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• Large-scale context & forcings of precipitation changes in central and 

southern Chile 

• Gaps & open research questions on Patagonian precipitation climatology 

and change
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• Ok… global change mostly human-made

• Internal variability quite low globally 
(high signal-to-noise ratio)

• Larger uncertainties at regional scale
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‘La Niña’-like changes in the Pacific 

basin linked to known climate variability 

modes (PDO)
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Garreaud et al. (2019)

Direct causes of drying and megadrought 
in Chile
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Precipitation

1960-2016 trends (% dec-1)

• Long-term (50+ yrs) trends of large amplitude in northern 
Patagonia 

• Particularly strong during the austral summer
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GHG vs. stratospheric O3 forcings

Additive effects Similar impacts on SW South America.
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GHG vs. stratospheric O3 forcings
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Boisier et al. (2018)

• How may the difference with respect to model data be explained?

• How much natural variability may have contributed to long-term trends?

• Data artifact? (non-representative sample)

• Scale mismatch?

• Underestimated model sensitivities to CC?

• Southern edge of drying pattern?

Anthropogenic forcing very likely 
the major drivers of precipitation 
changes in 50+ yr

Climate change attribution
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the end of the 21st century by two different GCMs under a common scenario (Figure 3e,f). The two models 

chosen in this example show a drying tendency in the subtropical Pacific, in line with almost all CMIP5 

simulations, but differ clearly on the southern limits of this tendency. In one case (CESM-CAM5), the 

drying pattern expands farther south affecting a large portion of WP, while in the other (FGOALS-g2), the 

drying area is limited to central Chile and WP is rather be touched by the positive trends that dominate 

at higher latitudes. In line with the mechanism described previously, the spatial patterns of precipitation 

change match fairly well those simulated for zonal flow. Accordingly, these two models show a clear 

difference in the tipping point (latitude) splitting the regions with increased/decrease zonal flow, located 

~ 10º south in the CESM-CAM5 case. 

The large-scale control on the southeast Pacific circulation and WP precipitation, quantified with 

observations-based datasets, offers the possibility to settle benchmarks for model simulations, and to 

constraint uncertainties in climate projections. In this line, given the southern hemisphere patterns of 

change under external forcing (GHG), that project onto a positive SAM-like phase, a particular focus will 

be on the inter-annual variability of this phenomenon and its effect on the circulation and precipitation of 

the region of study.  

 

 

Figure 3. Interannual covariability of 850 hPa zonal wind component (U850) and precipitation in Western Patagonia. 

Upper panels show the Pearson correlation computed between U850, averaged over a domain in the southeast Pacific 

(grey box) and precipitation, based on ERA5 (a, b) and local rain-gauge data (c). Contour lines in panel a show the 

correlation between southeast Pacific U850 index and the U850 elsewhere. Panel d shows same analysis done with an 

ensemble of 32 CMIP5 GCM simulations (model mean). Panels e and f show annual U850 and precipitation change in 

2060-2100 with respect to 1960-2000, simulated under the RCP8.5 scenario in CESM-CAM5 and FGOALS-g2. 

observational data (dashed lines in Figure 3). Albeit the dataset uncertainties, this comparison 

indicates an underestimation of βP,SAM in most GCMs. Superimposed to the inter-model relation, this 

underestimation implies a negative bias in the amplitude of the drying projected to the future, 

validating the hypothesis raised before. 

This kind of diagnostics, in addition to the historical trends analysis, provides robust elements to 

reduce the uncertainties in near future projections. Given the various mechanisms triggering changes 

in precipitation, similar analyses are planned to be applied in idealized simulations (e.g., including a 

single forcing) to look for clearer relations within models. It is intended, also, to extend this study to 

other SH regions having similar conditions than central-southern Chile, namely South Africa, 

southwest Australia and New Zealand). 

 

Figure 3: Change in precipitation in the southeast Pacific normalized by the change in the SAM (∆PSEP/∆SAM), 

simulated by 33 CMIP5 GCMs under the RCP 8.5 scenario between the end of the 21st and 20th century, plotted 

against the present-day sensitivity of PSEP to the SAM variability (βP,SAM, linear regression coefficient). 

Observations-based βP,SAM values (dashed lines) are computed with local rain-gauge data in central-southern 

Chile and four SLP-based SAM indices, including Marshall et al., the HadSLP2 dataset and two reanalysis.  

 

4. Themes to develop in the long term 

4.1. Extreme events characterization and assessment of change in Chile 

As raised in the CR2 continuity plan, the assessment of change in regional climate and hydrological 

regimes needs to extend the analysis to consider the whole distribution of variables. The changing 

frequency of extreme events, having direct societal and economic consequences for local communities 

and the country, is likely the more patent way in which the global change affects socio-ecological 

systems.   

