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Abstract. Marine heatwaves (MHWs), defined as periods of persistently anomalous warm ocean temperatures, have doubled 

in frequency worldwide in recent decades and are becoming longer, more intense, and increasingly disruptive to marine 10 

ecosystems. In this study, we use 42 years of satellite-derived daily sea surface temperature (SST) data to characterize the 

frequency, intensity, duration, and long-term trends of MHWs in the Patagonian Shelf (PS). On average, the PS experiences 

2.5 events year-1, with a cumulative duration of 20 to 30 days annually and intensities ranging from 0.5°C to 2.5°C. The 

northern PS shows clear evidence of an increase in MHW days (+5-10 days decade-1), whereas no significant trends are 

observed in the southern region (i.e., south of 48oS). Across the PS, MHW intensity exhibits a modest downward trend of 15 

roughly −0.2 °C decade⁻¹. Part of MHW variability is attributable to the El Niño Southern Oscillation. In particular, the highest 

annual total of marine heat-wave days was observed during the strong La Niña event of 1998 and both MHW intensity and 

duration tend to increase during La Niña episodes, with MHW intensity showing a more consistent association with La Niña 

conditions. We also examine the influence of the MHW detection method, fixed versus moving climatology, on MHW 

statistics. We find that over the PS, the methodological impact on key MHW metrics is minimal, especially when compared 20 

to the deep ocean, where substantial background SST trends amplify methodological differences. These findings underscore 

the necessity of region-specific assessments of MHWs to elucidate their future evolution and pace of change within the broader 

context of climate change. 
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1 Introduction 

Marine heatwaves (MHWs) are defined as prolonged periods during which sea surface temperatures (SSTs) are abnormally 

high, typically surpassing a threshold based on the statistical characteristics of the local climatological SST distribution 

(Hobday et al., 2016). The impacts of MHWs are extensive, influencing both physical and biological processes in the ocean, 

and they have been increasingly recognized as a key driver of ecosystem change in the context of the contemporary climate 35 

regime (Smale et al., 2019; Suryan et al., 2021). Physical consequences of their presence, such as increased water column 

stratification, reduced dissolved oxygen levels, and hindered sea ice formation, have been reported in recent times (e.g., Brauko 

et al., 2020; Hu et al., 2020; Carvalho et al., 2021). However, MHWs are not just a physical oceanographic phenomenon. They 

are associated with significant disruptions to ecosystems, including changes in phytoplankton community structure, coral 

bleaching, altered migration patterns, and mass mortality events among various marine species, including mammals (Cavole 40 

et al., 2016; Genevier et al., 2019; Smale et al., 2019). The effects of these changes are especially pronounced in coastal and 

benthic environments where organisms cannot escape the altered ocean temperature conditions. Additionally, MHWs can 

result in broader systemic impacts, such as declines in fisheries, alterations in atmospheric circulation, and disturbances in air-

sea carbon fluxes (e.g., Oliver et al., 2017; Cheung and Frölicher, 2020; Mignot et al., 2022).  

Over the past century, both the frequency and duration of MHWs have increased globally, with the total annual number of 45 

MHW days rising by more than 50%. This trend is largely attributed to persistent upper-ocean warming, which is driven by 

anthropogenic climate change (Oliver et al., 2018; 2019; 2021). Climate model projections indicate that the frequency, 

duration, and intensity of MHWs are likely to intensify significantly under future warming scenarios. It is estimated that the 

number of MHW days could increase by an order of magnitude by the end of the 21st century, particularly in coastal regions 

(Frölicher et al., 2018; IPCC, 2021). However, anthropogenic forcing is not the only contributor to global MHW variability. 50 

Internal modes of climate variability, such as the El Niño-Southern Oscillation (ENSO), have also been recognized as critical 

drivers influencing MHW occurrence on both regional and global scales (Heidemann and Ribbe, 2019; Liu et al., 2022; 

Gregory et al., 2024). 

