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Abstract: The objective of this study is to investigate the impacts of the environmental and socio-
economic risks on the fisheries in the Mediterranean region from an economic point of view. A
balanced panel of 21 Mediterranean countries for 2001–2018 has been estimated by the GLS method,
considering heteroskedasticity and correlation among cross sections. The volume of fish landed
and landed values have been considered in two models. The results show that increases in sea
bottom and surface temperature, H+ ion concentration and salinity threaten the fisheries in the
Mediterranean region for the volume of fish landed and that sea surface temperature and salinity
negatively influence landed values. In addition, there is an inverse U-shaped relationship between
human population and fisheries. Moreover, the Human Development Index (HDI), an indicator
of countries’ adaptive capacity, has a positive impact on fisheries and indicates that countries can
safeguard fisheries by improving their adaptive capacity. Finally, our results strongly show the risk of
climate change for the fisheries in the Mediterranean region and that fisheries are adversely impacted
by climate change as well as worsening socio-economic conditions in the absence of adaptation plans.

Keywords: fisheries; environmental risks; socio-economic risks; climate change; Mediterranean region

1. Introduction

Studying the fisheries in the Mediterranean and the risks they are currently facing is
important for different reasons. Situated at the crossroads of Africa, Europe and Asia, the
Mediterranean coasts have witnessed the development of exceptional cultural diversity
and richness. Numerous civilizations have flourished there, thanks mainly to the important
trade and cultural exchange in this region. The basin contributes remarkably to the world
economy and trade. Twenty-two countries share the Mediterranean coastline and, together,
have a population of about 465.5 million people whose level of economic development
varies across its three continents [1]. A high population density is sheltered on its coasts
with an additional 200 million tourists each year representing 33% of the total world
tourists, making it the world’s leading tourist destination [2]. The Mediterranean basin is
also a region undergoing constant change. Human activities are concentrated near the coast
and at sea, such as fishing, urbanization and tourism. In addition, the Mediterranean Sea is
an important area of industrial development and is one of the most frequented maritime
corridors in the world [3]. The Mediterranean Sea is considered one of the hotspots of
global biodiversity where the impact of climate change associated with other anthropogenic
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pressures could be the most destructive [4–7]. Although it represents only 0.8% of the
world’s ocean surface, it is home to between 4% and 18% of the world’s marine species [4].

Climate change is expected to be the most important threat to biodiversity in the
Mediterranean over the next 10 years, followed by habitat degradation, exploitation, pollu-
tion, eutrophication and invasion of species and loss of biodiversity [4]. Fisheries, which are
of social, economic and cultural importance in the Mediterranean, represent a considerable
source of food and income and contribute to the traditions and way of life for communities
along the Mediterranean. The Mediterranean basin is currently facing several challenges
related to climate change such as sea surface water warming, acidification, changes in
salinity and circulation, overfishing, eutrophication, deoxygenation and destruction of
habitats that are most frequently observed for fisheries [4,8–12]. These challenges are
associated with other threats such as increasing droughts, sea level rise and pollution. Most
of these threat factors, whether from climate change or from socio-economic factors, are
related and interdependent and their simultaneous presence is threatening marine species
and ecosystems and in turn threatens the ecosystem services that the Mediterranean Sea
provides to society and the human economy.

The objective of the paper is to study the impact of environmental and socio-economic
factors on the fisheries in Mediterranean countries. A part of the existing literature on
the subject has examined anthropogenic impacts as well as the impact of environmental
changes on fisheries by measuring the vulnerability index [13–17]. Besides, some studies
have investigated these impacts on the structure of landed fish through the application of
ecological indicators [18–24], and only a few studies, such as [21], have estimated these
effects as a causal relationship. Among them, some have been focused on the Mediterranean
Sea. For example, Tzanatos et al. [25] have considered temperature as a climatic variable
and investigated the correlation between temperature and fisheries landing fluctuations
in the region. The results showed a negative relationship for about 70% of species. In
addition, Fortibuoni et al. [23] have analyzed the disaggregated landings over the period of
1945–2014 using the landings data enriched by ecological indicators and showed declining
trends in most of the years, especially for most vulnerable species (i.e., elasmobranchs and
large-sized species). As a contribution to the existing literature, this study considers a wide
range of environmental and socio-economic variables and estimates their impacts on both
fish landings and landed value through econometric techniques. The results reveal the
influences of the factors on fisheries that are deemed of high importance. Since the model
has been estimated for both fish landings and the landed value, the results can be used in
determining policy priorities in order to protect fisheries and the economic value of the
sector. Given the diversity of development levels of countries around the Mediterranean,
negative changes in fish production, especially in the less developed regions, will have
many consequences. The implications of reduced fish catch in these regions will further
increase poverty, food scarcity, unemployment and migration in the Mediterranean region
and policy actions may be needed immediately to stop and reverse a bleak future.

The paper is structured as follows: first, we describe the specificities of the fisheries
in the Mediterranean countries, which we regroup into three geographical subregions.
Then, we consider the risks for the fisheries in the Mediterranean Sea. The methodology
is explained in Section 4. Sections 5 and 6 report the empirical results and discussion,
respectively. Finally, the concluding remarks and policy implication of the study are
provided in the last section.

2. The Context of Fisheries in the Mediterranean

Twenty-two countries border the Mediterranean Sea, which itself represents only
approximately 0.8% of the ocean surface. Countries bordering the Mediterranean Sea can
be placed in three groups formed according to Hilmi et al. [26], representing three distinct
socio-economic parts of the Mediterranean: Northern, Southern and Eastern Mediterranean
countries. The groups are formed as follows:
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• Northern Mediterranean countries (from west to east): Spain, France, Monaco, Italy,
Slovenia, Croatia, Bosnia and Herzegovina, Montenegro, Albania, Greece and the
island nation of Malta;

• Southern Mediterranean countries (from west to east): Morocco, Algeria, Tunisia,
Libya, Egypt;

• Eastern Mediterranean countries (from north to south): Turkey, Syria, Lebanon, Israel,
Palestinian territories and Cyprus.

Analysis of the trend in yields for total fisheries and aquaculture catches has shown
that total Mediterranean fisheries and aquaculture production has increased over the
last few decades. However, if we separate the production of wild catches from that of
aquaculture, another trend can be observed (see Appendix A Figure A1). Catches of
wild stocks have declined since the 1990s, while aquaculture production has increased
substantially.

If we compare yields from fisheries catches with those from aquaculture at the regional
level, other trends can be observed by region (see Appendix A Figure A2). For Northern
Mediterranean countries, catch yields have decreased since the 1960s while aquaculture
yields have increased since the 1970s and have stabilized since the 2000s. For Southern
countries, the comparison shows that both wild catch production and aquaculture produc-
tion have increased since 1970. For Eastern Mediterranean countries, fishing catches have
decreased in quantity since the 2000s and aquaculture production has steadily increased
up to the level of catch production.

2.1. Capture

In 2017, the total fisheries production of the Mediterranean fleets was estimated at
784,000 tonnes of edible marine products. Landings in the Mediterranean continued to
increase until 1994, reaching 1,062,000 tonnes, then declined irregularly to 758,340 in 2015,
with production apparently stabilizing since then (see Appendix A Figure A3).

The comparative evolution of the Mediterranean catch production between regions
is represented in Figure A4 in the Appendix A. Catches in the Northern Mediterranean
countries have been decreasing overall since the 1970s, while those in the other regions have
been increasing in quantity, particularly in the countries of the Southern Mediterranean,
which are now aligned in production with those of the north. An analysis by region in
Figure A5 in the Appendix A shows that in the Mediterranean, the Northern Mediterranean
countries as a whole have the highest catch fishing production, contributing to 53% of the
total landings (411,700 tonnes on average in 2015–2017), while the Southern Mediterranean
countries have production representing 39.3% of landings with 311,500 on average for
2015–2017). It is the Eastern Mediterranean countries that contribute the least to the catches
with 11% for 85,300 tonnes.

Concerning the main species and groups contributing to the production of fishery
catches, three groups of species, namely “herring, sardine, anchovy” (360,900 tonnes), “mis-
cellaneous coastal fish” (122,900 tonnes) and “miscellaneous pelagic fish” (64,300 tonnes),
account for about 71% of total declared landings in the Mediterranean. There are five other
groups of species contributing to landings and accounting for about 22% of total landings.
The remaining species account for about 5%. If we combine “herring, sardines, anchovies”
and “miscellaneous pelagic fish” to get an estimate of small pelagic species, we notice that
their landing represents more than half of the production.

