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ABSTRACT
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fuel-based production and consumption models, W} m since the industrial
revolution, have increased greenhouse gas emissions g 8ce disruptions in the global
climate system. In this process, carbon footprin : imgortant indicator that enables
the quantitative monitoring of environmeg a critical tool in developing
environmental sustainability policies b ctoral greenhouse gas emissions

emissions from fisheries activities
e fisheries sector in Tiirkiye, which
stimated at 59,000 tonnes of CO: equivalent. The

As of 2020, the global annual COz
amounted to 64 million tonnes, wudi
includes fisheries and aquacult

greenhouse gas e
permits in order to ca

iWities. In this study, the effects of international strategies
rk of the European Green Deal and the Paris Agreement on the Turkish
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OZET

Bu derleme ¢aligmasi, iklim degisikliginin etkilerini, karbon ayak izi kavrami ve Tiirkiye balik¢ilik
sektorii ozelinde ele alarak cevresel siirdiiriilebilirlik baglaminda biitiinciil bir degerlendirme
sunmaktadir. Sanayi devrimi sonrasi donemde hiz kazanan fosil yakit temelli iiretim ve tiikketim
modelleri, sera gazi emisyonlarini artirarak kiiresel iklim sisteminde ciddi bozulmalara yol agmustir.
Bu siirecte karbon ayak izi, ¢evresel etkilerin nicel olarak izlenebilmesini saglayan dnemli bir
gosterge niteliginde olup bireysel veya sektorel sera gazi salimlarinin 6lgiilmesiyle c¢evresel
stirdiiriilebilirlige yonelik politikalarin gelistirilmesinde kritik bir arag¢ olarak 6ne ¢ikmaktadir. 2020

yili itibariyle kiiresel 6lgekte balik¢ilik faaliyetleri icin hesaplanan 64 milyon to
sera gazi salimina karsilik Tiirkiye’de balik¢ilik ve su iiriinleri yetistiriciligi
su triinleri sektorii icin tespit edilen emisyon miktar1 59 bin ton CO:
balik¢ilik sektori, iklim degisikligine karst kirilgan sektorler arasinda y

bilimsel calisma bulunmaktadir. Tiirkiye'de “iklim Kanunu”
Gazete'de yayimlandi. Yasa ile dogrudan sera gazi salimi
isletmelere, dolayisiyla balik¢ilik sektorii icin de bu faaliyetleri

sirdiiriilebilir ve diisiik emisyonlu iiretim

emisyonlarinin izlenmesi ve azaltilmasma yonelik

varilmistir.
Anahtar sozciikler: iklim degisikligi,
1. INTRODUCTION

Extreme weather events, whig

as violent storms

have reached a visible
intensity.

While the industrial
revol i
rade the rapid

2013). Atmos ases such as water vapour,
carbon dioxide 2), methane (CHas), nitrogen
oxide (NO), nitrous oxide (N20),
hydrofluorocarbons (HFCs), perfluorocarbons
(PFCs), sulphur hexafluoride (SF¢), nitrogen
trifluoride (NF3) (Brander and Davis, 2012), act
as an insulating blanket for the earth under
normal conditions. By making it difficult for heat
to escape into space, they warm the earth in the
same way that the walls of a greenhouse help
keep the air inside warmer than the surrounding

illik CO- esdegeri

az1 emisyon
Paris Anlasmasi
tkileri tartigilmais,
vurgulanarak,

fect is known as the greenhouse effect
and is a natural process that makes earth
pftable for humans. Without the natural
eenhouse effect, global average temperatures
are estimated at approximately 33°C (59°F)
cooler (IPCC, 2021a). On the other hand, since
the 19th century, human activitiesprimarily the
burning of fossil fuels (coal, oil, and gas),
industrial processes, agricultural activities, and
deforestation have led to the release of increasing
amounts of greenhouse gases into the
atmosphere. These actions have increased the
greenhouse effect, leading to global warming and
positive radiative forcing (IPCC, 2021a).

Radiative forcing is one factor that alters the
Earth's energy balance and hence influences the
climate. This concept describes how much the
balance between the solar energy reaching the
Earth and the energy reflected into space changes
due to alterations in the atmosphere or the Earth's
surface. If radiative forcing is positive, the
system gains energy and warms up; if negative,
the system loses energy and cools down.
Approximately 79% of the increase in radiative
forcing over the past decade and approximately
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77% of the increase over the past five years is
attributable to CO,. CO; i1s the most important
human-caused greenhouse gas in the atmosphere
and accounts for approximately 66% of the
radiative forcing of long-lived greenhouse gases.
(Montzka, 2024; WMO, 2024). Current
atmospheric CO2 concentrations are higher than
in 2 million years (IPCC, 2021b).

The increase in human-caused greenhouse gas
emissions has significantly increased global
warming and the severity of extreme events in
the climate. This disrupts the energy balance in
the atmosphere, warming the climate system
through radiative forcing and leading to CO:
accumulation. Therefore, limiting the use of
fossil fuels and urgently reducing carbon
emissions to mitigate the effects of the climate
crisis must be a priority for decision-makers
(IPCC, 2021b).

This review aims to provide a comprehensive
assessment of the effects of climate change in the
context of environmental sustainability, focusin
on the concept of carbon footprint an
Turkish fisheries sector.

1.1. Climate Change

It is important to define cld
understand, analyse and i¥

defines climate change a
a result iyi
indirec

that directly or
of the global
ddition to natural climate

industry, agricu , and excessive use of fossil
fuels, natural and’industrial greenhouse gas rates
have increased day by day. Climate change,
which manifests itself as an important problem of
the world, refers to "the changes in the global
climate system and consequently in ecosystems
due to the excessive increase in the accumulation
of greenhouse gases in the atmosphere with
anthropogenic effects" (Sahin and Avcioglu,
2016; Arikan, 2016).

Global climate change, which is accepted as one

of the most critical problems of our world, is
defined as the change in climate due to the
greenhouse effect of gases released into the
atmosphere as a result of human activities.
Global climate change is a multidimensional
problem that affects socio-cultural and economic
systems, especially ecological systems (aquatic
and terrestrial ecosystems). For this reason, the
issue of global climate change should be
addressed with a holistic appgoach, and solutions

According to the Or
Cooperation and Deve

food, health, ho
t. It is not only i

o combat climate change started
ienna Convention adopted in 1985.
This convention encouraged intergovernmental

eration regarding research on ozone-
pleting substances, systematic observations
and information sharing, and provided a
framework  without  binding  provisions.
Subsequently, the Montreal Protocol was
adopted in 1987. This protocol aimed to reduce
the production and consumption of ozone-
depleting substances and became effective with
the addition of new substances and revision of
reduction timetables over time. In addition, a
multilateral fund was established in 1990 to
support developing countries. Subsequently, the
United Nations Framework Convention on
Climate Change (UNFCCC) was adopted in
1992 to limit greenhouse gas emissions that
cause climate change at the global level. With
this convention, the "Principle of Common but
Differentiated Responsibilities and Relative
Competencies" was adopted and the party
countries were divided into obligation groups
according to their development levels. The
Kyoto Protocol, the first binding extension of this
convention, adopted in 1997, is the first
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international agreement stipulating quantified
emission reduction obligations for developed
countries. It also facilitated the fulfilment of
emission  reduction  obligations  through
flexibility mechanisms (T.C. Ministry of
Environment, Urbanization and Climate Change,
Climate Change Presidency, 2025).

In the following process, the Paris Agreement
was adopted in 2015, and the new climate regime
was established, covering the post-2020 period
following the expiry of the Kyoto Protocol. The
Agreement aims to limit the global temperature
increase to below 2°C and preferably 1.5°C. The
Paris Agreement is based on the participation of
all parties in the process through National
Contribution Declarations (NDCs), and differs
from Kyoto in this respect. On the other hand, the
member states of the European Union adopted
the European Green Deal in 2019 to achieve the
goals of the Paris Agreement (Anonymous,
2021). The Compact provides a comprehensive
strategy aiming to achieve zero greenhouse
emissions by 2050. It envisages hg
regulations on topics such as clean

carbon limit mechanisms (T.C. Ministry of
Environment, Urbanization and Climate Change,
Climate Change Presidency, 2025).