Over the Southwestern Atlantic Ocean, a recent study by Artana et al. (2024) highlights a relationship between MHWs' key 

metrics, such as intensity and duration, and ENSO events. However, the incidence of climate forcing at regional scales the 55 

incidence of climate forcing exhibits significant regional variability due to the combined effects of coastal topography, 

bathymetric complexity, freshwater inputs from rivers, and other localized factors (e.g., Stott et al., 2010; Xie et al., 2015; 

Kitchel et al., 2022). These features enhance biological productivity, making the Patagonian Shelf (PS) not only one of the 

most biologically productive regions globally but also a major carbon sink that supports one of the world’s most important 

fisheries. Within this framework, extreme thermal anomalies, whether locally generated or advected from adjacent regions, 60 

have the potential to induce substantial perturbations in ecosystem structure and function, with far-reaching environmental and 

socioeconomic consequences.     
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In this study, we assess and characterize the MHWs in the PS region. The paper is structured as follows: first, we perform a 

comparison of MHWs detection methodologies and different datasets. Then, we provide a regional characterization of MHWs 

in the PS, examining their mean and seasonal distribution, long-term trends, and interannual variability, with particular 65 

attention to their relationship with ENSO events. 

2 Materials and Methods 

2.1 Regional Setting 

The Patagonian Shelf, on the western boundary of the SWA, constitutes an elongated (55°S – 35°S) and relatively shallow 

plateau with a variable width (100-400 km; Fig. 1a). Regional oceanography in open waters is characterized by significant 70 

mesoscale activity driven by the interaction of two sharply contrasting western boundary currents: the Brazil Current (BC) and 

the Malvinas Current (MC, Matano & Philander, 1993; Olson et al., 1988). These currents converge near 38°S, forming the 

highly dynamic Brazil/Malvinas Confluence (BMC), a region characterized by the persistent generation of warm and cold core 

eddies and filaments (Gordon and Greengrove, 1986; Gordon, 1989), and eddy kinetic energy values exceeding 2000 cm² s⁻² 

(Fig. 1c). The MC, originating from the Antarctic Circumpolar Current (ACC), flows northward along the shelf-break carrying 75 

cold fresh waters, while the BC transports warm, salty waters southward (Matano & Philander, 1993, Fig. 1b). The spatial 

distribution of surface EKE maxima forms a distinctive C-shape surrounding a central region of relatively low EKE values in 

the basin’s center (Fig. 1a). This central minimum is associated with a topography-driven oceanographic feature known as the 

Zapiola Anticyclone (ZA). 

Within the PS, Sub-Antarctic cold waters enter through the southern boundary and mix with freshwaters inputs from the 80 

Magellan Strait and several rivers (Dai and Trenberth, 2002). The mean circulation is directed northeastward, driven by 

atmospheric forcing (Rivas, 1997; Palma and Matano, 2004) and cross-shore pressure gradients induced over the outer shelf 

by the Malvinas Current (Matano et al., 2010). Mean SSTs along the shelf present clear latitudinal variation, ranging from 6oC 

in the southern area to 17oC in the Río de la Plata mouth (Fig. 1b). The SWA exhibits contrasting SST trends (Fig. 1c). North 

of 48-50oS, at the Brazil/Malvinas Confluence, the surface ocean is warming at a rate of 0.4oC decade-1 as a result of the 85 

poleward migration of the BMC (Artana et al., 2019; Franco et al., 2020), whereas to the south, the temperature is slightly 

decreasing at a rate of -0.1oC decade-1 (Delgado et al., 2023). 
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Figure 1: General oceanographic characteristics of the SWA and PS. (a) Schematic circulation of the study area and mean Eddy 

Kinetic Energy (EKE) in cm2 s-2; (b) Mean Sea Surface Temperature (SST, ºC) and (c) SST trend (ºC decade-1). 90 

2.2 SST datasets 

We base our analysis on satellite-derived SST data provided by the European Space Agency’s Climate Change Initiative 

Program (ESACCI), which is dedicated to extending, stabilizing, and enhancing the accuracy of climate data records for SST. 

