
DATA & METHODS
The study utilizes a multivariate dataset derived from 
multiple sources, including satellite observations, reanalysis 
products, and in situ measurements. These datasets provide 
comprehensive coverage of key oceanic and atmospheric 
variables essential for analysing MHWs. Oceanic variables 
include sea surface temperature (SST), mixed-layer depth, 
and ocean currents, while atmospheric drivers encompass 
air-sea heat fluxes, wind speed, and atmospheric blocking 
events. The integration of these datasets, along with 
climate modes allows for a detailed examination of the 
interactions between oceanic and atmospheric processes 
that contribute to MHW formation and persistence. Key 
questions for further investigation include:

(1) What are the primary oceanic and atmospheric drivers 
of marine heatwaves (MHWs) in the North Atlantic?

(2) How do large-scale climate modes, such as the North 
Atlantic Oscillation (NAO), influence the occurrence 
and characteristics of MHWs?

(3) How do air-sea heat flux anomalies (net, latent, and 
sensible heat exchanges) modulate the intensity and 
persistence of MHWs, particularly in mid-latitude 
regions?

(4) What is the value of Essential Ocean Variables (EOVs) 
and Essential Climate Variables (ECVs) in advancing 
the understanding of MHW dynamics? 

(5)  How can the findings from this study support climate 
adaptation and marine resource management?

In addition to a robust dataset, addressing these questions 
requires a systematic work plan designed to investigate the 
relationships, dependencies, and predictive capacities 
within the data. The study employs a multidisciplinary 
approach to investigate the drivers and precursors of MHWs 
in the North Atlantic. Key oceanic and atmospheric 
indicators are analysed to identify patterns and thresholds 
associated with MHW events. The relationship between 
MHWs and the North Atlantic Oscillation (NAO) is 
examined, along with the influence of synoptic weather 
types and atmospheric circulation patterns, allowing us to 
affirm which variables offer the best potential to achieve 
the desired outcomes. Furthermore, the following 
algorithms have been employed:

• MHWs: Hobday’s method (Hobday et al., 2016), using 
the 90th percentile threshold for detection, and the 
normal mean for the intensity calculation, and the 
standard deviation for the severity classification;

• Clustering events: Occurrence of multiple marine MHWs 
within a specific period or geographic region; 

• Air-Sea interaction: Several atmospheric fields (such as 
geopotential height and heat fluxes) were analysed 
during the MHW occurrence periods;

• Statistical analysis: Starting with Spearman Rank 
Correlation (Wilks, 2019), the method was employed to 
examine the relationship between SST and atmospheric 
parameters, while accounting for potential non-
linearities. 
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ABSTRACT
Marine heatwaves (MHWs) are prolonged periods of anomalously warm ocean 
temperatures that can deeply impact marine ecosystems. Understanding the drivers and 
precursors of MHWs is critical for improving predictive capabilities and mitigating their 
impacts. This study investigates the role of key oceanic and atmospheric indicators in 
detecting and predicting MHW events in the North Atlantic, utilizing existing and newly 
developed Essential Ocean Variables (EOVs) and Essential Climate Variables (ECVs) within 
the framework of the Horizon Europe ObsSea4Clim project, which aims to support the 
Global Climate Observing System (GCOS) with novel indicators.

 

The relationship between MHW occurrences and the large-scale climate mode North 
Atlantic Oscillation (NAO) has been investigated, as well as synoptic weather types and 
atmospheric circulation patterns. Preliminary results indicate the importance of air-sea 
heat flux anomalies, particularly net, latent, and sensible heat exchanges, in modulating 
the intensity and persistence of MHWs over the mid-latitudes. Additionally, specific 
synoptic weather types and phases of the NAO emerge as significant precursors, offering 
a basis for developing early warning indicators of MHW probability. Future work will 
propose an integrated framework combining oceanic and atmospheric metrics to 
enhance real-time monitoring and the capability of predicting MHWs in the North 
Atlantic, with a key focus on the (probabilistic) seasonal time scale. This work 
underscores the value of EOVs and ECVs in advancing the understanding of MHW 
dynamics and offers actionable insights for climate adaptation and marine resource 
management.

PRELIMINARY RESULTS & NEXT STEPS
Preliminary results indicated the importance of air-sea heat flux anomalies, particularly net, latent and sensible heat exchanges, in 
modulating the intensity and persistence of MHWs over the mid-latitudes. Additionally, specific synoptic weather types and phases of 
the NAO emerge as significant precursors, offering a basis for developing early warning indicators of MHWs probability. 

Future work will build upon these findings and propose an integrated framework that combines oceanic and atmospheric metrics to 
enhance real-time monitoring and the capability of predicting MHWs in the North Atlantic, with a key focus on the (probabilistic) 
seasonal time scale.
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Figure 1. ObsSea4Clim study area, overlaying the targeted 
study area.

Figure 2. Flowchart of the data collection and processing, exploratory data analysis and model development. Source of charts used in this 
figure: Halpern et al. 2008, Jiang et al., 2022, Yin et al., 2024. 

Figure 3. Sequence of mean MHW properties for composites of positive  and negative NAO (1982 - 2022), grouping and labelling samples of MHWs 
occurred in 2016, accumulated MHW intensity, geopotential, net heat flux anomalies, daily North Atlantic Oscillation (NAO) index, and lagged in 5 days 
Spearman Rank correlation between the MHW and geopotential, net heat flux, and wind speed for the MHW event occurred between 21/03/2018 
and 07/07/2018.

Funded by the European Union. Views and opinions expressed are however those of the 
author(s) only and do not necessarily reflect those of the European Union or the European 
Research Executive Agency (REA). Neither the European Union nor the granting authority can 
be held responsible for them.

Statistical Analysis

https://doi.org/10.5281/zenodo.6840772

	Slide 1