The classification of species in the Mediterranean shows that sardine (Sardina pilchardus)
and European anchovy (Engraulis encrasicolus) are the main species landed (122,400 tonnes
and 182,900 tons on average, respectively). In addition to these two dominant species, there
is a great diversity of species contributing significantly to catches (more than 1%). Sardines
contribute 26% of the Mediterranean catches, followed by European anchovy with 17%
and sardinella with 6%. The rest of the contribution amounts to 51% and corresponds to a
large number of species.
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When we analyze the species contributions by region, we can see that in the group of
Northern Mediterranean countries, the main species caught is also sardine (22%), followed
by European anchovy (20%) (see Appendix A Figure A6). When we sum up the remaining
species that correspond to less than 5% of the catch, this gives us a total of 58% of the
landings. In the Southern Mediterranean countries, the main species caught is also sardine
(19%), followed by sardinella (13%), the marine fish nei (9%) and jack and horse mackerel
(6%), with all other species accounting for 53%. In the Eastern Mediterranean countries,
the main species caught is European anchovy (48%), followed by Stripped venus (11%),
European sprat (10%) and sardine (7%), with all other species accounting for the remaining
24%. If we compare the diversity of species in the catches, we can see that it is higher
in the Northern and Southern Mediterranean countries, while in comparison, it is lower
in the Eastern Mediterranean countries, which concentrate almost half of the fish caught
on anchovy.

2.2. Aquaculture

In 2017, aquaculture production in the Mediterranean countries together reached
2,571,774 tonnes, with an increase of 55% over the last 10 years. The same year, aquaculture
accounted for 40% of the total production of fishery products compared to 30% 10 years
earlier. Aquaculture in the Mediterranean countries has increased steadily over the last
20 years, and it can be seen that production has increased particularly in brackish environ-
ments (doubled over the last 10 years; see Appendix A Figure A7). The production of fish
in seawater and freshwater has also increased since 2007, while the production of mollusks
in marine and brackish environments has decreased.

An analysis by region shows that in the Mediterranean, the Southern Mediterranean
countries as a whole have the aquaculture production contributing to 57% of the total
landings (1,476,474 tonnes in 2017), while the Northern Mediterranean countries have pro-
duction representing 31% of landings with 793,687 in 2017. It is the Eastern Mediterranean
countries that contribute the least to the production, with 12% for 301,612 tonnes in 2017
(see Appendix A Figure A8).

The value of fish landings represents the first sale value of fish caught in FAO Major
Fishing Area 37, which is considered the total landed catch multiplied by the estimated price
outside the vessel [27]. It represents the price of the products before they are processed and
before the added value is obtained. The majority of countries contributing to aquaculture
production in terms of value in 2017 were Egypt with 26% (USD 1376 million) followed by
Turkey with 20% (USD 1068 million) and the Northern Mediterranean countries, France
with 13% (USD 701 million), Greece with 12% (USD 614 million), Spain with 11% (USD
583 million) and Italy with 9% (USD 461 million). By region, the Northern Mediterranean
countries together accounted for 49% of the value of aquaculture, thus dominating the
value of aquaculture. They are followed by the Southern Mediterranean countries and
the Eastern Mediterranean countries, which account for 28% and 23% of the value of
aquaculture in 2017, respectively.

The classification of the species fished by the Mediterranean countries including
all coasts and inland aquaculture gives us the most produced species (see Appendix A
Figure A9). We note that the Nile tilapia species in brackish water (33%) dominates the
global production in aquaculture, followed by marine mussels (10%), the Rainbow trout
produced in freshwater (7%), the mullet in brackish water (7%) and then the European
Seabass (7%) and the Gilthead seabream in a marine environment (6%).

3. The Risks in the Mediterranean

In this section, we consider the risks that threaten the Mediterranean fisheries. These
risks can be environmental or due to the socio-economic characteristics of the fisheries
section in each country or area.
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3.1. The Main Environmental Risks

The main environmental risks are warming, ocean acidification (OA), hypoxia, deoxy-
genation, pollution and habitat loss. If we consider the response to climate change and
acidification of economically relevant Mediterranean species, there are still gaps in infor-
mation. There is a growing knowledge on the consequences of climate change (CC) and
OA on species but there are not enough studies that address the responses of commercial
species to climate change and acidification in the Mediterranean Sea [9,13,28,29]. Revenues
from fisheries will also be affected by the distribution of species and the spatial structure of
populations that are impacted by warming seawater. The phenomenon of meridionaliza-
tion, where native thermophilic species of southern warmer waters are now moving north,
will have both positive and negative impacts on Mediterranean fisheries. The rise in the
abundance of thermophilic species could increase the richness in the northern and central
regions of the Mediterranean. However, this expansion could threaten the ecosystems by
modifying them and there could be a risk of a decrease to extinction for several species of
commercial interest [30]. The northward retreat of cold-water species caused by warming
water occurs particularly in the areas of the Gulf of Lyons, the northern Adriatic and the
Aegean Sea. Commercially valuable fish exploited in the eastern part of Mediterranean
such as the sprat (Sprattus sprattus) are at risk of extinction and this is aggravated by other
impacts such as overfishing or habitat destruction [31]. The phenomenon of tropicaliza-
tion may have dramatic consequences, particularly in the Eastern Mediterranean with
a decline in several marine populations [32,33]. Other negative impacts would include
loss of biodiversity, changes in marine communities, reduction in genetic diversity and
affected food webs [6,33,34]. In addition to these changes, global warming is expected to
cause a decrease and reduction in fish size [35]. Studies have shown that fish size follows
a temperature rule [36]. In a general way, the significant drop in primary production
expected in the Mediterranean will affect the sectors most sensitive to changes in rainfall
and river runoff and to changes in primary production [37]. Small-scale pelagic fisheries
and local communities dependent on rivers (e.g., the Ebro, Nile, Po, Tiber and Danube) are
expected to be most affected by the projected changes [30]. These changes will impact the
economies of countries differently depending on their vulnerability and their composition
of exploited species. Turkey and Italy being the two largest producers of fisheries in the
Mediterranean, it has been observed that they do not exploit the same mix of species.
Northern Mediterranean countries such as Italy have a more diversified fishery based on
herring, sardines and anchovies and also target mussels, clams, cockles and ark shells,
while Eastern countries such as Turkey mainly target the first group.

Countries with less diversified fisheries can then be expected to be more impacted
by climate change. Climate change, which impacts pelagic and demersal fish species,
increases the risk of certain types of fisheries. Fleets targeting mainly pelagic species such
as seiners and longlines are less resilient and will be impacted positively or negatively [30].
Fishing gears that depend on pelagic species (such as purse seiners) such as anchovies and
sardines could see their production decrease due to the impact of reduced rainfall and a
drop in primary production. This could impact coastal countries such as Turkey, which
mainly bases its catch production on anchovies [38]. On the other hand, demersal fishing
gears and artisanal fishing fleets could be more resistant to the impacts of climate change
on fish distribution [39]. Given the processes of meridionalization and tropicalization
and change in primary production that induce changes in species distribution and spatial
population structure, impacts on fisheries will depend on adaptation measures, monitoring
mechanisms and collaborative research at the regional level designed to address impacts
on stocks distributed across national boundaries [30]. Ultimately, the exploitation of the
benefits and opportunities of new species will depend on consumers and the adaptation of
local markets. Another factor to be taken into account in adapting fleets to climate change
is their available technology. In Southern countries such as Turkey, artisanal fishermen
have less technology available to increase fishing effort to counter production losses. As
shown in the results, artisanal fishers in most cases own their boats and have invested
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their own capital in them. They, therefore, do not have a great capacity to adapt to go
fishing elsewhere or to fish for other species [40]. The artisanal fleets of the Southern
Mediterranean would therefore be among the fleets most exposed to climate change.