The Green Deal is a holistic strategy that aims to
make EU countries climate neutral by 2050 and
prioritises reducing the carbon footprint. Within
the scope of this strategy, carbon leakage is tried
to be prevented through regulations such as the
'Carbon Border Adjustment Mechanism' and
countries with intensive tradg relations with the
EU, such as Tirkiye, xpected to be

integrated into this (Mirici  and
Berberoglu, 2022).

The greenhouse set by

i d other

and the

Table 1. EU

ingdom in 2019,

ay in 2022 set a

Countries ) 2050
AB Target set for 2020 Net zero, target set for 2019
AB New fully electr icles, starting with 2035 -
Norway At least 55% et for 2022 Low emissions, target set for 2022.
Switzerland At least 50% tagget set in 2020. Net zero, target set in 2020
United Kingdom At least 68% farget set in 2020 Net zero, target set in 2019

the countries included
marine issues ang®that these contents were mostly
adaptation-oriented. In particular, coastal
impacts (95), ocean warming (77), fisheries
impacts (72), and marine ecosystem impacts (62)
were among the top issues mentioned in the
NDCs (numbers in parentheses indicate the
number of NDCs.) (Gallo et al., 2017). This
shows that the majority of countries are aware
that climate impacts have a strong relationship
with marine ecosystems, and they emphasise the

need to take mitigating actions in their

contribution declarations.

1.2. Carbon Footprint

Carbon footprint calculations are one of the most
widely used environmental indicators. Since its
introduction as a measurable concept for
monitoring impacts on our environment, carbon
footprinting has become a widely used term and
concept in the public debate on responsibility and
mitigation actions against the threat of global
climate change (East, 2008; Kumar et al., 2014).
Among the many ways proposed to measure the
contribution of companies to the greenhouse
effect, the carbon footprint is by far the most
widely used indicator (De Grosbois and Fennell
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2011).
Bekiroglu (2011) defines carbon footprint as "a
measure of the damage caused by human
activities to the environment in terms of the
amount of greenhouse gases produced and
measured in terms of CO". Its unit is "kg.CO»-
equivalent" or "ton.COz-equivalent". Carbon
footprint 1s calculated by organisations for legal
obligations, corporate social responsibility,
customer or investor demands, marketing and
corporate image, mandatory or voluntary
greenhouse gas emission reduction and
participation in emission trading mechanisms
(Bekiroglu, 2011).

Carbon footprint is the sum of greenhouse gases
in the atmosphere. CO,, nitrous oxide, methane
and other industrial gases are called greenhouse
gases. The carbon footprint gives us the full
presence of these gases (Wadke et al., 2023).
The carbon footprint of a product refers to the
greenhouse gases emissions of a product
throughout its life cycle, from raw materials to
production (or service provision), distrib
consumer use and ¢
(Anonymous, 2008).
Another definition is "a measure o

Carbon footprint |
company or an f
much carbon emissions
generates

unt of CO> emissions
caused by an activity or
accumulated ovepthe life cycle of a product".

Measuring carbon footprint is recognised by the
UN Framework Convention on Climate Change
as an important way to contribute to achieving
international climate action targets. It allows
organisations to see more accurately where the
main impacts on their carbon footprint occur and
thus take appropriate measures to reduce it
(Gabrielii and Jafarzadeh, 2020). Many
approaches, methodologies and tools for carbon

footprinting have been developed and are
available for estimation, ranging from simplified
online calculators to more scientific and complex
life cycle-based methods (Scrucca ef al., 2021).

Since carbon footprint is now one of the most
widely wused environmental indicators for
measuring greenhouse gas emissions from
human activities and primarily aims to calculate
the emissions that occur throughout the entire life
cycle of products or activitigs, carbon footprint
calculations of fisheries s are of critical
importance in terms of nltorlng and mitigating
environmental 1 tor and

heri¢s production
rmation quantity
In 1950, global

pf this grow has changed over tlme with the
p¢ sector becoming more prominent,
since the early 21st century.
the past 20 years, global fisheries production
& shown significant changes in capture and
quaculture. During this period, capture fisheries
production declined from approximately 93.6
million tons in 2000 to 90.4 million tons in 2023.
This decline was observed especially in marine
fisheries, while inland fisheries followed a more
stable course. This horizontal-vertical catch
production trend can be considered a natural
consequence of global fish stocks approaching
their sustainable limits and limiting fishing
pressure. On the other hand, aquaculture
production showed a remarkable increase in the
same period. From 32.4 million tons in 2000,
aquaculture production reached approximately
98.5 million tons by 2023. While capture
fisheries now have limited growth capacity, the
aquaculture sector has started to assume a central
role in the global protein supply through
technological developments, investment
incentives and policy directions (FAO, 2025).
Tiirkiye's total fisheries production between
1950 and 2023 has shown a remarkable increase,
gaining momentum especially after the 1980s.
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The production amount below 100 thousand tons
in the 1950s reached approximately 300
thousand tons in the early 1980s, and a
production standard of more than 500 thousand

tons per year has been achieved since the 2000s
(Figure 1). This growth trend is associated with
both the expansion of marine fisheries capacity
and the acceleration of aquaculture activities.

1200 => Total q Aquaculture ‘ Capture

1000

800
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400

Production (thousand tons)

200

2015-2023 varied between
and 454 thousand tons (BS
2015 and 2023, fisheries in the

seas, while the amou
waters remained constant.
arine catch was

this ratio was

sprat, bonito, h@¥%e mackerel, whiting, white
sand mussel and periwinkle, which are the most
commonly fished species in Tiirkiye, are mostly
caught in the Black Sea. Between 62-81 percent
of the total seafood catch in the 2015-2023 period
was obtained from the Black Sea (BSGM, 2024).
When we review the data on Tiirkiye's fleet of
fishing vessels, the difference between marine
and inland waters stands out. In 2000, the total
number of fishing vessels operating at sea was
14975, while this number was 15219 by 2023.

use the Ministry of Agriculture and Forestry
as not issued licenses to fishing vessels in the
seas since 2002. In addition, the number of
fishing vessels less than 12 meters in length
decreased from 13701 to 13609, while the
number of vessels of 12 meters or more increased
from 1274 to 1610. This change is also related to
the one-time 20% length extension right granted
to fishing vessels. The inland water fleet grew
both numerically and structurally. While in 2000
the total number of fishing vessels operating in
inland waters was 2500, this number reached
3260 in 2023, an increase of approximately 30%.
Overall, while the maritime fleet has evolved
towards a larger and more commercially oriented
structure, the inland water fleet has grown in
number and become more widespread. Between
2000 and 2023, a general downward trend in the
number of fishing vessels of 12 meters and above
was observed in EU countries, while Tiirkiye's
fleet capacity in this segment increased. While
the EU had 18131 12+ m fishing vessels in 2000,
this number decreased to 10412 by 2023. This
represents a decrease of 42.5%. In the same
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period, the number of vessels in this class in
Tirkiye increased from 1274 to 1610, an increase
of 26.4%. Italy, Spain and France have the
highest number of vessels in the EU. Tirkiye
ranks third in the number of large-scale fishing
vessel fleet after Italy and Spain (BSGM, 2024).

