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Increased upwelling-favorable winds
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Bakun Weeks 2008

But ship wind data have spurious trends

due to

No clear trend off Peru & strengthening off central

Chile
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Bakun’'s Hypothesis: increased land/sea temperature gradient
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Introduction

[Anom. SST and SLP Trends
(1979-2005). Source: ERSST & NNR
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Increased winds off Chile in PRECIS-

Baseline conditions: SLP, winds and meridional speed (SONDIF)
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Strengthening & poleward expansion of South
Pacific anticyclone in CMIP3 GCM projections

Frictional balance near the Andes (Mufioz Garreaud 2005)

Alongshore wind driven by alongshore pressure gradi

ent
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1) Models and Data

2) Control Run Validation




Models and Data

LMDz05

Atmospheric GCM 4.9°x2.4°, 0.5° zoom over Peru-Chile , 19 vertical levels (Hourdin et al. 2006)
Forcing: * SST Climatology (AMIP, Hurrell et al. 2008) + GCM increment (IPSL-CM4)
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Models and Data

IPSL-CM4

CMIP3 GCM 3.75°x2.54°L19 (atmosphere), 2°x1°L31 (ocean) (Marti et al. 2010)

» Response to global warming similar to CMIP3 ensembl e mean
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Models and Data

LMDz1

8°%x2.6° global, 1° zoom over South America, 2-way nesting with global 3.75°x2.5° (Junquas et al. 2013)
Forcing : * SST Clim. (AMIP) + GCM increment (A1B multimodel mean)
* CO, from 20C3M, and doubled
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Multimodel mean (9)
CCCma CGCM3.1-T47, CCCma CGCM3.1-T63, CSIRO-MK3.0, GFDL CM2.0, GFDL CM2.1,




Models and Data

e GCMs 2N OBSEIVALONS

CMIP3 GCMs (12)

CCCma CGCM3.1-T47, CNRM-CM3, GFDL CM2.0, GFDL CM2.1, GISS-ER, INM-CM3.0, IPSL-CM4,
MIROC3.2(medres), MIUB-ECHO-G, MPI-ECHAMS5, MRl CGCM2.3.2A, UKMO-HadGEM1

SCOW and ERA-Interim
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Validation

Surface Winds
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Seasonal Coastal Jets: Vertical Structure

(b)

ERA-Interim (Winter, 15°S) (C) LMDz (Summer, 35°S) ERA-Interim (Summer, 35°S)
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(a) LMDz (Winter, 15°S)
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LMDz05 vertical structure agree with ERA-Interim  (e.g. boundary layer, coastal jets,
temperature inversion) despite overestimated jet @35°S

(b) (d)

(a) LMDz1 (DJF, 15°S) ERA-Interim (DJF, 15°S) (C) LMDz1 (DJF, 30°S) ERA-Interim (DJF, 30°S)

Topography (Zoomed Grid)
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LMDzl wind vertical structure agree with ERA-Interim despite displaced jet @30°S

But weak inversions with cold bias = common problem in models (Garreaud et al. 2001)
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Changes

Changes in Winds and Anticyclone

(b) (c) (d)

LMDz 0.5° 2CO2-PI DJF LMDz 0.5° 4CO2-PI DJF LMDz 0.5° 2CO2-PI JJA LMDz 0.5° 4CO2-PI JJA
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Increased winds off central Chile, reduced winds of  f Peru
Anticyclone southward shift  consistent with IPSL-CM4
Largest changes in summer. Quasi-linear response to CO, increase

Similar to Goubanova et al. 2011  with stronger summer wind decrease off Peru




Changes in Wind Stress Curl
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Cyclonic nearshore WSC associated with wind drop-off contributes to coastal upwelling

Small-scale noise near 15°S (bias)

Response similar to alongshore wind

. increase off central Chile, reduction to the north

Quasi-linear response to CO, increase



Role of the Alongshore Pressure Gradient

Alongshore momentum budget
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Reduced Peru winds associated with
reduced along. P. G.

Increased Chile winds associated with
poleward shift / increase of max.
along. P. G.
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Alongshore and cross-shore P. G. are in phase

But land/sea thermal contrast increases everywhere =>

Alongshore Wind
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as in Munoz Garreaud 2005 (not shown)
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Cross-shore thermal contrast

Bakun’s hypothesis not confirmed off Peru



Changes

Sensitivity to Model and Scenario: LMDz1
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Moderate wind and along. P. G. increase except near the equator

Anticyclone intensification, no shift  : overestimated in IPSL-CM4?




Origin of Alongshore Pressure Gradient Changes

a) Alongshore wind trend: DJF £ b) Alongshore wind trend: JJA
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Off Chile : along. P. G. changes driven by South Pacific anticyclone (strength, position)

Off Peru : * the anticyclone may be too far away for its intensification to have an influence (LMDz1), but its
poleward shift may play a role (LMDz05).

* large dispersion in GCM response off Peru suggests other mechanisms may be at play

— Precipitation/Wind/SST feedbacks in the tropics?



a) cccma_cgem3_1

Precipitation/Wind/SST in GCMs

b) cnrm_cm3
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Warm and moist biases off Peru in CMIP3
GCMs (Christensen et al. 2007)

Strong warming off northern Peru  with
increased rainfall and northwesterly
anomalies in many GCMs including IPSL-CM4

Likely associated with increased convection



Changes

PreciEitation/Wind In LMDz
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Changes

Meridional Wind and Convection

Vorticity budget
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Conclusion

» Dynamical downscaling off Peru-Chile to study the response of alongshore wind
and wind stress curl to idealized climate scenarios .

» LMDzO05 forced by IPSL-CM4: weakening of upwelling-favorable winds and
Ekman pumping off Peru and northern Chile , intensification off central Chile

with a quasi-linear response to CO, increase.




Conclusion

“

» Consistently with previous studies, the alongshore wind is driven by the
alongshore pressure gradient (frictional balance resulting from the Andes). Thus
the increased Chile winds are likely due to polewar  d shift and/or an
intensification of the South Pacific anticyclone

» The reduced Peru winds in summer may be related to an  omalous upward
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