Regarding acidification, research has shown that it has negative impacts on many
species and habitats that benefit fisheries and aquaculture [9,10,26,40–43]. Acidification
particularly threatens species that use carbonate to form a skeleton or shell [41]. Acidifi-
cation has an impact on commercial species such as mollusks and crustaceans, which are
widely present in the Mediterranean with important production sites in France, Italy and
Greece [10]. Among the taxa affected by acidification, mollusks and bivalves fare least
well [28]. Assuming that the effects of ocean acidification are particularly threatening for
mussels and oysters, using seafood harvest data by country, and for the Mediterranean Sea,
the vulnerability of some countries can be preliminarily assessed (Appendix A Figure A6).
It can be assumed that Italy, Greece, France and Spain will have a strong impact since they
produce a lot of mussels. For oyster production, France would once again be the most
threatened. The effects of acidification are detrimental to these cultures, causing mass mor-
tality and therefore loss of income as well as adaptation costs to revive production [29]. We
can also assume that aquaculture crops would be less exposed than artisanal or recreational
fishers who collect from the wild [40]. Like industrial fleets, aquaculture operations have
more technological means to counteract the loss of production.

Major economic effects could result from stratification, leading to deoxygenation,
epidemics, harmful algal blooms and eutrophication that are present all over the Mediter-
ranean basin and also threaten fisheries and aquaculture operations [44–48]. It is expected
that the most affected countries will be those with semi-enclosed areas as well as areas
at the outlet of river estuaries, which are most at risk of eutrophication. Eutrophication
impacts public health with episodes of shellfish poisoning, and changes in precipitation
(causing floods) negatively impact aquaculture facilities and cause harmful algal blooms
that cause disease in humans [49]. To address the threats of climate change, acidification
and eutrophication, fish farms could adopt integrated multi-trophic aquaculture that inte-
grates fish species from different trophic levels to mimic wild ecosystem interactions and
to limit waste [50,51]. There should also be a monitoring of the impacts of other sectors
on aquaculture such as agriculture, forestry and tourism, which impact water quality in
farms [52]. Finally, we can consider the Allocated Aquaculture Zones (AADs), areas where
the impacts of aquaculture on the environment and other users are minimized, as a solution
for the development and sustainable management of aquaculture itself [52,53].

3.2. The Main Socio-Economic Risks

In this section, we study the socio-economic factors that have consequences on the
fisheries sector in the different Mediterranean countries.

Demography can have an impact on the fisheries sector. The total population of
the Mediterranean countries rose from 276 million inhabitants in 1970 to 412 million in
2000 and then to 514 million in 2018 [1]. It is estimated that the population should reach
529 million by 2025 [54]. More than half of the population lives on the southern shore of
the Mediterranean. The population is concentrated on the coasts with a higher density in
the Western Mediterranean, on the western shore of the Adriatic Sea, on the eastern shore
of the Aegean-Levantine region and in the Nile Delta [54].

The history of the Mediterranean has led to a complex socio-political scenario with
a diversification of economic and social development, which is reflected in the levels
of development. From an economic point of view, we can distinguish the Northern
Mediterranean countries from the others with their demographic structure (aging in the
North and youth in the South) [55,56]. This socio-economic gap between the European
and Afro-Asian shores, on the other hand, is reflected in indicators such as gross domestic
product (GDP) and the Human Development Index (Table A1). The GDP per capita of
the poorest country is 30 times lower than that of the richest (excluding Monaco) for the
Mediterranean countries (see Appendix A Table A1). There are significant inequalities
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between the different Mediterranean countries. In general, the Northern countries benefit
from a better economic, welfare and governance situation [57]. In 2010, Mediterranean
countries reached 11.1% of the world’s GDP. In the same year, France, Spain and Italy
accounted for 64% of this GDP [10]. Moreover, the total population of the Middle East and
North Africa as a whole has increased from 105 million in 1960 to 448 million in 2010 [12].
As their populations grow, they are vulnerable due to uneven distribution of resources,
a difficult political context and migration.

The number of persons employed, directly or indirectly, in the fisheries sector also
creates a kind of vulnerability if this sector shrinks due to environmental risks. Direct
employment in fishing for the Mediterranean countries was less than 261,000 workers
and less than 105,000 thousand workers in aquaculture for a total of 367 thousand jobs
generated by this sector (see Appendix A Table A2). Fishing catches provided 71% of
employment against 29% for aquaculture. The main countries contributing to employment
in the fisheries and aquaculture sectors were Egypt with 22%, Libya with 13%, Tunisia with
12%, Turkey with 11%, Spain with 9% and Greece with 8%. Egypt dominated employment
with 86,000 workers for employment in fisheries and aquaculture. Egypt also dominated
the aquaculture sector, providing 33% of jobs.

Concerning jobs in the Mediterranean basin, Sacchi [12] reported for the year 2008 a
total of 250,000 jobs in the primary sector associated with fishing catches and 123,000 jobs
for aquaculture. The number of indirect jobs was 214,000. His results also suggested that
Egypt was the country where fishing and aquaculture provide the largest number of jobs
and more particularly that the countries of the South dominate the number of jobs in the
fishing and aquaculture sector in the Mediterranean.

An analysis by region shows that for the Mediterranean countries, the Southern
Mediterranean countries as a whole had the highest number of employment in fishing and
aquaculture, contributing to 56% of the employment in fishing (119,321 jobs) and to 66% of
the employment in aquaculture (69,832 jobs), accounting for 53% of the total employment
(206,153 jobs) (See Appendix A Figure A10). The Northern Mediterranean countries
contributed to 33% of the employment for the fishing sector (86,317 jobs) and 22% to the
aquaculture sector (23,233 jobs), accounting for 29% of the total employment (110,749 jobs).
The Eastern Mediterranean countries contributed the least to the employment with 21%
of the employment in fishing (559,904 jobs) and 12% for the employment in aquaculture
(12,032 jobs), accounting for 18% of the total employment (67,936 jobs).

The evolution of the consumption of seafood can also be considered a means to
reinforce or decrease the economic importance of fisheries in the different Mediterranean
regions. For the Mediterranean countries as a whole, the apparent per capita consumption
of all seawater fishery products has been increasing since 1961, rising from 11.3 kg per
capita to 20.1 kg per capita in 2013 (see Appendix A Figure A11). After a period of slight
decline in the 1980s, the proportion of pelagic species among the marine species consumed
has since increased (35% in 2013). The consumption of freshwater and diadromous fish has
been steadily increasing since 1961. In 2013, pelagic fish represented 28% of total marine
product consumption, followed by demersal fish (26%), freshwater and diadromous fish
(21%), mollusks (11%), crustaceans (6%), cephalopods (5%) and the marine fish nei (3%)
(see Appendix A Figure A12).

In 2013, the mean estimated consumption of marine products for all Mediterranean
countries was 20.1 kg per capita with a production of about 63% of their consumption (see
Appendix A Table A3). By group of countries, Northern countries exceeded the world
average with 30.7 kg per capita while Southern and Eastern countries were below with
16.7 and 6.8 kg per capita, respectively. Nine countries were above the average: Cyprus
(21.9 kg per capita), Egypt (22.1 kg per capita), France (33.5 kg per capita), Israel (23.2 kg
per capita), Italy (25.5 kg per capita), Libya (22.6 kg per capita), Malta (32.6 kg per capita)
and Spain (42.4 kg per capita). Northern countries covered only 42% of their consumption
with their production, and Eastern countries covered only 84%, while Southern countries
had a surplus with 104%. Only Croatia, Morocco and Turkey covered their seafood produce
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consumption by their capture and aquaculture yields. Other countries are therefore highly
dependent on imports.

Depending on whether they are importers or exporters (fisheries trade), the impacts
of the environmental threats will be different in the different Mediterranean regions. In the
Mediterranean, most countries are net importers. Montenegro, the Syrian Arab Republic,
Lebanon and Palestine are the most dependent on fishing imports. On the contrary,
Morocco and Croatia are net exporters (see Appendix A Figure A13). If we analyze the data
from a regional point of view, it can be seen that only the Southern Mediterranean countries
are net exporters. The Eastern countries and the Northern Mediterranean countries reflect
the importance of trade flows between the Southern and Eastern Mediterranean countries
and the Northern countries (such as the EU countries) (see Appendix A Figure A14) [12].

