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Andean uplift and Atacama hyper-aridification:
A climate modeling perspective
+ some new ideas to test
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Paleoclimate

My word-cloud based on paper’s abstract (2000-2010) 
and constructed using Wordle

In short time scales (days-centuries), climate-geomorphology uncoupled 
• Geomorphology is a fixed BC for climate
• Climate doesn’t alter landscape (actually, it does)

In long time scales (>10000 years), climate-geomorphology coupled 
• Geomorphology is not fixed an can alter climate
• Climate changes modifies geomorphology
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High Andes & dry Atacama
Factor I: Subtropical Location



High Andes & dry Atacama

Condiciones actuales hiper-áridas a lo 
largo del desierto costero. Sin embargo, 
abundante evidencia geológica de un 
pasado remoto (Ma) menos extremo en 
cuanto a déficit de precipitación

Calama
12 mm/decada

Iquique
6 mm/década



Hartley and Houston 2003

High Andes & dry Atacama
Factor II: Rain shadow effect



High Andes & dry Atacama

Posicionamiento de Sud América en rango actual de latitudes (80-100 Ma)



Andean uplift ► Atacama hyper-aridification



Andean uplift ► Atacama hyper-aridification



Lamb and Davis; Nature 2003

Atacama hyper-aridification Andean uplift
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Adapted from Lamb and Davis; Nature 2003

Atacama hyper-aridification Andean uplift



Southeast Pacific Cooling ► Atacama hyper-aridification

Philander et al. 2004

Perpetual ENSO Strong Humboldt



Conceptually, both Andean uplift (enhanced bloking of 
moist air) and SEP cooling (less evaporation from ocean) 
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
• Coarse resolution: 3ºx3º lat-lon

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



Model Validation



Model Validation

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

LLJ



0.3*Topo minus Control (DJF) 

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

PLASIM Topography Experiments



Insel et al. 2009, Climate Dynamics
Ehlers and Poulsen 2009, EPSL

REGCM Topography Experiments

CTL Low Andes



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

LLJ

PLASIM Topography Experiments

• Lower Andes
• Less lee-side subsidence
• Weaker continental low
• Weaker LLJ
• Reduced moist transport    
toward subtropics
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uSST: SST(ϕ) only

wSEP: warmer
Southeast Pacific



PLASIM “Humboldt” Experiments

wSEP minus Control (DJF) 

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



PLASIM “Humboldt” Experiments

Large scale field allows diagnostic of Precipitation
(Lenters and Cook 1995):

Precip – Evap = Convergence    +    Advection   +    Transient

Differences between wSEP minus CTL for a grid box over the SEP:

+2.5 mm                  +1.4 mm        +0.7 mm             +0.2 mm

In human terms, shallow, non-precipitating stratus embedded in a cool 
MBL are replaced by moderate-precipitating, trade wind cumulus in 
warmer MBL. 

SST



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



Picture courtesy of Aurelie Coudurier

Pacific ocean

Coastal scarp (∼1000 m ASL)

Pampa del Tamarugal
(absolute desert, ∼1000-1500 m ASL)

Altiplano (∼ 4000 m ASL)

Western cordillera

Some new questions: how does remote-past changes in northern 
Chile relief (specially coastal scarp) affected the Altiplano climate?



Lower troposphere over the SE Pacific
Cloud topped marine boundary layer (MBL) 
capped by a strong temperature inversion driven 
by subsidence

Simulated MBL Height x 2
Oct-Nov mean 



MBL height ∼ 1000 m ASL nearly constant along
the coast. This value results from a balance
between large-scale subsidence and turbulence
driven turbulence atop MBL

Low T, high q



High Andes & dry Atacama
Factor III: Diurnal circulations



South America monsoonal regime and Altiplano rainfall

Mean annual cycle
Colors: OLR (proxy of precipitation)
Streamlines: 200 hPa (~12 km) wind

Bolivian High



South America monsoonal regime and Altiplano rainfall

VIS and IR2 GOES images
during an active summer afternoon



Geographical distribution and diurnal cycle of 
the convective clouds over the central Andes



Ciclo anual y distribución espacial de PP



Summer Altiplano rainfall variability
An {Easterly flow (continental advection) – wet conditions}

relationship  is seen at synoptic, seasonal and interannual scales

Falvey and Garreaud 2005



Moist, cool MBL

Dry, warm air from 
the free troposhere Moist, warm air

Inversion layer
@ 1 km ASL

Current climate
Summer afternoon

Large-scale easterly 
flow

Dry 
zone

Moist, cool MBL

Moist, warm air

Inversion layer
@ 1 km ASL

ca 10 Ma
Summer afternoon

Large-scale easterly 
flow



Reduction of the coastal cordillera height 
likely produces more humid conditions in the 
western cordillera (westward expansion of 
the Altiplano winter regime)…but how much?

Numerical simulations with high horizontal 
resolution…

Wait about a year to find out….

Merci!
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