E��;LIVI�XMQI�WIVMIW�EVI�EZEMPEFPI��
the number of non-indigenous species established 
in Europe has increased exponentially in terrestrial 
IGSW]WXIQW��.IWGLOI�ERH�7XVE]IV�������,YPQI�IX�
EP��������0EQFHSR�IX�EP��������7ERXMRM�IX�EP������
��
%FIPP¤R� IX� EP�� �����
� EREP]^IH� HEXE� SR� FMVH�
MRXVSHYGXMSRW�MR�7TEMR�ERH�4SVXYKEP�WMRGI������ERH�
JSYRH� XLEX� QSWX� SJ� XLIQ� �����	
� [IVI� VIGSVHIH�

JVSQ������SR[EVHW��[MXL�E�WLEVT�MRGVIEWI�EJXIV�XLI�
����W�XLEX�QMVVSVW�XLI�RYQFIV�SJ�RSR�REXMZI�FMVHW�
imported into these countries. Cage birds (mainly 
Passeriformes and Psittaciformes) constitute the 
bulk of the species introduced during the last 
��� ]IEVW� XLVSYKL� IWGETIW� SJ� MRHMZMHYEPW� OITX� MR�
GETXMZMX]�EW�TIXW��%PXLSYKL�XLI�MRJSVQEXMSR�MW�PIWW�
detailed, and reptiles and amphibians have smaller 
numbers of recorded non-indigenous species 
than birds, both groups have also increased their 
numbers during the 20th century in parallel 
with the rise in human immigration into Europe 
�.IWGLOI�ERH�7XVE]IV� ����
� ERH� XLI� MRXIVREXMSREP�
XVEHI��.IROMRW�����
��

The rate of establishment of non-indigenous 
insect species has also increased during the 
PEWX� HIGEHIW� �6SUYIW� ������ ������1EXSĤIZMÊ� ERH�
4ENEÐ� ŀMZOSZMÊ� ������ %ZX^MW� IX� EP�� ����
�� %� JEWX�
and quite linear increase, with about 10 new 
WTIGMIW�TIV�]IEV��[EW�RSXMGIH�MR�-XEP]�WMRGI�;SVPH�
;EV� --� �-RKLMPIWM� IX� EP�� ����
�� ERH� ER� IZIR� LMKLIV�
VEXI� SJ� MRGVIEWI�[EW�RSXIH� MR�'VSEXME� WMRGI� �����
�1EXSĤIZMÊ� ERH�4ENEÐ� ŀMZOSZMÊ� ����
�� 8LI� WTIGMIW�
newly established during the last three decades 
tend to spread all over the Mediterranean Basin 
WMKRMʗGERXP]�JEWXIV�XLER�XLSWI�XLEX�EVVMZIH�FIX[IIR�
���������W� �6SUYIW� IX� EP�� ����
�� 7YGL� E� VETMH�
spread was especially impressive in some species, 
often relying on multiple introductions in different 
countries being used as bridgeheads (Rugman-
.SRIW� IX� EP�� ������/IVHIPLY¬� IX� EP�� ������+EVREW�
IX�EP�� ������6SUYIW�IX�EP�� ������&VEW�IX� EP�� ������
0IWMIYV�IX�EP������
�

2SR�MRHMKIRSYW� TPERX� TEXLSKIRMG� WTIGMIW� LEZI�
increased exponentially in the last four decades 
�7ERXMRM�IX�EP������
��7MRGI�XLIR��RI[�RSR�MRHMKIRSYW�
plant pathogenic species have been introduced 
QEMRP]� JVSQ� 2SVXL� %QIVMGE�� ERH� VIGIRXP]� JVSQ�
%WME��,]FVMH�TEXLSKIRW�EPWS�ETTIEVIH��'SYRXVMIW�
with a wider range of environments, higher 
human disturbances or international trade host 
QSVI�RSR�MRHMKIRSYW�WTIGMIW��6EMRJEPP� MRʘYIRGIW�
the diffusion rates. Environmental conditions of 
the new and original ranges and systematic and 
ecological attributes affect pathogen success 
�7ERXMRM�IX�EP������
�

For plants, the success of introduction in terms 
of their area of occupancy is larger in species 
introduced a few centuries ago than species 
introduced in the 20th century (Lambdon and 
Hulme 2006), while for birds, establishment 
WYGGIWW� MW� TSWMXMZIP]� VIPEXIH� XS� XMQI� WMRGI� ʗVWX�
MRXVSHYGXMSR��%FIPP¤R�IX�EP������
�
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4EXL[E]W�SJ�MRXVSHYGXMSR��MRXIRXMSREP�ERH�
EGGMHIRXEP
�SJ�RSR�MRHMKIRSYW�WTIGMIW�ERH�TIWXW

The majority of non-indigenous plants have been 
introduced into the Mediterranean Basin inten-
tionally, as ornamentals that have escaped from 
gardens associated with anthropic developments 
and housing (e.g., touristic urbanizations) but also 
XS� IQFIPPMWL� MRJVEWXVYGXYVIW� �,YPQI� IX� EP�� ����
��
Furthermore, many non-native trees (e.g., %GE-
GME��4MRYW��)YGEP]TXYW) have been planted at large 
scales as forestry species and also in restoration 
programs for dune-stabilization, riverine water 
ʘY\� GSRXVSP�� WSMP� JIVXMPM^EXMSR� SV� EJJSVIWXEXMSR� SJ�
agricultural abandoned land. Many plant species 
have also been introduced unintentionally (acci-
dentally) as "hitchhikers" or seed contaminants. 

The main pathway of introduction for vertebrates, 
for example birds, are accidental escapes 
JVSQ� TVMZEXI� GSPPIGXMSRW� �%FIPP¤R� IX� EP�� ����
��
International wildlife trade is one of the main (if 
not the main) sources of current vertebrate non-
MRHMKIRSYW� WTIGMIW�� ;LIR� XLI� )9� FERRIH� XLI�
imports of wild birds, there was a rapid trade shift 
from wild-caught birds to captive-bred birds (which 
have lower potential to establish populations than 
[MPH�GEYKLX� FMVHW
� �'EVVIXI� ERH�8IPPE� ������ ������
'EFI^EW�IX�EP������
�ERH�E�WLEVT�HIGVIEWI�MR�XLI�
number of new introduced avian species in the 
[MPH��'EVHEHSV�IX�EP������
��,S[IZIV��XLMW�TSWMXMZI�
IJJIGX�SJ�XLI�)9�FER�SR�[MPH�GEYKLX�FMVHW�GSMRGMHIW�
[MXL�E�WMKRMʗGERX�MRGVIEWI�MR�XLI�XVEHI�MR�VITXMPIW�
�'EVHEHSV�IX�EP������
�

For invertebrates, the vast majority of species 
MRXVSHYGXMSRW�LEZI� FIIR� EGGMHIRXEP� �,YPQI�������
6SUYIW� ����
�� %� JI[� MRXVSHYGXMSRW� LEZI� FIIR�
intentional, mostly for biological control between 
�����ERH�������6EWTPYW�IX�EP������
��FYX�WYGL�WTIGMIW�
EP[E]W�VITVIWIRX�PIWW�XLER���	�SJ�XLI�XSXEP�RYQFIV�
of non-indigenous species per Mediterranean 
GSYRXV]��I\GITX�MR�-WVEIP������	
��6SPP�IX�EP������
��
Since the majority of invertebrates established 
in the Mediterranean Basin are phytophagous, 
the major pathway of unintentional introductions 
appears to be via international trade in live plants 
�6EFMXWGL�������-RKLMPIWM�IX�EP��������)WGLIR�IX�EP��
������6SUYIW�����
��7IIH�XVEHI�LEW�EPWS�TVSZMHIH�
E� JI[� WTIGMIW� ERH� TIWXW� �%YKIV�6S^IRFIVK�
ERH� &SMZMR� ����
� EW� [IPP� EW� ʗVI[SSH�� PSKW� ERH�
JEPPIR� XMQFIV� �1IYVMWWI�IX�EP������
��8LI� XVEHI�SJ�
vegetable and fruit commodities also constitute 
an important pathway for non-indigenous pests 
�(IWRIY\�IX�EP��������%FFIW�IX�EP��������'MRM�IX�EP��
����
��,MXGLLMOMRK�MW�ERSXLIV�WMKRMʗGERX�TEXL[E]�SJ�
pests as stowaways using wood packaging material 

�6EWWEXM�IX�EP��������.EZEP�IX�EP��������0IWMIYV�IX�EP��
����
��XVERWTSVX�MRJVEWXVYGXYVI�ERH�ZILMGPIW��.EZEP�
IX� EP�� ������ /MVMGLIROS� IX� EP�� ����
� SV� YWIH� XMVIW�
such as for mosquitoes (Rabitsch 2010). Several 
other examples are associated with beekeeping 
�1YXMRIPPM�IX�EP������
�

For plant pathogens, all the introductions occurred 
unintentionally. The exact pathway of introduction 
is almost unknown for most species. However, the 
QSWX� TVSFEFPI� MW� XLI� XVEHI� SJ� PMZMRK� TPERXW� ���	
�
SV�[SSH����	
��0IWW�XLER���	�SJ�XLI�MRXVSHYGXMSRW�
occurred through any of the other pathways (Santini 
IX�EP������
�� -RXVSHYGXMSRW�SJ�IZIR�LEVQPIWW�JYRKM�
in a new environment give them the opportunity 
of mating with local or introduced related species 
giving rise to hybrid progenies. The hybridization 
process may result in an increase of pathogenicity 
in one of the species or in the emergence of a 
completely new plant disease, both of which may 
threaten the original host plant, and new and naïve 
LSWX�WTIGMIW��+LIPEVHMRM�IX�EP������
�

2.5.2.2  Non-indigenous species as 
drivers of biodiversity and 
ecosystem change

The introduction of non-native plants can decrease 
PSGEP� ʘSVE� ERH� JEYRE� HMZIVWMX]� ERH� GLERKI� XLI�
community composition and functional structure 
SJ� EJJIGXIH� IGSW]WXIQW� �:MP£� IX� EP�� ������ >ELR� IX�
EP�� ������6EWGLIV� IX� EP�� ����
��2EXMZI� TPERXW� XLEX�
are most vulnerable to such introductions are 
those with small population sizes (Lapiedra et al. 
����
��%X�PIEWX����IRHIQMG�SV�GVMXMGEPP]�IRHERKIVIH�
plant species from the “Top 50 Mediterranean 
Island Plant” list are threatened by non-native 
plants (de Montmollin and Strahm 2005). For 
birds, the impact of non-indigenous species is 
higher on island species, and in those species 
[MXL�WQEPP�HMWXVMFYXMSR�VERKIW��'PEZIVS�IX�EP������
��
(IWXEFMPM^IH�IGSW]WXIQW�� MRGPYHMRK�W]WXIQW�YWIH�
for food and agricultural production, tend to be 
more vulnerable to the spread of non-indigenous 
WTIGMIW� �I�K��� 1EVZMIV� IX� EP�� ������ 'L]XVÀ� IX� EP��
����
��,S[IZIV��XLIVI�MW�PMXXPI�IZMHIRGI�XS�WYTTSVX�
the hypothesis that highly diverse ecosystems 
are inherently more resistant to non-indigenous 
WTIGMIW�XLER�PIWW�HMZIVWI�W]WXIQW��I�K���/IPPIV�IX�
al. 2011).

