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The coastal impact of the 2015-2016 El Niño off Peru : 
preliminary results from a glider cruise and regional modelling

Context and objectives

The Peru upwelling is the most productive region of the world oceans in terms of fisheries, representing less than 1% of the ocean surface and 
accounting for up to 10% of the global fish catches. This resource is highly variable particularly during El Niño (EN) events which have a strong 
signature in the Eastern Pacific. During such events, warm, fresh, oxygen-rich and nutrient-depleted surface waters are transported eastward due to 
anomalously strong eastward currents associated with intense “downwelling” Equatorial Kelvin waves that further become poleward- propagating 
coastal trapped waves along the coasts of South America. The goal of this study is to assess the impact of the intense 2015-2016 EN event on the Peru 
upwelling system, using recent global model simulations to downscale the circulation, hydrology, primary productivity and oxygen conditions near 
the Peru shore using a high resolution ROMS_AGRIF/CROCO model. We compare model results with recent glider and ship observations collected 
during the event along a cross-shore section located off the Peru northern shore at 8°S, and satellite observations.

Modelling tools and downscaling  methodology 

- CROCO (ROMS_AGRIF [1]) coupled with PISCES[2] 
biogeochemical model at 1/27°(4.5 km) over 2007-2016 
 with embedded online zoom at 1/81° (1.5 km)
- Physical open boundary conditions (OBC) 
from daily MERCATOR model output  (1/12°) 
- Biogeochemical OBC from CARS climatology 
-Atmospheric forcing : Ascat daily wind stress, 
COADS climatological heat flux
 + relaxation to AVHRR daily SST

Satellite and in situ observations

SST anomaly in September 2015

O2 CHLT

-Glider sections (temperature,
salinity, oxygen, fluorescence, 
current 0-200m) Nov 5th-Dec 17th 

-IMARPE  sections from RV Flores
(nutrients, oxygen,  chlorophyll)

-Satellite data (AVISO, Modis, AVHRR)

Results : mean state and variability

Nearshore sea level shows long-term sea level rise 
and intraseasonal variability associated with the
poleward propagation of CTW. The 2015 EN signal
appears as two subsequent SL rises in austral spring
(may-july) and december (period of in situ 
 measurement).

The poleward Peru-Chile undercurrent flows on the
shelf slope with a maximum flow of ~8-9 cm/s 
from ADCP measurements, and is well reproduced
by the model.

The biogeochemical model reproduces the typical 
surface chlorophyll pattern associated with the coastal
upwelling:  high chl concentrations nearshore 
with a decrase offshore. The model is biased towards
high values in shallow areas and the cross-shore 
gradient is not well reproduced in the 0-50 km
coastal band.

Glider measurements (raw data is shown) show the
arrival of anomalously warm (T>22°C) waters at the
coast in early december. This water mass is saline in 
subsurface (50-100m) and fresh at the surface (0-20m).
The nearshore  zone (0-20 km) becomes more oxygenated.
 
Model simulates the warming, but overestimates
the freshening at the surface due to southward
incursion of the equatorial front. The low salinity may
be biased due to climatological precipitation flux in model.

Model does not simulate the nearshore thickening
of the oxygenated layer nearshore, possibly due 
to biogeochemical OBC in PISCES model.  Modelled
chlorophyll concentration is reduced during december
and deep chl maximum is simulated but not visible in
observations (not shown)

Results : model-data comparison during glider mission

Horizontal circulation during glider mission

Model alongshore 
velocity(4-15 dec)

Model alongshore 
velocity(15-17 dec)

Poleward flow
separates from the 
coast and leads to 
the formation of two
anticylonic eddies on
the shelf, merging into
one single eddy
The eddy propagates poleward and traps a portion of low salinity
water and nutrients in the rim of the eddy. Two types of zooplankton
develop around the eddy (micro-zoo) and within the eddy (meso-zoo) 

Depth-averaged (0-200m)
 horizontal velocities derived by
the glider show  poleward flow 
of up to 40 cm/s

Model maximum velocities reach
30 cm/s likely due to ORCA12 OBC 
underestimating the poleward 
flow.

Poleward flow is followed by a
reversal of the  coastal flow
partly due to a wind-forced
upwelling  event starting on 
Dec 15th. 

Mesoscale circulation on the shelf

Comparison with the El Niño 1997-1998 event

The modelled temperature, oxygen and
 surface chlorophyll anomalies associated
 to the 1997-1998 EN event are much 
stronger than during the 2015-2016 event
 owing to the more intense EKW and 
deeper thermocline/nutricline in 1997-98
 in the Eastern Pacific [3]

 Conclusions and perspectives

The impact of the 2015-2016 EN event is
characterized by sea level rise, temperature,
salinity and oxygen anomalies due to the
deepening of the thermocline and eastward advection
of WM of equatorial origin. The warm event was mitigated during mid
December by a wind-forced upwelling generating an equatorward 
coastal current compensating the poleward flow. Model qualitatively
reproduces the event but underestimates poleward flow and oxygen 
anomalies. Future work will focus on analysing fine-scale structures in
glider measurements and improving  the model's realism.
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