1.4. Carbon Footprint and Fisheries

The impacts of climate change on the oceans
have direct consequences for fishing activities
and seafood supply. The IPCC (2023) report
emphasises that ocean warming, acidification,
deoxygenation and sea level rise adversely affect
both offshore fisheries and shore-based small-
scale fisheries. These changes are decisive in the
migration routes, reproductive cycles and stock
productivity of fish stocks. In particular,
temperature increase causes shifts in species
distribution towards the poles and decreases
potential catches in some regions (IPCC, 2023).
These assessments of the IPCC reveal that under
global warming scenarios ranging from 1.5°
4.3°C, maximum fishery yields will de
many regions and this decline will be

parallel, shellfish aquaculture 4
sensitive to changes in ocgg

2024, the r1 of cfimate change to marine
fisheries produ are serious at the global
level. In partietilar, under a high emission
scenario (3-4 °C global warming), catchable fish
biomass is projected to decline by over 10% by
2050. By the end of the century, these losses are
estimated to exceed 30% in 48 countries and
regions. Among the countries most affected by
these declines are leading fish producers such as
China, where declines of over 30% are expected.
In contrast, under the low emissions scenario
(1.5-2°C global warming), biomass levels in 178

severely in tropical and low latitude regio lg

countries and regions are projected to remain
unchanged or decline by less than 10%.
Furthermore, losses in excess of 40% are
estimated in seas outside national jurisdiction,
and these are the marine areas with the highest
FAO catch records. These findings concretely
demonstrate the impact of emission reduction
scenarios in combating climate change and
emphasise the urgency of adaptive fisheries
management (Blanchard andyNovaglio, 2024).

Tyedmers (2004) stated most important
energy consumption in hlng act1v1t1es is during

pver tlme However, over the last half
century, fossil fuel consumption has become the
pfinant element of the energy profile,
pecially in large-scale industrial fishing
systems. Long-term data reveal a clear
downward trend in energy efficiency in many
fisheries systems. This is interpreted as an
indicator of system efficiency and the increasing
trend of stock scarcity. The size and
technological power of the global fishing fleet
supports this trend (Tyedmers, 2004).

In another study, Daw et al. (2009) revealed the
relationship between climate change and fishing
activities. They predicted that climate change
will directly and indirectly impact marine and
inland fisheries. It was stated that mitigation
measures for using fossil fuels may create
additional economic pressures on the fishing
sector as they will increase fuel costs. It was
emphasised that climate change may affect
fishers and fishing activities in many different
ways, including biophysical processes such as
changes in the distribution or productivity of
marine and freshwater fish stocks, ocean
acidification, damage to habitats, changes in
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marine physical characteristics, disruption of
rainfall patterns and reduction of freshwater
resources. In addition, direct impacts such as
damage to coastal infrastructure and
communities due to sea level rise, increase in
storm frequency and intensity, and indirect

effects such as displacement and human
migration are also in question. Global
commitments to reduce greenhouse gas

emissions to limit climate change are also vital
for fisheries (Daw et al., 2009).

In another study comparing the greenhouse gas
emission sources of aquaculture and capture
seafood, Hognes et al. (2014) found that the most
significant source of emissions in capture
seafood is the fossil fuels used by fishing vessels
and that fuel consumption accounts for the
majority of total emissions, especially in fishing
methods that require high engine power such as
trawling. In aquaculture production, the main
source of emissions is the production process of
feeds used to feed the fish, and feeds with hig

2014).

1.5. Carbon Footprint Measu

as an essential way to contribute to achieving
international climate action goals. It enables
organisations to see more accurately where the
main impacts on their carbon footprint occur and
thus take appropriate measures to reduce it
(Gabrielii and Jafarzadeh, 2020).

In carbon footprinting studies, analysis and
interpretation should be understandable by
everyone and facilitated by introducing a certain
standard. For this purpose, @pproaches to how
greenhouse gas emissio d be calculated
sectorally and the aqfivities between which
calculations will be ma@ia i i issi

og¥® LCA 1is an
to systematically

dards, consists of four stages:
scope definition, life cycle

W 8 et al., 2013). Naranjo et al. (2021)
used a life cycle assessment methodology based
e ISO 14040:2006 standard using a gate-to-

V4
L .'l - J “/ |
______________ e i e i
/ Boatbuiding Manufacture of tackle | Fishin 3 Productsale  Waste disposal
/ | andgearfishing | maneuvers i
]
i |
|
| AT — | @ -
| L"g.—,l’ il : . /;$ ) ek
1 i ‘F i . g iy . -
e T g R
| AR 0 AT I SR A
| Sd b= E'r._-:.-'.u A 2o JUSE
! i Gate to gate ||
\ Cradle to gate e y
T e e e — e —— ————— — —— — — —— — -
i I Cradle to grave :
Inputs Qutputs
Raw material Waste
Energy Emissions

Figure 2. Terminology related to the scope of the life cycle assessment of hake gillnet fishing
(Naranjo, 2021)
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The LCA approach covers environmental
impacts along the entire supply chain, including
production, processing, transportation, retail,
home use and disposal, especially in food
production systems such as agricultural and
aquaculture (Gabrielii and Jafarzadeh, 2020;
Garnett, 2008). LCA-based calculations are
generally carried out within the scope of GHG
accounting, which aims to quantify greenhouse
gas emissions. The main standards used in this
framework are ISO 14067, PAS 2050 and GHG
Protocol, and these methodologies provide a
comprehensive assessment of GHG emissions
from production to consumption (Pandey et al.,
2011). ISO 14067:2018 is an internationally
recognised standard for calculating the carbon
footprint of products. It stands out by allowing
both full (cradle-to-grave) and partial (cradle-to-
gate) life cycle calculations. This feature
provides easy application, especially in sectors
with limited data access (Gabrielii and
Jafarzadeh, 2020).
PAS 2050
calculating GHG emissions across the 1i£
developed by the British Standard
(BSI). This standard also forms the
carbon footprint calculations vy
to-grave and cradle-to-exi

calculating
d in measuring greenhouse
iy purpose, the guide

prepared by IPCC (2006 IPCC Guidelines for
National Greenhouse Gas Inventories) is used on
a global scale (IPCC, 2006).

1.6. Carbon footprint from fishing industry in
the World and Tiirkiye

In carbon footprint calculations, organisations
such as WMO, IPCC and OECD make and
publish reports and determinations. In this
context, when the data tained from the
software environment cr

egteen 1995 and 2020 are presented in
or the world and Tiirkiye. While it was
d8.4 million tons in 1995 in the world, 64.0
ion tons of COzequivalent were emitted in
020. In Tirkiye, the GHG emissions of the
fisheries sector were 82000 tons of CO>
equivalent in 1995 and reached the highest value
of 120000 tons of COzequivalent in 2007. In the
following years, a downward trend was observed
until 2012 (26000 tons COzequivalent), and it
was calculated as 59000 tons in 2020 (Figure 3)
(OECD, 2024b).
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On the other hand, studies on climate change and
carbon footprint in fisheries have also been
carried out by researchers outside of institutions:
Tyedmers et al. (2005) combined FAO's spatially
resolved catch statistics for 2000 with more than
250 fishery samples from around the world

134 million tons
corresponds to ap

the "well-to-tank"
initial processes such

fuel as well as ct fuel consumption. It was
stated that purse®eine fleets stand out as the most
efficient segment with an average fuel use
intensity (FUI) of 368 1/t, while longline, dragline
and single line methods have FUI values of 1069,
1107 and 1485 L/t, respectively. In terms of
species, it was stated that skipjack tuna (364 L/t)
and yellowfin tuna (395 L/t) were caught most
efficiently, while FUI values were relatively high
for species such as albacore (1.303 L/t) and
bluefin tuna (1.478 L/t). Geographically, the

have the lowest
terms of carbon
at the global tuna

accounts fop? 60-90% of the total life cycle
g g gas emissions of tuna products
(Tyedmers and Parker 2012).

bo the study by Parker ef al. (2015), the total
bon footprint from fuel was calculated as 3.1
g COze per litre. In the study, operational
information obtained from 93 purse seine vessels
with data from 2009 was analysed. The average
fuel use intensity was determined as 368
litres/ton. While this value is 364 1/t for striped
tuna, it is 395 I/t for yellowtail tuna. It was stated
that the FUI in the Pacific Ocean was as low as
349 1/t, while in the Indian Ocean it was as high
as 459 I/t, and that the difference was related to
factors such as regional stock conditions,
fisheries strategies and fleet structure. In terms of
carbon footprint, it was determined that an
average of 1140 kg CO.e was emitted per tuna
caught. The results of the study are evaluated on
a global scale and it is estimated that the purse
seine tuna fleet consumed approximately 1
billion litres of fuel and produced 3.14 million
tons of COze emissions in 2009. It is emphasised
that this amount corresponds to 2.4% of global
marine fisheries fuel consumption and 0.01% of
total global greenhouse gas emissions (Parker et
al., 2015).
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Park et al. (2015) calculated that the total GHG
emissions from offshore fisheries in South Korea
in 2013 were 1477279 tons COae. It was
explained that this amount corresponded to
approximately 0.21% of South Korea's total
national emissions in the same year, and it was
also explained that although the number of fleet
decreased by 2.3%, total fuel consumption and
therefore emissions increased by 2.4% on
average annually. In the conclusion part of the
study, it was emphasised that small-scale but
energy-intensive fisheries methods, such as
jigging and longline fishing, have very high
values in terms of GHG emissions per kg (7.28
kgCO-e/kg and 5.25 kgCO-e/kg, respectively). In
contrast, trawling, traditionally considered to
have a high environmental impact, was more fuel
and emission efficient (Park et al., 2015).

