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In this presentation…. 
 

• South American (Andes) Climate 101 

• Leading modes of variability 

• Contemporaneous climate change 

• Why do we (climatologist) need SADA? 
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Wind-precipitation and Wind-SAT covariability 
at annual timescale (year-to-year) 

Garreaud et al 2013 



Central Andes Rainfall 
* Closely tied to moisture availability 
* Wind aloft controls the transport of moisture towards the Altiplano 

Falvey and Garreaud 2005 



Interannual Precipitation Variability  



Principales modos de variabilidad atmosférica 
ENOS – PDO – AAO (SAM) 

ENOS: El Niño – Oscilación del Sur 
PDO: Oscilación Decadal del Pacifico 

AAO: Oscilación Antártica (SAM: Modo Anular del Sur) 



Seasonal correlation between Precip/SAT and 
Multivariate ENSO Index (50 years of data) 
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Valores invernales del Índice Niño3.4 y Precipitación en Santiago (1876-2013) 



Central Andes (Altiplano Region) Interannual rainfall variability 



http://research.jisao.washington.edu/pdo/ 



Annual mean Precip/SAT regressed upon 
index of large-scale modes (50 years of data) 

Garreaud et al 2009 



Mean PDO Index  
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The error bars indicate the dispersion in 
the mean values when the initial or final 
year of each period is changed ±1 year 

Warm PDO periods Cold PDO periods 

PDO and central Chile precipitation 



r(PP-Chile Central, Nino3.4-MJJAS) 
Ventanas de ±15 años centradas en año j 
Ventanas de ±8 años centradas en año j 

Precipitacion Chile cental 

PDO Index 



 
The Southern Hemisphere Annular 
mode (SAM), or Antarctic 
Oscillation, is the leading mode of 
monthly and longer variability of the 
tropospheric circulation poleward of 
20ºS. 
 
 
SAM is tropospheric deep, highly 
symmetric mode, involving mass 
exchange between high and mid 
latitudes. What causes SAM is not well 
known, likely eddy – mean flow 
interaction 
 
The SAM has shown a trend toward 
decreases pressure over Antarctica 
(positive polarity; faster polar vortex), 
partially attributed to decrease in 
stratospheric O3. 
 
← AAOI regressed upon SLP (upper panel) and 
zonal average of zonal wind (lower panel) Thompson and Wallace 1999 

Oestes 
intensos 

Oestes 
débiles 



SAMi: Diferencia de presion 60°S-40°S 
SAMi mensual: Alta variabilidad + tendencia 

https://climatedataguide.ucar.edu/climate-data/marshall-southern-annular-mode-sam-index-station-based 



Annual mean Precip/SAT regressed upon 
index of large-scale modes (50 years of data) 



Climate Change 
The recent past and 

the near future 



 

Observed (U.Delaware) Precip trend (1960-2000) 
 

Aravena & Luckman 2010 



Comparación entre la precipitación de Pto. Montt 
y el caudal del Río Puelo (Fuente: Antonio Lara, UACH) 
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Contemporaneous rainfall trends in central Chile (Updated) 

Boisier et al. 2016 

2009-2015(?) 
drought 



 

Tendencias observadas de precipitación: ¿? 



Expansión de la Celda de Hadley 

Lu et al, 2009. GRL 



(a) ERA-40 (b) NNR   

-0.8   -0.6  -0.4   -0.2    +0.2  +0.4  +0.6   +0.8   ms-1/decade 

Linear trends in the annual mean zonal wind at the 850 hPa level using the (a) 
ERA-40 and (b) NCEP-NCAR reanalysis. Shading indicates the change between 
1968 and 2001 of a linear least squares trend fit calculated at each grid-box  

Downscale  the U-P, U-SAT relationships 



Tendencia hacia polaridad positiva de 
SAM/AAO 

Modelos sugieren un forzamiento radiativo 
y escaza contribución de  forzantes naturales 

Arblaster and Meehl, 2006. J. of Climate 



Greenhouse gases and Ozone: the main drivers of climate 
change 



Projections of Jet Position 
Implications for Patagonia hydro climate 



Southern SA Climate Change Projections 
Towards the end of century under A2 (RCP8.5) 

Estudio DGF/UCh-CONAMA 2007 empleando PRECIS  



Diferencia Pp A2(2100-2070) – BL(1960-1990) 
Obtained with a regional climate model (PRECIS) forced by Echam4 / A2 

dP (mm/año) dP/Pbl (%) 

Urrutia and Vuille 2009 



Cambios de Precipitación esperables por cambio de viento 

Minvielle and Garreaud 2010 

dP (mm) dP/Pbl (%) 



The central Chile Mega 
Drought…and why we need 
SADA? 



Grandes sequía contemporaneas 
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n = 1 
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La Megasequía 2010-2015 
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Pluviométrico 
(2010-2014) 

La Megasequía 2010-2015 
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Reconstrucción de precipitación en Chile central 
en base a crecimiento de anillos de arbol 

 
Solo 2 o 3 casos como la Mega sequia (>4 años 
con >30% de deficit)  en los últimos 1000 años 



Rainfall Z500 SST 
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AMIP-ORF AMIP-NHF CMIP5/RCP8.5 

La Megasequía 2010-2015 
Anomalías de precipitación, MJJAS, 2010-2015 

simuladas por diversos modelos. Defict observado ∼30% 
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Mean PDO Index  
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The error bars indicate the dispersion in 
the mean values when the initial or final 
year of each period is changed ±1 year 
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PDO and central Chile precipitation 
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points 
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Supplementary Material 
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General circulation in an aqua-planet 
Perpetual Equinox 
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Midlatitude precipitation 
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Variability of El Niño/Southern Oscillation activity at millennial timescales during the Holocene epoch 
Nature, 420, 162 - 165 (2002); doi:10.1038/nature01194 
Christopher M. Moy1,4, Geoffrey O. Seltzer1, Donald T. Rodbell2, and David M. Anderson3 

ENSO en el pasado 



ENOS en el futuro 



Greenhouse gases and Ozone: the main drivers of climate change 
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Obtained with a regional climate model (PRECIS) forced by HadCM3 / A2 
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Urrutia and Vuille 2009 

Diferencia T2m (2100-2070) – (1960-1990) 
Obtained with a regional climate model (PRECIS) forced by Echam4 / A2 

B2-LB A2-LB 



Tendencias recientes de temperatura…débiles. 





Greenhouse gases and Ozone: the main drivers of climate change 



SAM trends 1950-2011: Observations and attribution 
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La PDO y temperatura… 



Snowpack 

Streamflow 

La PDO y precipitación… 



Greenhouse gases and Ozone: the main drivers of climate 
change 





 

Tendencias observadas de precipitación: ¿? 





Multimodel mean diff. A2-BL 
in 200 hPa wind, summer 

Multimodel mean diff. A2-BL 
in zonal wind along 70°W 

summer 

Cambios de Circulación A2- BL 

Minvielle and Garreaud 2010 



Impactos en Hidrología 
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