Changes in ecosystem functioning after the intro-
duction of non-indigenous plants are highly con-
text-dependent and include alterations in decom-
position rates, light and water soil availability, and 
GLERKIW�MR�WSMP�GEVFSR�ERH�RMXVSKIR�TSSPW��:MP£�IX�
EP�� ������ 'EWXVS�(°I^� IX� EP�� ������ 6EWGLIV� IX� EP��
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2011). Plant introductions can disrupt the positive 
relationship between native species diversity and 
QYPXMJYRGXMSREPMX]� �'SRWX¤R�2EZE�IX�EP�� ����
�ERH�
may trigger regime shifts by changing plant suc-
cession (Stinca et al. 2015).

The impacts of vertebrates can be dramatic through 
competition for resources, predation and as vectors 
SJ�HMWIEWIW��+IRSZIWM�IX�EP������
��*SV�I\EQTPI��XLI�
introduction of non-native ungulates is a major 
threat to endangered plants, especially in islands 
(Pisanu et al. 2012). Some native amphibians 
have collapsed after the introduction of non-
REXMZI�ERYVERW��0MPPS�IX�EP������
��2SR�MRHMKIRSYW�
parakeets can also interact with native species 
and have an impact on native populations and 
communities, largely in the form of harassment, 
displacement from nest sites and food competition 
�,IVR¤RHI^�&VMXS�IX�EP��������������1IRGLIXXM�ERH�
1SVM�������1IRGLIXXM�IX�EP��������'SZEW�IX�EP������
�
2-7�EVXLVSTSHW�GER�EPWS�RIKEXMZIP]� MQTEGX�REXMZI�
biodiversity and ecosystem processes by destroying 
host plant populations, causing disturbances in 
native genetic resources or, indirectly, affecting 
the affected communities because of new species 
EWWIQFPEKIW��/IRMW�IX�EP��������/IRMW�ERH�&VERGS�
������%YKIV�6S^IRFIVK�ERH�&SMZMR�����
��

Some non-indigenous species can damage 
productive sectors, most notably agriculture and 
forestry, with important economic consequences. 
2SR�REXMZI� MRWIGXW� MQTEGX� QENSV� GVSTW� MR� QER]�
GSYRXVMIW�SJ�XLI�1IHMXIVVERIER�VIKMSR��%FFIW�IX�EP��
������%FHEPPEL�IX�EP��������1YXOI�IX�EP������
��7SQI�
non-indigenous bird species such as Monk and 
ring-necked parakeets can also cause important 
HEQEKIW�XS�GVSTW��7IREV�IX�EP��������8YVF¬�IX�EP��
����
��

Forests as well as urban trees in the Mediterranean 
Basin can be severely economically impacted by 
non-indigenous pathogens (Fig. 2.29) (Santini et 
EP�� ������ +LIPEVHMRM� IX� EP�� ����
� ERH� EVXLVSTSHW�
�/IRMW� ERH� &VERGS� ����
� WSQI� SJ� [LMGL� GER� FI�
GSRWMHIVIH� TIWXW� �7ERXMRM� IX� EP�� ������ 6EWWEXM�
IX� EP�� ������ %YKIV�6S^IRFIVK� ERH� &SMZMR� ������
&VERGS� IX� EP�� ������ 1IRHIP� IX� EP�� ����
� ERH� GER�
also transmit pathogenic fungi (Montecchio et al. 
����
�� *SV� I\EQTPI�� EJXIV�;SVPH�;EV� --�� GLIWXRYX�
blight epidemic in the mountains of southern 
Europe aggravated food shortages for local human 
populations and increased migration to urban areas 
�%HYE�����
��&IWMHIW��GEROIV�WXEMR�HMWIEWI�SJ�XLI�
plane tree was considered a nasty non-indigenous 
species of urban trees, until it was introduced into 
+VIIGI��[LIVI�XLI�3VMIRXEP�TPERI�MW�IRHIQMG��8LI�
disease is presently destroying natural river wood 
IGSW]WXIQW� MR� +VIIGI� �+LIPEVHMRM� IX� EP�� ������
8WSTIPEW� IX� EP�� ����
� ERH� MX� MW� EPWS� WTVIEHMRK� MR�
RIMKLFSYVMRK�GSYRXVMIW�WYGL�EW�%PFERME��8WSTIPEW�
IX� EP�� ����
� ERH� 8YVOI]� �0ILXMN§VZM� IX� EP�� ����
��
Currently, the pinewood nematode is massively 
killing pines, changing the landscape in Portugal 
�2EZIW�IX�EP������
��

Human health can also be affected by non-
indigenous species. Of major concern are non-
REXMZI� TPERXW� XLEX� EVI� EPPIVKIRMG�� XLIMV� EHZERGIH�
ʘS[IVMRK�TLIRSPSK]�IRPEVKIW�XLI�TIVMSH�SJ�EMVFSVRI�
TVIZEPIRGI�SJ�EPPIVKIRW��&IPQSRXI�ERH�:MP£�����
��
2SR�MRHMKIRSYW�FMVHW�SJ�XLI�SVHIV�4WMXXEGMJSVQIW�
(parrots) are potential reservoirs of Chlamydophila 
psittaci, the etiological agent of human psittacosis, 
and can transmit other diseases to humans and 
[MPHPMJI� �1IRGLIXXM� ERH� 1SVM� ������ 8YVF¬� IX� EP��
����
�� 7SQI� RSR�REXMZI� MRZIVXIFVEXIW�� QEMRP]�
insects, can cause distress, and allergic reactions 

Figure 2.29 | Number of non-indigenous woody plant pathogens per country �7ERXMRM�IX�EP������
�
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�I�K���XLI�%WMER�LSVRIX��Vespa velutina) or be vectors 
of infectious diseases, (e.g., the tiger mosquito, 
%IHIW�EPFSTMGXYW
��0SYRMFSW�������.YGOIV�ERH�0YTM�
������ 1SRGIEY� IX� EP�� ������ +SYFIVX� IX� EP�� ������
6SUYIW�IX�EP��������0MS]�IX�EP������
��

Some impacts of introduced non-indigenous 
species have attracted worldwide attention, e.g., 
on cultural heritage in Palermo (Manachini et al. 
����
��SR�XLI�WYVZMZEP�SJ�XLI�IRHERKIVIH�HEXI�TEPQ��
4LSIRM\� XLISTLVEWXM� MR� 'VIXI� �%ZX^MW� IX� EP�� ����
��
and the severe attacks of cypress canker disease 
in southern Tuscany (Italy). Since researchers 
and policymakers rarely address the connection 
between non-indigenous species and damage 
to cultural heritage directly, the cost of these 
losses is often neglected or underestimated. 
The Mediterranean Basin has a long history of 
civilization and it is rich in cultural heritage that 
can be threatened by non-indigenous species. For 
example, in southern Tuscany (Italy), severe attacks 
SJ�XLI�G]TVIWW�GEROIV�HMWIEWI��GEYWIH�F]�XLI�2SVXL�
%QIVMGER� JYRKEP� TEXLSKIR� 7IMVMHMYQ� GEVHMREPI
�
EVI� XLVIEXIRMRK� XLI� WYVZMZEP� SJ� XVIIW� ʘEROMRK� E�
QSRYQIRXEP�EZIRYI��(ERXM�ERH�(IPPE�6SGGE�����
�

2.5.2.3  Further introductions, 
spread and impacts of non-
indigenous species and pests

Existing tools for predicting the risk of 
introduction and research needs

Horizon scanning, prioritization and Pest Risk 
%REP]WMW� �46%
� EVI� IWWIRXMEP� XSSPW� JSV� JSGYWMRK�
limited resources to predict the species which can 
LEZI�E�LMKL�VEXI�SJ�WTVIEH��MRʘMGX�LMKL�MQTEGXW��ERH�
GER�FI�GSWX�IJJIGXMZIP]�QEREKIH��46%�EVI�HIʗRIH�
by the International Plant Protection Convention 
as "the process of evaluating biological or other 
WGMIRXMʗG� ERH� IGSRSQMG� IZMHIRGI� XS� HIXIVQMRI�
whether a pest should be regulated and the 
strength of any phytosanitary measures to be 
XEOIR� EKEMRWX� MX�� �*%3� ����F
�� %R� MQTSVXERX� WXIT�
MR� XLI� 46%� WGLIQI� MW� XLI� Ɏ4IWX� QEREKIQIRX�
section” which assesses phytosanitary measures 
for relevant pathways and their effectiveness in 
preventing the entry, establishment and spread of 
non-indigenous species.

Since 2006, European and Mediterranean Plant 
Protection Organization (EPPO) has formed expert 
[SVOMRK�KVSYTW��);+
�XS�GSRHYGX�46%�GSQTVMWIH�
of experts on the pest and cropping systems, 
mapping and modelling experts, along with experts 
SR�)443ɌW�46%�WGLIQI��VMWO�QEREKIVW�ERH�)443�
46%� 'SVI� 1IQFIVW�� EPP� [LMGL� EGXW� XS� IRWYVI�

consistency. EPPO is an international organization 
responsible for cooperation and harmonization 
in plant protection within the European and 
1IHMXIVVERIER� VIKMSR��3RI� SJ� )443ɌW�QEMR� EMQW�
is to provide assistance and guidance to member 
governments on the administrative, legislative 
and operational measures necessary to prevent 
the introduction and spread of non-native plant 
TIWXW� �7QMXL� ������ 6S]� IX� EP�� ����
�� 7MRGI� ������
)443�LEW�QEMRXEMRIH�ER�%PIVX�0MWX�SJ�TPERX�TIWXW�
and non-indigenous plants which acts as an 
early warning for pests, which can present a risk 
to the EPPO region. EPPO has also developed a 
prioritization tool for non-indigenous plants that 
GPEWWMʗIW� WTIGMIW� MRXS� SRI� SJ� XLVII� PMWXW�� QMRSV�
concern, observation list or list of non-indigenous 
plant species (EPPO 2012a, 2012b). Those species 
included in the list of non-indigenous plants are 
EWWIWWIH� JSV� E� 46%�� [LIVI� E� LMKLIV� TVMSVMX]� MW�
given to those species with a limited distribution in 
the EPPO region (EPPO 2012b). 