A global study revealed that in 2011, the world's
fisheries fleets consumed 40 billion litres of fuel
and emitted a total of 179 million tons of CO»-eq
greenhouse gases to the atmosphere, of whi
174 million tons were from motorised
vessels and 5 million tons from non-
fishing vessels (Parker et al., 2018).
emission value, 152 millio g
determined to have occurred
production. Most of the

that 2.2 kg of
emitted for each kilogram of
s landed (Parker et al.,

assessed the carbon
on small-scale fisheries
targeting the hgKe (Merluccius gayi) species.
During the data collection process, they
calculated CO: equivalent emissions per activity
based on fuel consumption in 2011 and 2012.
According to the results, 0.47 kgCO:e was
emitted per kilogram of hake product in 2011 and
0.58 kgCOze in 2012. It is stated that almost all
of these emissions are caused by the combustion
of diesel fuel used in the fishing process.

Basurko ef al. (2022) monitored the energy

consumption patterns of a Spanish purse seine
vessel operating in the Indian Ocean during ten
consecutive fishing trips and also compared the
fuel use intensity (FUI) of fish aggregating
devices (FAD) and free-swimming schools
(FSC) strategies over 14 additional trips
conducted by different tropical tuna purse
seiners. The average fishing trip lasted 33.1 + 11
days, with 68.5% of the time spent cruising,
15.6% passive waiting at se@, 7.7% fishing and
8.1% port time. The av, el consumption
per voyage was 381 = W3 tons, of which 90.4%
was for cruising,
passive period

statel that 75% o
was consumg@l by the main enSy

difference may be due not only to
gsf used but also to many external
Stich as seasonality, FAD density in the
egion, vessel and equipment characteristics, and
jpper experience. Moreover, FAD and FSC
gtrategies were found to be more energy efficient
than other methods used in Atlantic tuna fisheries
such as longline (1069 L/t), trolling (1107 L/t)
and pole-and-line (1490 L/t). However, this
efficiency was similar or slightly lower
compared to pole-and-line vessels in the
Maldives (Basurko ef al., 2022).

Alma-Maris (2023) calculated that the global
marine fisheries sector consumed approximately
12.86 million tons of fuel as of 2018,
corresponding to approximately 14.953 billion
litres of fossil fuel. As a result of this fuel
consumption, the sector is estimated to emit 40.7
million tons of CO: equivalent greenhouse gas
emissions. This value corresponds to
approximately 4% of total emissions from
maritime transport and 2.89% of global
anthropogenic emissions in 2018. According to
assessments of the European Union fishing fleet,
it is reported that this fleet emits approximately
6.94 million tons of CO: equivalent greenhouse
gas emissions with an average annual fuel
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consumption of 2.59 billion litres. This amount
accounts for about 17% of global fisheries
emissions. The majority of emissions come from
fossil fuels consumed in operational activities
such as vessel movement and fishing gear
towing. Regarding  energy  efficiency,
comparisons show that bottom contact fishing
gear, such as bottom trawls, have high fuel use
intensity (FUIL, litres’kg) and daily fuel
consumption (FUE, litres/day). This indicates
that these fishing techniques have high energy
and environmental costs. In contrast, passive
fishing gears, with their lower FUI values, seem
prominent in carbon footprint reduction
strategies (Alma-Maris, 2023).

Limited studies were found in the literature on
the carbon footprint of Turkish fisheries. In the
first study, fuel data obtained from 34 purse
seine, trawl and small-scale fishing vessels
fishing in Iskenderun Bay were evaluated
(Demirci and Karagiizel, 2018). In the second
study, CO> emissions were calculated with

, the data of 129
by 13 trawlers

which resulted in
CO: emissions. The
research show uel consumption increases
as engine powerncreases, but fuel use intensity
decreases as the vessel length increases. In
particular, it was emphasised that shrimp-
targeted voyages consume more fuel than fish-
targeted voyages. The findings reveal that factors
such as vessel design, catch targets, and engine
efficiency should be considered in the
decarbonisation process of fisheries (Fakioglu,
2025).

The fact that very few studies have been

conducted on the carbon footprint of Turkish
fisheries points to a significant gap in the
literature that needs to be filled. In this context,
the lack of a holistic carbon footprint inventory
of the Turkish fishing fleet makes sustainable
resource management and integration into
international climate policies such as the Paris
Agreement and the European Green Deal
difficult.

2. EVALUATION AN

881on No. 201, 28th legislative term, 3rd
egislative year, Established to Investigate the
yblems Experienced in the Fisheries and
Aquaculture Sector and to Determine the
Measures to be Taken, the need to reduce the
carbon emissions of our fishing fleet has been
emphasised many times and for this purpose,
limiting the engine power of fishing vessels, It
has been suggested to encourage the use of
engines that consume less fuel, emit less carbon
emissions and run on different fuel/energy types
such as more efficient electric/hybrid engines
(TBMM, 2025).

On the other hand, Tiirkiye's "Climate Law" was
published in the Official Gazette on July 9, 2025
and entered into force. With the law, businesses
that carry out activities that directly cause
greenhouse gas emissions are obliged to obtain
greenhouse gas emission permits to carry out
these activities. The fisheries sector also faces
this sanction.

In Tiirkiye, there are scarce studies on carbon
footprint, which is an essential indicator in
monitoring the environmental impacts of climate
change in fisheries. It is important to increase
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these studies and evaluate their results. The
effects of climate change and their mitigation are
problem that requires all humanity to act with a
common awareness. A decarbonisation approach
should prevail in the activities of all energy-
producing and energy-using sectors. Greenhouse
gas emissions need to be reduced and eventually
eliminated. Greenhouse gas emissions need to be
reduced and eventually eliminated. Reducing the
greenhouse gas emissions of the Turkish
fisheries sector should be made a public
obligation.

First it is necessary to conduct a greenhouse gas
inventory study by all sectors and regularly
monitor the data. Meanwhile, alternative fuel
systems (e.g. electric, hybrid) should be
supported, and public support should be directed
not only towards fuel subsidies but also towards
technical conversion. Regional restrictions and
efficiency criteria should be established for
energy-intensive fishing gear such as bottom

should be diversified and increg
developing a ‘Support for Small- Scale i
model for the use of low- emlssmn DASS

monitoring
boundaries o ral distinctions should be
more clearly deffned by tracking all processes
from cradle to grave through LCA. Of course, the
most important thing is to protect aquatic
ecosystems and biodiversity and create marine
carbon sinks that increase oxygen production.

AUTHORSHIP CONTRIBUTION
STATEMENT
Hiiseyin AKBAS: Conceptualization,

Investigation, Original Draft, Writing, Writing -

Review and Editing. Hakki DERELI:
Conceptualization, - Writing - Review and
Editing.

CONFLICT OF INTERESA'S

The authors declare thafifor thls article they have
no actual, potential
interests.

Seyin AKBAS

42 https://orcid.org/0009-0001-4586-9661

Hakki DERELI
https://orcid.org/0000-0002-1240-8922

REFERENCES

Alma-Maris (2023). 4 pathway to decarbonise the EU
fisheries sector by 2050. Report produced for Oceana
Europe by Alma Maris Consulting. 96 pp.
https://doi.org/10.5281/zenodo.7757175

Anonymous (2008). Guide to PAS 2050 - How to Assess
the Carbon Footprint of Goods and Services. Carbon
Trust-Defra-BSI British Standards Institution.