Another indicator studied is the value of the fisheries trade in the Mediterranean
region. The total value of the fishery products traded (imports plus exports) is provided in
Appendix A Figure A15. The total value of the fishery products marketed by Mediterranean
countries is 37.2 billion dollars. All of the countries are net importers in value except for
Morocco, Tunisia, Turkey, Albania, Croatia and Greece. If we analyze the data from a
regional point of view, it can be seen that only the Southern Mediterranean countries are
net exporters of value. The Eastern countries and in particular the Northern Mediterranean
countries are net importers, highlighting again the importance of trade flows between the
Southern and Eastern Mediterranean countries and the Northern countries (such as the EU
countries; see Appendix A Figure A13).

Mediterranean fishing fleets are divided into three types according to the classification
of Lleonart et al. (1998) [58]: industrial, semi-industrial and small-scale artisanal fishing.
The categories of recreational fishing and subsidence are added here to the capture fisheries
in the Mediterranean. Fishing exploitation in the Mediterranean is carried out in depths
ranging from 0 to 800 m, with the 400 m level being the most used. Bottom trawls, gillnets,
trammel nets, dredges, traps and bottom longlines are part of the fishing gears operating
in demersal areas. Small or medium pelagic species such as sardines and anchovies
that live in schools are fished by pelagic trawls and purse seines. On the other hand,
larger pelagic species, such as tuna, living closer to the surface and being migratory
species, are caught mainly by seines, surface longlines and drift nets. The five different
types of fleets: artisanal, industrial and semi-industrial fleets, subsidence and recreative
are described below according to several classifications [12,58,59]. Sacchi differentiates
artisanal fisheries (or small-scale fisheries) and industrial fisheries with the final destination
of the products, where the former will produce for the local markets and the latter will
export their production.

Pauly and Zeller [59] defined the industrial sector as a large-scale sector of a commer-
cial nature involving large motorized boats and primarily large seiners targeting tuna and
swordfish, besides hake, sardine, anchovy, and shrimp [40]. Fleets are expensive to build,
maintain and operate. Most of their catches are sold commercially. Both Mediterranean
and non-Mediterranean countries fish in the region, and the non-Mediterranean countries
include Russia, Japan, Korea, Georgia, Ukraine, Bulgaria, and Romania. The industrial
fleets mainly target a limited number of species and operate mainly in deep waters. Sac-
chi [12] adds that they are fleets that go out for several days at a time, usually over 500 GT,
transport the catch and house their crew. The industrial sector prefers to fish for large
catches of species such as tuna, sardines, shrimp and anchovies, which are destined for the
“international fresh or frozen markets and especially for processing” [12].

Like industrial fleets, semi-industrial fleets target national and international markets.
They differ from the industrial sector by their artisanal management of their vessels. They
have on board the fishing captain who owns the means of production (vessel and fishing
gear). Like the industrial fleets, they use gear that can catch large quantities of fish. In the
Mediterranean, there is gear such as “trawlers, sardine seiners and vessels using equipment
such as mechanical towed nets, some longlines and trammel nets.” Fleets using these types
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of gear “generally land their catches daily and operate mainly on the continental shelf and
around the continental slope” [12].

Sacchi [12] provides a definition of artisanal fishing that suggests that it differs from
other types of fisheries by the destination of production. Artisanal fishing is defined by
local markets as a production outlet versus exports for larger fishing operations. Sacchi [12]
also adds that artisanal fishing is defined by the length of the vessel. It sets a limit of 12 m
for the length of an artisanal fishing vessel. It should be noted that in some countries, such
as Turkey, other definitions can be adopted, such as that of the Turkish Statistical Institute,
which points out that artisanal fishing operates with one fisherman on a vessel of less than
10 m and with a limit of five crew members [60].

Artisanal or small-scale fisheries in the Mediterranean should be studied as they play
an important social and economic role [27]. The FAO report on the state of fisheries in the
Mediterranean and the Black Sea [61] showed that artisanal fisheries account for 84% of the
total fishing fleet in the Mediterranean and the Black Sea with 70,000 vessels. It generates
26% of total revenue (USD 633 million) and 60% of total employment (150,000 people).
Comparing their data with The State of Mediterranean and Black Sea Fisheries 2016 [62] (SoMFi
2016), FAO notes that the number of vessels in small-scale fisheries has decreased by about
4000 vessels (5%), while data on employment and annual earnings show that they have
increased by about 15,000 people (9%) and by USD 45.3 million (7%) compared to 2016.
They also note that these changes may be due in part to improved data collection.

Subsistence fishery is small-scale fishing for non-commercial and recreational pur-
poses. This fishery is intended for family consumption and includes artisanal boats where
the subsistence catch is given to the families of the crews or to the local community [59].
The recreational fishery is defined as a fishery undertaken for non-commercial reasons or
subsidence. This fishery is conducted primarily for pleasure. Occasionally, a portion of
the catch may be sold [59]. These kinds of fishery can have a local importance for coastal
communities, but their role at the national level is small. Nevertheless, if subsistence and
recreational fisheries are reduced due to environmental factors, the consequence on poverty
and livelihoods can be significant in some areas of the Mediterranean.

Finally, another human-induced threat to the Mediterranean fisheries is overfishing.
Pauly and Zeller [59] distinguish the two types of catches: landings (i.e., catches that
are retained on board and landed) and discards (mainly from the industrial fishery). In
discards, fish and invertebrates are generally considered dead. To this can be added the net
mortality of fishing gear and mortality caused by ghost fishing of abandoned or lost fishing
gear. However, no reliable data on these discards are available, so this is a limitation of
our analysis.

4. Materials and Methods
4.1. The Objective of the Empirical Study

As mentioned before, the objective of this paper is to study the impacts of the environ-
mental and socio-economic risks on the fisheries in the Mediterranean region. To this end,
our research applies econometric modeling. In Section 3, we theoretically discussed some
environmental threats as well as socio-economic factors that cause the vulnerability of the
fisheries sector in the Mediterranean region. To achieve the goal of the study, we empirically
investigate whether such factors have actually influenced fisheries in the region.

4.2. The Model

As stated before, there is a rich literature on environmental changes and anthropogenic
impacts on fisheries [13–25]. However, few studies estimate these impacts. For example,
Fu et al. [21] showed that the structure and vulnerability of landed fish are affected signif-
icantly by environmental conditions and these effects tended to be negative. This study
focuses on the environmental (ecological) and socio-economic factors that influence the
fisheries sector. We tested the factors’ influences by considering relevant variables in the
model with available data. The advantage of this study is that it includes more variables
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in the model. For environmental factors, eight variables were considered. Concerning
the socio-economic side, HDI is an adequate composite index in which both social (health
and education) and economic (GNI per capita) dimensions are included. In addition,
the total population, urbanization and changes over time were entered in the model as
economic–demographic variables. The population variable was considered in quadratic
form based on theoretical grounding. Finally, the ratio of industrial to small-scale fisheries
was included as a feature of the fisheries sector. Encompassing these factors, the following
econometric model is defined:

Fisheries = α +β1lnSSTi.t + β2lnTemp_btmi.t + β3lnHT_sur fi.t + β4lnHT_btmi.t + β5lnO2_sur fi.t
+β6lnO2_btmi.t + β7lnSal_sur fi.t + β8lnSal_btmi.t + β9lnISSTi.t + β10lnHDIi.t
+β11lnPopi.t + β12lnPop2i.t + β11upi.t + β12upgi.t + εi.t

(1)

where the first seven regressors are environmental explanatory variables. SST is the
sea surface temperature, Temp_btm is the sea bottom temperature, TH_surf is the H+

ion concentration on the surface, HT_btm is the H+ ion concentration at the sea bottom,
O2_surf is surface oxygen, O2_btm is bottom oxygen, Sal_surf is surface salinity, and
finally, Sal_btm represents bottom salinity. Other explanatory variables are as follows:
ISST is industrial to small-scale fisheries, HDI is Human Development Index, Pop is total
population, Pop2 is the quadratic form of population, UP is urbanization rate, and UPG is
changes in urbanization rate.

