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1991 Arctic Environment Protection Strategy
 Canada, Denmark, Finland, Iceland, Norway, Sweden, the Soviet Union, and the United States; 

participation of indigenous people’s organizations; observers: Germany, Poland, UK, UN

1996 Ottawa declaration
 establishes the Arctic Council (climate change, sustainable development)
 Canada
    Denmark; representing Greenland and Faroe Islands
 Finland
    Iceland
    Norway
    Russia
    Sweden
    United States
   Observer states:
      Germany (1998), Netherlands (1998), Poland (1998), United Kingdom (1998), France (2000), Spain 

(2006), China (2013), India (2013), Italy (2013), Japan (2013), South Korea (2013), Singapore (2013), 
              Switzerland (2017)
            Six Arctic indigenous communities have Permanent Participant status. These groups are represented by
      the Aleut International Association, the Arctic Athabaskan Council, the Gwich'in Council International, 
              the Inuit Circumpolar Council (ICC), the Russian Association of Indigenous Peoples of the North 
              (RAIPON), and the Saami Council.
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13 October 2021
JOINT COMMUNICATION TO THE EUROPEAN PARLIAMENT



January 2018





Connolly, G.E., NATO and security in the Arctic, NATO, 2017.



2010: MAECI fa nascere il «Tavolo Artico»

2013: L’Italia diviene Paese Osservatore del Consiglio Artico

2018: Nasce il Programma di Ricerca in Artico (n. 205 del 27 dicembre 2017, punti da 1170 a    
1177), con il  Comitato Scientifico per l’Artico (9 membri: MAECI, MUR, CNR, ENEA, 
INGV, OGS, rappr. IASC, rappr. Ny Aalesund + 1 esperto internazionale)

2021: Il finanziamento del PRA va sul FOE del CNR

Anno Finanziamento (k€) Per Bandi di ricerca (k€)

2018 1000 710

2019 1000 800 ricerca
910 infrastrutture2020 1000

2021 1000
1404

2022 1000

2023 1100 864 infrastrutture



Temi di ricerca:

A. La comprensione quantitativa dei complessi processi responsabili della “Arctic Amplification”, ovvero i motivi
per cui l’Artico si sta scaldando a un ritmo molto più veloce del resto del pianeta. Saranno da considerare tutti gli
aspetti del sistema climatico artico, privilegiando un approccio integrato che affronti i cambiamenti della criosfera,
dell’atmosfera neutra e ionizzata, dell’oceano, della biosfera e delle loro interazioni anche con gli aspetti geologici
e geomorfologici e del georischio.

B. La caratterizzazione dei cambiamenti della composizione, della dinamica, della stabilità e della
struttura verticale dell’atmosfera e della colonna d’acqua dei mari artici, inclusi il rilievo batimetrico e i
cambiamenti nella circolazione oceanica, dei fiordi e le interazioni fra circolazione costiera e oceanica, i
cambiamenti nel ciclo idrologico artico, e considerando anche l’analisi dei possibili effetti dei cambiamenti che
avvengono in Artico sulle condizioni meteoclimatiche alle medie latitudini.

C. I cambiamenti degli ecosistemi artici, sia marini sia terrestri, e le relative conseguenze sulla dinamica e
distribuzione delle popolazioni animali e vegetali, sulle interazioni suolo-vegetazione-atmosfera, sui cambiamenti
della fenologia e sulla biodiversità nel contesto dell’attuale rapida deglaciazione continentale e marina. L’effetto
degli inquinanti sull’ecosistema e più in generale sull’ambiente artico, e lo sviluppo di approcci che permettano di
ridurne le conseguenze negative.

D. Le ricostruzioni paleoclimatiche e l’analisi e la modellazione dei processi che influenzano e hanno influenzato
durante transizioni climatiche la criosfera nell’Artico, tramite l’integrazione di dati geochimici, geologici e geofisici
dell’ambiente marino e delle carote di ghiaccio.