Basurko, O.C., Gabiia, G., Lopez, J., Granado, I.,
Murua, H., Fernandes, J.A., Uriondo, Z. (2022).
Fuel consumption of free-swimming school versus
FAD strategies in tropical tuna purse seine fishing.
Fisheries Research, 245: 106139.

Brander, M., Davis, G. (2012). Greenhouse gases, CO,,
CO(2), and carbon: What do all these terms mean.
Econometrica, White Papers.


https://orcid.org/0009-0001-4586-9661
https://orcid.org/0000-0002-1240-8922
https://orcid.org/0000-0002-1240-8922
https://doi.org/10.5281/zenodo.7757175
https://orcid.org/0009-0001-4586-9661

Akbas and Dereli, Turkish Journal of Maritime and Marine Sciences, XX(XX): XXX-XXX

Bekiroglu, O., The new rule of sustainable
development: carbon footprint (2011). Accessed
Date: 6/2014, http://www. emo. org.

tr/ekler/49c17cab08ed10e_ek.pdf is retrieved.

Binboga, G., Unal, A. (2018). A Research on Calculating
the Carbon Footprint of Manisa Celal Bayar University

on the Axis of Sustainability. International Journal of

Economic and Administrative Studies, (21), 187-202.

Blanchard J.L., Novaglio, C. (2024). Climate change
risks to marine ecosystems and fisheries. Projections to
2100 from the Fisheries and Marine Ecosystem Model
Intercomparison  Project. FAO  Fisheries and
Aquaculture Technical Paper, 707, 108p. doi:
10.4060/cd1379en.

BSGM (2024). Republic of Tiirkiye Ministry of Agriculture
and Forestry, General Directorate of Fisheries and
Aquaculture, Ankara.

Daw, T., Adger, W.N., Brown, K., Badjeck, M.C.
(2009). Climate change and capture fisheries: potential
impacts, adaptation and mitigation. In: “Climate
change implications for fisheries and aquaculture:
overview of current scientific knowledge”, (Editors: K.
Cochrane, C. De Young, D. Soto and T. Bahri), E
Fisheries and Aquaculture Technical Paper. N,
pp-107-150, Rome.

Dagtekin, M., Giicii, A.C., Geng, Y. (2022). C

the global hote
methodologies d
Research, 36(3): 231-

sults. Tourism

Demirci,

and pollutions
Bay. Fresenius
in, 27(1): 508-514.

., Perevoznic, F.M. (2023).
ergy transition targets of the

on institutional
100039.

ory. Cleaner Production Letters, 4:

East, A.J. (2008). What is a carbon footprint? An overview
of definitions and methodologies. In: “Vegetable
industry carbon footprint scoping study-Discussion
papers and workshop”, 26 September 2008, Sydney:
Horticulture Australia Liited.

Ekici, M. (2019). Resilience to climate change: Carbon
detox (Carbon Purification) for the Earth. Resilience,
3(2): 113-125.

Fakioglu, Y.E. (2025). Fuel efficiency of trawlers per
kilogram of landed catch: Insights for decarbonising
fisheries in Tiirkiye. Ege Journal of Fisheries and

Aquatic Sciences, 42(1): 56-63. doi:
10.12714/egejfas.42.1.08.
FAO, Fisheries Statistics (2025). Accessed date:

03/06/2025, https://www.fao.org/fishery/en/statistics is
retrieved.

Gabrielii, C.H., Jafarzadeh, S. (2020). Carbon footprint
of fisheries-a review of standagds, methods and tools.
SINTEF Rapport.

.C. (2013). Recent Progress on
¢ Stages and Driving Forces Over the

ears. Marine Geology & Quaternary
3(1): 97-108.

Specific
Last 2000

IPCC, IPCC Guidelines for National Greenhouse Gas
ventories. Intergovernmental Panel on Climate
Change (2006). Accessed date: 11/04/2025,
http://www.ipcc-

nggip.iges.or.jp/public/2006gl/index.html is retrieved.

IPCC, Climate Change 2021: Summary for All (2021a).
Accessed date: 23/04/2025,

https://www.ipcc.ch/report/ar6/wgl/resources/summar
y-for-all/ is retrieved.

IPCC (2021b). Climate Change 2021: The Physical
Science Basis. Contribution of Working Group I to the
Sixth Assessment Report of the Intergovernmental
Panel on Climate Change; (Editors: V. Masson-
Delmotte, P. Zhai, A. Pirani et al), Cambridge
University Press: Cambridge, UK and New York, USA.

IPCC (2023). Summary for Policymakers. In: “Climate
Change 2023: Synthesis Report”. Contribution of
Working Groups I, IT and III to the Sixth Assessment
Report of the Intergovernmental Panel on Climate
Change [Core Writing Team, (Editors: H. Lee, J.
Romero], Geneva, Switzerland, pp. 1-34, doi:
10.59327/IPCC/AR6-9789291691647.001.

Kumar, M., Sharma, L., Vashista, P.K. (2014). Study on
carbon footprint. International Journal of Emerging
Technology and Advanced Engineering, 4(1): 345-355.


https://www.fao.org/fishery/en/statistics
http://www.ipcc-nggip.iges.or.jp/public/2006gl/index.html
http://www.ipcc-nggip.iges.or.jp/public/2006gl/index.html
https://www.ipcc.ch/report/ar6/wg1/resources/summary-for-all/
https://www.ipcc.ch/report/ar6/wg1/resources/summary-for-all/

Akbas and Dereli, Turkish Journal of Maritime and Marine Sciences, XX(XX): XXX-XXX

Mirici, ML.E., Berberoglu, S. (2022). Green Deal and
Carbon Footprint in Tiirkiye Perspective: Threat?
Opportunity? Journal of Natural Disasters and
Environment, 8(1): 156-164.

Montzka, S.A. (2024). The NOAA Annual Greenhouse
Gas Index (AGGI). National Oceanic and Atmospheric
Administration (NOAA) Earth System Research
Laboratories-Global Monitoring Laboratory.

Naranjo, L., Castillo, J., Montes, V., Yaiez, E. (2021).
Calculating the carbon footprint of the artisanal
common hake fishery (Merluccius gayi gayi) in Caleta
Portales, Valparaiso, Chile. Latin american journal of
aquatic research, 49(4): 538-550.

OECD, Greenhouse gas emissions data Concepts and
data availability Working Paper (2024a). Accessed
date: 26/04/2025,
https://www.oecd.org/en/publications/greenhouse-gas-
emissions-data_b3e6c074-en.html is retrieved.

OECD, Greenhouse Gas Footprints (GHGFP):
Principal indicators OECD Data Explorer (2024b).
Accessed date: 05/06/2025, https://data-
explorer.oecd.org/ is retrieved.

Pandey, D., Agrawal, M., Pandey, J.S. (2011).
footprint:  current  methods  of S
Environmental Monitoring and Assessmey
135-160. doi: 10.1007/s10661-010-1678-y.

Park, J.A., Gardner, C., Chang, M

., Tyedmers, P.H.
on footprint of the

B.S., Hart
(2018). Fuel
world fisheries.

greenhouse gas emissions of
ure Climate Change, 8(4): 333-337.

Sarica, A., Fakioglu, Y.E., Demir, O., Kalecik, E.,
Gikee, G., Ozbilgin, H. (2018). Optimisation of main
engine fuel consumption and reduction of CO:
emissions in trawlers. Turkish Journal of Maritime and
Marine Sciences, 4(2): 116-127.

Scrucca, F., Barberio, G., Fantin, V., Porta, P.L.,
Barbanera, M. (2021). Carbon footprint: Concept,
methodology and calculation. Carbon Footprint Case
Studies: Municipal Solid Waste Management,
Sustainable  Road  Transport  and  Carbon
Sequestration, 1-31.