For fisheries, two variables were considered; in the first, the dependent variable is FLT
(quantity of fish landed in tonnes), and in the second, it is LV (value of fish landed in USD).
Using the double log model, all variables were transformed into natural logarithms to
reduce the influence of heteroskedasticity. In addition, the interpretation of the estimated
coefficients will be the elasticity of the dependent variable relative to explanatory variables.
In Equation (1), the subscripts i refer to cross sections. Here, we included 21 Mediterranean
countries for which the data are available, while the subscript t stands for the time dimen-
sions in this study, 2001 to 2018. This study utilizes the panel procedure to estimate the
proposed equation. According to the discussions in Section 3, it is expected that most
estimated coefficients will be negative except for ISST and HDI where HDI proxies the
adaptive capacity of countries.

4.3. Data and Variables

The cases of the study are Mediterranean countries, where Albania, Algeria, Bosnia
and Herzegovina, Croatia, Cyprus, Egypt, France, Gaza, Greece, Israel, Italy, Lebanon,
Libya, Malta, Montenegro, Morocco, Slovenia, Spain, Syria, Tunisia, and Turkey have been
included due to data availability for 2001–2018.

The data for both variables have been extracted from the Sea Around Us [63] (http:
//www.seaaroundus.org/ (accessed on 5 June 2021)). The available data are for exclusive
economic zones (EEZs). Thus, for Cyprus, Italy and Spain—countries with more than
one EEZ— the data have been separately computed by adding data for relevant EEZs.
Data for environmental variables are from [64]. Again, the data are for EEZs. Here,
for the aforementioned three countries, we calculated the average of each variable for
relevant EEZs to measure the volume of variables for these countries. Industrial and
small-scale fisheries data are also extracted from the datasets of the Sea Around Us [63].
Since the available data are by species, we have summed the values of the species to get
the total values. It should be noted that only landings have been taken into account and
discards have been removed from the calculation. HDI data are from the yearly Human
Development Reports (HDRs), which are published by the UNDP [65]. In addition, the
population and urbanization data have been extracted from the UN World Population
Prospects 2019 [66].

A brief image of the definitions and the descriptive statistics of the variables utilized
in the study have been presented in Table A4 in the Appendix A.

http://www.seaaroundus.org/
http://www.seaaroundus.org/
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4.4. Statistical Tests

Multi-collinearity checks among environmental variables are reported in Table A5
in the Appendix A. As seen in the second column, the VIF (variance inflation factor)
for some variables are unacceptably high and show that some variables are possibly
redundant. Through one-by-one omission of redundant variables, we deleted lnO2_surf
(surface oxygen), lnO2_btm (bottom oxygen) and lnSal_btm (bottom salinity). By these
eliminations, the VIFs and tolerance (1/VIF) values look acceptable, as given in the last
two columns of Table A5.

To lessen the influence of heterogeneity, we applied algorithmic processing to all
variables, where the correlation coefficients and pairwise relationships between variables
are shown in Appendix A Table A6. As the results show, the correlation coefficients
between the volume of fish landed and the temperature at the bottom of the Mediterranean
are significant and negative, while there are inverse statistically significant relationships
between the volume of fish landed and the H+ ion concentration as well as the temperature
on the surface. In addition, the correlations between the volume of fish landed and
socio-economic variables are significant and positive, which indicates the importance
of socio-economic factors in fishing. For the landed value of fisheries, all correlation
coefficients are all statistically significant except for sea surface temperature and HDI. Here,
the negative correlation between landed values and temperature at the sea bottom again
indicates the inverse role of this factor in the declining revenues of fisheries. It is clear that
further estimation beyond this correlation analysis is required to reliably refute or validate
these relationships.

Checking for cross-sectional dependency, since T is smaller than N in our sample, we
used the semiparametric cross-sectional dependence test proposed by Frees [67,68] with
Frees’ Q distribution since T < 30 [69]. The test results for both models have been presented
in Appendix A Table A7. Frees’ statistics in both cases are larger than the critical values.
The calculated average absolute correlations are 0.329 and 0.372 for model I and model
II respectively, which are significantly high and suggest the presence of cross-sectional
dependence. It should certainly come under consideration in the estimation process, since
it may mean that the error terms of panels are correlated.

We tested the stationary properties of the variables using the panel unit root test by
the methods of Levin et al. [70], Im et al. [71], and Fisher [72]. According to the results
in Table A8 in the Appendix A, the unit root tests demonstrate that all the data series are
stationary at level, except for lntemp_btm, lnHT_surf, and lnO2_btm. Also, all the data
series are stationary after the first differences.

Other tests are related to the specification and estimation of the model and those
results are shown in Table A9 in the Appendix A. Here, the first specification test is
the F-test for pooled OLS against the fixed effects (FE) model. As the results show, the
null hypothesis of pooled data is strongly rejected. According to the Breusch and Pagan
LR for random effects (RE), the model specification is RE. At last, we tested for panel-
level heteroskedasticity and autocorrelation. The results of the likelihood ratio test for
heteroskedasticity, and the Wooldridge test for autocorrelation for both models clearly
indicate that there is no autocorrelation problem, while both models are heteroskedastic.
Taking all test results into account, the two models are estimated through the GLS method
considering heteroskedasticity with cross-sectional correlation, and no autocorrelation.

5. Results

Table 1 shows the estimation results for both models: fish landed and landed values
for Mediterranean countries in 2001–2018.
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Table 1. Estimation results for fisheries in Mediterranean countries in landed fish and value.

Model I: lnFLT Model II: lnLV

lnSST −3.117 *** −1.943 ***
(0.000) (0.000)

lnTemp_btm −0.090 *** 3.519 ***
(0.000) (0.000)

lnHT_surf −5.085 *** 3.675 ***
(0.000) (0.000)

lnHT_btm −0.910 *** 12.371 ***
(0.000) (0.000)

lnSal_surf −5.348 *** −15.393 ***
(0.000) (0.000)

lnISST 0.163 *** 0.356 ***
(0.000) (0.000)

lnHDI 1.892 *** 11.908 ***
(0.000) (0.000)

lnPop 5.231 *** 3.547 ***
(0.000) (0.000)

lnPop2 −0.250 *** −0.124
(0.000) (0.000)

UP −0.003 *** −0.045
(0.000) (0.000)

UPG −0.027 *** 0.108
(0.000) (0.000)

Cons. 9.535 *** 62.436
(0.000) (0.000)

Log likelihood 1157.247 787.308

No. of observations 378 378

Estimation method
GLS: heteroskedastic with

cross-sectional correlationno
autocorrelation

GLS: heteroskedastic with
cross-sectional correlationno

autocorrelation
Note: The p-values are given in the parentheses. *** denotes statistical significance at the 1%, and 10% significance
levels, respectively. Source: Authors’ computations.

As can be seen in the second column of Table 1, Model I, all estimated coefficients
are statistically significant. As expected, the estimated coefficients of the considered
environmental variables are all negative in the first model in which the landed volume
of fish is the dependent variable. This means that all considered environmental factors
threaten fisheries, but with different severity. The highest absolute value of estimated
elasticity belongs to sea surface salinity (lnSal_surf) followed by H+ ion concentration on
the surface of the Mediterranean Sea, with similar elasticity amounts.

In essence, a 1% increase in surface salinity decreased the volume of fish landed by
5.35%. This affirms the risks of rising marine salinity for fisheries in the Mediterranean
region, as discussed earlier. Estimated coefficients for temperature variables demonstrate
that a 1% increase in sea surface temperature (lnSST) and temperature at the bottom of the
Mediterranean Sea decreased the volume of fish landed by 3.12% and 0.91%, respectively.
These outcomes are in line with other studies (e.g., [21,23,25]), and the estimated coefficients
confirm the threatening effects of rising sea temperature due to global warming on the
fisheries. The estimated coefficients for the two variables related to the H+ ion concentration
(lnHT_surf and lnHT_btm) show that an increase in the H+ ion concentration on the surface
and at the bottom of the Mediterranean Sea reduces the volume of fish landed by about
5.09% and 0.91%, respectively. These coefficients corroborate the negative influence of ocean
acidification on fisheries. Altogether, these results are in line with our a priori expectations
and strongly prove the risk of climate change for the fisheries in the Mediterranean region.

