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ABSTRACT: In recent years, many countries have adopted the decentralization of their national climate

policies to the regional level in the form of Territorial Climate Plans (TCPs). The aim is to streamline
the planning and implementation of adaptation and mitigation measures against the impacts of
climate change (CC). This article presents a comparative analysis of TCPs in four Mediterranean
regions exacerbated by CC, including Marseille, Andalusia, Tangier, and Tunis. Key performance
indicators (KPIs), as well as mitigation and adaptation strategies extracted from national reports
and other official sources, were the focus of this comparison. The comparison of KPIs revealed that
78% of GHG emissions came from European regions. In terms of carbon sequestration, European
regions also outperformed. In terms of the energy transition, the share of renewable energies (RE)
in the energy mix is highest in Andalusia, with 39%, followed by Tangiers, Marseille, and Tunis,
with 36, 4, and 3%, respectively.

An analysis of measures and initiatives (M&I) shows a shared focus on promoting renewable
energies and energy efficiency in the building and industry sectors via tax incentives. For
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adaptation, regions focus on ecosystem restoration and coastal resilience. In conclusion, even if
TCP alignment is strengthened, significant imbalances persist in GHG emissions. As such, this
document is intended as an essential and valuable guide for decision-makers in drawing up and
implementing their local climate plans. Focusing on KPIs as a guide to assessment could lead to
effective management of local climate issues.

On the other hand, the strategic integration of fiscal incentives would promote local energy
transition. Nature-based solutions could also emerge as crucial strategies for mitigating climate
change and promoting the preservation of ecosystems. Moreover, mutual learning between regions
could emerge as an effective strategy for strengthening measures and initiatives to combat climate
challenges.

Keyworbps: Territorial Climate Plans (TCPs), Key Performance Indicators (KPIs), tax incentives,
coastal resilience, ecosystem restoration

Introduction

At the United Nations Framework Convention on Climate Change (UNFCCC), a significant
agreement was reached to combat climate change by limiting temperature rise to 1.5°C. The
Conference of the Parties (COP-21) in Paris reinforced these actions for a sustainable, low-
emission future, bringing all nations together in the fight against CC with significant financial
support for emerging countries (Schmidt et al. 2024).

The countries that signed these agreements formulated climate policies (CPs) at the national
level focused on two fundamental points: reducing GHG emissions (mitigation) and adapting to
the consequences of CC to reduce vulnerability (Lesnikowski et al. 2016). On the one hand, the use
of nature-based solutions (NBS) can be considered among the various CC adaptation management
strategies (Kabisch et al. 2016). On the other hand, the promotion of renewable energies through
fiscal incentives involving all energy sectors could play a crucial role in the most relevant CC
mitigation efforts (Labandeira et al. 2019). In line with their international commitments and
contexts, nations are formulating national and regional climate strategies. However, as the detailed
TCPs are constantly evolving, they are challenging to implement. This study aims to shed light on
regional climate policies (RCPs) in response to the agreements mentioned.

Indeed, the Mediterranean regions, which are major CO, emitters, are particularly hard hit
by climate change. Because of their specific spatial and geographical features (proximity to the
coast, high water demand, climate conducive to summer droughts, and extreme weather events
such as heavy rainfall) and their growth, they are considered highly vulnerable areas. The natural
environment of the Marseille region is particularly exposed to human activity, as evidenced
by pollution thresholds being exceeded, the scarcity of quiet spaces, the retreat of agricultural
areas, and the threat to certain species. Other signs appear only in times of crisis (droughts,
fires, floods, submersions, industrial pollution) (Métropole Aix-Marseille-Provence 2020a). In
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Andalusia, episodes of extreme drought and flooding raise environmental issues, while water
resource management is becoming a central challenge (Climate Chance 2019). The Tangier and
Tunis regions, meanwhile, face issues such as vulnerability to natural disasters, coastal erosion,
water stress, biodiversity loss, and declining agricultural yields. Although these four regions
share the same geographical area and suffer the same climatic impacts, their crisis management
policies are similar. However, their strategies may vary due to their contexts, thus justifying the
interest in such a comparison.

In the remainder of this document, in the first section, the RCPs adopted by these regions and
their short-term objectives in terms of reducing GHG emissions will be presented. Then, in the
second section, certain KPIs will be compared, notably carbon footprint, natural sequestration,
and the share of renewable energies in the energy mix. Finally, in the last section, an analysis of
strategies linked to carbon footprint improvement and adaptation to climate challenges, such as
ecosystem restoration and coastal flood resilience, will be compared to measure the effectiveness
of their NBS.