Sahin, G., Avcioglu, A.O. (2016). Greenhouse gases and
carbon footprint in agricultural production. Journal of
Agricultural Machinery Science, 12(3): 157-162.

Urbanization and
ange Presidency,

T.C. Ministry of Environme
Climate Change,
Convention and Proto

TBMM, Report
Commission

istics, Turkish Statistical
Accessed date: 26/04/2025,
r/medas/?kn=97&locale=tr is

(2025).
ni.tuik.

(2004). Fisheries and energy use.
dia of energy, 2: 683-693.

Tyedmers, P.H., Watson, R., Pauly, D. (2005). Fueling
global fishing fleets. AMBIO: a Journal of the Human
Environment, 34(8): 635-638.

Tyedmers, P., Parker, R. (2012). Fuel consumption and
greenhouse gas emissions from global tuna fisheries: A
preliminary  assessment.  International  Seafood
Sustainability Foundation, ISSF Technical Report
2012-03, McLean, Virginia, USA.

URL-1, United Nations Framework Convention on
Climate Change. T.C. Ministry of Environment,
Urbanization and Climate Change, Climate Change
Presidency (2025). Accessed date: 01/06/2025,

https://webdosya.csb.gov.tr/db/iklim/webmenu/webm
enul2421 1.pdf is retrieved.

URL-2, Communication on The European Green Deal.
European Comission (2019). Accessed date:
02.05.2025,
https://commission.europa.eu/document/daef3eSc-
a456-4fbb-a067-8f1cbe8d9c78 en is retrieved.

Wadke, P., Gonal, V., Watwani, D., Chavan, P., Sahu,
S. (2023). Carbon footprint: Causes, impacts and
sector-wise survey. 5" Biennial International
Conference on Nascent Technologies in Engineering
(ICNTE), pp. 1-6.


https://www.oecd.org/en/publications/greenhouse-gas-emissions-data_b3e6c074-en.html
https://www.oecd.org/en/publications/greenhouse-gas-emissions-data_b3e6c074-en.html
https://data-explorer.oecd.org/
https://data-explorer.oecd.org/
https://iklim.gov.tr/
https://www.tbmm.gov.tr/denetim/meclis-arastirmasi-komisyonlari
https://www.tbmm.gov.tr/denetim/meclis-arastirmasi-komisyonlari
https://biruni.tuik.gov.tr/medas/?kn=97&locale=tr
https://webdosya.csb.gov.tr/db/iklim/webmenu/webmenu12421_1.pdf
https://webdosya.csb.gov.tr/db/iklim/webmenu/webmenu12421_1.pdf
https://commission.europa.eu/document/daef3e5c-a456-4fbb-a067-8f1cbe8d9c78_en
https://commission.europa.eu/document/daef3e5c-a456-4fbb-a067-8f1cbe8d9c78_en

Akbas and Dereli, Turkish Journal of Maritime and Marine Sciences, XX(XX): XXX-XXX

Weidema, B.P., Bauer, C., Hischier, R., Mutel, C.,
Nemecek, T., Reinhard, J., Wernet, G. (2013).
Overview and methodology: Data quality guideline for
the ecoinvent database, version 3.

Wiedmann, T., Minx, J. (2007). A Definition of Carbon
Footprint. ISAUK Research Report 07-01, ISAUK
Research & Consulting, Durham, DH7 7FB, UK.

WMO, WMO Greenhouse Gas Bulletin, The State of
Greenhouse Gases in the Atmosphere Based on
Global Observations Through 2023 (2024).
Accessed date: 08/04/2025,
https://library.wmo.int/records/item/69057-no-20-28-
october-2024 is retrieved.

S
&



https://library.wmo.int/records/item/69057-no-20-28-october-2024
https://library.wmo.int/records/item/69057-no-20-28-october-2024