E. Gli effetti dei cambiamenti climatici e ambientali sul benessere, sulla salute e sulla sicurezza delle
popolazioni che vivono in Artico, nonché sullo sviluppo sostenibile della regione e la preservazione
delle culture tradizionali indigene, sia per la mutata disponibilità di risorse, sia per l’aumentata variabilità
ambientale, sia per l’effetto degli inquinanti.
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I grandi temi di ricerca






Ballinger et al., 2023
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Meier et al., 2023





Box et al., 2022



Poinar et al., 2023











Frey et al., 2023



https://nsidc.org/data



Long permafrost temperature records for 
selected sites. a Location of boreholes with long 
time-series data. Because some regions lack 
long temperature records, shorter temperature 
records from Greenland and Chinese mountains 
are included for comparison. Depth of 
measurements is according to the Global 
Terrestrial Network for Permafrost ID16: 24.4 m 
(ID 356), 20 m (ID 55, 79, 102, 117, 501, 710, 
831, 1113, and 1710), 18 m (ID 386), 16.75 m 
(ID 871), 15 m (ID 854), 12 m (ID 287), 10 m 
(ID 265, 431), and 5 m (ID 528). The light blue 
area represents the continuous permafrost zone 
(>90% coverage) and the light purple area 
represents the discontinuous permafrost zones 
(<90% coverage). b Mean annual ground 
temperature over time. Colors indicate the 
location of the boreholes in a. Permafrost zones 
are derived from the International Permafrost 
Association (IPA) map46. World Borders data are 
derived from 
http://thematicmapping.org/downloads/world_b
orders.php and licensed under CC BY-SA 3.0 
(https://creativecommons.org/licenses/by-
sa/3.0/)

Biskaborn et al., 2019

https://www.nature.com/articles/s41467-018-08240-4#ref-CR16
https://www.nature.com/articles/s41467-018-08240-4#ref-CR46
http://thematicmapping.org/downloads/world_borders.php
http://thematicmapping.org/downloads/world_borders.php
https://creativecommons.org/licenses/by-sa/3.0/
https://creativecommons.org/licenses/by-sa/3.0/


Parmentier et al., 2017



Descals et al., 2022





Graven et al., 2013



Chen and Liu, 2016









ΔF ΔF2 ΔTf

ΔFf

H

So

S/So = 1/(1-SoH) = 1/(1-f)

ΔTf/ΔT = 1/(1-f)

Water vapour feedback:
f is about 0.4        
ΔTf/ΔT is about 1.7





0 20 40
numero di giorni dal 23 Febbraio

0

50000

100000

150000

200000

nu
m

er
o 

to
ta

le
 d

i p
er

so
ne

 c
on

ta
gi

at
e







ΔF ΔF2 ΔTf

ΔFf

H

So

S/So = 1/(1-SoH) = 1/(1-f)

ΔTf/ΔT = 1/(1-f)

Feedback di ghiaccio-albedo:
f è circa 0.3        ΔTf/ΔT circa 1.45









aumento di temperatura                   intensità, frequenza, durata di incendi di biomassa

emissione di particolato carbonioso                          rilascio di CO2

deposizione su ghiaccio/neve
Ciclo del carbonio

modifica del bilancio
della radiazione e del
profilo di temperatura

dinamica atmosferica

fusione del permafrost emissione di CO2 e CH4

effetti su vegetazione, 
produzione primaria

fusione del ghiaccio, 
diminuzione di albedo

bilancio energetico
superficiale

proprietà delle nubi

deposizione su mare
nutrienti



2022-2026: International Conference on Arctic Research Planning 
(ICARP) Process
RPT 2: Observing, Reconstructing, and Predicting Future Climate 
Dynamics and Ecosystem Responses

2025: Fourth (ICARP IV)/Arctic Science Summit Week (ASSW) 2025 in 
Boulder, Colorado (USA), 20–28 March 2025

2032-33: IPY



ENEA
research 
activities



2009-2013



Sedimentary processes studies since 1996

62Titolo della presentazione - luogo - data (piè pagina - vedi istruzioni per visualizzazione in tutta la 
presentazione)

 radioactivity and contaminants in the Arctic
marine environment;

 long-term processes of accumulation, 
dispersion and remobilization of artificial
radionuclides released or dumped in the Arctic
marine environment.

Since 1996 the ENEA Marine Environment Research Centre S. Teresa (Lerici, 
Italy) has been partner of European research programs - “ARMARA” (1996-1999) 
- “REMOTRANS” (2000-2003) - “CABANERA” (2003-2006) on the topics of: 

12 oceanographic campaigns in the Svalbard Archipelago were carried out in the 
period 1996 – 2006 to study sedimentary processes: the role of marine sediments
in the dynamics of the radionuclides associated with them.



