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FRONTWARD investigated the locations, dynamic nature and long-term trends of ocean fronts. 

Generalised additive modelling (GAM) gave spatial predictions of detected biodiversity of (53) 

highly mobile species. There are seasonal associations between fronts and biodiversity patterns, 

strongest in summer: chlorophyll front persistence appears important  (up to 60%), perhaps due to 

animals learning where to expect food. Tidal and wind forcing play significant roles in modifying the 

strength and persistence of thermal fronts, varying seasonally and spatially. Large-scale 

atmospheric conditions (e.g. NAO) modulate physical factors that influence fronts. Our datasets 

and recommendations can help inform spatial planning in marine sectors such as offshore 

renewable energy, and its methods are applicable to other regions (paper in preparation). 

Will offshore windfarms affect ocean fronts and the ecosystems they support? Follow our next 

project, ECOFlow Frontline, which tackles this question.
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Fronts – the interface between water masses – are hotspots for rich and diverse 

marine life, influencing the foraging distribution of many megafauna. The 

FRONTWARD (Fronts for Marine Wildlife Assessment for Renewable Developments) 

project has gathered evidence to justify the inclusion of frontal locations in marine 

spatial planning for the UK, most pressingly for zones for offshore windfarms (see 

right). We have analysed a long time-series of Earth observation (EO) to 

characterise the distribution and dynamics of ocean fronts and internal waves, and

used these to investigate links to biodiversity hotspots and to explore key drivers 

for changes in fronts. 
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Results
Biodiversity index for each species group

Locations of greater (red) or less (blue) biodiversity for seabird (15), mammal (13) and fish (25) species 

than would be expected given only the survey type, method, and survey effort. Apr.–Sep. over 25 years. 

We also produced seasonal biodiversity maps, showing large movements to breeding locations in spring 

and summer, and away from coast in autumn and winter.

Correlation between North Atlantic Oscillation (NAO) and thermal 

front strength, for summer season (Jun.-Aug.) 2010-2019. NAO 

causes regional impacts on winds, waves, rain and SST, all of which 

affect shelf-sea fronts.

Long-term drivers of front strength: NAO

Wind speed vs. thermal front strength correlation in spring. Strong 

wind delays onset of stratification and hence weakens thermal fronts. 

Daily averaged ERA5 10m wind speed, 35km resolution.

Short-term drivers of front strength: Wind

Thermal front strength

(derived from AVHRR SST 1km, see Miller 2014)

Long-term seasonal average, 2010-2019.

Strength and location vary seasonally, with 

stratified water allowing tidal mixing fronts to 

peak during the summer. 

Chlorophyll-a front persistence

(derived from Sentinel-3 OLCI 300m)

Long-term seasonal average, 2016-2023.

Chl-a fronts often collocate with thermal fronts, 

and so the finer spatial resolution reveals 

features nearer to coasts. Other Chl-a fronts 

show the edges of persistent algal blooms.

Biodiversity predicted using 

relationships with ocean fronts

Percentage of detected species predicted for 

each cell, given the relationships with space (x,y), 

frontal metrics, internal wave density, and effort. 

Generalised additive model (GAM) analysis for 

Apr.–Sep. over 10 years.

Internal waves

September

2006-2012

Long-term average, 2006-2012. Radar can 

detect internal waves that cause sub-

surface productivity, revealing deeper 

foraging habitats. Topography links some

surface fronts with internal waves.

(derived from Envisat ASAR, see Kurekin 2020)

Poster PDF FRONTWARD Project