The 42-year climate database provides daily SST at 0.05° resolution, from 1980 to 2021, obtained from twenty infrared and 

two microwave radiometers (Embury et al., 2024). This database was selected for its stability, designed specifically for 95 

climatological studies (i.e., Boisséson and Balmaseda, 2024; Konsta et al., 2025). However, to assess the influence of database 

selection on the characterization of MHWs, we conducted a comparative analysis of ESACCI against three alternative data 

sources: OSTIA-SST, NOAA-SST, and ERA-SST.  

- OSTIA-SST is the Operational Sea Surface Temperature and Ice Analysis (OSTIA) dataset, produced by the UK Met Office 

and provided by IFREMER PU. It combines satellite data from the GHRSST project along with in situ observations to assess 100 

SST from 1981 (Good et al., 2020).  

- NOAA-SST dataset corresponds to the daily Optimum Interpolation Sea Surface Temperature product (OISST V2.1) 

provided by the National Oceanic and Atmospheric Administration. This dataset offers a globally gridded, gap-filled field of 

sea surface temperature, derived primarily from remotely sensed observations acquired by the Advanced Very High-Resolution 

Radiometer (AVHRR). It features a spatial resolution of 0.25° and extends from 1981 to the present (Huang et al., 2021). 105 

- ERA5-SST refers to the fifth-generation reanalysis of SST by ECMWF, based on in-situ data assimilation, providing a 

comprehensive record from 1940 onward (Hersbach et al., 2023). 
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2.3 MHW detection methodologies 

The standard approach among marine scientists follows the definition by Hobday et al. (2016): Days with temperatures warmer 

than the 90th percentile based on a daily climatology baseline are considered MHW days. Only prolonged events lasting at 110 

least 5 consecutive days are further considered, with interruptions of up to two days being allowed. 

In this study, we first consider a “Fixed Baseline” (FB; similar to Hobday et al. (2016)) daily climatology computed over the 

period 1982-2021 (40 years) to calculate key MHW metrics such as frequency, number of MHW days, and intensity. However, 

the influence of ongoing ocean warming trends on MHWs detection has sparked a debate on the optimal criteria for defining 

the baseline reference thresholds. If long-term temperature trends are not accounted for, MHW occurrence and duration may 115 

be overestimated (Oliver, 2019). The current discussion centers on whether a fixed or a moving baseline offers differing 

perspectives on MHW statistics (Oliver, 2019).  However, while these approaches often yield different results, the choice of 

method should ideally be context-dependent and consider the adaptive capacity of regional ecosystems (Holbrook et al., 2019). 

We therefore additionally compute the MHW statistics using a “Moving Baseline” (MB), which updates the daily climatology 

annually using the last 20 years. Finally, the sensitivity of MHW statistics to the length of the baseline period (from 5 to 40 120 

years) is also assessed. 

2.4 Climate indices 

El Niño Southern Oscillation (ENSO) is one of the strongest interannual climate variability phenomena that severely disrupts 

global atmospheric patterns (McPhaden et al., 2006). It is characterized by temporal variations of 2 to 4 years oscillations 

between warm (El Niño) and cool (La Niña) phases (Webster and Palmer, 1997). In the PS, ENSO has been linked to an 125 

increase in the frequency and/or intensity of climate-driven ocean variability events (e.g., Cai et al., 2020; Risaro et al., 2022). 

Specifically, Artana et al. (2024) reported a strong correlation between MHWs and ENSO events in the SWA. In this context, 

the interannual variability in the number of days and intensity was related to ENSO phases. To characterize these phases, we 

use the Southern Oscillation Index (SOI), which is based on the observed sea level pressure differences between Tahiti and 

Darwin, Australia (Climate Prediction Center, NOAA). The negative phase of SOI corresponds to El Niño years, whereas the 130 

positive phases of SOI correspond to La Niña years. 