1. Methodology

This study covers four regions, including Marseille and Andalusia, located in the north of the
Mediterranean, and Tangiers and Tunis in the south. As illustrated in Figure 1, the Marseille region is
in the south of France, and the Andalusia region is in the south of Spain. The Tangiers region occupies
the extreme northwest of Morocco, while the Tunis region occupies the extreme northeast of
Tunisia. Grouped in pairs: Tangiers and Andalusia to the west, Marseille and Tunis to the east,
each plays a crucial role in the economy of its respective country. In addition to international
agreements, they are also bound by regional agreements, such as the Barcelona Convention, as well
as other initiatives, such as the Water Action Strategy, the Mediterranean Financial Strategy, and
the Water Strategy for the 5+5 National Dialogues (Touzi 2020).

Six main steps guided the approach based on climate policies. After determining the theme,
the collection of relevant data was undertaken, using various databases to find national climate
reports and related articles (Cooper et al. 2018). Official sources and scientific databases (Web of
Science, Google Scholar, Scopus Indexed Journals, Elsevier Science Direct, Springer) provided
” “strategies,” “adaptation,
” “renewable energy,
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these documents. “Regional climate policy, mitigation,” “nature-
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based solution,” “coastal risks,” “Mediterranean,
“climate indicators,” and “environmental tax” were among the keywords that were used. The

collected KPI data were then harmonized by modifying the time references and the units of

energy efficiency,”

measurement. A comparative analysis of the KPIs was carried out using graphs. The ambition
of the climate plans was assessed by comparing them to international targets, scientific
recommendations, and best practices. A contextual analysis was also conducted to account for
differences in capacity and national and regional constraints that could influence the results.
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Finally, communicating results with stakeholders has fostered mutual learning, the identification

of good practices, and continuous improvement of climate plans.
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Fig. 1. Presentation of the regions covered by this study
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2. Results

2.1. Regional climate action initiatives

In France, the first climate plan was set up as the Territorial Climate—Energy Plans (TCEP)
in 2004, thus creating an operational framework for the CPs of local authorities with more than
50,000 inhabitants. The Aix-Marseille-Provence metropolitan area initiated its Metropolitan
Climate-Air-Energy Plan (MCAEP) following deliberation by the metropolitan council, directing
its efforts towards energy transition, air quality, and adaptation to CC, with particular attention
to noise reduction. Through its efforts, the MCAEP aims to be a means of reducing emissions
by 20% in 2030 compared to 2012 (Métropole Aix-Marseille-Provence 2020c). In Andalusia,
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a Spanish autonomous region, the Andalusian Climate Action Plan 2007-2012 (ACAP), adopted
in 2002, laid the foundations for the region’s CPs. It remains central and is now integrated into the
Andalusian Sustainable Development Strategy 2030, setting emission reduction targets of 39%
in 2030 compared to 2005. The Andalusian CC Adaptation Program (ACCAP) aims to reduce
territorial vulnerability to the negative impacts of CC while integrating adaptation measures
into policy planning (Junta de Andalucia. Consejeria de Medio Ambiente 2011). The territorial
climate plan (TCP) of the Tangier region is part of the perspective of territorial convergence and
alignment with the national plan to combat global warming (NPGW) at the local level, considering
territorial specificities. Thus, its ambition is to reduce its GHG production by 31% in 2030
compared to 2016 (Ministére de I’Energie, des Mines et de I’Environnement 2020a). Following
the ratification of the Paris Climate Agreement in 2016, Tunisia committed to developing its
carbon-neutral and climate-resilient development strategy (CN&CRDS), thus integrating the
low-carbon transition to achieve a 45% reduction in its emissions by 2030 compared to those of
2010 and the resilience of CC in policies, programs, and activities at different levels to improve
long-term economic and social development (Ministére de I’Environnement and Gesellschaft fiir
Internationale Zusammenarbeit 2022). As Tunisia has not decentralized its CP across the Tunis
region, we will proceed with the determination of the data.

2.2. Key performance indicators

CC impacts both natural and urban environments, with serious consequences for their balance
and ecosystems. To counteract these effects, the integration of NBS is proving promising, making
it possible to both mitigate and adapt to CCs. These solutions also support the provision of
ecosystem services. To assess the effectiveness of NBS in terms of benefits to populations and
reduction of CC impacts, KPIs presented in table 1 are used, according to the SMART model
(Specific, Measurable, Achievable, Realistic, and Time-bound) (Dumitru and Wendling 2021;
Mosca et al. 2023). These SMART objectives facilitate the monitoring and evaluation of the
progress made in the implementation of the CPs, making it possible to evaluate the effectiveness
of the actions undertaken. Monitoring and evaluating these KPIs helps assess the performance of
policies, strategies, plans, and actions, providing important data and information (Olkuski 2015).
These can be used to guide and improve current and future management (Mékinen et al. 2018;
Pearce-Higgins et al. 2022).