-R�EHHMXMSR�XS�XLI�)443�46%�XSSPW��XLIVI�EVI�EPWS�
E�RYQFIV�SJ�SXLIV�46%�TVSXSGSPW��6S]�IX�EP������
�
that can be applied to the Mediterranean Basin. 
8S� FIXXIV� MQTVSZI� 46%� ERH� XLI� VMWO� EWWIWWQIRX�
process, a greater level of transparency and 
GSRWMWXIRG]�FIX[IIR�TVSXSGSPW�[SYPH�FI�FIRIʗGMEP�
�:ERHIVLSIZIR�IX�EP��������+SR^¤PI^�1SVIRS�IX�EP��
����
��)9�1IHMXIVVERIER�QIQFIV�WXEXIW�RIIH� XS�
JSPPS[�XLI�)9�6IKYPEXMSR�XLEX�MRGPYHIW�VIWXVMGXMSRW�
on keeping, importing, selling, breeding and 
KVS[MRK�RSR�MRHMKIRSYW�WTIGMIW��)YVSTIER�9RMSR�
����
��

%� UYMXI� RSZIP� IQTMVMGEP� ETTVSEGL� XS� MHIRXMJ]�
potential pests is the use of sentinel plantations 
of Mediterranean trees, e.g., cork oak, evergreen 
oak and cypress, in other continents as a priori 
MHIRXMʗGEXMSR� SJ� RSR�MRHMKIRSYW� MRWIGX� ERH�
pathogens capable of colonizing such plants. For 
example, such plantations in China provided a list 
SJ����TSXIRXMEP�RSR�MRHMKIRSYW�MRWIGXW�SJ�[LMGL�ʗZI�
could be highly damaging (Roques 2015) and several 
TEXLSKIRW��:IXXVEMRS�IX�EP������
��8LI�HIZIPSTQIRX�
at potential ports of entry of trapping programs 
using lures presenting a generic attractiveness 
for some insect groups is expected to allow early 
detection of emerging non-indigenous species, 
even when not listed on quarantine lists (Rassati et 
EP��������������*ER�IX�EP������
�

Non-indigenous species likely to be introduced 
into the Mediterranean in the next 20-50 years

%W� XIQTIVEXYVI� MRGVIEWIW�� GYVVIRX� QENSV� RSR� 
indigenous species are predicted to shift north-

CHAPTER 2 - DRIVERS OF CHANGE



126 CLIMATE AND ENVIRONMENTAL CHANGE IN THE MEDITERRANEAN BASIN  |  MedECC

[EVHW� EX� ER� EZIVEKI� TEGI� SJ� ������ OQ�HIGEHI-1, 
leaving a window of opportunity for new non- 
indigenous species better adapted to xeric condi-
XMSRW� �+EPPEVHS�IX�EP������
��6IKEVHMRK�RSR�REXMZI�
plants, gardening practices and ornamental trade 
will have a major impact on the selection of these 
future non-indigenous species. The use of non- 
native drought-tolerant species for gardening and 
landscaping (i.e., xeriscape) is at its earliest stag-
es in the Mediterranean, but it has already raised 
concerns in California because of its potential  
risk as a source of new non-indigenous species 
�&VEHPI]� IX� EP�� ����
�� +PSFEP� WTIGMIW� RMGLI�QSH-
elling indicates that xeric shrublands in Mediter-
ranean areas are among the most susceptible  
ecosystems to introduction by Cactaceae plant 
WTIGMIW� JVSQ� EVMH� %QIVMGER� EVIEW� �2SZSE� IX� EP��
����
�� %PXLSYKL� WSQI� 'EGXEGIEI� EVI� EPVIEH]�
largely distributed across the Mediterranean (e.g., 
3TYRXME�ɑGYW�MRHMGE), it is very likely that close rel-
ative species with currently restricted distribution 
or absence in the Mediterranean, such as Cylindro-
puntia spp., would thrive in the next decades aided 
F]�RI[�KEVHIRMRK�TVEGXMGIW��)WWP�ERH�/SFPIV�����
��
Besides gardening, other relevant terrestrial plant 
species could be easily introduced and established 
as contaminants in soil, seeds or containers. For 
instance, 4EVXLIRMYQ� L]WXIVSTLSVYW is a species 
not currently in the Mediterranean that has been 
highlighted as of high risk for the region because 
of its large potential negative impact on agricul-
XYVI�ERH�LYQER�LIEPXL��/VMXMGSW�IX�EP������
�

;LMPI� TPERXW� LEZI� FIIR� TVSTSVXMSREPP]� XLI� QEMR�
new non-indigenous species in Europe up until 
XLI� ��XL� GIRXYV]�� XLI� XVIRH� LEW� WLMJXIH� XS[EVHW�
an increasing number of introduced invertebrates 
ERH�ZIVXIFVEXIW�MR�XLI���XL�GIRXYV]��,YPQI�����
��
This is a pattern that is very likely to continue in the 
near future by increasing air and maritime cargo, 
where these taxa can be easily transported as 
stowaways. The establishment of non-indigenous 

invertebrates of tropical origin affecting woody 
ornamental plants has increased (Eschen et al. 
2015), meaning that many ornamental plants, 
IWTIGMEPP]� TEPQW�� ʗK� XVIIW� ERH� I\SXMG� PIKYQIW��
are at risk for further introduction as well as 
Citrus and )YGEP]TXYW� XVIIW� �*PSVMW� IX� EP�� ����
��
The recent establishment of ambrosia beetles 
of tropical origin directly threatening plants of 
XLI� 1IHMXIVVERIER� QEUYMW� �*EGGSPM� IX� EP�� ������
*VERGEVHM�IX�EP������
�WYKKIWXW�XLEX�WYGL�TVSGIWW�
MW� KSMRK� XS� FI� EQTPMʗIH� [MXL� KPSFEP� [EVQMRK�� %�
PMWX� SJ� JVYMX� ʘMIW� PMOIP]� XS� FI� MRXVSHYGIH� LEW� FIIR�
VIGIRXP]� TVSTSWIH� �7YJJIVX� IX� EP�� ����
�� 7TIGMEP�
attention should be paid to major agricultural pests 
currently not present in the Mediterranean but with 
the potential to be introduced and cause a major 
MQTEGX��8LI�)443�%��UYEVERXMRI�PMWX�GSRWMHIVW�YT�
XS� ���� WTIGMIW� SJ� MRWIGXW��QMXIW�� RIQEXSHIW� ERH�
gastropods, currently absent from the EPPO region, 
recommended for quarantine measurements. For 
instance, Lepidoptera species such as Spodoptera 
or ,IPMGSZIVTE�spp. are polyphagous species that 
could easily thrive in the Mediterranean if they 
become established. Spodoptera frugiperda, a 
TIWX�REXMZI�XS�XLI�%QIVMGEW��LEW�UYMGOP]�WTVIEH�MR�
%JVMGE�GEYWMRK�PEVKI�]MIPH�PSWW��%�VIGIRX�QSHIPPMRK�
I\IVGMWI� LEW� MHIRXMʗIH� WQEPP� TSGOIXW� SJ� WYMXEFPI�
habitats in the Mediterranean area but the potential 
for permanent populations is still uncertain (Early 
IX�EP������
��

Regarding terrestrial vertebrates, several species 
have been recently highlighted in a horizon 
scanning exercise for European non-indigenous 
species, including the Mediterranean (Roy et al. 
����
��3J�WTIGMEP�VIPIZERGI� MW� XLI�GSQQSR�Q]RE��
%GVMHSXLIVIW� XVMWXMW� a non-indigenous species 
with very restricted populations in the region, and 
0EQTVSTIPXMW�spp., a family of snakes mainly native 
XS�2SVXL�%QIVMGE�ERH�EHETXIH�XS�EVMH�GSRHMXMSRW��
These species are traded as pets and can easily be 
introduced due to accidental escapes.

2.6 Interaction among drivers

2.6.1 Drivers impacting other drivers

The potential for interactions among drivers is 
a key issue for analyzing their impacts on envi-
ronment and human societies, and for develop-
ing effective conservation policies (Brook et al. 
����
�� 'PMQEXI� GLERKI�� TSPPYXMSR�� PERH� ERH� WIE�
use change, and non-indigenous species are of-

ten studied and managed in isolation, although it 
is becoming increasingly clear that a single driv-
er perspective is inadequate when ecosystems 
are threatened by multiple, co-occurring drivers 
�,EPTIVR�IX�EP������E������F
��'SRGITXYEPP]��XLIVI�
are three broad categories of interaction types 
describing the outcome of multiple stressors, 
XLI�IJJIGXW�GER�FI�EHHMXMZI�GYQYPEXMZI��EPP�XLI�HMJ-
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ferent stresses derived from the implied drivers 
show up), synergistic (increased stress) or antag-
SRMWXMG��HIGVIEWIH�WXVIWW
��*SPX�IX�EP��������'VEMR�
IX� EP�� ����
��%PWS�� ERH�TEVXMGYPEVP]� JSV� XLI�1IH-
iterranean, how different drivers interact could 
VIWYPX� MR� EPXIVEXMSR�� MRXIRWMʗGEXMSR�� ERH� IZIR� MR�
KIRIVEXMSR� SJ� RI[� MQTEGXW� �(SFPEW�1MVERHE� IX�
EP������
�

In order to facilitate the multi-stressor approach, 
as a key recognized concept, this section offers 
two different approximations. First, we describe 
potential pair interactions within the individual 
driver classes described before, and second, 
we provide a few examples of characteristic 
disturbances of Mediterranean ecosystem that 
are the result of the combination among multiple 
drivers.

2.6.2 Pairs of interacting drivers

���������'PMQEXI�GLERKI�IʂIGXW�SR�
pollution 

+IRIVEPP]�� MRGVIEWIW� MR� XIQTIVEXYVI� IRLERGI�
the toxicity of contaminants and increase 
concentrations of tropospheric Oʪ regionally, 
but will also likely increase rates of chemical 
HIKVEHEXMSR� �0IPMIZIPH� IX� EP�� ����
�� -R� KIRIVEP��
climate change coupled with air pollutant 
exposures may have potentially serious adverse 
consequences for human health in urban and 
TSPPYXIH�VIKMSRW��2S]IW�IX�EP������
�

The increase in the intensity and frequency of 
storm events linked to climate change can lead to 
more severe episodes of chemical contamination of 
[EXIV�FSHMIW�ERH�WYVVSYRHMRK�[EXIVWLIHW��2S]IW�
IX�EP������
��'PMQEXI�GLERKI�QE]�EPWS�MRGVIEWI�XLI�
occurrence and the global expansion of harmful 
algal blooms (Paerl and Paul 2012) (Sections 2.3.3 
and 2.3.4).

���������4SPPYXMSR�IʂIGXW�SR�GPMQEXI�
change 

Many air pollutants that are harmful to human 
health and ecosystems also contribute to climate 
change by affecting the amount of incoming 
WYRPMKLX� XLEX� MW� VIʘIGXIH� SV� EFWSVFIH� F]� XLI�
atmosphere, with some pollutants warming and 
others cooling the Earth. These so-called short-
lived climate-forcing pollutants include methane, 
black carbon, ground-level Oʪ, and sulfate aerosols. 
8LI]�LEZI�WMKRMʗGERX�MQTEGXW�SR�XLI�GPMQEXI��FPEGO�
carbon and methane in particular are among 
the top contributors to global warming after COʩ 
�7LMRHIPP� IX� EP�� ������ 7XSLP� IX� EP�� ����
�� 3ZIV� XLI�
Mediterranean Basin the increase and decrease 
of anthropogenic aerosols during the second half 
of the 20th century have had an important role 
in the dimming-brightening phases, because of 
their direct action on the incoming solar radiation 
(Section 2.2.3.1).

Pollution by heavy metals or organic compounds 
can also affect ecosystem functioning by inhib-
iting COʩ� ʗ\EXMSR� TIVJSVQIH� F]� TLSXSW]RXLIXMG� 
organisms, thereby increasing global warming 
�6SGLIPPI�2I[EPP� IX� EP�� ������ 1EKRYWWSR� IX� EP��
������&IR�3XLQER�IX�EP������
��Sections 2.2.3 and 
2.3.2).

