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Upwelling systems are important oceanic regions because of their high productivity and the 
food resources they provide to coastal populations. The recent global synthesis of sea surface 
temperature (SST) paleo-reconstructions of McGregor et al. (2015) revealed a gradual cooling 
of surface waters in upwelling regions since the beginning of the Industrial Era presumably 
caused by climate change (McGregor et al., 2015). The hypothesis of Bakun (1990) provides 
a possible explanation for this finding, i.e. enhanced warming of landmasses with respect to 
the surface ocean by increasing the sea level pressure gradient between land and ocean would 
have enhanced alongshore blowing winds controlling upwelling intensity. Another 
explanation involves the polarward expansion of Hadley cell impacting on ocean high-
pressure systems driving upwelling winds.  
Although there has been an increasing number of modern observations reporting on increased 
upwelling winds, the impact of these changes on upwelling dynamics remains unclear and 
need to be further documented at a regional scale. In this context, paleodata are an important 
source of information on the unknown low frequency variability (multi-decadal) of these 
systems to tease apart trends from variability in short duration observational times series. 
While alkenone-based SST records reveal cooling over the 20th century, in agreement with the 
hypothesis of intensified along-shore winds driving upwelling strength, SSTs derived from 
the Mg/Ca ratio measured in planktonic foraminifera calcite do not show such cooling. This 
departure suggests that a seasonal bias in the alkenone production rather than a dynamical 
change of upwelling cannot be ruled out, although difficult to evaluate. Here, we present new 
data from the Eastern Pacific and Eastern tropical Atlantic coastal upwelling systems that 
combine several proxies to explore the hypothesis of Bakun et al (1990) circumventing the 
seasonality issue. 
 
Methods 
New SST reconstructions based on several sediment cores have been generated to increase 
spatial coverage of upwelling regions. The sortable silt (SS), recently improved to evaluate in 
a more quantitative way near-bottom velocity, is used to test its ability to detect past changes 
of wind and coastal upwelling intensity. Changes in productivity associated with upwelling 
intensity are assessed from alkenone concentrations and total organic carbon of sediment 
cores. The carbon isotopic composition (δ13C) of alkenones and SSTs were both used to 
derive the concentration of CO2 of surface waters and associated pH changes. The sample set 
for the Pacific and Atlantic Ocean are designed to provide a geographical coverage to test the 
sensitivity to latitudinal changes 
	



Results	
Alkenone	sea	surface	temperature	reconstructions	show	different	results	 in	the	Pacific	
and	Atlantic	Ocean.	The	Eastern	Pacific	 records	 show	a	 systematic	 cooling	developing	
over	the	last	century	ranging	from	0.5	to	1°C	depending	on	the	core	location.	In	contrast,	
SSTs	off	Northwestern	Africa	exhibit	warming	at	latitude	lower	than	20°N	and	a	strong	
cooling	 at	 31°N,	 with	 a	 marked	 steepening	 in	 the	 second	 part	 of	 the	 20th	 century.	
Comparison	between	downcore	SSTs	and	δ13C	of	alkenones	indicates	that	the	long-term	
cooling	 seen	 in	 the	 Eastern	 Pacific	 Ocean	 is	 paralleled	 by	 rising	 CO2(aq)	 suggesting	 a	
progressive	 ‘natural’	 acidification	of	 surface	waters	caused	by	stronger	upwelling.	Yet,	
this	 relationship	 reverses	 at	 shorter	 time	 scale	 (decadal	 scale).	 Preliminary	data	 from	
the	 Pacific	 Ocean	 upwelling	 indicate	 complex	 covariance	 between	 SSTs	 and	 the	mean	
grain	size	of	the	sortable	silt	fraction.		
	
Conclusion	
Paleo-proxy	 reconstructions	documenting	 surface	 and	bottom	ocean	parameters	were	
generated	 to	 evaluate	 the	 impact	 of	 global	 warming	 on	 Eastern	 boundary	 upwelling	
systems	in	the	Pacific	and	Atlantic	Ocean	since	the	beginning	of	the	Industrial	Era.	The	
Pacific	Ocean	sites	 indicate	a	progressive	cooling	and	acidification	of	surface	waters	to	
variable	 degree	 depending	 on	 the	 latitude	 and	 distance	 to	 the	 coast.	 In	 contrast,	 the	
Atlantic	 sites	 depict	 a	 broad	 warming	 at	 lower	 latitudes	 contrasting	 with	 a	 strong	
cooling	 at	 the	 northernmost	 location	 that	 could	 feature	 a	 shift	 in	 the	 latitudinal	
expansion	of	the	upwelling.	Further	investigations	are	on-going	to	document	additional	
sites	with	complementary	proxy	to	assess	the	role	of	internal	variability	modes	(ENSO,	
NAO)	in	these	two	Eastern	boundary	current	systems.	