ENEA ongoing research in the Arctic Ocean

63

Study of sedimentary processes, contamination and microplastics

Since 2017 ENEA, like other
Italian research institutes, joins 
the High North programme of the 
Italian Navy.
Sediment cores are collected and 
analysed to reconstruct the 
sediments dating and their
chemical contamination.

Titolo della presentazione - luogo - data (piè pagina - vedi istruzioni per visualizzazione in tutta la 
presentazione)

Moreover, the presence of MPs (microplastics) is
detected in the surface sea-water and in sea-ice
around the Svalbard Archipelago.



Radioactive tracers and microplastics in the Arctic Ocean

The joint use of radioactive tracers and indicators (microplastics) in the marine 
environment: 

• contributes to a better definition of the environmental health of the Arctic Ocean. 
• it is a valid tool for the study of sedimentary processes
• defines the time scale of sedimentary records
• allows us to reconstruct the history of contamination and the anthropic pressures in 

remote areas such as the Arctic Ocean

64

The data collected will help answer key questions in studies on 
climate changes: 
 What contaminants are present in sediments? 
 When and how did they arrive in the Arctic?
 What’s their accumulation rates?



Campagne con lidar a fluorescenza per clorofilla, NUC



Studi sull’ozono Artico con esperimenti su pallone e aereo 





Research Unit 1- CNR-ISP (Messina and Venice): Gabriella Caruso (Principal Investigator),

Fabiana Corami (RU Leader), Giulia Vitale (on site), Massimiliano Vardè (on site), Beatrice Rosso,

Elena Gregoris

Research Unit 2- University of Padua: Sara Bogialli (RU Leader), Lucio Litti

Research Unit 3- ENEA: Valentina Iannilli (RU Leader), Claudia Trotta, Francesca Lecce 

Research Unit 4- Sapienza, University of Rome: Marco Oliverio (RU Leader), Andrea Setini

THE RESEARCH TEAM

THE BUDGET

Small MICROplastics (<100 μm) bioindicaToRs in the 
changing ArctiC EnviRonment (MICROTRACER) (PRA21_0005)

MICROTRACER has been funded with 95.953,60 Euro for 24 
months



RESEARCH IN SVALBARD (RIS): RIS 11919 (https://www.researchinsvalbard.no/project/f6e50000-7757-d25d-4af6-08d9e43b4340/project-info).

AIMS
MICROTRACER focuses on plastic pollution, an emerging threat for Svalbard region.
An innovative multi-disciplinary research approach is applied, covering chemical,
microbiological and zoological features.

Research Plan Workflow

WP1 • Coordination

WP2
• Sampling of biota and sediments 

WP3
• Sorting of small MPs and NPs in 

biota and sediments

WP4
• Analysis of MPs-associated 

microbiota and pathogens

WP5
• Chemical characterization of biota 

and sediments and of pollutants on 
MPs

WP6
• Biomarkers application and molecular 

pathways (Coord. ENEA)

WP7 Dissemination



Amphipod species found at sampling sites

Study Species: Gammarus setosus, collected from all sampling sites
Methodology: Digestive tracts dissected, treated with H2O2, and stained with Nile red
Observation: Samples observed under fluorescence microscopy
Findings: 350-400 microplastics ingested per individual, with a slight increase in 
individuals from Ny Ålesund
Particle Size: 99% of particles are smaller than 50 µm, with an average size of 10 µm, 
and a low percentage of fibers (2-6%).

Quantitative Analysis of Microplastic Ingestion in Gammarus setosus: 
Particle Size, Distribution, and Biochemical Effects



Biomarkers Examined: Proteins, Glucose, Glycogen, SOD, Glutathione
Biological Descriptors: Biochemical composition, energy allocation, antioxidants, and 
detoxifying agents
Final Evaluation: Identify a correlation between microplastic ingestion and observed biochemical
effects

Analyze the effects of microplastics on amphipods

Species Studied: Gammarus setosus
• Approach: transcriptomic response evaluation
• Performed: complete RNA Sequencing
• Current Status: transcriptomic analysis underway

Challenges: 
• no reference genomes available
• Approach: de novo transcriptome assembly
• Next Steps: Align individual samples using the assembled transcriptome

Investigate Molecular Pathways Affected by Microplastic 
Exposure



The impact of sea ice diSappearance on highEr North aTlantic clImate and atmospheric 
bromiNe and mErcury cycLes (SENTINEL)
Arctic Research Program (PRA) call 2018

The project is funded for 36 months from 22/07/2021 – extended until 20/01/2024. The total budget is 
€ 178,750.00 with € 143,000.00 financed by the CNR and  €35,750.00 in co-financing from the proposing 
institutions.