It is crucial to note that the quality and availability of data can vary from country to country,
influencing the accuracy of progress assessment. However, the adoption of specific KPIs and
regular monitoring contribute to a better assessment of the progress made in the implementation
of TCP. In this study, the KPIs compared are those that were available in all TCPs.
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2.2.1. Carbon footprint

Carbon footprint refers to the calculation of the CC contribution from a consumption
perspective. Given the global scale of climate challenges and the current globalized economy,
it is relevant to examine GHG emissions related to individual consumption. This includes
emissions generated by the production and consumption of imported goods and services.
Carbon footprint can be assessed locally as well as in terms of per capita emissions, as shown
in Figure 2.

Greenhouse gases Greenhouse gases
emission (MtCO2) emission/Capita (tc02)

]

B Marseille
B Andalusia
M Tangier

Tunis

Fig. 2. Local carbon footprint and carbon footprint per capita of regions in 2016

Rys. 2. Lokalny $lad weglowy i $lad weglowy na mieszkanca regionéw w 2016 r.

A diagnosis of the GHG emissions of the Marseille territory estimates a total of 23 MtCO,
emitted between 2014 and 2015, which could also be applicable to 2016, the equivalent of an
emission of 12.5t/capita (Métropole Aix-Marseille-Provence 2020a). In Andalusia, the GHG
emission balance quantified about 50 MtCO,, or 6 t/capita, in 2016 (Climate chance 2019). In the
Tangier region, GHG emissions were estimated at 7,58 MtCO, in 2016, or 2,1 t/capita (Ministére
de I’Energie, des Mines et de I’Environnement 2020b). Moreover, in Tunisia, GHG emissions
were 37.2 MtCO, in 2015 and 36.3 MtCO, in 2016. About 50% of these emissions occur in
urban areas (Ministére de I’Environnement and Gesellschaft fiir Internationale Zusammenarbeit
2022; United Nations Framework Convention on Climate Change 2022). The Tunis region,
which generates the largest share of wealth (34.3%), concentrates a significant share of national
activities (Hurpeau et al. 2019). Emissions from the region could be estimated at 12.5 MtCO,, or
11.4 tCOy/capita for the year 2016.
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2.2.2. CO, absorption capacity of local vegetation

The capacity of the regions’ vegetation to assimilate carbon is an essential complementary
aspect in reducing GHG emissions. It plays a crucial role in improving the carbon footprint and
aiming, in particular, at carbon neutrality. It is important to note that the area has significant
carbon storage potential thanks to the presence of forests, wooded grassland, wetlands, and
artificial grassland.

In the Marseille region, the estimated natural sequestration capacity of vegetation was
29.1 MtCO, (Métropole Aix-Marseille-Provence 2020a). According to (Mufioz-Rojas et al.
2011), the CO, storage potential of the Andalusian Forest estate was estimated at 156.08 MtCO,,
which is assumed to remain unchanged. The Tangier region, for its part, has a carbon assimilation
capacity estimated at 2 MtCO, in 2016 (Ministere de I’Energie, des Mines et de I’Environnement
2020b). In Tunisia, the forestry sector had an assimilation capacity of 14 MtCO, in 2012. By
simulating forest assimilation based on available or extrapolated activity data, a net assimilation
of 2.6 MtCO, was observed in 2016 (Ministére de I’Environnement and Gesellschaft fiir
Internationale Zusammenarbeit 2022). According to the General Directorate of Forests, the
Tunis region represents 3.5% of the national forest potential, the equivalent of an assimilation
estimated at 0.1 MtCO,.

2.2.3. Transition to renewable energy

The transition to RE is of paramount importance in the fight against CC and the search
for more sustainable and less GHG-emitting energy sources (Honegger et al. 2021). RE, such
as solar, wind, hydro, geothermal, and marine energies, are considered alternatives to non-
renewable energy sources, such as fossil fuels

Renewable energies %

o Marseille
Andalusia

_I M Tangier

W Tunis

Fig. 3. Percentage of renewable energies in the energy mix of regions

Rys. 3. Procentowy udziat energii odnawialnej w miksie energetycznym regioné6w
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As illustrated in Figure 3, in 2015, RE production in the Marseille region represented
2,721 gigawatt-hour or 4% of the region’s energy mix (Métropole Aix-Marseille-Provence
2020c). The Andalusian region was aware of the importance of its GHG emissions and had
measures to reduce them. In 2017, RE accounted for 39% of the region’s energy mix (Climate
chance 2019; Agencia Andaluza De La Energia 2020). In the Tangier region, the contribution of
RE to energy production was estimated at 36% in 2016 (Ministére de I’Energie, des Mines et de
I’Environnement 2020b). In 2017, the installed capacity of RE in Tunis represented 3% of the
total capacity, or 311 megawatts (Jammali and Liouane 2017).