The estimated coefficient for lnISST demonstrates the positive but not strong impact of
industrial fishing on the volume of fish landed in the region, so that a 1% increase in the ratio
of the industrial to small-scale fisheries increased the volume of fish landed just by 0.16%.
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In addition, HDI influenced volumes positively, with about a 1.89% increase in fish landed
due to a 1% rise in HDI. This shows the positive impact of adaptive capacity improvements
on fisheries [13–17]. As expected, the relationship between the volume of fish landed and
population has an inverse U shape. When the population grows, the volumes of fish landed
increase at first, reach a peak and then decline as the population grows further. In other
words, there is an optimum point for population and a higher population affects fisheries
inversely. Finally, the urbanization rate and the changes in the urbanization rate both have
negative effects on fisheries and might be considered as risks for the section. However,
the impacts are weak and the estimated elasticity amounts are small. According to the
estimation results, a 1% increase in the urbanization rate decreases the volume of fish
landed by just 0.003%. Moreover, the elasticity of urbanization fluctuations is about −0.027.
The landed value of fisheries in the Mediterranean countries is given in the last column of
Table 1. Here, the estimated coefficients of lnSST and lnSal_surf are expectedly negative,
indicating the negative impacts of sea surface temperature and salinity on the landed
values of fisheries. Accordingly, a 1% increase in the sea surface temperature and salinity
decreases landed values by 1.94% and 15.39%, respectively. Correspondingly, the reduction
in fish landed values due to marine salinity is considerable. The other three environmental
variables unexpectedly show negative effects on landed values in the region. Based on the
estimation results, a 1% increase in temperature at the bottom of the Mediterranean Sea,
and H+ ion concentration on the surface and at the bottom of the sea, pushes up landed
values by approximately 3.52%, 3.67%, and 12.37%, respectively. We note that landed fish
values depend on supply and demand and therefore scarcity of the quantity landed will
have positive effects on increasing prices.

Similar to the results for the fish landed, industrial fisheries have positively affected
landed values in the region (with higher elasticity: 0.36 compared to 0.16). Again, the
impact of HDI as an index of adaptive capacity for the countries in the study is positive
on landed values. The estimated elasticity indicates a 11.91% rise in landed values by a
1% increase in HDI and this elasticity is about six times more than the elasticity on landed
volume. For population, the estimated result is similar to that from the first model and again
specifies an inverse U-shaped relationship between landed values and population. Thus,
the higher population would increase the vulnerability of fisheries’ revenues. Furthermore,
according to the results, urbanization has influenced landed values negatively, while the
changes in urbanization rate show a positive relationship with landed values.

Using the elasticity coefficients estimated above, we can forecast the impact of climate
change and other changes on fisheries. Table 2 shows the impact of changes in environ-
mental variables due to climate change on fisheries. The predictions for environmental
variables are based on two IPCC scenarios: RCP 2.6 (low GHG emission scenario) and
RCP 8.5 (high GHG emission scenario). The changes have been calculated for the two time
periods: 2020–2050 and 2020–2100.

Table 2. Prediction of the impact of climate change on fisheries.

RCP 2.6 RCP 8.5

Definition 2020–2050 2020–2100 2020–2050 2020–2100

Changes in environmental variables, %
∆SST Sea surface temperature 0.034 0.043 −0.037 0.073

∆Temp_btm Temperature at the bottom 0.017 0.034 0.029 0.084
∆HT_surf H+ ion concentration on the surface 0.121 0.119 0.258 0.755
∆HT_btm H+ ion concentration at the bottom 0.054 0.077 0.095 0.326
∆Sal_surf Salinity on the surface 0.0008 0.0043 0.0004 0.0027

Changes in fisheries variables %
∆FLT Fish landed (tonnes) −0.778 −0.836 −1.287 −4.388
∆LV Landed values 1.094 1.362 2.292 6.924

Source: Authors’ computations.
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It is obvious that changes under RCP 8.5 are mostly higher than changes under RCP 2.6.
Among environmental variables, the highest changes would occur in H+ ion concentration
on the surface, which would be increased by more than 75% by 2100 under the RCP 8.5
scenario. Predictions for sea temperature at the bottom and on the surface show fairly
moderate increases under two scenarios. According to predictions, the smallest changes
would be for salinity on the surface of the Mediterranean Sea, so that the maximum change
would be 0.43% by 2100.

It should be noticed that changes in fisheries’ variables are calculated on the assump-
tion that non-environmental variables are constant. In other words, these changes are
actually net changes in fisheries due to climate change only, ceteris paribus. According to
the predicted changes for fisheries’ variables that are calculated based on the estimated
coefficients, the volume of fish landed in the Mediterranean would decrease by about 78%
by 2050 and 84% by 2100 under the RCP 2.6 scenario due to climate change, ceteris paribus.
Under the RCP 8.5 scenario, fisheries can be completely destroyed, again assuming that
non-environmental factors are constant. Concerning the landed values, the results indicate
a plausible increase. However, looking at the predictions for the volume of fish landed,
the predictions for landed values under the RCP 8.5 scenario are not readily interpretable.
In conclusion, changes in environmental variables due to climate change will extremely
threaten the fisheries sector. If the Mediterranean countries do not plan to protect fisheries,
climate change will cause untold damage.

6. Discussion

Generally speaking, the estimated results for environmental variables differ between
the landed quantity and values from the two estimated models. Concerning the environ-
mental variables, the impacts on the volume of fish landed are expectedly negative, but
for landed values, some results were not predictable, and the difference can be explained
by the impact of the considered variables on prices. Simultaneously, negative effects of
temperature at the bottom of the sea and H+ ion concentration on the surface and at the
bottom of the sea on volumes of fish landed, and positive impacts of the same variables on
landed values might indicate that they have influenced fish prices positively due to scarcity
and daily auction prices and the effects on fish prices have been stronger than effects on
volumes of fish landed.

The risks of climate change for different regions and countries vary according to the
importance of the value of fisheries to their national economy and trade, the importance of
fisheries for employment and food security [73]. Factors, such as the contribution of the
fisheries sector and fisheries exports, the number of fishers and seafood consumption, vary
from one Mediterranean country to another. Linking these factors together, it has been
observed that the sector as a whole for the Mediterranean countries represented only a small
part of the primary sector and of GDP (Table A1). However, these results did not take into
account the indirect and induced economic impacts and linkages of associated industries
and services. For the Southern Mediterranean countries and in general for the least
developed countries, fishing and associated sectors contribute more to GDP. In Morocco,
the fishing sector contributes 2.3% to the country’s GDP. In fact, the economic impact of
fishing goes beyond yields and has a direct, indirect and induced economic effect. The true
value of fishing was also estimated based on the many jobs it produces (Table A2). FAO
estimates that for every person employed in the primary sector of fisheries or aquaculture,
four jobs are created in the secondary sector [27]. The results indicated that there is
greater social and economic importance of fishing, especially for coastal communities
where it is the main socio-economic activity [1,74]. Regarding international trade, net
exporting countries such as Morocco, whose marine fisheries production accounts for a
large proportion of total domestic fish production, could be more sensitive to climate change
implications for the fisheries sector than other coastal states. When considering seafood
consumption (Table A3), countries such as Turkey and Morocco could be less sensitive
to climate change since they largely cover their seafood consumption by their fishing
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yield. Northern countries do not cover half of their consumption with their production,
which makes them economically dependent on imports. It has been observed that fish
consumption has increased throughout the Mediterranean and particularly strongly in
the Southern and Eastern Mediterranean countries. This increase can be attributed to
population and income growth [40,75]). This total consumption is expected to increase,
and the greatest increase is expected in the Southern and Eastern Mediterranean countries
due to population growth [75]. Despite the observed decline in fishing, the demand for
consumption and production of seafood products will have to be met. We showed that
only the countries of the South were net exporters and that they were able to cover their
consumption through their seafood production. The opposite trend was observed for
the other countries that turned to imports to cover their demand. This growing demand
is attributed to rising incomes and population growth rather than to trade agreements
between Mediterranean countries [75]. This can be explained by the fact that the Northern
countries and, in general, the more developed countries import more than the others
because there are strict requirements in terms of food quality and safety in developed
countries. For example, Egypt, which is one of the dominant producers of fishery products,
destines the majority of its products to its domestic market. The poorer countries are unable
to keep the products fresh and meet these requirements and therefore cannot fully exploit
their duty-free access to the EU market [40].