	Climate Change, Carbon Footprint, Fisheries: Türkiye
	İklim Değişikliği, Karbon ayak izi, Balıkçılık: Türkiye
	Hüseyin AKBAŞ1,2* , Hakkı DERELİ3
	ABSTRACT
	This review provides a comprehensive assessment of the effects of climate change, the concept of carbon footprint, and the Turkish fisheries sector in the context of environmental sustainability. Fossil fuel-based production and consumption models, wh...
	1. INTRODUCTION
	Nationally Determined Contributions (NDCs) prepared in the post-Paris Agreement period have started to make the role of marine and coastal ecosystems in combating climate change more visible. It was revealed that 70% of the 161 NDCs submitted by the c...
	1.2. Carbon Footprint
	Carbon footprint calculations are one of the most widely used environmental indicators. Since its introduction as a measurable concept for monitoring impacts on our environment, carbon footprinting has become a widely used term and concept in the publ...
	Bekiroğlu (2011) defines carbon footprint as "a measure of the damage caused by human activities to the environment in terms of the amount of greenhouse gases produced and measured in terms of CO2". Its unit is "kg.CO2-equivalent" or "ton.CO2-equivale...
	Carbon footprint is the sum of greenhouse gases in the atmosphere. CO2, nitrous oxide, methane and other industrial gases are called greenhouse gases. The carbon footprint gives us the full presence of these gases (Wadke et al., 2023).
	The carbon footprint of a product refers to the greenhouse gases emissions of a product throughout its life cycle, from raw materials to production (or service provision), distribution, consumer use and disposal/recycling (Anonymous, 2008).
	Another definition is "a measure of the total CO2 and other greenhouse gas emissions directly or indirectly generated by an activity or accumulated over the lifetime of a product, a person, an organisation, or even a city or state Carbon footprint is ...
	In line with all the scientific and grey literature, Wiedmann and Minx (2007) proposed the definition of "carbon footprint" as "a measure of the specific total amount of CO2 emissions directly and indirectly caused by an activity or accumulated over t...
	Measuring carbon footprint is recognised by the UN Framework Convention on Climate Change as an important way to contribute to achieving international climate action targets. It allows organisations to see more accurately where the main impacts on the...
	Since carbon footprint is now one of the most widely used environmental indicators for measuring greenhouse gas emissions from human activities and primarily aims to calculate the emissions that occur throughout the entire life cycle of products or ac...
	1.3. Fisheries in the World and Türkiye
	From 1950 to 2023, world fisheries production has undergone a radical transformation quantity and production structure. In 1950, global fisheries production was around 20 million tons, but this figure reached 185.4 million tons by 2022 and even higher...
	In the past 20 years, global fisheries production has shown significant changes in capture and aquaculture. During this period, capture fisheries production declined from approximately 93.6 million tons in 2000 to 90.4 million tons in 2023. This decli...
	Türkiye's total fisheries production between 1950 and 2023 has shown a remarkable increase, gaining momentum especially after the 1980s. The production amount below 100 thousand tons in the 1950s reached approximately 300 thousand tons in the early 19...
	Figure 1. Türkiye's total fisheries production 1950-2023 (TurkStat, 2025)
	Figure 2. Terminology related to the scope of the life cycle assessment of hake gillnet fishing (Naranjo, 2021)
	The LCA approach covers environmental impacts along the entire supply chain, including production, processing, transportation, retail, home use and disposal, especially in food production systems such as agricultural and aquaculture (Gabrielii and Jaf...
	PAS 2050 is a structured framework for calculating GHG emissions across the life cycle, developed by the British Standards Institute (BSI). This standard also forms the basis for carbon footprint calculations within the cradle-to-grave and cradle-to-e...
	Based on LCA, total greenhouse gas emissions are determined by calculating the energy and emission factors used in measuring greenhouse gas emissions. For this purpose, the guide prepared by IPCC (2006 IPCC Guidelines for National Greenhouse Gas Inven...
	1.6. Carbon footprint from fishing industry in the World and Türkiye
	In carbon footprint calculations, organisations such as WMO, IPCC and OECD make and publish reports and determinations. In this context, when the data obtained from the software environment created by the OECD were evaluated, the following results wer...
	The total carbon footprint in the world, which was 30153000000 tons of CO2equivalent in 1995, increased by 43% to 43026000000 tons of CO2 equivalent in 2020, while in Türkiye, which was 240000000 tons of CO2 equivalent in 1995, increased by 118% to 52...
	The GHG emissions of the fisheries sector (capture and aquaculture together), which is one of the essential components of the agriculture sector, between 1995 and 2020 are presented in Figure 3 for the world and Türkiye. While it was 48.4 million tons...
	Figure 3. CO2equivalent of the Fisheries sector in the World and Türkiye (tons) (OECD, 2024b)
	On the other hand, studies on climate change and carbon footprint in fisheries have also been carried out by researchers outside of institutions:
	Tyedmers et al. (2005) combined FAO's spatially resolved catch statistics for 2000 with more than 250 fishery samples from around the world to assess the fossil fuel use and carbon emissions of global fisheries. They found that about 50 billion litres...
	Tyedmers and Parker (2012) reached an average emission value of 3.12 kg CO₂e/litre in their study conducted with the "well-to-tank" approach by covering the initial processes such as extraction, processing and transportation of fuel as well as direct ...
	In the study by Parker et al. (2015), the total carbon footprint from fuel was calculated as 3.1 kg CO₂e per litre. In the study, operational information obtained from 93 purse seine vessels with data from 2009 was analysed. The average fuel use inten...
	Park et al. (2015) calculated that the total GHG emissions from offshore fisheries in South Korea in 2013 were 1477279 tons CO₂e. It was explained that this amount corresponded to approximately 0.21% of South Korea's total national emissions in the sa...
	A global study revealed that in 2011, the world's fisheries fleets consumed 40 billion litres of fuel and emitted a total of 179 million tons of CO2-eq greenhouse gases to the atmosphere, of which 174 million tons were from motorised fishing vessels a...
	Naranjo et al. (2021) assessed the carbon footprint, focusing on small-scale fisheries targeting the hake (Merluccius gayi) species. During the data collection process, they calculated CO₂ equivalent emissions per activity based on fuel consumption in...
	Basurko et al. (2022) monitored the energy consumption patterns of a Spanish purse seine vessel operating in the Indian Ocean during ten consecutive fishing trips and also compared the fuel use intensity (FUI) of fish aggregating devices (FAD) and fre...
	Alma-Maris (2023) calculated that the global marine fisheries sector consumed approximately 12.86 million tons of fuel as of 2018, corresponding to approximately 14.953 billion litres of fossil fuel. As a result of this fuel consumption, the sector is...
	Limited studies were found in the literature on the carbon footprint of Turkish fisheries. In the first study, fuel data obtained from 34 purse seine, trawl and small-scale fishing vessels fishing in Iskenderun Bay were evaluated (Demirci and Karagüze...
	The fact that very few studies have been conducted on the carbon footprint of Turkish fisheries points to a significant gap in the literature that needs to be filled. In this context, the lack of a holistic carbon footprint inventory of the Turkish fi...
	2. EVALUATION AND CONCLUSION
	Recent scientific studies have shown that climate change is caused by man-made greenhouse gases (Ekici, 2019), and information on greenhouse gas emissions plays a key role in climate change statistics. Emissions data are essential for assessing the im...
	In the Report of the Parliamentary Investigation Commission No. 201, 28th legislative term, 3rd legislative year, Established to Investigate the Problems Experienced in the Fisheries and Aquaculture Sector and to Determine the Measures to be Taken, th...
	On the other hand, Türkiye's "Climate Law" was published in the Official Gazette on July 9, 2025 and entered into force. With the law, businesses that carry out activities that directly cause greenhouse gas emissions are obliged to obtain greenhouse g...
	In Türkiye, there are scarce studies on carbon footprint, which is an essential indicator in monitoring the environmental impacts of climate change in fisheries. It is important to increase these studies and evaluate their results. The effects of clim...
	First it is necessary to conduct a greenhouse gas inventory study by all sectors and regularly monitor the data.  Meanwhile, alternative fuel systems (e.g. electric, hybrid) should be supported, and public support should be directed not only towards f...
	AUTHORSHIP CONTRIBUTION STATEMENT
	Hüseyin AKBAŞ: Conceptualization, Investigation, Original Draft, Writing, Writing - Review and Editing. Hakkı DERELİ: Conceptualization, - Writing - Review and Editing.
	CONFLICT OF INTERESTS
	The authors declare that for this article they have no actual, potential or perceived conflict of interests.
	ETHICS COMMITTEE PERMISSION
	The authors declare that this study was conducted in accordance with with ethics committee procedures of human or animal experiments.
	FUNDING
	No funding was received from institutions or agencies for the execution of this research.
	ORCID IDs
	Hüseyin AKBAŞ
