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Context : 

In addition to their major hydroclimatic impacts worldwide, Eastern Pacific El Niño events are known to have a 

profound impact on the coastal marine ecosystem off Peru. During these events, alongshore propagating coastal 

waves vertically displace the thermocline, nutricline and oxycline, drastically perturbing environmental conditions 

of the local thriving anchovy fisheries.  

Objectives / scientific questions:  

In July 2015, a strong El Niño event was forecasted and the ongoing IRD-IMARPE (Peruvian Sea Institute) 

collaboration was a unique opportunity to collect nearshore in situ measurements by deploying autonomous 

gliders, and ARGO floats during monthly IMARPE cruises, in order to better sample a poorly-known oceanic region. 

In situ local temperature sensors have been installed in various shallow coastal sites. Moreover, the collected data 

was used to evaluate MERCATOR operational ocean models and regional biophysical simulations for process 

studies.  

Main results:  

Two DT INSU gliders chartered from France were subsequently deployed in the north of Peru. The first 

deployment (November 5th-December 17th, 2015, see Figs.1 & 2) allowed to measure the onset of the event in 

an unique way: the thermocline (Fig.1a) and oxycline (Fig.1c) vertical displacements , the decrease of the offshore 

fluorescence due to lack of nutrients (Fig.1b), and intense poleward currents associated to an intense propagating 

downwelling coastal wave (Fig.2) were observed. A second glider was deployed on January 7th but the mission 

had to be aborted due to technical issues. Tremendous efforts were made by the DT-INSU to send an ingeneer and 

material to repair  the glider on site, which was then successfully deployed on March 10th until May 13th, 2018, 

unfortunately after the peak of the event. In parallel, several T/S ARGO floats were deployed during IMARPE 

monthly cruises: November 25th, 2015 (active now north of the Galapagos),  November 22th, 2015 (active off 

central Peru, 8°S-10°S), January 28th, 2016 (active, propagating offshore along ~7-8°S), January 31th (active off, 

recirculating off central Peru). 3 other floats, which were attributed later by Coriolis, were deployed in April 2017: 

one T/S is active off norther Peru, one T/S/O2 malfunctioned and was lost, and one bioARGO float is active and 

currently sampling temperature, salinity, chlorophyll, CDOM and light backscattering (http://www.oao.obs-

vlfr.fr/bioargo/PHP/lovbio102c/lovbio102c.html).  

The data from the first glider deployment have been processed and analyzed thoroughly at this stage (Fig.1), 

showing nearshore warming and oxygenation driven by the advection of warm and oxygenated waters on the 

shelf. The in situ measurements evidence the presence of high fluorescence on the shelf (Fig.1b) at the end of the 

glider period (mid-december 2015), contrasting with the low fluorescence offshore. This suggests that a relatively 

high productivity was maintained on the shelf, in spite of the assumed deepening of the offshore nutricline (which 

is supposed to happen in phase with the thermocline/oxycline deepening). The veracity of an enhanced nearshore 

chlorophyll signal is further confirmed by MODIS-aqua satellite measurements (Fig.1d). Complementary 

observations from an IMARPE cruise (which took place one day after the glider’s retrieval in the vicinity of the 

glider’s repeated sections) show the presence of a high nitrate, phosphate and silicate on the shelf, near the 

bottom at 30-50 m depth, in spite of the deepened nutricline offshore, suggesting a possible enrichment from the 

sediments. The section also displays high chlorophyll and oxygen concentrations, supporting the enhanced 

productivity hypothesis. 

On the other hand, the regional model (ROMS-PISCES) was able to reproduce with a fair degree of realism the 

nearshore warming, oxycline deepening. However it was unable to simulate the nearshore chlorophyll maximum, 

likely pointing to the overly crude parameterization of sedimentary processes in our modeling framework.  

Nevertheless, the model highlighted the mechanisms that could explain the transport of nutrients released on the 
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shelf bottom into the euphotic layer, and the maintenance of a phytoplankton bloom over the shelf. First, wind-

driven upwelling by anomalously strong equatorward winds (~40% increase) was partly compensated by an 

onshore geostrophic current, as reported during previous El Niños. The recently upwelled (and potentially 

chlorophyll-rich) waters were then confined near the shore, which could generate the observed positive anomaly 

of phytoplanktonic biomass. Furthermore, the model also simulated an intense current (~20 cm s-1 vs ~2-5 cm s-1 

in  normal conditions) on the shelf bottom in December 2015 during the passage of the coastal wave (Fig.2). The 

resulting  bottom friction  may produce a resuspension of freshly deposited sediments in the water column, 

stimulating the productivity. These processes are still under study to finalize a publication (Colas et al., in prep.). 
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Figure 2  

Figure 1: a) temperature (in °C), b) chlorophylle (in mgChl m-3, derived from fluorescence), c) oxygen 

concentration (in μmol l-1) along the glider’s section between 11/5 and 12/17, 2015. The glider travelled twice from 

A to B (see Figure 2), back and forth. The nearshore chlorophyll signal is marked by a red ellipse in (b). (d) MODIS-

aqua monthly mean surface chlorophyll concentration (in mgChl m-3) , in December 2015. 

Figure 2: Depth-integrated (0-200 m) current during the onset of El Niño 2015-2016 off Northern Peru. 2 time 

periods are marked: the poleward current associated to the coastal trapped wave (4-15 December, blue arrows) 

and the nearshore equatorward current  driven by the upwelling-favourable wind (15-17 December, green 

arrows). The bathymetry is shown in colour scale. The inlet displays the SST anomaly in December 2015. 

Future of the project : Results from CIENPERU and previous gliders campaigns conducted in Peru in 2008 

(VOCALS-REX project) and 2010 by IRD and IMARPE, proved that gliders are very useful devices for the survey of 

nearshore environmental conditions off Peru. Since the 2015-2016 campaign, IMARPE has acquired 1 glider 

(deployed during  a few weeks off Lima  in February 2018), plans to purchase at least 2 other gliders in 2019 and 

aims at pursuing the collaboration with CNRS and IRD. 
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