2.3. Measures and initiatives for improving the carbon footprint,
ecosystem restoration and resilience of coastal areas

As mentioned in the introduction, CC can be managed by two distinct approaches: mitigation
and adaptation. CC mitigation involves measures to reduce the human contribution to this
phenomenon by limiting GHG emissions (Hurlimann et al. 2021; IPCC 2014b). On the other
hand, adaptation to CC involves taking action to adapt to new climate conditions by implementing
appropriate strategies and harnessing the potential benefits of these changes (IPCC 2022, 2014a).
These two approaches need to be addressed separately because of their differences in terms
of implementation in time and space (Locatelli et al. 2016). Recent research from the (IPCC
2022) warns the global community of the need to halve GHG emissions within this decade and
dramatically accelerate adaptation action to avoid further impacts. Various studies highlight the
urgency of CC adaptation to complement mitigation efforts (Dellmuth and Gustafsson 2021).
Unlike mitigation, research on climate change adaptation is constantly changing as new problem
areas arise (Ginbo et al. 2021; Singh et al. 2022; Yang et al. 2020). Lesnikowski et al. (2021) note
that there is still a dearth of research on the implementation challenges associated with different
levels of government adaptation to climate change (CC).

The TCPs focus on reducing greenhouse gas emissions. These include promoting RE through
financial incentives, enforcing strict standards to improve EE in buildings, and encouraging
environmentally friendly industrial practices. As a reflection of the coordinated efforts for
sustainable energy, the tax incentives of the various regions are shown in Table 2 and are intended
to promote the switch to RE. In addition to the tax incentives for RE, measures for EE, both in the
residential sector presented in Table 3 and in the industrial sector presented in Table 4, have been
the subject of strategies adopted by the TCPs for the reduction of their emissions. The measures
adopted in each region reflect the ongoing commitment to EE, thus contributing to energy and
environmental sustainability.

The Mediterranean region is a particularly vulnerable area (Mariotti et al. 2015), where
expected warming rates exceed the global average of 25% for global warming and 40% for summer
warming (Cramer et al. 2018). Based on regional climate models and various documented studies,
it is possible to conclude that in this area, recent anthropogenic environmental changes have

135



(€107 oydenofeueg

(€20 "1e 19 uopnopy

(0zoz
e1310uy ] 9(J BZN[EpPUY BIOUITY

‘(9102
pue[seln) pue [0IqeYD ‘q0Z0T

10T [1OPIOA pue [dyued) £€70T PaAeqrg pue yey|) {$Z(0T SUBNOPIY PUB QUIPNOIA] ) 90UOA0IJ-I[IASIBIN-XTY 9[0dOnIIN) S90URIJIY
‘Y Ul SJUSUIISIAUL "y Sunzoduwur
10J SUOTIONPAI XB) JWOdU] J0 1500 oy} UT UONONPIY 4
's100foxd *SIIPAIO ‘SAIPISqNS swiIej Ie[os 10 AJI[Iqe[TeAR PURT] 4
T 10J SIPAIO Xe) pue Juroueur,j ‘suonjerndar ySnoiyy AS1ouo 'sjoofoxd
's300f01d Ty 10} syueIn) orejjoaojoyd rejos 10j poddng 4 | HY 10J SurouRUY SNOSTRIUBAPY 4
“K)1911109]9 9[qBMAUAI “HY Sursn spjoyasnoy “K)10110919 "UOTJBXE) SUOISSIWD UOqIe) 4
10J SPLIB) UI-PAQJ [BNUSIJIJ 107 S[[1q AS19uU0 20NpAY 4 oI5 10J UOONPAI JUB], 4 's309(o01d u2ai13 10§
gy ut T ‘I JO S1509 y10ddns [eIoURUY JUSWUIJAOD) 4
SIUSUIISIAUT 10] SAFeIURAPE XB] yim parjddns sapioyne [800] uone[[eISul AY) JO UONONPRY 4 uawdinba
T 01 paje[al 10J §1509 ABI9Ud JO Uononpay 4 's109(01d Y 10J SNPAIO XBL 4 9]qEeMIUAI 10J VA PIONpY 4
juowdinba uo JyA ur asea1odq *SO130[0UY0) JUIIYO Iy 03 parefal ‘sgurpying
‘I 01 -A310u9 10 (sueo] [enuaidyard juowdinbo 10y suondwoxs xe] 4 | U013 10] xey A)1odoid poonpay 4
parejar juowdinba uo soxe) pue puE ‘S}paId ‘Xe) ‘syuesd) 's300foxd 7Y pue UOHBAOUDI SOAT)RIIUL
sannp swoysno woiy uonduwoxyg SOATIUQOUI [eIOUBUY SULIOP() 4 | ASIOUS 9[qBMOUDI 10J JOI[OI XB] 4 AB10U9 10J SOSBJUBAPE XB], 4 | PUB SQINSBIA

