
120°W 90°W 60°W 30°W

60°S

30°S

0°S

Andean Uplift and Atacama
 

Hypearidity: 
A Climate Modeling Perspective (*)

René Garreaud, Alejandra Molina, Marcelo Farias
Department of Geophysics
Universidad de Chile

(*) Conditionally accepted EPSL



120°W 90°W 60°W 30°W

60°S

30°S

0°S

S. Atlantic
Anticyclone

Midlatitude
Storm track

Continental
Low Level Jet

SE Pacific
Anticyclone

Midlat. Precip.

Tropical rainfall

SCu & Cold SST

High Andes & dry Atacama



Hartley and Houston 2003

High Andes & dry Atacama



High Andes & dry Atacama



Andean uplift ► Atacama
 

hyper-aridification



Andean uplift ► Atacama
 

hyper-aridification



Lamb and Davis; Nature 2003

Atacama
 

hyper-aridification
 

► Andean uplift



Sea level

Wet slip

Plenty of
sediment
transport

Abundant
rainfall

Dry slip

Little
sediment
transport

Deficient
rainfall

Sea level

Nazca Plate

Nazca Plate

Adapted from Lamb and Davis; Nature 2003

Atacama
 

hyper-aridification
 

► Andean uplift



Southeast Pacific Cooling ► Atacama
 

hyper-aridification



Conceptually, both Andean uplift and SEP cooling may 
increase dryness of the Atacama desert…it would be 
nice to use a “simple” climate model to study these two 
conditions.

We use PLASIM, an Earth System Model of 
Intermediate Complexity from Hamburg University:

• Atmospheric component: PUMA
• Simple slab model for SST and Sea Ice
• SIMBA for biosphere

We performed 50 year long simulations altering one 
Boundary condition at a time
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Model Validation

Long-term meanDJF 900 hPa wind
0.3*Topo (red) and Control (blue) 
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Feature Atmos-Only Full

Cold tongue Of course weak

Warm pool Of course Small

ITCZ Ok, too wide Too strong, too zonal

South American Monsoon Yes Yes

SH Storm Track Yes Yes

Orographic precipitation Yes Yes

Subtropical deserts Yes, but too small Yes, but too small

Subtropical anticylones Yes, but too wide Ok, too wide

SPCZ Yes No

SACZ Ok, but too short Yes

Model Validation



PLASIM Topography Experiments

Motivated by the previous wisdoms in the paleo-climate
and geological communities, we set up a numerical 
experiment using PLASIM. 30 years for each experiment.

Experiment Topography Ocean/Ice model

Control 100% Yes

Atmos Only 100% No

0.1Topo-f 10% everywhere Yes

0.3Topo-f 30% everywhere Yes

0.5Topo-f 50% everywhere Yes

0.7Topo-f 70% everywhere Yes

0.9Topo-f 90% everywhere Yes

0.3Topo-A 30% everywhere No

0.3Andes-f 30% South America Yes

0.3Andes-A 30% South America No



0.3*Topo minus Control (DJF) 

900 hPa winds and Precip % Precip (P/Pc)

PLASIM Topography Experiments
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Long-term meanDJF 900 hPa wind
0.3*Topo (red) and Control (blue) 
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PLASIM Topography Experiments
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Insel et al. 2009, Climate Dynamics
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REGCM Topography Experiments
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CTL Low Andes – CTL

Sepulchre et al. 2008
(Amazonia, Landscape and Species Evolution)

IPSL Model Topography Experiments
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Real World Topography Experiments



Real World Topography Experiments

Mountain height does control continental precipitation 
(via LLJ) but hardly coastal precipitation
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uSST: SST() only

wSEP: warmer
Southeast Pacific



PLASIM “Humboldt” Experiments

uSST minus Control (DJF) 

900 hPa winds and Precip % Precip (P/Pc)



PLASIM “Humboldt” Experiments

wSEP minus Control (DJF) 

900 hPa winds and Precip % Precip (P/Pc)



GFDL GCM “Humboldt” Experiments

Barreiro et al. 2005, Climate Dynamics



Barreiro et al. 2005, Climate Dynamics

GFDL GCM “Humboldt” Experiments
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Summary
• The Andes does organize precipitation over South 
America and is responsible for the existence of a 
low level jet that feeds convection at subtropical 
latitudes east of the Andes

• Climate model experiments show that “removal” of 
the Andes doesn’t increase rainfall over the 
Atacama desert, but rather dries up interior of the 
continent

• Hyper-aridity there is much likely produced by the 
cold SST along the coast, and hence related with 
the intensification of the Humboldt current



General Map Marine Transgression 15-13 Ma Marine Transgression 10-5? Ma



PLASIM land-sea mask

Original (Control) Modified (Transgresion)



DJF Control Tsfc / SST (contours)
TRANS-CTL Tsfc / SST (shaded)



DJF TRANS-CTL Precipitation (shaded)
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