2.6.2.3  Impact of climate on land  
and sea use 

)ʂIGXW�SJ�GPMQEXI�GLERKI�SR�PERH�YWI

Recent accelerated climate change has exac-
erbated existing environmental problems in the 
Mediterranean Basin caused by the combination 
of changes in land use, increasing pollution and 
FMSHMZIVWMX]�HIGPMRI��'VEQIV�IX�EP������
��7IE�PIZIP�
VMWI��GSQFMRIH�[MXL�PERH�WYFWMHIRGI��QE]�WMKRMʗ-
cantly reduce the area available for agriculture. The 
IJJIGXW�SJ�WIE�PIZIP�VMWI�MR�2SVXL�%JVMGE��IWTIGMEPP]�

-QTEGXMRK��GSPYQR
�Ɉ�
-QTEGXIH��VS[
 'PMQEXI�GLERKI Pollution Land and sea use 

GLERKIW
Non-indigenous 

WTIGMIW

'PMQEXI�GLERKI 2.6.2.2 2.6.2.4 ?

Pollution 2.6.2.1 2.6.2.7 ?

0ERH�ERH�[EXIV�YWI�
GLERKIW 2.6.2.3 2.6.2.6 2.6.2.10

Non-indigenous 
WTIGMIW 2.6.2.5 2.6.2.8 2.6.2.9

Table 2.3 | Main interactions among drivers
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SR� XLI� GSEWX� SJ� XLI�(IPXE� VIKMSR� SJ� )K]TX�� [SYPH� 
impose additional constraints to the agricultural 
land (Section 3.2.2.1), and also the salinization of 
coastal aquifers (Section 3.1.2.2).

7MQMPEVP]��[MXL���	�SJ�XLI�TSTYPEXMSR�PMZMRK�MR�GSEWX-
EP� EVIEW� �1IHMXIVVERIER� ;IXPERHW� 3FWIVZEXSV]�
����
�� MQTSVXERX�HMVIGX� IJJIGXW�SJ� GPMQEXI� GLERKI�
on coastal settlements include dry-land loss due 
to erosion and submergence, damage of extreme 
IZIRXW��WYGL�EW�[MRH�WXSVQW��WXSVQ�WYVKIW��ʘSSHW��
heat extremes, and droughts) on built environ-
ments, effects on health (food- and water-borne 
disease), effects on energy use, effects on water 
availability and resources, and loss of cultural 
LIVMXEKI��,YRX�ERH�;EXOMWW�����
�(Section 2.2.8.2). 
Coastal industries, their supporting infrastructure 
including transport (ports, roads, rail, airports), 
power and water supply, storm water, and sew-
erage are highly sensitive to a range of extreme 
weather and climate events including temporary 
ERH� TIVQERIRX� ʘSSHMRK� EVMWMRK� JVSQ� I\XVIQI�
precipitation, high winds, storm surges, and sea  
PIZIP�VMWI��,SVXSR�IX�EP��������,ERHQIV�IX�EP��������
,ERWSR�ERH�2MGLSPPW�������%IVXW�IX�EP������
��8LI�
tourism development experienced a comparable 
pattern, requiring host facilities and correspond-
MRK�WIVZMGIW��-R�%PKIVME��JSV�I\EQTPI��GSRWXVYGXMSR�
projects have been carried out among the coast-
al paleo-dunes despite the existing Littoral Law 
�������� �GSEWXEP� TVSXIGXMSR
� ERH� XLI� 0E[� �����
�����VIPEXIH�XS�XLI�-QTEGX�)\TIVXMWI��7IRSYGM�ERH� 
8EMFM�����
��%�WMQMPEV�WMXYEXMSR�I\MWXW�MR�XLI�MRHYW-
trial sector (e.g., desalinisation plant and electric-
ity power station built on the beach). 

Increases in temperature and decreases in precip-
MXEXMSR�GSYPH�EPXIV�ʗVI�VIKMQIW�EJJIGXMRK�JSVIWX�GSZ-
er and could increase the intensity and frequency 
of drought resulting, in combination with other fac-
XSVW�� MR�HIWIVXMʗGEXMSR� �Sections 2.4.1.2 and �����). 
Future changes in climate could decrease food 
production (Section 2.4.1.2) and may alter the use 
of land all over the Mediterranean (Section 2.4.1.3). 
Future changes in the quantity and intensity of rain 
could affect the water cycles and increase the risk 
SJ�ʘSSHW��7IGXMSRW������ and �����).

Climate change and variability drives 
dynamics of marine species

Climate change and variability has led to concomi-
tant changes in Mediterranean marine ecosystems 
and resources, with various implications on species 
diversity and composition, where species with lim-
MXIH�PSGSQSXMZI�GETEGMX]�SV�GSRʗRIH�MR�JVEKQIRXIH�
habitats seem more likely to be affected (Lejeusne 

ERH�'LIZEPHSRR¬�������0IHSY\�IX�EP������
��)\EQ-
ples of this changing environment, among others, 
are the mass mortality events of gorgonians and 
other sessile metazoans in northwestern Mediter-
VERIER��+EVVEFSY�IX�EP��������6MZIXXM�IX�EP������
�ERH�
the continuous decline of 4SWMHSRME meadows (Mar-
FE�ERH�(YEVXI�����
��XLI�MRGVIEWI�MR�XLI�JVIUYIRG]�
of red tides and of gelatinous carnivore outbreaks 
(Conversi et al. 2010), the “tropicalization” of ma-
rine fauna in favour of the more thermophilic ones 
�&MERGLM�����
��ERH�XLI� MRGVIEWI�WTVIEH�SJ�QMGVS-
bial pathogens associated with water temperature 
VMWI��(ERSZEVS�IX�EP������
�(Section 4.1.1.1).

%X�XLI�IRH�SJ�����W�ERH�IWTIGMEPP]�HYVMRK�XLI�QMH�
����W� XLI� 1IHMXIVVERIER� 7IE� YRHIV[IRX� VIKMQI�
WLMJXW��'SRZIVWM�IX�EP��������%PLIMX�IX�EP������
�XLEX�
MRʘMGXIH�QENSV�EXQSWTLIVMG��L]HVSPSKMGEP�ERH�IGS-
system changes, also affecting marine resources, 
QEMRP]� ʗWLIVMIW�� 8LIVI� LEZI� FIIR� ZEVMSYW� WXYH-
ies linking ocean-atmospheric processes such as  
XLI� %XPERXMG� 1YPXMHIGEHEP� 3WGMPPEXMSR� �%13
�� XLI�
2SVXL� %XPERXMG� 3WGMPPEXMSR� �2%3
� ERH� XLI� ;IWX-
IVR� 1IHMXIVVERIER� 3WGMPPEXMSR� �;I13
� MRHMGIW�
to alterations on the distribution and biomass of 
TIPEKMG� ʗWL�� EW� [IPP� EW� XLIMV� GEXGL� GSQTSWMXMSR� 
�%PLIMX�IX�EP������
��4IPEKMG�ʗWL�TSTYPEXMSRW��QSVI�
XLER� SXLIV� ʗWL� WTIGMIW�� EGX� EW� WIRXMRIPW� SJ� XLIWI�
environmental changes. For example, during mid-
����W� MR� XLI� 1IHMXIVVERIER� XLI� LMKLP]� GSVVIPEX-
IH� WIE� WYVJEGI� XIQTIVEXYVI� ERH�%13� MRHI\� WLS[�
E� WLEVT� MRGVIEWI� �1EVYPPS� IX� EP�� ������ 1EG°EW� IX� 
EP�� ����
�� [LIVIEW� XLI� H]REQMGW� SJ� QER]� ʗWL� 
species - mainly pelagic - show a conspicuous 
change around that time. 

It is not yet clear how these changes impact 
TIPEKMG� ʗWL� TSTYPEXMSR� H]REQMGW�� GSQFMRIH�[MXL�
the pressures imposed by anthropogenic activity. 
Fifty-nine taxonomic groups (species or groups of 
species) showed an abrupt change in their landings 
MR� XLI�QMH�PEXI� ����W� �8^EREXSW� IX� EP�� ����
�[MXL�
ETTVS\MQEXIP]� ��	� SJ� XLIWI� GLERKIW� FIMRK�
correlated with sea surface temperature, mostly 
inversely correlated. The landings of some species 
(European sardine Sardina pilchardus, squids  
0SPMKS� WTT��� 2SV[E]� PSFWXIV�2ITLVSTW� RSVZIKMGYW� 
and hake Merluccius merluccius) decreased 
GSRWTMGYSYWP]� MR� XLI� QMH�����W�� [LIVIEW� XLSWI�
of other species (European anchovy )RKVEYPMW�
encrasicolus and greater amberjack Seriola 
dumerili
� MRGVIEWIH� �8^EREXSW� IX� EP�� ����
�� %�
WXYH]� SJ� XLI� ʗWLIVMIW� PERHMRKW� SJ� ��� ʗWL� ERH�
invertebrate taxonomic groups revealed regime 
WLMJXW� EX� XLI�QMH�����W�� GSRGYVVIRX�[MXL� XLI� WIE�
temperature increase in the eastern and western 
FEWMRW��:EWMPEOSTSYPSW�IX�EP������
��8LI�PEXI�����W�

CHAPTER 2 - DRIVERS OF CHANGE



129CLIMATE AND ENVIRONMENTAL CHANGE IN THE MEDITERRANEAN BASIN  |  MedECC

was determined as the turning point for the 
northward expansion of warm-water species in 
XLI�1IHMXIVVERIER��%^^YVVS�IX�EP������
��8LMW�[EW�
GSRʗVQIH�F]�6EMXWSW�IX� EP�� �����
�[LS�WLS[IH�E�
clear increase of non-indigenous species entering 
MRXS� XLI� IEWXIVR� 1IHMXIVVERIER� 7IE� MR� ������
)EVPMIV�� 4MRRIKEV� IX� EP�� �����
� VITSVXIH� XLEX� XLI�
HMZIVWMX]� SJ� XLI� [IWXIVR� 1IHMXIVVERIER� ʗRʗWL�
PERHMRKW� MRGVIEWIH� HVEQEXMGEPP]� EJXIV� ����� EW� E�
result of new species entering the catch. 