3 Results and discussion 

3.1 Comparative baseline climatology criterion and database selection 

3.1.1 Effect of the MHW detection methods on the MHW metrics 

Long-term changes in background climate variability can substantially influence the detection and characterization of extreme 135 

events, particularly when static climatological baselines are employed, as these may fail to represent contemporary oceanic 

states. Consequently, outdated reference periods can lead to misrepresentations of the probability of exceeding or falling below 
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threshold values. This issue is particularly evident in climate model projections of SST. For instance, Roselló et al. (2023) 

show that, in a warming Mediterranean Sea, a fixed baseline results in saturation of MHW days, reaching 365 days year-1 by 

the end of the 21st century under the SSP5-8.5 scenario, compared to approximately 100 days year-1 in the past decade.  140 

Figure 2 reveals the differences in applying the FB and the MB method on the SWA region. Differences are most pronounced 

in the open ocean and where SST trends are stronger (see Fig. 1c), particularly over the Zapiola Anticyclone (ZA). Using the 

fixed baseline method, the trend in MHWs days shows values 3-fold higher than with the moving baseline method for the 

period 2001-2021, with 33 and 11 MHWs/year/decade, respectively (Fig. 2e). Similarly, the weak negative MHW days trend 

east of the Brazil Current using a fixed baseline becomes statistically significant using a moving baseline strategy. Over the 145 

Patagonian shelf, differences between both methods are weaker (Fig. 2), and the impact on the long-term trends is mostly 

negligible. 

The length of the baseline period also has a strong influence on marine heatwave (MHW) statistics. Although somewhat 

subjective, there is general agreement that the baseline period should be at least 30 years. To illustrate this sensitivity, we 

examine how different baseline lengths affect MHW statistics in the ZA region, where sea surface temperature (SST) trends 150 

are significant (Fig. 3a). Figure 3b illustrates the number of MHW days per year calculated using different baseline lengths 

ranging from 5 to 40 years (Fixed Baseline method starting on 1982). When using a 30-year baseline climatology (1982–

2011), the average number of MHW days is approximately 45 per year. We find that the highest number of MHW days occur 

with a 16-year baseline climatology (~75 days/year), while the lowest (~30 days/year) is observed using a 40-year baseline 

climatology. Spatially, the length of the baseline climatology associated with the maximum number of MHW days is shown 155 

in Fig. A1 and closely resembles the map of SST trends (Fig. 1c). This preliminary analysis highlights the need for further 

investigation into the influence of baseline length, especially in regions with strong decadal SST variability, such as the 

northwest Pacific, where the Pacific Decadal Oscillation plays a major role. The sensitivity of MHW trends to baseline length 

is further illustrated in Fig. 3c. 
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 160 

Figure 2: Comparison of two baseline methodologies (FB and MB) for the detection of MHWs in the SWA. (a) Mean number of days 

by year of MHWs and (b) trend of the number of days by decade of MHWs using the fixed baseline approach. (c) Mean number of 

days by year of MHWs and (d) trend of number of days by decade of MHWs using the moving baseline approach. (e) Comparison 

of both methodologies on the interannual variability of the mean number of days in the Zapiola Anticyclone. Delimited green areas 

stand for a statistically significant trend (p <0.05). 165 
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Figure 3: (a) SST anomaly (°C) in the Zapiola anticyclone. (b) Number of MHW days year-1 (averaged over 1982-2021) for different 

baseline period lengths (in years) ranging from 5 to 40 years (starting in 1982). (c) same as (b) for the trend in MHWs days [#days 

yr-1 decade-1]. 

3.1.2 Dataset comparison 170 

Given that the comparative analysis of MHW detection methods yielded similar results for the PS, we focus the following 

dataset comparison exclusively on this region. We therefore apply the Fixed Baseline approach for MHW detection, as 

proposed by Hobday et al. (2016). A comparative assessment of MHWs across the four SST datasets considered (ESACCI, 

OSTIA, NOAA, and ERA5) presents an overall agreement on the frequency, duration, and mean intensity of the MHWs with 

no significant differences (Table A1). On average, the region experiences 1.9 ± 2 MHWs year-1  with a mean duration of 23.6 175 

to 28 days and intensities of 1.36 ± 0.3oC.  