smung,

1013UR],

eIsnepuy

J[rasrely

uoI3oy

erudzpoge} n13arens oxel [durermeupo 1131oud a1sanfez m yoAmojepod 1dyoez AmArelorur 1 Dpoig *z vIaav],

£39181s UONEINIW B SB ATI0UD 9[qRMIUDI UO SIANBIIUI PUB SIINSLIW JANUIOUI XB], 7 ATAV],

136



(2207 yeqIeuswIESNZ

(9070 yuoWwoUUOIIAU ] 9P 10

(L10T ze1Q pue ope[jo)

(q0zot

P VRO B |y it ) | PP s i |
‘sanzadoxd
uejijodonaw Jo uoneAOUI
PUB UOTONNSUOD JY} Ul POOM
[€90] JO asn oY) dje[NunS
‘soouerjdde ‘Kyrenb are Joopur aaoxduwy
A4 pue Suny3ij WALy ‘3ursnoy [e100s
‘uoronnsuod uddIs droxddy 4 ur sspIomiou Juryesy udyiSuong
‘s3urping *3uISnoy [B100S Ul SYI0MIdU
oSejj0A-WUNIPOW PUE -MO[ UT Surjooo pue Sunesy dojoasq
KJ191199]9 JO UOTRIOUAF-J[S 10] “Kyiiqeureisns -
SwdIsAs orejjorojoyd Iejos [[eisu] 4 *SWoISAS 103 Suny3i| a1qisuodsal djoworg o
“SWIA)SAS A31ouo Furpying ozrundQ 4 ‘Juowageurw A319U9 moumwwuz
[eWLIdY) J[OS pUR JudWdTeUR ‘s3urp[ing pue saniIoe} [ediorunu judrowye oddng
[eo1uy99) ‘FUIUONIPUOD I8 o11qnd Jo AoUdIOLJo o) OSBAIOU] 4 'sy00fo1d uoneaouar A310ud
‘SunyS1y Surpnjour ‘s3urping ‘I woxy 1oy} ut sanIfediolunu JsIssy
ur syuowdinseaw 44 Aojdoq 4 'S19)BAY I9JeM IB[OS asn Teuosiod 10J A310uU0 donpold 4 -asnaadxe g4 03
"WSAS JudwSeue [eIJUDPISAI JO asn oY) aFeInoouyg 4 'SuoINos ssodoe sonIfediorunu 9e)I[Ioe |
A319U2 1000S OSI oY) AJ0WolJ 4 "SWIOY UT SWAISAS QJBWI[D dATIRAOUUI PUI] 4 ‘sowoy 9jealid jo
‘uoreIouaSLy orejjoroloyd 93eij0A-MmO[ pue *2IMO)IYIE JYSIOMIYSI] Ul Y31 UuonBAOUAI A310Ud 9] 9s1atadng
/UOI}BIOUAF 0D dj0WoId sdwre] Suiaes-A310ud 9jowold 4 [e1OYIIIE PUE [RINJRU QUIQUIOD) 4 ‘uonoONISuU0d
‘SjudUNSAAUL JH AQ PAMO[[OF ‘soouerdde poyasnoy ‘sgurpying jo aoueunioyrod A[puaLyy A[[eIuUdWUOIIAUD 1O}
sypne A310u9 a3eInoouy 4 JUSIOLI-ASI0UD )owol] 4 Tewoy) oy oziund 4 | 99noerd poos Jo opood e dojorsg
smunp, 1013uB], BISN[EPUY S[[IesIeA uoIgoy

BIUOZpO3e} BI30)RI)S ONel WAMOTUBNZSITW 9ZIOP|AS M [ouzdA10310Ud [0S0UMAIIJS Z0oZI U YoAmoxiepod 1dyoez AmAje(omur 1 poIS *¢ vIdav],

£39181s UONESNIW B SB 10}03S [RNUIPISAI ) UI KOUIIOJO ASIOUD J10J SOANIBIIUI PUB SIINSBIW SIATJUIIUT XB], ¢ ATAV]