Round sardinella (Sardinella aurita), a warm-
[EXIV�WQEPP�TIPEKMG�ʗWL�WTIGMIW�HMWXVMFYXIH�EPSRK�
the southern Mediterranean coastline has been 
reported to have expanded its distribution to the 
RSVXLIVR� %IKIER� �8WMOPMVEW� ����
�� XLI� RSVXLIVR�
%HVMEXMG� �7MRSZÐMÊ� IX� EP�� ����
�� XLI� +YPJ� SJ� 0MSRW�
�*VERGSYV� IX� EP�� ����
�� ERH� XLI� RSVXL[IWXIVR�
1IHMXIVVERIER� �7EFEX¬W� IX� EP�� ������ ����
�� %�
WMKRMʗGERX� TSWMXMZI� VIPEXMSRWLMT� FIX[IIR� VSYRH�
sardinella landings and sea surface temperature 
anomalies has been reported for the western 
(Sabatés et al. 2006) and eastern Mediterranean 
�8WMOPMVEW� ����
�� 8LI� RSVXL[EVH� HMWXVMFYXMSREP�
shift coincides with the beginning of positive 
XIQTIVEXYVI�ERSQEPMIW�MR�XLI�QMH�����W��8WMOPMVEW�
������ 7EFEX¬W� IX� EP�� ������ 7XIVKMSY� IX� EP�� ����
��
Similarly, concomitant with the sea surface 
temperature change in the western Mediterranean, 
XLI� PERHMRKW� SJ� FPYIʗWL� �4SQEXSQYW� WEPXEXVM\
�
quadrupled due to a northward expansion of the 
species (Sabatés et al. 2012) and, at the same 
time, anchovies returned to high biomass, as a 
result of increasing sea surface temperatures in 
XLI�%HVMEXMG�7IE��:MPMFMÊ�IX�EP������
�

8LI�IJJIGX�SJ�XLI�%13�ERH�2%3�WMKREPW�EGVSWW�XLI�
Mediterranean Sea sub-regions (western, central 
and eastern) on the small (European sardine 
Sardina pilchardus, European anchovy )RKVEYPMW�
encrasicolus, round sardinella Sardinella aurita and 
European sprat Sprattus sprattus) and medium 
�%XPERXMG� QEGOIVIP� Scomber scombrus,� %XPERXMG�
chub mackerel 7GSQFIV� NETSRMGYW�� %XPERXMG�LSVWI�
mackerel Trachurus trachurus, Mediterranean 
horse mackerel Trachurus mediterraneus) pelagic 
ʗWLIW�LEZI�FIIR�VIGIRXP]�WXYHMIH� MR� XLI�[IWXIVR��
central and eastern Mediterranean Sea (Tsikliras 
IX�EP������
��8LI�TIPEKMG�ʗWLIW�SJ�XLI�GIRXVEP�ERH�
eastern Mediterranean respond most strongly 
XS� %13� ZEVMEFMPMX]� ERH� XLSWI� SJ� XLI� GIRXVEP� ERH�
[IWXIVR�1IHMXIVVERIER�EPWS�VIWTSRH�XS�XLI�2%3��
[LMPI� XLI� IJJIGX� SJ� XLI� 2%3� SR� TIPEKMG� ʗWLIW� SJ�
XLI� IEWXIVR� 1IHMXIVVERIER� [EW� RSX� WMKRMʗGERX�
�8WMOPMVEW�IX�EP������
��+IRIVEPP]��ZEVMSYW�MRHMGEXSVW�
VIZIEPIH�XLEX�XLI�XMQI�SJ�XLI�TIPEKMG�ʗWL�VIWTSRWI�
XS� XLI� %13� ERH� 2%3� WMKREPW� ZEVMIH� EQSRK� XLI�

1IHMXIVVERIER� WYF�VIKMSRW� �%PLIMX� IX� EP�� ������
8WMOPMVEW�IX�EP������
�

Finally, the mean temperature of the catch, 
an indicator that assesses the effect of global 
warming on the exploited marine communities 
�'LIYRK�IX�EP������F
��LEW�FIIR�MRGVIEWMRK�EGVSWW�
the Mediterranean showing that the ratio of 
thermophilous (warm-water) to psychrophilous 
(cold-water) marine species has been changing in 
favour of the former. This is indicative of either an 
increase in the relative proportion of thermophilous 
species in the catches or a decrease in the relative 
proportion of the psychrophilous ones (Tsikliras 
ERH�7XIVKMSY�����
�

���������)ʂIGXW�SJ�PERH�YWI�SR�GPMQEXI�
change

'LERKIW� MR� GVST� YWI� �8VMFSYMPPSMW� IX� EP�� ����
��
especially in forest cover, affect the balance 
between sink and release of COʩ and the emissions 
SJ� FMSKIRMG� ZSPEXMPI� SVKERMG� GSQTSYRHW� �&:3'W
�
MR� XLI� EXQSWTLIVI� �(SFPEW�1MVERHE� IX� EP�� ����
�
(Sections 2.4.1.2 and 3.1.2.1).

1SHMʗGEXMSR�SJ�WYVJEGI�EPFIHS�F]� PERH�YWI�GLERK-
es also entail a highly potential impact on climate 
change (Benas and Chrysoulakis 2015). Changes 
MR�JSVIWX�SV�HILIWE�QSRXEHS�GSZIV�HYI�XS�VIJSVIWX-
ation could reduce albedo (Rotenberg and Yakir  
������ +SHMRLS� IX� EP�� ����
�� [LMPI� ʗVIW� MRGVIEWI� 
VEHMEXMSRW� VIXYVRW� XS� XLI� EXQSWTLIVI� �7¤RGLI^�
et al. 2015), with contrasting effects on local cli-
QEXI��%KVMGYPXYVEP�GSZIV�QE]�HIGVIEWI�SV�MRGVIEWI� 
EPFIHS��+MERREOSTSYPSY�ERH�8SYQM�������'EVVIV�IX�
EP�� ����
�� [LMPI� YVFER� WTVE[P� HIʗRMXIP]� MRGVIEWIW�
the radiation absorption and therefore local tem-
TIVEXYVI��7EPZEXM�IX�EP������
�(Section 3.1.3.1).

Change of land use and irrigation practices in-
crease evapotranspiration and have a net cooling 
effect in some areas of the Mediterranean region 
�>EQTMIVM� ERH� 0MSRIPPS� ������ 8LMIV]� IX� EP�� ������
+SVQPI]�+EPPEKLIV�IX�EP������
�

2.6.2.5  Links between trends in 
non-indigenous species and 
climate change

Impact of climate change on marine non-
indigenous species

The introduction of non-indigenous species 
and global warming interact in complex ways 
(Stachowicz et al. 2002), and are linked also in the 
1IHMXIVVERIER� 7IE� �3GGLMTMRXM�%QFVSKM� ����
��
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This connection strongly depends on the species 
and the mode of its introduction, establishment 
and colonization. Overall, there is a strong trend of 
"tropicalization" of temperate areas through the 
movement of warm-loving (thermophilic) species 
toward the poles in areas of rapid ocean warm-
ing, and with increasingly strong impacts on local 
GSQQYRMXMIW� �:IVK¬W� IX� EP�� ����E�� ����
�� 8LIWI�
are not considered as introductions of non-indig-
enous species per se. But ocean warming may 
facilitate the establishment and spread of ther-
mophilic non-indigenous species. The success of 
establishment of an introduced species depends 
on how suitable the ocean climatic parameters 
are in the region of introduction. Because suc-
cessful non-indigenous species are typically gen-
eralists with broader climatic tolerances, they 
are usually considered able to cope better with 
GPMQEXI�GLERKI� XLER�REXMZI�SRIW� �;EPXLIV�IX�EP��
����
��

There is limited evidence for effects of climate 
change on the introduction of non-indigenous 
species. Theoretically, at the trailing “warm” 
edge of species distributions, the populations of 
WIRWMXMZI�GSPH�EJʗRMX]�WTIGMIW�WLSYPH�VIHYGI��ERH�
IZIRXYEPP]� I\XMVTEXI
� ERH� XLEX� SJ� [EVQ� EJʗRMX]�
species (including thermophilic species) should 
MRGVIEWI��&EXIW�IX�EP������
��-R�XLI�1IHMXIVVERIER�
7IE�� XVSTMGEPM^EXMSR� IZMHIRXP]� SGGYVW� �:IVK¬W� IX�
EP�� ����E
��QEMRP]� MR� XLI� 0IZERX�� F]� 0IWWITWMER�
introductions, and ocean warming was suggested 
to facilitate the successful establishment of non-
indigenous species (Raitsos et al. 2010). Ocean 
warming probably also helps to spread both native 
thermophilic species and successful Lessepsian 
WTIGMIW�[IWX[EVH�EPSRK�XLI�FEWMRɌW�XIQTIVEXYVI�
KVEHMIRX��ERH�EPWS�RSVXL[EVH�MRXS�XLI�%IKIER�ERH�
%HVMEXMG�WIEW��SV�IZIR�XLI�0MKYVMER�7IE��FYX�XLIVI�
very few direct empirical studies to demonstrate 
XLEX��6IGIRX�EREP]WMW�SJ�ʗWL�XVE[P�HEXE�JVSQ�XLI�
southeast Mediterranean (Israel) does strongly 
suggest that non-indigenous species are indeed 
promoted by warming while natives are declining 
�+MZER�IX�EP������E
��

Some studies suggest that habitats degraded by 
global warming are more likely affected by non-
indigenous species than nearly-pristine habitats, 
envisaging explicitly or not, a cause and effect 
link between climate warming and the success 
SJ�MRXVSHYGXMSRW��7XEGLS[MG^�IX�EP��������&MERGLM�
������ +EPMP� ������ 3GGLMTMRXM�%QFVSKM� ����
��
,S[IZIV�� ʗIPH� SFWIVZEXMSRW� HS� RSX� WYTTSVX� XLMW�
MHIE�� FYX� VIZIEP� MRWXIEH� GSRʘMGXMRK� VIWYPXW� XLEX�
have provoked intense debate (Boudouresque and 
:IVPEUYI�����
��*SV�I\EQTPI��MR�XLI�1IHMXIVVERIER�

Sea, well-structured and conserved habitats 
(such as coralligenous or Cystoseira forests) 
are able to mitigate and delay the proliferation 
and spread of the non-indigenous alga Caulerpa 
cylindracea, probably because the complexity of 
substrata (enhanced by gorgonians or canopy 
algae presence) is a key factor limiting its 
GSPSRM^EXMSR�ERH�WTVIEH��'IGGLIVIPPM�IX�EP��������
&YPPIVM�ERH�&IRIHIXXM�'IGGLM�������:IVHYVE�IX�EP��
����
�� -R� GSRXVEWX��QEWW�QSVXEPMX]� SJ� WXVYGXYVEP�
native species and subsequent increase of turf-
forming species due to an extreme climatic 
event indirectly promoted the introduction of C. 
cylindracea�MR�E�GSVEPPMKIRSYW�LEFMXEX��:IVHYVE�IX�
EP������
��,S[IZIV��MR�SXLIV�RSR�MRHMKIRSYW�EPKEI�
such is 0STLSGPEHME� PEPPIQERHMM� introduction is 
favoured by more complex and rich communities 
�'IFVM¤R� IX� EP�� ����
�� ERH� XLYW� WMQTPMʗGEXMSR�
derived from climate change effects is expected 
not to enhance the capacity of 0STLSGPEVME to 
establish itself, but prevents its spread. 

