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Zonal (east-west) mean flow over the Andes
Brown area: Terrain mean height

Dashed line: 500 hPa, half of the atmosphere below!
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The Andes cordillera and the main low-level circulation patterns
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A few effects of the Andes on the atmospheric circulation



Montgomery et al. Geology 2001
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1 Andean uplift leads to Atacama hyper-aridity 
by producing a rain shadow

2 Atacama hyper-aridity contribute to Andean 
uplift by…see next (Lamb and Davis 2000)

Two competing hypothesis



Andean uplift ► Atacama hyper-aridification

Hartley and Houston 2003



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



Fig. Lamb & Davis, 2003
Mod. Zachos et al., 2001

If Atacama hyper-aridification leads  to Andean uplift, what caused 
the increase in dryness over Atacama during the Miocene?



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 30 year long simulations altering one 
Boundary condition at a time
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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



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



Topography Experiments

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

LLJ



Topography Experiments

0.3*Topo minus Control (DJF) 

900 hPa winds and Precip % Precip (ΔP/Pc)
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Topography Experiments

DJF Precipitation



f = 0.1

f = 0.9

f = 0.7

f = 0.3

f = 0.5

f* = 0.3

To
po

gr
ap

hy
 E

xp
er

im
en

ts

mm/day

f*Topo minus Control (DJF) 



Topographic reduction factor

Pr
ec

ip
ita

tio
n 

ch
an

ge
 [P

e/
Pc

*1
00

 %
]

Andes only

Interannual
variability (σ)

SESA
(15-25°S 60-50°W)

Austral Andes
(45-50°S 80-70°W)

Topography Experiments
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UpwardSubsidence

Cold Adection

Deep convections warms the tropical / 
subtropical tropospher, producing a 
warm-core upper-level anticyclone

Strong cold advection occurs where the 
westerly flow “encounters” the upper-level 
warm region. Thermal balance requires 
enhanced susbidence, strengthening the 
SEP subtropical anticyclone

ΔP (less precip)

ΔT (cooling)

0.3Andes - Control

Control

Control

Rodwell-Hoskins 
Mechanism

Smaller Andes reduce rainfall over the 
interior of the continent and thus reduce the 
warming of the upper-troposphere…
less thermal gradient…
less cold advection….
less subsidence?



Topography Experiments

Temperature advection [10*K/day]
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DJF 400 hPa South American Region (60°S-20°N, 220°-360°E)



SST Experiments: SST(ϕ) only

Uniform SST minus Control SST/SAT
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Equivalent to shut
down coastal upwelling



SST Experiments: SST(ϕ) only

Sea Level Pressure: Uniform SST minus Control 



SST Experiments: SST(ϕ) only

Rainfall: Uniform SST minus Control 



U-SST minus Control (DJF) 

900 hPa winds and Precip % Precip (ΔP/Pc)
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SST Experiments: SST(ϕ) only
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U-SST minus Control (DJF) 

SST Experiments: SST(ϕ) only
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Summary

* The Andes impacts the atmospheric circulation in a wide 
range of temporal and spatial scales, both at tropical and 
extratropical latitudes

* Despite its importance, there are too many gaps in our 
understanding (and hence relatively few papers on these 
subjects), in part because the dramatic lack of in-situ data

* 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

* Preliminary experiments show that “removal” of the Andes 
doesn’t increase rainfall over the Atacama desert. Hyper-
aridity there is much likely produced by the cold SST along the 
coast.
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