7. Conclusions, Policy Implication and Future Research

Using our GLS model estimated elasticities and then forecasting the quantify of fish
landed and value changes with two IPCC RCP 2.6 and RCP 8.5 scenarios for 2020–2050
and 2020–2100 gave us very dire pictures of the future. These future predictions did not
involve the worsening of economic variables, which could even shorten the time periods if
non-environmental factors deteriorated over time.

Moreover, the effects of climate change in the Mediterranean basin are asymmetric
between developing countries, mostly located in the Southern and Eastern Mediterranean
countries that suffer the consequences of climate change with greater effects compared to
developed ones. The climate justice concept takes into account the socio-economic context
in which climate change is occurring, and it is an added challenge when a country is already
facing structural issues of high poverty rate, weak infrastructure and social services, critical
demographic changes, high unemployment, economic informality and emigration, political
instability, corruption and spatial inequality with fast urbanization [76].

In the Northern and Western parts of the Mediterranean, the situation is heterogeneous,
but the historical responsibility for greenhouse emissions since the Industrial Revolution
is objectively higher than in Southern and Eastern parts. All Mediterranean countries
are nevertheless facing cross-cutting common issues, such as biodiversity preservation,
sustainable development of tourism, commercial links related to food production and
consumption, stock of fishes, blue carbon, energy production, political stability, migrations
and security. Their interests are linked, because they share a common resource. To prevent
environmental and social imbalances linked to climate change, it will be necessary for the
governments of Mediterranean countries to jointly define strategies for adaptation and
mitigation. The climate justice concept is, then, relevant to promote policies implemented
in a coordinated manner by all the countries involved in the Mediterranean basin to
comply with the Paris agreement. It would be difficult to achieve the objectives of national
contributions without such coordination [77].

We did not consider either the species migration or the food web effects of intercon-
nected and overlapping food chains, which are topics for future research. In addition,
we did not study the impacts of the considered factors on different species. Although
this is a fundamentally important subject, it goes beyond the goal of the paper and is
recommended for future studies. There are some studies that have paid attention to the
subject (see [23,25]). This paper is the first step in a broader project where we will modify
the Blasiak vulnerability index [14] by replacing the “projected SST increase” by the ex-
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pected modifications of the probability of presence of the species. The advantage is that
this makes it possible to couple the environmental aspects, including species migration
and food web effects, with the economic part of the project. In addition, this makes it
possible to take into account not only the expected average temperature variations but also
the variations in other environmental parameters (annual temperature variability, salinity,
primary production, etc.) as well as the preferences of species toward these settings.
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Figure A1. Trends in capture fisheries and aquaculture production for the Mediterranean Sea and
the Black Sea between 1970 and 2017 [78,79].
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Figure A2. Trends in capture fisheries and aquaculture production for Mediterranean countries, by regions, in the Mediter-
ranean Sea and the Black Sea between 1970 and 2017 [78,79].
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Figure A3. Trends in landings in the Mediterranean, by year, 1970–2017.
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Figure A4. Trends in landings in the Mediterranean by regions and by years, 1970–2017.
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landings in 2015–2017.
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Figure A6. Landings by GFCM subregion and by species, average 2015–2017.
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Figure A7. Production in tonnes of the major FAOStat groups, between 2007 and 2017, for Mediter-
ranean countries at the national level [78,79].
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Figure A8. Countries’ contribution to aquaculture in the Mediterranean Sea, in 2017 [78,79].
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Figure A11. Trends in apparent consumption for marine products in the Mediterranean, by year,
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Figure A13. Standardized trade balance for quantity in 2017 [78,79].
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Table A1. Socio-economic indicator for Mediterranean countries [80].

Country Human Development
Index in 2018

GDP per Capita in 2018
(Current USD)

Albania 0791 5268.8
Bosnia and Herzegovina 0769 6065.7

Croatia 0837 14,909.7
France 0891 41,463.6
Greece 0872 20,324.3

Italy 0883 34,483.2
Malta 0885 30,098.3

Monaco NA 185,741.3
Montenegro 0816 8844.2

Slovenia 0902 26,124
Spain 0893 30,370.9

NORTHERN COUNTRIES’ average 0854 36,699
Algeria 0759 4114.7
Egypt 0700 2549.1
Libya 0708 7241.7

Morocco 0676 3237.9
Tunisia 0739 3447.5
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Table A1. Cont.

Country Human
DevelopmentIndex in 2018

GDP per Capita in
2018(Current USD)

SOUTHERN COUNTRIES’ average 0716 4118.2
Cyprus 0873 28,159.3
Israel 0906 41,715

Lebanon 0730 8,269.8
Palestine, Occupied Tr. 0690 3198.9
Syrian Arab Republic 0549 2032.6

Turkey 0807 9370.2
EASTERN COUNTRIES’ average 0759 15,457.6

World 0731 11,312.4

Table A2. Employment in the fishing and aquaculture sector for Mediterranean countries (in thousands).

Fishing Aquaculture Employment in Fishing
and Aquaculture

Albania (1) 2250 400 2650
Bosnia and Herzegovina (2) - - 1200

Croatia (2) 2071 1117 3188
France (2) 5951 9114 15,064
Greece (2) 24,759 4640 29,399

Italy (2) 21,077 1695 22,772
Malta (2) 811 153 964

Montenegro (2) - 150 150
Slovenia (2) 75 19 94

Spain (2) 29,322 5946 35,268

Algeria (1) 4500 - 4500
Egypt (3) 18,000 68,000 86,000
Libya (4) 50,603 480 51,083

Morocco (5) - - 17,000
Tunisia (6) 46,218 1352 47,570

Cyprus (2) 762 341 1103
Israel (7) 1500 - 1500

Lebanon (8) 8500 800 9300
Palestine (9) 3300 - 3300

Syrian Arab Republic (10) 10,000 391 10,391
Turkey (10) 31,842 10,500 42,342

Grand total 261,541 105,097 366,638
1 FCP (2014). 2 Eurostat (2015) for employment in fishing and Eurostat (2014) for employment in aquaculture.
3 FCP 2008 for employment in fishing and NASO (2003–2012) for employment in aquaculture. 4 FCP (2019). 5 FCP
(2017). 6 FCP (2017). 7 FCP (2015). 8 FCP (2005). 9 FCP (2008). 10 FCP (2007).
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Table A3. Comparison of apparent consumption of marine products and total yields (from fisheries and aquaculture) by Mediterranean country in 2013 [78,79].

Country Total Estimated
Consumption 2013 (t) Population 2013 (thousands) Per Capita Consumption

2013 (kg per capita)
Total Marine Produce Yield

2013 (tonnes)
Yield to Consumption

Ratio 2013

Albania 15,458.31 3173 4.9 12,673.5 82%
Bosnia and Herzegovina 16,394.6 3829 4.3 3228.5 20%

Croatia 81,795.15 4290 19.1 87,850.24 107%
France 2,156,636.97 6,4291 33.5 740,563.2 34%
Greece 214,709.05 11,128 19.3 178,171.05 83%

Italy 1,555,982.68 60,990 25.5 318,793.7 20%
Malta 13,980.23 429 32.6 7622 55%

Monaco 1 38 NA 1 NA
Montenegro 7623.96 621 12.3 2391.5 31%

Slovenia 21,864.25 2072 10.6 1625.92 7%
Spain 1,991,842.01 46,927 42.4 1,212,433.04 61%

NORTHERN COUNTRIES 6,076,288.21 197,788.00 30.7 2,565,353.65 42%

Algeria 158,775.43 39,208 4.0 103,249.88 65%
Egypt 1,814,763.33 82,056 22.1 1,454,402 80%
Libya 140,086.69 6202 22.6 36,014 26%

Morocco 596,617.71 33,008 18.1 1,260,688.7 211%
Tunisia 149,735.11 10,997 13.6 120,893.7 81%

SOUTHERN COUNTRIES 2,859,978.27 171,471.00 16.7 2,975,248.28 104%

Cyprus 25,016.3 1141 21.9 6522.1 26%
Israel 179,789.7 7733 23.2 24,234.6 13%

Lebanon 54,750.65 4822 11.4 4280 8%
Palestine, Occupied Tr. 7970.18 4326 1.8 2214 28%
Syrian Arab Republic 53,546.16 21,898 2.4 8800 16%

Turkey 455,375.99 74,933 6.1 607,991.6 134%
EASTERN COUNTRIES 776,448.98 114,853.00 6.8 654,042.3 84%

Totals 9,712,715.46 484,112.00 54.2 6,194,644.23 64%
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Table A4. Descriptive statistics of the regression variables.