9WMRK� REXYVEP� PEFSVEXSVMIW� XS� XIWX� XLI� XLIVQEP�
performance curves and sensitivity to 
EGMHMʗGEXMSR� SJ� OI]� REXMZI� ERH� RSR�MRHMKIRSYW�
species, as well as the impact of climate 
change related environmental alteration on 
species interactions and communities and 
their ecosystem functions, are critical for 
better understanding and forecasting of the 
interactions between climate change and the 
introduction of non-indigenous species (Rilov 
IX�EP������E
��*SV�I\EQTPI��LIEX�TSPPYXIH�EVIEW�
and COʩ� ZIRXW� �,EPP�7TIRGIV� IX� EP�� ����
�� EW�
well as laboratory experiments in near-natural 
QIWSGSWQ� W]WXIQW� �;ELP� IX� EP�� ����
�� 7YGL�
recent measurements and experiments in the 
southeastern Levant have shown that some 
non-indigenous species (foraminifera) are 
tolerant to extreme thermal stress (Titelboim et 
EP������
�� XLEX�YRHIV�[EVQMRK�ERH�EGMHMʗGEXMSR�
conditions most Lessepsian species perform 
FIXXIV� XLER� REXMZI� WTIGMIW� �+Y]�,EMQ� IX� EP��
������ +Y]�,EMQ� ����
�� ERH� HIQSRWXVEXIH� XLEX�
different thermal performance of two Red 
Sea foraminifera explain why one species was 
introduced and the other did not (Titelboim 
IX� EP�� ����
�� *YVXLIVQSVI�� QIWSGSWQ� [SVO�
showed that a Cystoseira community becomes 
more heterotrophic and more dominated by 
non-indigenous species (but species richness 
does not change), demonstrating the profound 
impact of the combination of climate change 
and the introduction of non-indigenous species 
SR� IGSW]WXIQ� JYRGXMSR� �+Y]�,EMQ� IX� EP�� ������
6MPSZ�IX�EP������F
�
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Impacts of climate change on terrestrial non-
indigenous species

8LIVI� EVI� ʗZI� RSR�I\GPYWMZI� GSRWIUYIRGIW� SJ�
climate change on non-indigenous species: (1) 
altered transport and introduction mechanisms, 
��
�IWXEFPMWLQIRX�SJ�RI[�WTIGMIW����
�EPXIVIH�MQTEGX�
SJ� I\MWXMRK� RSR�MRHMKIRSYW� WTIGMIW�� ��
� EPXIVIH�
distribution of existing non-indigenous species, 
and (5) altered effectiveness of control strategies 
�,IPPQERR�IX�EP������
 (Section 2.5.1.3). 

8LI� MRʘYIRGI� SJ� GPMQEXI� GLERKI� SR� XIVVIWXVMEP�
non-indigenous species highly depends on 
species physiological strategy and reproductive 
EHETXEXMSRW� �&EPI� ERH�,E][EVH� ������%RXYRIW� IX�
EP������
��+IRIVEPM^IH�IGSW]WXIQ�QSHIPW�SJ�TPERX�
functional groups applied to Mediterranean islands 
indicate that climate change might promote the 
introduction of broadleaved trees (e.g., %MPERXLYW�
altissima) more than Cʫ tropical grasses (e.g., 
%QEVERXLYW� VIXVSɒI\YW
� �+VMXXM� IX� EP�� ����
�� 1ER]�
non-indigenous species from temperate and cold 
climates might only be able to shift their ranges 
northward or to expand in altitude because they 
will be limited by drought and high temperatures 
�7XSVOI]� IX� EP�� ������ +EPPEVHS� IX� EP�� ����
�� ;LMPI�
non-indigenous species whose native ranges are 
drier and warmer than their introduced ranges can 
be at an advantage to occupy niches at southern 
PEXMXYHIW� �+EPPEVHS� IX� EP�� ����
�� 8LIVIJSVI�� WSQI�
species might loose and some gain suitable areas 
for introduction. Regions which will get drier are 
predicted to lose the highest number of potential 
non-indigenous species. 

For introduced gardening plants, the climatically 
suitable areas with future climate change are 
unequally distributed across Europe with more 
WYMXEFPI�EVIEW�MR�XLI�)EWX�XLER�MR�XLI�;IWX�SJ�XLI�
1IHMXIVVERIER�&EWMR� �(YPPMRKIV�IX� EP�� ����
�� 8LMW�
will be the case for Cortaderia which suitable area 
GER� MRGVIEWI� ������	� JSV� ����� �8EVEFSR� IX� EP��
����
�SV� JSV�2EWWIPE� XLEX�GER� MRGVIEWI�YT�XS���	�
JSV�������;EXX�IX�EP������
��

Similarly, weeds in crops can experience range 
shifts, niche shifts and trait shifts with climate 
GLERKI�XLEX�[MPP�MRʘYIRGI�XLI�EKVSRSQMG�TVEGXMGIW�XS�
reduce their interference to crop production (Peters 
IX�EP������
��;IIHW�MR�GIVIEPW�GVSTW�[MPP�EPWS�EHZERGI� 
towards northeastern Europe and remain or contract 
their distribution in warm areas of the Mediterrane-
ER�VIKMSR��'EWXIPPERSW�*V°EW�IX�EP������
�

Climate change can advance the phenology of non-
indigenous plant species including their fecundity 

(Chuine et al. 2012), pollen production and seed 
QEXYVEXMSR� �0IMFPIMR�;MPH� IX� EP�� ����
�� 'LERKIW�
in pollen production can exacerbate the problem 
caused by allergenic non-indigenous plants such 
EW�XLI�%QIVMGER�%QFVSWME because the allergenic 
risk is predicted to increase under all climate 
WGIREVMSW�XIWXIH��6EWQYWWIR�IX�EP������
�

&IWMHIW� XLI� MRʘYIRGI� SJ� GPMQEXI� GLERKI� SR� XLI�
establishment and spread of non-indigenous  
species, a remaining question is whether their  
impacts on native species increase in combination 
[MXL� GPMQEXI� GLERKI�� %� JI[� KVIIRLSYWI� I\TIVM-
ments have explored the interaction between com-
petition of non-indigenous species and drought on 
XLI�TIVJSVQERGI�SJ�REXMZI�WTIGMIW� �+EVG°E�7IVVE-
RS�IX�EP��������1EXIWER^�IX�EP��������;IVRIV�IX�EP��
2010) and have found a non-synergistic effect. The 
interaction of climate change and introduction of 
non-indigenous species is a research area that  
requires further experimentation for productive 
systems such as the effect of weeds, pests and 
pathogens on crops and forestry (Ramesh et al. 
����
�

2.6.2.6  Impacts of pollution on land 
and sea use

One of the major drivers relative to greenhouse 
gases pollution may be the COʩ fertilization 
affecting forests. The balance between faster 
growth due to the fertilization effect and hydric 
stress due to most likely warmer and drier 
conditions have generated a considerable debate 
MR� XLI� 1IHMXIVVERIER� EVIE� �/IIRER� IX� EP�� ������
4I´YIPEW� IX� EP�� ����
�� ,S[IZIV�� XLI�QSWX� VIGIRX�
studies mainly corroborate that the effects of COʩ�
fertilization will be negligible under the predicted 
climate conditions for the region (Camarero et 
EP�� ������ 2YRIW� IX� EP�� ������ +IE�-^UYMIVHS� IX� EP��
����
�� HIWTMXI� WSQI� I\GITXMSRW� �/SYXEZEW� ������
&EVFIXE�ERH�4I´YIPEW�����
��8LI�TSXIRXMEP�IJJIGXW�
of nitrogen deposition on Mediterranean forest 
growth also seem to be low (Ochoa-Hueso et al. 
����
�

2.6.2.7  Impacts of land and sea use 
change on pollution

Intensive farming increases releases of nutrients 
and pesticides in aquifers while higher releases of 
methane in the air. The effects of the increase of 
livestock production on greenhouse gas emissions 
are assessed in Section 3.2.3.2.

9VFER�WTVE[P�MW�EWWSGMEXIH�XS�LMKLIV�XVEJʗG�VIPEXIH�
emissions (Sections 2.3.3 and 2.4.1.2).
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���������4SPPYXMSR�IʂIGXW�SR�RSR�
indigenous species

Pollution can make environmental conditions less 
tolerable for native species, and provide space 
and nutrients for opportunists, including non-
indigenous species (Crooks et al. 2011).

���������)ʂIGXW�SJ�PERH�ERH�[EXIV�YWI�
on non-indigenous species

Habitat destruction causes disturbance, which 
opens space for non-indigenous species (Hobbs 
ERH�,YIRRIOI�����
�

����������)ʂIGXW�SJ�RSR�MRHMKIRSYW�
species on land and sea use

Outbreaks of forest non-indigenous insects could 
alter forest cover (Section 2.5.2.2).

2.6.3 More complex interactions among 
drivers

2.6.3.1 Floods

Floods are an illustrative example of the 
combination of different drivers such as climate 
change (extreme precipitation events), land use 
change (catchment changes on river forests, 
forest cover, etc.) and even indirect drivers (among 
them and principally, urban sprawl in risk areas) 
(Sections 3.1.3.3 and 3.1.4.1).

��������(IWIVXMɽGEXMSR

4YMKHIJ¤FVIKEW� ERH� 1IRHM^EFEP� �����
� EREP]^IH�
*%3�HEXE�JVSQ�1SVSGGS��%PKIVME�ERH�8YRMWME�HYVMRK�
XLI� TIVMSH� ����������� EWWSGMEXMRK� HIWIVXMʗGEXMSR�
to socio-economic boundary conditions and over-
exploitation by showing clear increases in popu-
lation (pressure) and in the use of unsustainable 
land use practices in the Mediterranean, principal-
ly irrigation �7IGXMSR����
�

(IWIVXMʗGEXMSR�MW�MR�JEGX�XLI�VIWYPX�SJ�X[S�HMJJIVIRX�
factors in origin operating in combination, 
prolonged drought of climatic origin and land 
I\TPSMXEXMSR� SJ� LYQER� SVMKMR� �0I� ,SY¬VSY� ����
��
In Mediterranean arid lands, mainly during the 
20th century, short-term planning of agricultural 
policies and overexploitation, mainly in the form 
of overgrazing but also fuelwood collection and 
ground water exploitation, contributed to soil 
UYEPMX]�HIGPMRI�ERH�QEWWMZI�IVSWMSR��(IXIVMSVEXMRK�
conditions have a great impact on the lives of 
inhabitants of Mediterranean drylands and force 

most of them to migrate (Mohamed and Squires 
����
��Sections 3.2.1.4, 4.3.1 and ���).