137



(2207 yeqIeuswEsnZ

(20202

(L10T ze1q pue ope[[0) ‘0Z0T

(9020t

e | L g | sty | sy s |
'ssa1301d g7 Jo Sunzodax
pue SuLIOJIUOW oNpoNu] 4
‘Ansnput 10} Wo)SAS
UOIBOYILIRO ATIUD UB 98I 4
's9130[0UY09)
MU 10} (293 9ZIpISqng 'SW9ISAS UonEN[BAd
*S9130[0UY09) UL AFeINOOUY 4 pue Suuoyiuowt 1e[n3a1 dn 195 4
‘s303fo1d uoryerouaoo 'Suonn[os
pue g7 1o sdrysioured 94 ur uonesouur yjoddng 4 *SUOISSIUIO UOQILO-MO[ [9qe] 4
*q4 uo saruedwoo ojeand-orqnd ysijqelsg 4 g4 daoxdur 'sassauIsSNq 10§
ure) pue SSOUAIEME JSTRY 4 ‘uondwmsuos [ernsnpur 0] 10)00s 9JeALId o) YIIM JIOA\ 4 |  [IOUN0O ATIoUD pareys & 01ed1) 4 SoATyenIIU]

‘sa130]0uyd9) A310U0

oAneaouul ur 3y Hoddng 4

‘g4 aaoxduur
03 51039905 ayearxd pue orjqnd ot

UQ9M}9q UOTJEIOQR[[0 1)SO] 4

‘uoneIouagLy

/UOTIRISUSS00 AJOWOoI] 4

‘Ansnput

10§ SpIEpUTIS I YSIQEIST 4

‘sypne

A310U9 [ERINSNPUI 0FRINOOU 4

dziundo pue 10j1UOW 0} SWIISAS
juowoSeuew A31oud juowo(dw] 4
‘uononpold 1eay pue AL
10J UONBIdUAF0D 9J0WoI] 4
‘Sururen
ySnouyy soruedwod [eLysnpur
Suowre g JO SSAUIBME ISTRY 4
‘Ansnput oy
10J spIepue)s g4 10108 UsIqeIsy 4
‘soruedwoo
Jo sypne A310u0 oeInoouy 4

"spIepuels g Ysiqessy 4
'so150[ouy9) [eLysnpur

o[qeure)sns 10y (29 Moddng 4
‘Jels [ernsnput

Suowe 4 JO SSOUSIEME OSIEY 4

‘(A310u0 0]qEMIUAI ‘AI0A003T

180y ‘UoneIduddod) sanbruyoo)

uBa[0 159q A} AJOWOIJ

‘4 10} soLysnpur AJno)

‘soruedwod

Jo sypne A310u0 oFeInoouy 4

++

‘SpIepue)s

pue suone[nSar g9 ysiqeisg 4

“g4 uo gejs [eLysnpur

urel) pue SSQUIIBME JSIRY 4

'$9ss2001d [eInSnpul

wolj A310uUd [eULIdY) 9[0K09Y 4

'soonoeld pue
sa13010uy99} y3noayy sassodord

Suumoejnuew dziundo 4

‘soruedwod

Jo sypne A310u0 oFeInoouy 4

pue SaINSeIN

sunp

Io1Sue],

eIsn[epuy

[IOSIBIA

uoIsoy

eruazpoJe} e13orens oxel wAmosAwoazid 9z10139s m [0uzoA10310ud 1950UMAIIJo Z09Z1 U YoAmoxyepod 13yoez AmArelour 1 1pols

£39181S UONEBINIW B SB 10J03S [RLISNPUI A} UT AJUIIOLS AFI0UD J0J SOAIIRTIUT PUB SAINSBIW SIANUIIUI XB] “f ATAV],

b VTGV,

138



generated a CC whose evolution results in high temperatures and an increase in the frequency of
heat waves. Precipitation is becoming scarcer with changing spatial distribution, while extreme
weather events, such as droughts, floods, and storms, are becoming more frequent. Sea levels
are also rising (MedECC 2020). These mutations only exacerbate the pre-existing environmental
problems facing the region (Cramer et al. 2018; Torres-Bagur et al. 2019), thus contributing to
the worsening of environmental damage. In addition, biodiversity is threatened by CC, which
has become the leading emerging cause of species loss at an alarming rate. Studies have shown
a significant link between large-scale species dynamics and various climate events (Manes et al.
2021; Ortiz et al. 2021). At the same time, the coastal ecosystem is on the brink of deterioration
(Perera et al. 2018; Phillips 2018).

Immediate attention to TCPs through the required strategic measures for ecosystem
restoration, summarized in Table 5, and coastal zone adaptation in Table 6, could increase
the chances of countering the devastating effects generated by these factors. These strategies
aim to strengthen resilience by setting up early warning systems, improving flood protection
infrastructure, managing natural resources sustainably, raising public awareness of climate
issues, and encouraging sustainable behaviors, but also by making use of NBS.

