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Exceptionally high biological productivity of 
the coastal ocean off Chile and Peru is due 
to the upwelling of cold, nutrient-rich 
waters. 

The upwelling variability is controlled to a 
large extent by the low-level along-shore 
winds through Ekman transport and Ekman
pumping.

Objective: Assess the impact of climate change associated to increasing green 
house gases on regional low-level wind. 

Surface Surface windwind isis a a keykey aspect aspect ofof thethe regional regional 
environmentenvironment
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AlongshoreAlongshore windwind regimeregime

10m-wind
Alongshore wind 
seasonal cycle

QuikSCAT 2000-2009

Color = rms
Contour = mean

Two regions of Coastal Jet events with 
local maxima in mean wind and variance 
near the coast
- off Central Peru (~15°S)
- off Central Chile (~30°S)



Bakun’sBakun’s hypothesis(1990)hypothesis(1990)



• The climate projections of the 
IPCC GCMs show an increase in 
surface pressure just to the south 
of the SEP anticyclone (Garreaud
and Falvey, 2009). The resulting 
increase in meridional pressure 
gradient drives an intensification 
of the southerly alongshore flow 
between about 25°S and 40°S.

• In the tropics, the IPCC models 
predict a reduction of the mean 
Walker (Vecchi and Soden, 2007)
and Hadley circulations (Zhang 
and Song, 2006; Held and Soden, 
2006; Gastineau et al., 2008)
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Future change in Future change in largelarge--scalescale conditionsconditions
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DownscalingDownscaling ofof thethe CGCM output. CGCM output. MethodMethod

10m wind speed 
simulated by a CGCM

10m wind speed 
from QuikSCAT
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DownscalingDownscaling ofof thethe CGCM output. CGCM output. MethodMethod

Statistical downscaling

Relationship between the large-scale 
predictors and region variables of 
interest

Y – regional variables (predictands)
X – large-scale variables (predictors)
ε – error

ε+= )( obsobs XFY FutureFuture
CGCM YXF ≈)(

F – Multiple linear regression 
Y – 10 m wind from QuikSCAT 2000-2008, 0.5x0.5°
X – 10 m wind + SLP from NCEP, 2.5°x2.5°

10m wind speed 
simulated by a CGCM

10m wind speed 
from QuikSCAT



Validation Validation ofof thethe downcalingdowncaling methodmethod

- The skill of the downscaling method is assessed by comparing with the 
surface wind derived from the ERS satellite measurements, with in-situ wind 
observations collected by ICOADS and through cross-validation

Correlation between downscaled products 
over 1992-1999 and ERS wind (contour –
explained variance in %) El-Nino (Sep 1997) – La-Nina (Dec 1998 )

(Goubanova et al., Climate Dynamics 2010)
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20C3M (1981-2000) A2 (2081-2100) A2 - 20C3M
m/s

April – September
Multimodel ensemble mean



SummerSummer changechange
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20C3M (1981-2000) A2 (2081-2100) A2 - 20C3M
m/s

October – March
Multimodel ensemble mean
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Change in alongshore wind seasonal cycle: A2 – 20C3M
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SeasonalSeasonal cycle changecycle change

Change in alongshore wind seasonal cycle: A2 – 20C3M
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RegionalRegional change in change in windwind regimeregime. . SummarySummary

1. Significant increase in upwelling favorable wind for the winter season: it reaches 
7.5% off Central Peru and 20% off Central Chile

2. Intensification of the coastal jet core off Chile in summer

3. A significant decrease (~5%) of along-shore wind off Peru during DJF

4. Increase of seasonal cycle in both zones of the coastal jet

5. Longer duration of the upwelling favorable season by ~3 weeks (2 months) off 
Central Peru (Chile). 

- Off Chile the change is consistent with increasing surface pressure south of the 
SEP anticyclone and with a dynamical downscaling experiment using PRECIS 
regional model (Garreaud and Falvey, 2009).
- Off Peru the change is weak; apparently inconsistent with some observational 
record ..



OnOn--goinggoing workwork & Perspectives& Perspectives

1. Using of statistically downscaled wind in order to force regional oceanic model 
(ROMS) under climate scenarios (Echevin et al 2010, submitted)

2.   Dynamical downscaling of wind using WRF model (CORDEX project):

- Wind + Heat flux for ROMS

- Study relative role of large- and small scale processes associated with change      
in wind



ThankThank youyou!!



WindWind off Central off Central PeruPeru: : VariabilityVariability atat ENSO ENSO scalescale



TongueTongue El Niño versus El Niño versus WarmWarm Pool (Pool (ModokiModoki) El Niño) El Niño

DJF



TongueTongue El Niño versus El Niño versus WarmWarm Pool (Pool (ModokiModoki) El Niño) El Niño
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TongueTongue El Niño versus El Niño versus WarmWarm Pool (Pool (ModokiModoki) El Niño) El Niño

2000-2009

Projections of anthropogenic climate 
change are associated with an increased 
frequency of the Warm Pool El Niňo 
compared to the Cold Tongue El Niňo 
(Yeh et al., 2009).

DJF