��������;MPHɽVIW

One relevant consequence of the Mediterranean 
Climate characterized by dry summers are forest 
ʗVIW�� 8LSWI� GER� FI� I\EGIVFEXIH� F]� HVSYKLX�
GSRHMXMSRW��8YVGS�IX�EP������
�FYX�MR�XYVR�XLI]�GER�
EJJIGX�HVEWXMGEPP]�XLI�ʘSSH�KIRIVEXMSR�FSXL�HYI�XS�
XLI�IVSWMSR�ERH�XLI�PSWW�SJ�JSVIWX�QEWW��%PXLSYKL�
WSQI�JSVIWX�ʗVIW�GER�FI�TVSZSOIH�SV�EW�E�VIWYPX�SJ�
recklessness, they mostly depend on the state of 
the vegetation and the climatic and meteorological 
WMXYEXMSR�� 'SRWIUYIRXP]�� ʗVI� VIKMQIW� [MPP� FI�
affected by climate change, if not already affected 
�7EVVMW� IX� EP�� ����
�� 8LI�1IHMXIVVERIER� MW� E� LMKL�
ʗVI�VMWO�VIKMSR��[LIVI�ʗVIW�EVI�XLI�GEYWI�SJ�WIZIVI�
agricultural, economic and environmental losses 
ERH� IZIR� LYQER� GEWYEPXMIW� �1SVIMVE� IX� EP�� ������
/IIPI]�IX�EP��������7ER�1MKYIP�%]ER^�IX�EP��������
&S[QER�IX�EP������
��*SV�MRWXERGI��XLI�ʗVI�WIEWSRW�
MR� ����� ERH� �����[EW� WIZIVI� MR�QER]� VIKMSRW� SJ�
7SYXLIVR� )YVSTI�� [MXL� PEVKI�[MPHʗVIW� EWWSGMEXIH�
with unusually intense droughts and heat-waves 
�7¤RGLI^�&IR°XI^� IX� EP�� ����
�� -R� 4SVXYKEP�� XLI�
]IEV�SJ������[EW�TEVXMGYPEVP]� XVEKMG��%R�I\XIRHIH�
ERH� I\XVESVHMREVMP]� MRXIRWI� ʗVI� WIEWSR� ]MIPHIH� E�
record total burned area of about 500,000 hectares 
ERH�QSVI� XLER� ���� JEXEPMXMIW� �8YVGS� IX� EP�� ����
��
-RWXIEH��XLI�WYQQIV�SJ������[MPP�FI�VIQIQFIVIH�
F]� XLI� HIEHPMIWX� ʗVIW� IZIV� VIGSVHIH� EJJIGXMRK�
+VIIGI��[LIR�E�WIVMIW�SJ�[MPHʗVIW�GPSWI�XS�%XLIRW�
OMPPIH� ��� TISTPI�� XLI� HIEHPMIWX� MR� +VIIGI� LMWXSV]�
�%KLE/SYGLEO�IX�EP������
��

However, although several reports, ranging from 
TSTYPEV�QIHME�XLVSYKL�XS�TIIV�VIZMI[IH�WGMIRXMʗG�
literature, have led to a shared perception that 
ʗVIW�LEZI�MRGVIEWIH�SV�EKKVEZEXIH�MR�VIGIRX�]IEVW��
the quantitative evidence available indicated that 
ʗVIW�EVI�HIGVIEWMRK�SR�VIGIRX�HIGEHIW�MR�XLMW�EVIE�
�8YVGS� IX� EP�� ����
�� 8LI� MRGVIEWIH� IJJSVXW� MR� ʗVI�
suppression have probably played an important role 
in driving the general downward trends described 
for most of the Mediterranean area (Moreno et al. 
������6YJJEYPX�IX�EP������
�� -R�VIGIRX�HIGEHIW�ʗVI�
management strategies have improved thanks to 
new technologies and experience while climate 
HVMZIVW� LEZI� PIH� XS� ER� STTSWMXI� XVIRH� �%QEXYPPM�
IX�EP��������&EXPPSVM�IX�EP��������&IH°E�IX�EP��������
8YVGS�IX�EP��������(YTMVI�IX�EP��������*V¬NEZMPPI�ERH�
'YVX�����
�(Section 4.3.2.1).
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FULL NAME SHORT NAME THEMATIC FOCUS NO. OF 
SCENARIOS

TIME
HORIZON

SPECIFIC 
REGIONAL 

FOCUS
REFERENCE(S)

GLOBAL SCALE

Special Report on 
Emissions Scenarios SRES Emission of greenhouse gases 4 ���� - 2EOMÊIRSZMÊ������

Shared Socioeconomic 
Pathways SSPS

Multidisciplinary with a focus 
on challenges to climate change 
adaptation and mitigation

5 ���� ʋ �3Ȇ2IMPP�IX�EP��������
����


MEDITERRANEAN SCALE

A sustainable future for 
the Mediterranean -

Multidisciplinary and cross-
sectoral with an emphasis on 
sustainable development

2 2025 - &IRSMX�ERH�'SQIEY��  
2005 

Mediterranean scenarios 
�1IH%GXMSR�TVSNIGX
 -

Multidisciplinary and cross-
sectoral with an emphasis on 
desertification

� ����
Northern Mediterranean 
GEWI�WXYHMIW�MR�)7��+6��
-8��48

/SO�IX�EP��������

)YVS1IH����� -
Multidisciplinary and cross-
sectoral with a focus on the Euro-
Mediterranean relationship

4 ���� - )'�(+�JSV�6IWIEVGL�ERH�
-RRSZEXMSR������

8SQSVVS[��XLI�  
Mediterranean -

1YPXMHMWGMTPMREV]��GVSWW�WIGXSVEP��
with emphasis on economic 
development

� ���� - -4)1)(�������

Scenarios for the 
Mediterranean Region -

Evolution of regional dynamics 
and role of the private sector in 
shaping business and political 
environments

� ���� )\GPYWMSR�SJ��%0��&%��,6��
-0��1)��47��86

;SVPH�)GSRSQMG�*SVYQ��
����

Mediterranean Coastal 
SSPs -

Regional and sectoral extension 
of the global SSPs for 
Mediterranean coastal regions

5 ���� - 6IMQERR�IX�EP�������

EUROPEAN SCALE

Integrated Visions for a 
Sustainable Europe VISIONS Sustainable development � ���������� - 6SXQERW�IX�EP��������

Demographic and 
Migratory Flows 
Affecting European 
Regions and Cities

DEMIFER Demography and European 
policies 5 2050 - 6IIW�IX�EP��������

Climate Change 
Integrated Assessment 
Methodology for Cross-
Sectoral Adaptation and 
Vulnerability in Europe

CLIMSAVE

Multidisciplinary and cross-
WIGXSVEP��[MXL�IQTLEWMW�
on ecosystem services and 
provisions

4 2050 - +VEQFIVKIV�IX�EP���  
�����

Territorial Scenarios and 
Visions for Europe ET2050 Territorial development and 

cohesion 4 2050 - 1'6-8�������

Demographic Scenarios 
JSV�XLI�)9 -

Demographic development with 
E�JSGYW�SR�EKMRK��QMKVEXMSR�ERH�
education

��� 2060 )9 0YX^�IX�EP��������

European Shared 
Socioeconomic Pathways Eur-SSPs Regional extension of the global 

SSPs for the European context 4 ���������������� Additional case study 
in Iberia /SO�IX�EP�������

Table 2.4 | Overview of selected socioeconomic scenarios that cover Mediterranean countries, partly based on 
Rohat et al. (2018) and Sanna and Le Tellier (2013).  ISO country codes: AL: Albania, BA: Bosnia and Herzegovina,  
ES: Spain, GR: Greece, HR: Croatia, IL: Israel, IT: Italy, ME: Montenegro, PT: Portugal, PS: State of Palestine,  
TR: Turkey.
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2.7  Mediterranean socioeconomic scenarios

Environmental-change-related impacts will be 
driven not only by changes in climatic conditions, 
but also by changes in socioeconomic conditions. 
Prevailing socioeconomic conditions, in particu-
PEV�� HIXIVQMRI� E� WSGMIX]ɌW� VIWMPMIRGI� XS� GPMQEXMG�
LE^EVHW��;LIR�EWWIWWMRK� JYXYVI� VMWOW�HYI� XS� GPM-
mate change, it is therefore crucial to account 
for plausible changes in socioeconomic condi-
tions using a range of socioeconomic scenarios 
�+SR^¤PI^�1SVIRS�IX�EP������
��

%�PEVKI�RYQFIV�SJ�WSGMSIGSRSQMG�WGIREVMSW�LEZI�
been developed in the past decades, focusing on a 
multitude of disciplines, sectors, and regions. Few 
SJ�XLIWI�WGIREVMSW�[IVI�HIZIPSTIH�WTIGMʗGEPP]�JSV�
the Mediterranean region and even those usually 
only cover some of the Mediterranean countries, 
with a strong bias toward northern Mediterranean 
countries that are members of the European 
9RMSR��Table 2.4 provides an overview of a range of 

socioeconomic scenarios developed in the last two 
decades that cover socioeconomic developments 

Figure 2.30 |� 1IHMXIVVERIER� TSTYPEXMSR� TVSNIGXMSRW� YRHIV� XLI� HMʂIVIRX� 7LEVIH� 7SGMSIGSRSQMG� 4EXL[E]W�
(SSPs), %
�XSXEP�1IHMXIVVERIER�TSTYPEXMSR��&
�TSTYPEXMSR�F]�KISKVETLMGEP�VIKMSR��/G�ERH�0YX^�����
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in the Mediterranean either fully or partially in 
terms of geographic coverage.

The most recent socioeconomic scenarios that 
account for socioeconomic developments in the 
IRXMVI� 1IHMXIVVERIER� VIKMSR� �EW� HIʗRIH� MR� XLMW� 
report) are the state-of-the-art global-scale 
Shared Socioeconomic Pathways (SSPs). The SSPs 
explore broad-scale societal trends in the course 
of the 21st century both qualitatively, in the form 
of scenario storylines, and quantitatively, in the 
form of national-level projections of key variables 
WYGL�EW�TSTYPEXMSR��/G�ERH�0YX^�����
��YVFERM^E-
XMSR��.MERK�ERH�3Ɍ2IMPP�����
��ERH�+VSWW�(SQIWXMG�
4VSHYGX��+(4
��'YEVIWQE�������(IPPMRO�IX�EP��������
0IMQFEGL�IX�EP������
��8LI�1IHMXIVVERIER�TSTYPE-
XMSR�MW�TVSNIGXIH�XS�VERKI�JVSQ�����QMPPMSR��774�
�
XS�����QMPPMSR��774�
�MR������ERH�JVSQ�����QMPPMSR�
XS� ����QMPPMSR� MR� ����� �*MK�� ����E
, with consider-
able differences across regions �*MK�� ����F
. The 
largest share of the population is projected to live 
in Egypt under all SSPs, except SSP5 where France 

is the most populous country in 2100 due to very 
high work migration into northern Mediterranean 
GSYRXVMIW��3Ɍ2IMPP�IX�EP������
�

Figure 2.31 | 1IHMXIVVERIER�+VSWW�(SQIWXMG�4VSHYGX��+(4
�TVSNIGXMSRW�YRHIV�XLI�HMʂIVIRX�7LEVIH�7SGMSIGSRSQMG�
Pathways (SSPs), %
�1IHMXIVVERIER�EZIVEKI�+(4�TIV�GETMXE��&
�EZIVEKI�+(4�TIV�GETMXE�F]�KISKVETLMGEP�VIKMSR��(IPPMRO�IX�EP������
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8LI�VIKMSREP�EZIVEKI�+(4�TIV�GETMXE� MW�TVSNIGXIH�
XS�KVS[� JVSQ��������97�� ]V-1 in 2010 to between 
�������97��]V-1��774�
�ERH��������97��]V-1 (SSP5) 
MR� ����� ERH� XS� VSYKLP]� �������97�� ]V-1� �774�
� XS�
�������� 97�� ]V-1 (SSP5) in 2100 (Fig. 2.31a). The 
HMJJIVIRGIW� MR� EZIVEKI� +(4� TIV� GETMXE� EVI� WQEPP�
FIX[IIR��TSXIRXMEP
�)9�GERHMHEXI�GSYRXVMIW��GSYR-
tries from the Middle East and the Maghreb region. 
)9�QIQFIV�WXEXIW�LEZI�XLI�LMKLIWX�EZIVEKI�+(4�
per capita under all SSPs (Fig. 2.31b).