The main objectives of SENTINEL are to evaluate the impact of the sea ice 
retreat on:
 regional climate and the water vapor cycle
 the biogeochemical cycle of bromine and consequently on those of 

mercury and ozone.

To demonstrate that sea ice strongly impacts also atmospheric chemical 
processes such as the ozone, bromine and mercury atmospheric cycles.

Photos: Riccardo Selvatico, ISP-CNR



disappearance of sea ice in the Barents Sea and the changing sea ice 
conditions in the Fram Strait impact heat exchanges between the sea 
surface and the atmosphere. These in turn could affect mercury 
deposition rates and the ozone atmospheric lifetime through changes in 
the amount of bromine radicals released from the first sea ice surface. 

Holthedalfonna

Photos: Riccardo Selvatico, ISP-CNR

• water stable isotopes from 2 ice cores (Holthedalfonna, Svalbard and EGRIP ice
core, Greeenland) as a fingerprint of air mass sources

• climate model simulations and atmospheric re-analysis to evaluate the climate 
impact of sea ice disappearance on the two Arctic basins

ENEA contribution: 
1. characterization of the precipitation (quantities, main spatial patterns and spatio/temporal variability) 

using model outputs and experimental data when available.

2. Calculatinon of the main pathways of the air masses related to precipitation events from their origin to 
the deposition site to understand moisture source areas.



The Thule High Arctic Atmospheric Observatory
THAAO (76.52° N, 68.76° W, 220 m amsl) within the Pituffik Space Base.

THAAO

MODIS Terra true color image 
(https://worldview.earthdata.nasa.gov) 

Shipping Emissions in the Arctic 
and North Atlantic atmosphere

ARCSIX 
Arctic Radiation-Cloud-Aerosol-
Surface Interaction Experiment

https://www.thuleatmos-it.itECAPAC





















di Sarra et al., 1998





Meloni et al., 2024



Meloni et al., 2024



Pace et al., 2024



T<0; PR solida (H cresce);
0.6<A<0.9, terreno con
neve o ghiaccio

T>0; PR liquida (H~0);
A < 0.2 (terreno scoperto)

periodi di transizione;
forti variazioni di A;
PR mista

Serie temporale della media a 5 minuti della precipitazione (PR, in rosso), dell’albedo 
superficiale (A, in blu), dell’altezza del manto nevoso (H, in nero) e della 
temperatura (T, in verde). Sono evidenziate (frecce e barre) le principali variazione 
di albedo.

ECAPAC2023

Ciardini et al., in preparation



Clouds radiative effect
CRE = NETall-sky – NETcloud-free

Meloni et al., in preparation



Grandi campagne internazionali

MOSAIC (Multidisciplinary drifting Observatory for the Study of Arctic Climate), 2019-2020, 140 M€
ArcSix (Arctic Radiation-Cloud-Aerosol-Surface Interaction Experiment), 2024, 15 M$



Colleghi ENEA + studenti, collaborazioni con INGV, Univ. Sapienza di Roma, Univ. Firenze, Univ. Valencia, etc.
SSPT-CLIMAR-AOC



Conclusioni

La regione Artica gioca un ruolo chiave nel sistema climatico terrestre; le 
variaizoni in corso sono le più ampie riscontrabili sul pianeta

Lo studio dei  cambiamenti in Artide e dei meccanismi connessi è 
fondamentale per  capire il funzionamento del clima della terra

Per comprendere questi meccanismi sono necessarie misure di lungo 
periodo ed esperimenti intensivi che permettano di seguire l’evoluzione del 
sistema e determinare il funzionamento dei vari processi in atto

E’ fondamentale mantenere attivi i pochi siti osservativi esistenti e garantire 
misure di qualità su lungo periodo



Grazie!
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