Variables Definition Unit Source Obs. Mean Std. Dev. Min Max Skewness Kurtosis

FLT fish landed volume tonnes (10 thousand) [63] 378 8.026 11.141 0.006 50.185 1.793 5.485
LV Landed Value USD (billions) [63] 378 2.511 4.550 0.000 22.710 2.092 6.652
SST Sea surface temperature ◦C [64] 378 19.921 1.501 16.367 22.995 −0.106 2.362

Temp_btm Sea bottom temperature ◦C [64] 378 13.185 1.890 5.173 15.299 −3.521 15.314
HT_surf H+ ion concentration on the surface mol m−3 [64] 378 0.546 0.019 0.500 0.601 0.111 3.016
HT_bom H+ ion concentration at the bottom mol m−3 [64] 378 0.704 0.050 0.593 0.815 −0.059 2.531
O2_surf Surface oxygen mol m−3 [64] 378 0.234 0.008 0.220 0.259 0.636 3.284
O2_btm Bottom oxygen mol m−3 [64] 378 0.152 0.029 0.104 0.219 0.387 2.380
Sal_surf Surface salinity PSU [64] 378 36.754 0.951 32.951 38.023 −2.052 8.052
Sal_btm Bottom salinity PSU [64] 378 37.822 0.667 35.234 38.364 −2.756 10.875

ISST Industrial to small-scale tonnes [63] 378 2.672 3.763 0.000 25.619 2.838 13.070
HDI Human Development Index [65] 378 0.775 0.093 0.528 0.916 −0.388 2.179
Pop Total population (millions) [65] 378 22.346 26.217 0.396 98.424 1.114 2.885
UP Urbanization Rate % [66] 378 67.653 14.264 42.435 94.612 0.049 2.193

UPG Changes in urbanization rate % [66] 378 1.388 1.375 −6.515 6.744 −0.866 10.239

Table A5. Correlation coefficients for regression variables.

lnFLT lnSST lnTemp_bot lnTH_surf lnHT_bom lnSal_surf lnISST lnHDI lnPop lnPop2 UP UPG lnLV

lnFLT 1.000
lnSST 0.0901 * 1.000

lnTemp_bot −0.145 ** 0.107 ** 1.000
lnTH_surf 0.337 *** 0.271 *** −0.324 *** 1.000
lnHT_bom 0.274 *** −0.145 ** −0.488 *** 0.418 *** 1.000
lnSal_surf 0.235 *** 0.643 *** 0.198 *** 0.050 −0.296 *** 1.000

lnISST 0.500 *** −0.049 −0.010 −0.200 *** 0.029 −0.089 * 1.000
lnHDI 0.0004 −0.327 *** 0.333 *** 0.038 0.136 ** −0.158 ** 0.174 *** 1.000
lnPop 0.674 *** 0.051 −0.223 *** 0.217 *** 0.325 *** 0.114 ** 0.069 −0.226 *** 1.000
lnPop2 0.681 *** 0.041 −0.223 *** 0.222 *** 0.336 *** 0.123 ** 0.093 * −0.209 *** 0.996 *** 1.000

UP 0.209 *** 0.386 *** 0.162 ** 0.259 *** −0.027 0.357 *** 0.123 ** 0.478 *** −0.123 ** −0.114 ** 1.000
UPG 0.125 ** 0.409 *** −0.084 * 0.090 * 0.042 0.142 ** −0.049 −0.199 *** 0.110 ** 0.109 ** 0.235 *** 1.000
lnLV 0.968 *** 0.072 −0.255 *** 0.352 *** 0.298 *** 0.212 *** 0.535 *** −0.044 0.626 *** 0.640 *** 0.202 *** 0.128 ** 1.000

Note: ***, **, and * denote statistical significance at the 1%, 5%, and 10% significance levels, respectively. Source: Authors computations.
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Table A6. VIF test results.

All Variables Included Omitting Correlated Variables
Variable VIF 1/VIF Variable VIF 1/VIF

lnO2_surf 172.95 0.006 lnHDI 3.40 0.294
lnSST 138.84 0007 lnSST 3.37 0.296

lnSal_btm 35.10 0.029 UP 2.70 0.371
lnO2_btm 28.09 0.036 lnSal_surf 2.17 0.460

lnTemp_btm 16.97 0.059 lnHT_btm 2.08 0.479
lnHT_btm 14.84 0.067 lnTemp_btm 2.06 0.486
lnSal_surf 7.91 0.126 lnHT_surf 1.67 0.599

lnHDI 3.89 0.257 lnPop 1.38 0.727
lnHT_surf 3.30 0.303 UPG 1.37 0.732

UP 3.21 0.312 lnISST 1.12 0.895
lnPop 1.69 0.591
UPG 1.40 0.715

lnISST 1.25 0.803

Mean VIF 33.03 Mean VIF 2.13

Source: Authors’ computations.

Table A7. Cross-sectional dependence test results.

Frees’ Test of Cross-Sectional Independence Critical Values from Frees’ Q Distribution

Model I 1.923 alpha = 0.10:0.1438
Model II 2.689 alpha = 0.05:0.1888

alpha = 0.01:0.2763

Average absolute value of the off-diagonal elements in Model I: 0.329
Average absolute value of the off-diagonal elements in Model II: 0.372

Source: Authors computations.

Table A8. Panel unit root test results.

Variables
Level First Difference

Levin, Liu and Chu Im, Pesaran and Shin ADF-Fisher Levin, Liu and Chu Im, Pesaran and Shin ADF-Fisher

lnFLT −2.423 ** −0.426 60.831 ** −6.631 *** −8.926 *** 156.804 ***
lnLV −2.151 ** −0.742 51.470 −11.089 *** −10.004 *** 172.596 ***
lnSST −4.760 *** −4.467 *** 98.262 *** −10.783 *** −14.458 *** 247.054 ***

lnTemp_btm −1.823 ** −3.712 *** 114.107 *** −6.254 *** −8.313 *** 145.733 ***
lnHT_surf 1.167 6.912 3.828 −12.626 *** −13.164 *** 228.422 ***
lnHT_btm 2.63 6.735 14.921 −9.378 *** −9.157 *** 159.447 ***
lnO2_surf −5.455 *** −4.931 *** 114.02 6 *** −11.673 *** −13.089 *** 225.162 ***
lnO2_btm 1.082 1.774 35.860 −7.236 *** −9.052 *** 158.379 ***
lnSal_surf −2.361 *** −2.517 ** 84.135 *** −11.450 *** −9.994 *** 174.836 ***
lnSal_btm −1.586 ** −0.425 35.648 −7.488 *** −7.156 *** 126.874 ***

lnISST −1.602 ** −1.912 ** 93.686 *** −10.364 *** −9.938 *** 173.557 ***
lnHDI −6.537 *** −2.004 ** 103.958 *** −5.875 *** −4.354 *** 87.186 ***
lnPop −6.231 *** 9.075 196.501 *** −15.420 *** −18.764 *** 254.237 ***
lnPop2 −6.278 *** 9.438 190.868 *** −15.736 *** −19.213 *** 252.417 ***

UP −0.138 10.248 326.098 *** −8.371 *** −6.134 *** 72.4789 **
UPG −10.92 *** 0.187 136.60 *** −6.146 *** −7.375 *** 136.107 ***

Note: *** and ** denote statistical significance at 1%, and 5% significance levels, respectively. Source: Authors’ computations.
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Table A9. Specification test results.

Model I Model II

F-test
218.86 109.89
(0.000) (0.000)

Hausman test
χ2 = 9.90 χ2 = 62.20

(prob. = 0.476) (prob. = 0.000)

Breusch and Pagan LR for RE χ2 = 2486.20 χ2 = 2486.20
(prob. = 0.000) (prob. = 0.000)

Likelihood ratio test for
heteroskedasticity

χ2 = 522.00 χ2 = 493.09
(prob. = 0.000) (prob. = 0.000)

Wooldridge test for
autocorrelation

F = 0.170 F = 0.313
(prob. = 0.685) (prob. = 0.582)

No. of observations 378 378
Source: Authors’ computations.
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