3. Discussion

This comparative study of TCPs in the Mediterranean coastal regions, including Marseille
and Andalusia to the north and Tangier and Tunis to the south, achieved several objectives. First,
it identified existing local policies developed to respond to climate assessments, as well as the
objectives of those policies. Second, it compared different KPIs, such as GHG emissions, natural
carbon sequestration capacity, and renewable energy production. Finally, it analyzed corporate
measures and initiatives (M&I) to reduce GHG emissions through tax incentives and energy
efficiency improvements in the residential and industrial sectors, as well as corporate (M&I) to adapt
to CC challenges, including ecosystem restoration and coastal zone resilience to marine flooding.

The analysis highlighted similarities in the formulation of local CPs but also highlighted
a significant imbalance in GHG emissions between the northern and southern regions of the
Mediterranean basin. Emissions from European regions are higher than those from African
regions, and this disparity can be explained by the more significant industrial development of
European regions compared with African regions.

In terms of carbon storage capacity, the vast forest areas of European regions stand out for
their promising results, attributable to their diverse plant biodiversity. According to Mufioz-
Rojas et al. (2011), the very high absorption capacity of Andalusian forests, which stands out
from that of other regions, can be explained by changes in plant land use favored by afforestation
and agricultural intensification. They also point out that coniferous forests and olive groves are
the main contributors to these remarkable results.
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The examination of energy sources also reveals significant disparities. The proportion of
RE contribution in the regions of Andalusia and Tangier is higher than in Marseille and Tunis.
The preferred energy sources in southern regions mainly include hydroelectricity, photovoltaics,
and wind power (Agencia Andaluza De La Energia 2020; Ministry of Energy, Mines and the
Environment 2020b; Jammali and Liouane 2017), while in the north, in addition to using the
same sources, biomass and thermodynamics are also exploited (Métropole Aix-Marseille-
Provence 2020c; Climate Chance 2019). This testifies to The European Union’s energy policy, in
which energy security and protection of the natural environment remain a priority (Wojtkowska-
-Lodej 2015; Skoczkowski and Bielecki 2016). According to Climate Chance (2019), Andalusia
stands out as the national leader in RE due to its high share. However, even if renewables control
emissions in Tangier, Marseille, and Tunis, they should still increase their use of these sources
to reduce their emissions.

On the other hand, it is important to note that, despite different local contexts, the M&I
implemented for the energy transition with the aim of reducing emissions have many similarities.
Indeed, worrying trends in CO, emissions between these different regions have forced local
policymakers to implement other environmentally friendly measures. These measures aim to
limit environmental degradation and promote the adoption of renewable energies via one of the
most effective approaches seriously considered by governments, such as the environmental tax.
This tax comes in various forms depending on the economic context considered, which may
include taxes on energy, transport, pollution, and extraction, with the aim of forcing individuals
and companies to adopt environmentally friendly practices (Azhgaliyeva et al. 2023; Nchofoung
et al. 2023). As for the M&I adopted for CC adaptation, it depends on the level of development
and resilience of each region (Rogers et al. 2023). For example, the northern regions have put
in place measures adapted to their level of development. There are, however, some similarities
in terms of resilience to marine flooding. Coastal regions are distinguished by their diversity in
terms of planning, geomorphology, and biodiversity, thus requiring a wider range of adaptation
measures, whether preventive or curative. TCPs have identified suitable solutions for risk areas
that consider coastal risk analysis. These solutions incorporate robust infrastructure, such as
dikes, jetties, spurs, and breakwaters, to protect coastal roads and sensitive areas. They also
include NBS, such as preserving beaches through methods such as feeding, stabilizing, and
rehabilitating coastal dunes. In addition, the TCPs advocate the establishment of warning and
information systems, as well as the education of local populations to promote their adaptation to
coastal risks and strengthen their resilience to these events.

On the other hand, some M&I undertaken in the northern regions for energy transition,
coastal flood resilience, and ecosystem restoration could serve as examples and be applied in
the southern regions due to their potential to improve climate performance. These measures
include the suspension or partial exemption of property taxes for buildings equipped with
renewable energy sources, the development of sustainable construction and renovation charters
and carbon taxation, as well as the creation of dark zone networks to reduce light pollution and
preserve nocturnal biodiversity, or the use of permeable sidewalks and the restoration of coastal
dunes to strengthen flood resilience. To do this, they could draw inspiration from the example
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of Andalusia to develop their forest area by promoting the afforestation of species with high
absorption potential and by intensifying their sustainable agricultural practices.