	https://orcid.org/0009-0001-4586-9661
	Hakkı DERELİ
	https://orcid.org/0000-0002-1240-8922
	REFERENCES
	Alma-Maris (2023). A pathway to decarbonise the EU fisheries sector by 2050. Report produced for Oceana Europe by Alma Maris Consulting. 96 pp. https://doi.org/10.5281/zenodo.7757175
	Anonymous (2008). Guide to PAS 2050 - How to Assess the Carbon Footprint of Goods and Services. Carbon Trust-Defra-BSI British Standards Institution.
	Basurko, O.C., Gabiña, G., Lopez, J., Granado, I., Murua, H., Fernandes, J.A., Uriondo, Z. (2022). Fuel consumption of free-swimming school versus FAD strategies in tropical tuna purse seine fishing. Fisheries Research, 245: 106139.
	Brander, M., Davis, G. (2012). Greenhouse gases, CO2, CO(2)e, and carbon: What do all these terms mean. Econometrica, White Papers.
	Bekiroglu, O., The new rule of sustainable development: carbon footprint (2011). Accessed Date: 6/2014, http://www. emo. org. tr/ekler/49c17cab08ed10e_ek.pdf is retrieved.
	Binboğa, G., Ünal, A. (2018). A Research on Calculating the Carbon Footprint of Manisa Celal Bayar University on the Axis of Sustainability. International Journal of Economic and Administrative Studies, (21), 187-202.
	Blanchard J.L., Novaglio, C. (2024). Climate change risks to marine ecosystems and fisheries. Projections to 2100 from the Fisheries and Marine Ecosystem Model Intercomparison Project. FAO Fisheries and Aquaculture Technical Paper, 707, 108p. doi: 10....
	BSGM (2024). Republic of Türkiye Ministry of Agriculture and Forestry, General Directorate of Fisheries and Aquaculture, Ankara.
	Daw, T., Adger, W.N., Brown, K., Badjeck, M.C. (2009). Climate change and capture fisheries: potential impacts, adaptation and mitigation. In: “Climate change implications for fisheries and aquaculture: overview of current scientific knowledge”, (Edit...
	Dağtekin, M., Gücü, A.C., Genç, Y. (2022). Concerns about illegal, unreported and unregulated fishing, carbon footprint, and the impact of fuel subsidy-An economic analysis of the Black Sea anchovy fishery. Marine Policy, 140: 105067
	De Grosbois, D., Fennell, D. (2011). Carbon footprint of the global hotel companies: Comparison of methodologies and results. Tourism Recreation Research, 36(3): 231-245.
	Demirci, A., Karagüzel, M. (2018). The evaluation of fishing vessels fuel consumption and pollutions emissions in the İskenderun Bay. Fresenius Environmental Bulletin, 27(1): 508-514.
	Dragomir, V.D., Dumitru, M., Perevoznic, F.M. (2023). Carbon reduction and energy transition targets of the largest European companies: An empirical study based on institutional theory. Cleaner Production Letters, 4: 100039.
	East, A.J. (2008). What is a carbon footprint? An overview of definitions and methodologies. In: “Vegetable industry carbon footprint scoping study-Discussion papers and workshop”, 26 September 2008, Sydney: Horticulture Australia Liited.
	Ekici, M. (2019). Resilience to climate change: Carbon detox (Carbon Purification) for the Earth. Resilience, 3(2): 113-125.
	Fakıoğlu, Y.E. (2025). Fuel efficiency of trawlers per kilogram of landed catch: Insights for decarbonising fisheries in Türkiye. Ege Journal of Fisheries and Aquatic Sciences, 42(1): 56-63. doi: 10.12714/egejfas.42.1.08.
	FAO, Fisheries Statistics (2025). Accessed date: 03/06/2025, https://www.fao.org/fishery/en/statistics is retrieved.
	Gabrielii, C.H., Jafarzadeh, S. (2020). Carbon footprint of fisheries-a review of standards, methods and tools. SINTEF Rapport.
	Gallo, N.D., Victor, D.G., Levin, L.A. (2017). Ocean commitments under the Paris Agreement. Nature Climate Change, 7(11): 833-838.
	Garnett, T. (2008). Cooking up a storm. Food, greenhouse gas emissions and our changing climate. Guildford, UK: Food Climate Research Network, Center for Environmental Strategy, University of Surrey.
	Hognes, E., Garrett, A., SIK, F.Z. (2014). Handbook for green house gas assessment of seafood products. SINTEF Fisheries and Aquaculture, Sluppen, Noruega.
	Huang, B., Yu, K.T.C. (2013). Recent Progress on Specific Climatic Stages and Driving Forces Over the Last 2000 Years. Marine Geology & Quaternary Geology, 33(1): 97-108.
	IPCC, IPCC Guidelines for National Greenhouse Gas Inventories. Intergovernmental Panel on Climate Change (2006). Accessed date: 11/04/2025, http://www.ipcc-nggip.iges.or.jp/public/2006gl/index.html is retrieved.
	IPCC, Climate Change 2021: Summary for All (2021a). Accessed date: 23/04/2025, https://www.ipcc.ch/report/ar6/wg1/resources/summary-for-all/ is retrieved.
	IPCC (2021b). Climate Change 2021: The Physical Science Basis. Contribution of Working Group I to the Sixth Assessment Report of the Intergovernmental Panel on Climate Change; (Editors: V. Masson-Delmotte, P. Zhai, A. Pirani et al.), Cambridge Univers...
	IPCC (2023). Summary for Policymakers. In: “Climate Change 2023: Synthesis Report”. Contribution of Working Groups I, II and III to the Sixth Assessment Report of the Intergovernmental Panel on Climate Change [Core Writing Team, (Editors: H. Lee, J. R...
	Kumar, M., Sharma, L., Vashista, P.K. (2014). Study on carbon footprint. International Journal of Emerging Technology and Advanced Engineering, 4(1): 345-355.
	Mirici, M.E., Berberoğlu, S. (2022). Green Deal and Carbon Footprint in Türkiye Perspective: Threat? Opportunity? Journal of Natural Disasters and Environment, 8(1): 156-164.
	Montzka, S.A. (2024). The NOAA Annual Greenhouse Gas Index (AGGI). National Oceanic and Atmospheric Administration (NOAA) Earth System Research Laboratories-Global Monitoring Laboratory.
	Naranjo, L., Castillo, J., Montes, V., Yáñez, E. (2021). Calculating the carbon footprint of the artisanal common hake fishery (Merluccius gayi gayi) in Caleta Portales, Valparaíso, Chile. Latin american journal of aquatic research, 49(4): 538-550.
	OECD, Greenhouse gas emissions data Concepts and data availability Working Paper (2024a). Accessed date: 26/04/2025, https://www.oecd.org/en/publications/greenhouse-gas-emissions-data_b3e6c074-en.html is retrieved.
	OECD, Greenhouse Gas Footprints (GHGFP): Principal indicators OECD Data Explorer (2024b). Accessed date: 05/06/2025, https://data-explorer.oecd.org/ is retrieved.
	Pandey, D., Agrawal, M., Pandey, J.S. (2011). Carbon footprint: current methods of estimation. Environmental Monitoring and Assessment, 178(1-4): 135-160. doi: 10.1007/s10661-010-1678-y.
	Park, J.A., Gardner, C., Chang, M.I., Kim, D.H., Jang, Y.S. (2015). Fuel use and greenhouse gas emissions from offshore fisheries of the Republic of Korea. PloS One, 10(8): e0133778.
	Parker, R.W., Tyedmers, P.H. (2015). Fuel consumption of global fishing fleets: current understanding and knowledge gaps. Fish and Fisheries, 16(4): 684-696.
	Parker, R.W., Vázquez-Rowe, I., Tyedmers, P.H. (2015). Fuel performance and carbon footprint of the global purse seine tuna fleet. Journal of Cleaner Production, 103: 517-524.
	Parker, R.W., Blanchard, J.L., Gardner, C., Green, B.S., Hartmann, K., Tyedmers, P.H., Watson, R.A. (2018). Fuel use and greenhouse gas emissions of world fisheries. Nature Climate Change, 8(4): 333-337.
	Sarıca, A., Fakıoğlu, Y.E., Demir, O., Kalecik, E., Gökçe, G., Özbilgin, H. (2018). Optimisation of main engine fuel consumption and reduction of CO₂ emissions in trawlers. Turkish Journal of Maritime and Marine Sciences, 4(2): 116-127.
	Scrucca, F., Barberio, G., Fantin, V., Porta, P.L., Barbanera, M. (2021). Carbon footprint: Concept, methodology and calculation. Carbon Footprint Case Studies: Municipal Solid Waste Management, Sustainable Road Transport and Carbon Sequestration, 1-31.
	Şahin, G., Avcıoğlu, A.O. (2016). Greenhouse gases and carbon footprint in agricultural production. Journal of Agricultural Machinery Science, 12(3): 157-162.
	T.C. Ministry of Environment, Urbanization and Climate Change, Climate Change Presidency, Convention and Protocols (2025). Accessed Date: 01/06/2025, https://iklim.gov.tr/ is retrieved.
	TBMM, Report of the Parliamentary Research Commission Established to Investigate the Problems Experienced in the Fisheries and Aquaculture Sector and to Determine the Measures to be Taken (2025). Accessed Date: 05.05.2025, https://www.tbmm.gov.tr/dene...
	TURKSTAT, Fisheries Statistics, Turkish Statistical Institute (2025). Accessed date: 26/04/2025, https://biruni.tuik.gov.tr/medas/?kn=97&locale=tr is retrieved.
	Tyedmers, P. (2004). Fisheries and energy use. Encyclopedia of energy, 2: 683-693.
	Tyedmers, P.H., Watson, R., Pauly, D. (2005). Fueling global fishing fleets. AMBIO: a Journal of the Human Environment, 34(8): 635-638.
	Tyedmers, P., Parker, R. (2012). Fuel consumption and greenhouse gas emissions from global tuna fisheries: A preliminary assessment. International Seafood Sustainability Foundation, ISSF Technical Report 2012-03, McLean, Virginia, USA.
	URL-1, United Nations Framework Convention on Climate Change. T.C. Ministry of Environment, Urbanization and Climate Change, Climate Change Presidency (2025). Accessed date: 01/06/2025, https://webdosya.csb.gov.tr/db/iklim/webmenu/webmenu12421_1.pdf i...
	URL-2, Communication on The European Green Deal. European Comission (2019). Accessed date: 02.05.2025, https://commission.europa.eu/document/daef3e5c-a456-4fbb-a067-8f1cbe8d9c78_en is retrieved.
	Wadke, P., Gonal, V., Watwani, D., Chavan, P., Sahu, S. (2023). Carbon footprint: Causes, impacts and sector-wise survey. 5th Biennial International Conference on Nascent Technologies in Engineering (ICNTE), pp. 1-6.
	Weidema, B.P., Bauer, C., Hischier, R., Mutel, C., Nemecek, T., Reinhard, J., Wernet, G. (2013). Overview and methodology: Data quality guideline for the ecoinvent database, version 3.
	Wiedmann, T., Minx, J. (2007). A Definition of Carbon Footprint. ISAUK Research Report 07-01, ISAUK Research & Consulting, Durham, DH7 7FB, UK.
	WMO, WMO Greenhouse Gas Bulletin, The State of Greenhouse Gases in the Atmosphere Based on Global Observations Through 2023 (2024). Accessed date: 08/04/2025, https://library.wmo.int/records/item/69057-no-20-28-october-2024 is retrieved.