There are, nonetheless, significant differences when the year-to-year variability is examined. For example, in 1998, the NOAA 

dataset analysis identified 81 MHW days in the PS (Fig. 4a). In contrast, the ESACCI, OSTIA, and ERA5 datasets yielded 

notably longer durations, with 124, 130, and 113 MHW days, respectively. The number of MHW days per year depicted from 

the NOAA database remains consistently lower before 2005, and the intensity is likewise lower (Fig. 4a). In contrast, post-180 

2005 values are comparable to, or even exceed, those from other datasets. These temporal discrepancies result in a markedly 

higher long-term trend in MHW frequency estimated from the NOAA dataset (10.7 events year-1 decade-1) compared to the 
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ESACCI dataset (5.5 events year-1 decade-1). Nonetheless, despite the difference, neither trend is statistically significant (Fig. 

4, Table A2).  

 185 

Figure 4: Dataset comparison for Marine Heatwaves assessment in the PS. (a) Interannual variability of MHWs number of days 

year-1; and (b) Mean interannual intensity. Dotted lines represent the linear trends of MHWs number of days year-1 and mean 

intensity (ºC) by dataset (see Table A2 for statistics). 

3.2 Distribution and Trends of MHWs in the PS 

The distribution of MHW parameters in the PS reveals an average frequency of approximately 1 to 2.5 events per year (Fig. 190 

5a), with a cumulative duration of 20 to 30 days annually (Fig. 5b). The highest occurrence rates (2.5 events year⁻¹) are 

observed at northern latitudes, particularly in the northern tip of the study area and the southwestern Buenos Aires Province 

coast, whereas moderate frequencies (2.3 events year⁻¹) are found further south, near the Malvinas Islands and the Burdwood 

Bank. Temperature anomalies typically range between 0.5°C and 2.5°C, with the highest intensities observed along the 

northern boundary of the study area, the southwestern Buenos Aires Province coast, and along the northern shelf break (Fig. 195 

6c). In contrast, MHWs are weaker (~1 °C) across the rest of the PS, particularly along the continental coastline and around 

the Malvinas Islands. 

Trends in the frequency and duration of MHWs in the PS are predominantly positive north of 48°S (Fig. 5d-e). In contrast, no 

significant trends are detected south of this latitude, except in the southernmost region near Tierra del Fuego, where significant 

cooling trends are observed. This spatial pattern aligns closely with the SST warming trend in the region (Fig. 1c). MHW 200 

trends reveal that their frequency is increasing at a rate of 0.5 to 1.5 events year-1 decade-1, while the MHW duration (days per 

year) increases by 10 to 20 days decade-1 (Fig. 5d-e). Notably, the reduction in MHW activity at the southern tip of the 

Argentine Shelf coincides an increase in the frequency and duration of Marine Cold Spells (MCSs; Schlegel et al. 2021), which 
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are intensifying at rates of 0.5 to 1 event per year decade-1 and 5 to 10 days year-1   decade-1, respectively (Fig. B1). Overall, 

MHW intensity across the PS shows a slight decline of approximately -0.2 °C. 205 

 

Figure 5: Marine Heatwaves in the Patagonian Continental Shelf. Mean frequency (a), number of MHW days (b), and intensity (c); 

trends per decade are shown in (d), (e) and (f). Areas in green are statistically significant (p <0.05). 

3.3 Seasonality of MHWs in the PS 

The number of MHW days in the PS exhibits pronounced seasonality (Fig. 6). The austral spring registers the lowest number 210 

of MHW activity, averaging approximately 1.8 days month-1. In contrast, MHW occurrence increases notably during summer, 

and to a lesser extent in autumn, with summer months exhibiting a ~40% increase in MHW days relative to spring.  

Elevated MHW intensities exceeding 2.5oC are primarily observed during austral spring and summer, particularly in the 

northern shelf break region and near the Río de la Plata (Fig. 6b). In autumn and winter, MHWs rarely reach 1.5°C, especially 

within the mid-shelf domain. As noted by Wang and Zhou (2004), air-sea heat fluxes play a pivotal role in modulating 215 

cumulative MHW intensity during the warmer seasons, as they integrate both the event duration and the thermal magnitude.  