Conclusion and outlook

Decentralization of national CPs at the regional level has proven to be an effective strategy
to combat CC and achieve results that are in line with the objectives established by the experts.
Our study focused on a comparative analysis of the climate plans of four Mediterranean coastal
regions. These regions, renowned for their economic dynamism and geostrategic importance,
play a central role in the economics of their respective nations, and marked trends in population
growth reinforce their attractiveness. Localized climate plans provide the flexibility to adapt
mitigation and adaptation strategies to the specifications of each region. Investigations revealed
a significant trend. While many efforts are focused on mitigation, adaptation, or a combination
of both, limited attention has been paid to local climate plans. Ironically, these plans are the
cornerstone of mitigation and adaptation measures and initiatives, as presented in various
studies. In addition, the existing literature often suffers from a lack of transparency regarding the
methodologies used in the implementation of local climate policies. This in-depth study aims to
fill this critical gap by providing a comprehensive analysis of local climate plans, accompanied
by a detailed presentation of their implementation methods. In summary, this article aspires
to become an essential guide for climate change decision-makers when developing and
implementing their local climate plans.

Looking to the future, the results highlight the importance of valuing local climate planning
within the broader climate action discourse. We advocate for further decentralization of CPs at
the regional level while insisting on the imperative of a rigorous methodology and transparency
in their application. As these Mediterranean regions face multiple challenges due to CC, we
encourage the formation of collaborative partnerships, the sharing of best practices, and the
emergence of innovative solutions to ensure a sustainable and resilient future collectively.

The Authors have no conflicts of interest to declare.
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Payagda Misael TARPAGA, Mounaim Halim EL JaLiL, Ouadia MOUHAT

Wzmocnienie odporno$ci na zmiany klimatu: analiza
poréwnawcza strategii terytorialnych w Tangerze, Andaluz;i,
Tunisie i Marsylii

Streszczenie

W ostatnich latach wiele krajow przyjeto decentralizacje krajowych polityk klimatycznych na poziomie
regionalnym w formie terytorialnych planéw klimatycznych (Zerritorial Climate Plans — TCP). Ich celem
jest usprawnienie planowania i wdrazania $rodkéw adaptacyjnych i tagodzacych skutki zmian klimatu
(CC). Niniejszy artykut przedstawia analiz¢ pordéwnawcza TCP w czterech regionach §rédziemnomorskich
dotknigtych skutkami zmian klimatu, w tym w Marsylii, Andaluz;ji, Tangerze i Tunisie. Poréwnanie to kon-
centrowalo si¢ na kluczowych wskaznikach wydajnosci (KPI), a takze strategiach tagodzenia i adaptacji
wyodrebnionych z raportow krajowych i innych oficjalnych zrédet. Poréwnanie wskaznikéw KPI wyka-
zato, ze 78% emisji gazow cieplarnianych pochodzi z regiondw europejskich. Pod wzgledem sekwestracji
dwutlenku wegla regiony europejskie rowniez osiagnety lepsze wyniki. Jesli chodzi o transformacje ener-
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getyczna, udzial energii odnawialnej (OZE) w koszyku energetycznym jest najwyzszy w Andaluzji (39%),
a nastgpnie w Tangerze, Marsylii i Tunisie (odpowiednio 36, 4 i 3%).

Analiza $rodkow i inicjatyw (M&I) pokazuje wspdlny nacisk na promowanie odnawialnych zrodet
energii i efektywnosci energetycznej w sektorze budowlanym i przemystowym poprzez zachety podatko-
we. Jesli chodzi o adaptacje, regiony koncentruja si¢ na odbudowie ekosysteméw i odpornosci wybrzezy.
Podsumowujac, nawet jesli dostosowanie TCP zostanie wzmocnione, utrzyma si¢ znaczna nierownowaga
w zakresie emisji gazow cieplarnianych. W zwiazku z tym niniejszy dokument ma by¢ istotnym i cennym
przewodnikiem dla decydentow przy opracowywaniu i wdrazaniu lokalnych planéw klimatycznych.

Z drugiej strony, strategiczna integracja zachet fiskalnych promowataby lokalng transformacj¢ ener-
getyczng. Rozwigzania oparte na przyrodzie moga rowniez okaza¢ si¢ kluczowymi strategiami tagodzenia
zmian klimatu i promowania ochrony ekosystemow. Co wigcej, wzajemne uczenie si¢ migdzy regionami
moze okaza¢ si¢ skuteczng strategia wzmacniania srodkow 1 inicjatyw majacych na celu walke z wyzwa-
niami klimatycznymi.

SLOWA KLUCZOWE: terytorialne plany klimatyczne (TCP), kluczowe wskazniki efektywnosci (KPI),
zachety podatkowe, odporno$¢ wybrzezy, odbudowa ekosystemow
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