In order to increase the usefulness of SSPs for 
impact, adaptation, and vulnerability assessments 
�ZER�6YMNZIR�IX�EP������
��WTEXMEPP]�I\TPMGMX�TSTYPE-
tion projections that account for spatial changes 
in population distribution in the course of the 21st 
century have been produced, using the nation-
al totals as input data. These are available for all 
Mediterranean countries at a horizontal resolution 
SJ� ���� EVG�QMRYXIW� �.SRIW� ERH� 3Ɍ2IMPP� ����
� ERH�
��� EVG� WIGSRHW� �1IVOIRW� IX� EP�� ������ +ES� ����
��
*YVXLIV�� HS[RWGEPIH� +(4� TVSNIGXMSRW� EVI� EZEMP-
EFPI� JSV� 774W� ���� EX� E� VIWSPYXMSR� SJ� ��� EVG�QMR-
YXIW��1YVEOEQM�ERH�=EQEKEXE�����
��%PP�SJ�XLIWI�
projections are based on the underlying global  
SSP assumptions.

%W�XLI�KPSFEP�EWWYQTXMSRW�HS�RSX�RIGIWWEVMP]�VIʘIGX�
the socioeconomic developments at the regional 
scale, extensions of the global-SSPs for the 
Mediterranean coastal zone have been developed 
�6IMQERR�IX�EP������
��8LIWI�1IHMXIVVERIER�GSEWXEP�
774W� EGGSYRX� JSV� VIKMSR�WTIGMʗG� HIZIPSTQIRXW�
as well as for changing attractiveness of coastal 
regions for human settlement across the SSPs, 
while at the same time ensuring consistency with 
XLI� KPSFEP� 774W� �>YVIO� ERH� ,IRVMGLW� ����
�� 8LI�
Mediterranean coastal SSPs consist of qualitative 
REVVEXMZIW� JSV� IEGL� GSEWXEP� 774� Ɉ� 774�� �+VIIR�
'SEWX���774���2S�;MRH�SJ�'LERKI���774���8VSYFPIH�
;EXIVW��� 774�� �*VEKQIRXIH� 'SEWX��� ERH� 774��
ɋ'SEWX� 6YWLɌ� Ɉ� HMJJIVIRXMEXMRK� FIX[IIR� VIKMSREP�
socioeconomic developments in northern versus 
WSYXLIVR�ERH�IEWXIVR�TEVXW�SJ� XLI� VIKMSR��ERH�SJ�
spatially explicit population projections for all 
Mediterranean riparian countries at a resolution of 
���EVG�WIGSRHW�(Fig. 2.32).

Figure 2.32 | Spatially explicit population projections produced for the Mediterranean Coastal SSPs. Selected 
TSTYPEXMSR�KVMHW�JSV�XLI�FEWI�]IEV������ERH�IEGL�774�MR�������6IMQERR�IX�EP������
��+4;�!�+VMHHIH�4STYPEXMSR�SJ�XLI�
;SVPH��'IRXIV�JSV�-RXIVREXMSREP�)EVXL�7GMIRGI�-RJSVQEXMSR�2IX[SVO���'-)7-2���'SPYQFME�9RMZIVWMX]�����
�

GPW 2010

SSP2 - No wind of change

SSP4 - Fragmented coast

SSP1 - Green coast

SSP3 - Troubled waters

SSP5 - Coast rush

45
°N

5°W 0° 5°E 10°E 15°E 20°E 25°E 30°E 35°E

40
°N

35
°N

30
°N

45
°N

5°W 0° 5°E 10°E 15°E 20°E 25°E 30°E 35°E

40
°N

35
°N

30
°N

45
°N

5°W 0° 5°E 10°E 15°E 20°E 25°E 30°E 35°E

40
°N

35
°N

30
°N

45
°N

5°W 0° 5°E 10°E 15°E 20°E 25°E 30°E 35°E

40
°N

35
°N

30
°N

45
°N

5°W 0° 5°E 10°E 15°E 20°E 25°E 30°E 35°E

40
°N

35
°N

30
°N

45
°N

5°W 0° 5°E 10°E 15°E 20°E 25°E 30°E 35°E

40
°N

35
°N

30
°N

Fewer than 1 1-2 2-5 5-10 10-20 20-50 50-100 100-500 500-1,000 More than1,000

CHAPTER 2 - DRIVERS OF CHANGE



137CLIMATE AND ENVIRONMENTAL CHANGE IN THE MEDITERRANEAN BASIN  |  MedECC

How much has the Mediterranean Basin 
warmed since the pre-industrial period?

The UNFCCC Paris Agreement of 2015 strengthens the initial 
goal of the Article 2 in the United Nations Framework Convention 
on Climate Change (UNFCCC), “to achieve … stabilization of 
greenhouse gas concentrations in the atmosphere at a level that 
would prevent dangerous anthropogenic interference with the 
climate system”, by “holding the increase in the global average 
temperature to well below 2°C above pre-industrial levels and 
pursuing efforts to limit the temperature increase to 1.5°C above 
pre-industrial levels”. While these temperature goals refer to the 
global average, it is a natural question to ask, for any region, how 
much warming has been observed “above pre-industrial levels”.

This is only apparently a simple question. To provide such an 
estimate it is necessary to clarify the meaning of pre-industrial, 
the information available on its average temperature in the 
VIKMSR�� E� HIɑRMXMSR� SJ� TVIWIRX� EZIVEKI� XIQTIVEXYVI� ERH� XLI�
method used for estimating it. These issues were at the core of 
the IPCC special report on global warming of 1.5°C (SR15, IPCC 
����
� ERH� WTIGMɑGEPP]� GSRWMHIVIH� MR� MXW� Chapter 1 (Allen et al. 
2018).

8LI�TIVMSH�����������LEW�FIIR� MHIRXMɑIH� �%PPIR�IX�EP������
�EW�
a suitable approximation for the estimate of the pre-industrial 
average temperature, because it combines typical pre-industrial 
solar and volcanic forcing, low anthropogenic greenhouse 
KEW� GSRGIRXVEXMSRW�� ERH� WYJɑGMIRX� GSZIVEKI� SJ� MRWXVYQIRXEP�
temperature observations. The choice of the period 1850-1900 
is not completely free of problems, because it is indeed already 
affected by increasing greenhouse gas concentrations, with a 
partial compensation caused by aerosols. Further, strong volcanic 
eruptions occurred in the period 1880-1900. In this box, we 
follow SR15 but also the indications of the World Meteorological 
Organization (WMO 2017) and compute average pre-industrial 
temperature for a 30-years period, the central 1861-1890 period 
of the 1850-1900 "pre-industrial" period.

The number and distributions of instrumental observation 
LEZI� GLERKIH� WMKRMɑGERXP]� SZIV� XMQI�� ERH� WXEXMSR� HIRWMX]�
could become critically low in African and Asian areas of the 
Mediterranean Basin. Further, the collection of observations 
over sea is systematically more problematic than over land, 
notably prior to the 20th century. Rather than analyzing station 
data, we seek consistency with global estimates and we use 
the HadCRUT4 dataset (Morice et al. 2012) and the CRUTEM4  
(Jones et al. 2012) data sets for the land+sea and land only 
analysis, respectively. These are two widely used gridded global 
data sets with a resolution of 5 degrees longitude/latitude since 
1850 until present. Other data sets at higher spatial resolution 
are available (such as the recently updated version of CRU TS) 
(Harris et al. 2020), but they do not reach back far enough into 
the 19th century for the estimation of pre-industrial conditions. 
*SV� XLMW� EREP]WMW�� XLI� 1IHMXIVVERIER� &EWMR� MW� HIɑRIH� EW� XLI�

domain from 10°W to 40°E of longitude and from 30°N to 47.5°N 
of latitude. For the averaging, an interpolation (based on the 
closest neighbours) to 1° spatial resolution was undertaken.

Obviously observed temperature values are not yet available 
for the period 2020-2034. This prevents computing the level of 
warming in 2020 using a simple 30-year average. Here, we make 
the conservative assumption that warming in the future will 
continue at the same rate of the last 50 years and compute the 
2020 temperature by extrapolating the linear trend of the 1970-
2019 period Fig. 2.33). In 2020 the Mediterranean Basin is 1.5°C 
warmer than in the preindustrial with a likely uncertainty range 
of +0.11°C. Land areas have warmed more than the sea. If only 
land areas are considered, the 2020 temperature is 1.8°C warmer 
than pre-industrial with a likely uncertainty range of +0.12°C. 
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Figure 2.33 | Time series (grey bars) of the annual av-
erage temperature of the Mediterranean Basin ���s2�
XS�����s2�ERH���s;�XS���s)
�GSRWMHIVMRK�XLI�[LSPI�VI-
KMSR��TERIP�%
�SV�SRP]�MXW�PERH�EVIEW��TERIP�&
��8LI�EREP]-
WMW�MW�FEWIH�SR�XLI�,EH'698��HEXE�WIX�JSV�XLI�PERH�WIE�
EREP]WMW��1SVMGI�IX�EP������
�ERH�SR�XLI�'698)1��HEXE�
WIX�JSV�XLI�PERH�EREP]WMW��.SRIW�IX�EP������
�.SRIW�IX�EP��
2012). To avoid edge effects, before calculating the aver-
ages, the data have been interpolated to 1° spatial reso-
lution. The values are expressed as anomalies from the 
TVI�MRHYWXVMEP� TIVMSH� ����������
�� 8LI� FPYI� LSVM^SRXEP�
PMRIW�VITVIWIRX�XLI����]V�EZIVEKIW�F]�WXITW�SJ����]IEVW��
The red curve is the linear trend linear trend calculated 
JSV�XLI�����������TIVMSH��I\XVETSPEXIH�YT�XS�������8LI�
black line is the smoother time-series. The blue square 
represents the likely interval (probability >0.66) for the 
present warming.
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Representative Concentration Pathways 
(RCPs)

Representative Concentration Pathways (RCPs) are greenhouse 
has concentration pathways, developed by the IPCC in order 
to explore the physical outcomes of different climate policies, 
notably regarding the mitigation of greenhouse gas emissions.

RCP2.6: The RCP2.6 was developed by the IMAGE modeling 
team of the Netherlands Environmental Assessment Agency 
(van Vuuren et al. 2011). The emission pathway is representative 
for scenarios in the literature leading to very low greenhouse 
gas concentration levels. It is a so-called “peak” scenario: its 
VEHMEXMZI�JSVGMRK�PIZIP�ɑVWX�VIEGLIW�E�ZEPYI�EVSYRH�����;�Q-2 mid-
century, returning to 2.6 W m-2 by 2100. In order to reach such 
radiative forcing levels, greenhouse gas emissions (and indirectly 
emissions of air pollutants) are reduced substantially over time. 

RCP4.5: It was developed by the MiniCAM modeling team at 
XLI�4EGMɑG�2SVXL[IWX�2EXMSREP�0EFSVEXSV]ȆW�.SMRX�+PSFEP�'LERKI�
Research Institute (Clarke et al. 2014). It is a stabilization 
scenario where total radiative forcing is stabilized before 2100 
by employment of a range of technologies and strategies for 
reducing greenhouse gas emissions. It is often considered as an 
intermediate scenario. 

RCP8.5: The RCP8.5 was developed by the MESSAGE modeling 
team and the IIASA Integrated Assessment Framework from  
the International Institute for Applies Systems Analysis (IIASA), 
Austria (Riahi et al. 2011). The RCP8.5 is characterized by 
increasing greenhouse gas emissions over time representative 
for scenarios in the literature leading to high greenhouse gas 
concentration levels, reaching +8.5 W m-2 additional surface 
radiative forcing in 2100. It is often considered as a “business-
as-usual” scenario. 

BOX 2.2
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