Temporal trends in MHWs also display marked seasonal variability, with the most substantial changes observed in event 

duration rather than intensity (Fig. B2). Notably, across much of the Patagonian Shelf, MHW duration exhibits stronger 

positive trends during autumn and winter, with increases of up to 2 additional days month/decade. These seasonal extensions 
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are particularly significant for assessing some ecological impacts, such as the effect of MHWs on secondary phytoplankton 220 

blooms, which typically occur in late autumn and have been reported to increase in frequency in recent years (Delgado et al., 

2023). 

 

Figure 6: Seasonal behaviour of MHW. (a) average number of MHW days month-1 for each season; (b) Average intensity in oC per 

season. 225 

3.4 Interannual variability of MHWs 

The leading empirical orthogonal function mode (EOF1) of the number of MHW days year-1  and mean MHW intensity account 

for 63.5% and 40.8% of the total variance, respectively (Fig. 7a-b). Both exhibit pronounced interannual variability and are 

significantly correlated (r = 0.57; p < 0.05). While correlated in time, their corresponding spatial patterns differ in the location 

of maximum variability. For instance, the northern sector of the shelf break displays greater variability in MHW intensity than 230 

in duration, with temperature anomalies during extreme events reaching up to 1.5°C above the mean MHW intensity. Certain 

shelf regions appear especially susceptible to prolonged MHWs, including the inner and mid-shelf areas off Peninsula Valdés, 

the vicinity of the Malvinas Islands, and the southern Santa Cruz mid-shelf. In these locations, extreme events have been 

recorded with durations extended by 30 to 110 days relative to average conditions during peak years. This suggests regionally 

distinct drivers and responses in MHW characteristics, even within coherent large-scale modes. 235 
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Except for the 1998 La Niña event, peaks in MHW duration generally coincide with transitions from El Niño to La Niña 

conditions, marked by shifts from negative to positive values of the Southern Oscillation Index (SOI). In contrast, MHW 

intensity tends to remain elevated during prolonged positive SOI phases. Although the correlation between the first empirical 

orthogonal function (EOF-1) of MHW intensity and SOI is weak (r = 0.14, p < 0.05), a consistent pattern emerges linking 

variability in intensity and the number of MHW days to SOI fluctuations. This observation aligns with the findings of Artana 240 

et al. (2024), who reported a strong association between MHW duration and intensity in the southwestern Atlantic and the 

positive phase of SOI, characteristic of La Niña conditions. 

 

Figure 7: Spatial patterns of the first EOF modes of the interannual variability in (a) number of days, and (b) mean intensity and 

(c) the corresponding time series of expansion coefficients overlayed on monthly (grey) and annual mean (black) SOI index. El Niño 245 
(la Niña) phases correspond to negative (positive) SOI indexes. (d) Time series of MHW events at a shelf location in the Península 

Valdés front, as indicated by the magenta star in Fig. 7a. 
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4 Summary and future perspectives 

Ecological and societal impacts of MHWs are an issue of increasing concern. While the consequences of the most intense 

warming events have well-documented effects across entire marine foodwebs (Samhouri et al, 2021; Suryan et al., 2021), some 

ecological impacts may arise from the cumulative impact of recurrent events or from prolonged, albeit less intense, thermal 255 

anomalies. The present study provides a comprehensive analysis of temperature anomalies reported MHWs in the PS, a highly 

productive and biologically diverse ocean region. The intensity of MHWs in this region (0.5-2.5 ºC) is in the range the values 

reported for other world regions (Wang et al., 2024); however, a positive trend in the northern PS in their duration is evidenced 

(10-20 days/decade) suggesting persistency rather than intensity may eventually become a major environmental problem.  

In general, the definition of extreme events remains a critical issue for ensuring consistency in research and for facilitating 260 

effective communication among marine scientists, policymakers, and the public (Smith et al., 2025). The detection and 

characterization of MHWs are particularly sensitive to methodological choices, which can substantially influence their 

interpretation. In this study, we also compared the outputs of four different SST datasets and two methodological approaches, 

Fixed and Moving Baseline, across the PS and the SWA. While the mean MHW parameters showed broadly consistent results 

across datasets and methods, notable discrepancies emerged when analyzing individual events or short-term periods (e.g., 265 

spanning only a few years). Methodological differences were most pronounced in the open ocean, where strong SST trends 

prevail. For instance, over the ZA, where the SST trend exceeds 0.3°C decade-1, the MHW duration trend reaches 30 days 

decade-1 and is statistically significant when using the MB approach. In contrast, over the Patagonian Shelf, both methodologies 

yielded comparable results, suggesting that methodological sensitivity is region-specific and influenced by the magnitude of 

underlying temperature trends. 270 

Within the PS, the highest occurrence of MHWs is observed in the northern sector of the PS, particularly near the La Plata 

Estuary, where surface temperatures are generally higher (mean 17°C), as well as in specific regions along the continental 

shelf. The observed increase in MHW duration in the northern PS may be reasonably attributed to shifts in the position of the 

latitudinal SST gradient characteristic of this area (Fig. 1b). However, the presence of persistent warming hotspots along the 

coast deserves further analysis. Coastal recirculation patterns and advection anomalies, warming due to riverine outflows, or 275 

localized atmospheric processes favoring reduced heat loss from the ocean to the atmosphere may contribute to the formation 

and maintenance of these anomalies, which can critically affect littoral and intertidal organisms.  

Part of the variability of MHW intensity and duration can be attributed to climate variability. Both parameters tend to increase 

during La Niña episodes, with MHW intensity showing a more consistent association with La Niña conditions. Given the 

increasing strength of La Niña events (Geng et al., 2023), it is crucial to monitor regions with high interannual variability, 280 

especially those showing significant positive trends, such as Península Valdez front and the northern shelf-break front. 
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Additional mechanisms, including regional atmospheric processes, may also exert a significant influence and should be 

considered in future analyses of the driving mechanisms. 

Appendix A: Sensitivity analysis of dataset and length of the baseline period 

Dataset 

Frequency  

(#MHW year-1 ) 

Number of Days 

 (#Days year-1 ) Mean intensity (ºC) 

ESACCI 1.9 ± 2.0 25.3 ± 33.6 1.36 ± 0.30 

OSTIA 1.9 ± 2.0 24.8 ± 33.3 1.36 ± 0.30 

NOAA 2.0 ± 2.1 23.6 ± 30.5 1.44 ± 0.28 

ERA5 2.1 ± 2.2 28.0 ± 37.9 1.31 ± 0.25 

Table A1. Marine Heat Waves Statistics. Mean and standard deviation (from yearly time series) values are computed for the 285 
Patagonian Shelf. 

Dataset 

Slope  

(#Days year-1) 

Slope  

(mean intensity ºC year-1) 

ESACCI 0.5 ± 0.7 -0.0055 ± 0.0058 

OSTIA 0.4 ± 0.7 -0.0051 ± 0.0058 

NOAA 1.0 ± 0.5 0.0012 ± 0.0058 

ERA5 0.6 ± 0.7 0.0037 ± 0.0072 

 

Table A2. Marine Heat Waves dataset trends statistics for the Patagonian Shelf. In bold, statistically significant (95% confidence). 
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 290 

Figure A1. Length of the Baseline period [in years], when the 1982-2021 mean (a) and trend (b) MHWs days is maximum. 
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Appendix B: Marine Cold Spells in the Patagonian Shelf 

 

Figure B1. Marine Cold Spells in the Patagonian Continental Shelf. Mean frequency (a), number of days (b), intensity (c); trend per 295 
decade of frequency (d), number of days (e), intensity (f). 
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Figure B2. Seasonal Marine Heatwaves trends in number of days month-1 decade-1 and mean intensity (ºC decade-1). 
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