The activities intended in this line seek to support ongoing efforts within the CR2 to construct 

Differences in regional model sensitivities to 
global perturbations induce large uncertainties 
in projected climate in Patagonia 

Research gaps & opportunities



Observational limitations

Research gaps & opportunities

Alternative, derived spatially distributed data



CR2MET dataset

Reanalysis data 
(ERA-5) 

Topography

Local 
observations

Research gaps & opportunities



Concurso de Proyectos FONDECYT de Iniciación en Investigación 2019 

 

Figure 2. Precipitation in Western Patagonia. Top panels show the climatological mean annual accumulation in 1981-

2015 derived from local rain-gauge data and different gridded datasets spanning a long period (30+ years), including 

the reanalysis ERA-Interim, the Multi-Source Weighted-Ensemble Precipitation (MSWEP; Beck et al. 2018), the 

Climate Hazards Group InfraRed Precipitation with Station data (CHIRPS; Funk et al. 2015), a two ERA-Interim—

driven regional precipitation based on a dynamical (RegCM4, Bozkurt et al., submitted) and a statistical (CR2MET, 

Boisier et al., in prep.) downscaling approaches. Bottom panels illustrate a comparison of the various gridded products 

with local rain-gauge data in northwest Patagonia (box in top-left panel). Box plots indicate the distribution of the 

corresponding metric obtained over different locations (median, 25-75th and 5-95th percentiles). Note the biases and 

week inter-annual correlation between the observed and estimated precipitation. *MSWEP and CHIRPS products 

include an adjustment with local rain gauges. CR2MET_CV refers to a cross-validation assessment of CR2MET. 

 

It is not clear whether the rainfall trends observed in southern Chile represent a local response to 

anthropogenic climate forcing solely or the additive effect of natural and anthropogenic drivers. Neither 

is the southern edge location of these negative trends known. To a large extent, the precipitation regime 

south of 40ºS is uncertain because of a lack of observational sites allowing a proper regional-scale 

characterization. Given that most areas in WP are sparsely populated and have difficult access, the 

operational stations are mostly located inland (some of them on the leeward side of the Andes), where 

the annual accumulation is about an order of magnitude lower than the regime of few kilometers westward 

(Figure 2). Hence, the assessment of hydroclimatic changes and associated impacts in WP remain an 

important challenge. To circumvent the observational gaps, a number of studies have made use of 

reanalysis data or regional circulation models driven by reanalyses, albeit some known biases in these 

datasets (e.g., Rasmussen et al. 2007, Villarroel et al. 2013, Garreaud et al. 2013, Lenaerts et al., 2014, 
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Alvarez-Garreton et al. (2018)

Research gaps & opportunities

Systematic validation at the watershed level (CAMELS-CL project)

Dry bias in rain-gauge observations (undercatch)?
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Aplicación en cordillera 

Integración temas 

integrativos 2020-2021 

• Major storms & floods 

• HABs (?) 

* se contemplan nuevas obs. 

ECMWF Fifth generation 
reanalysis (ERA5)



• Need of a more robust precipitation data in Patagonia

• Constraint regional (austral Chile) sensitivity to global changes

> Magnitude of changes

> Tipping point in negative to positive precipitation responses

• Thermodynamic effect of future Pacific warming on precipitation (extreme events)

> 3-yr project (FONDECYT) will be focused in reducing uncertainties in Patagonian precipitation mean 

regime and change

Research gaps & opportunities
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Qué sabemos:

• El centro-sur de Chile experimenta una sequía sin precedentes por su extensión temporal

• Causas

- Señal ‘seca’ de largo plazo (cambio climático)

- Respuesta a fase negativa (La Niña) de la PDO + rol calentamiento en el Pacífico sur oriental

- Periodo seco debería revertirse parcialmente en la próximas décadas

• Cambios coherentes en fase producto de ciclos naturales (PDO) y CC antrópico explican fuerte 
tendencia de precipitación negativa en los últimos 40 años

• CC antrópico juega rol mayor en tendencias negativas de precip. de más largo plazo

- Respuesta de precipitación coherente con cambios en la circulación hemisférica

- Rol mayor de decaimiento de O3 en el sur de Chile durante el verano

- Amplitud de tendencias observadas mayor que las derivadas de modelos

• Gran impacto de MS y tendencias de precip. en hidrología superficial

Resumiendo…



Qué no sabemos:

• Explicación sesgo modelos-obs

• Sensibilidad regional “real” al CC antrópico

- Algunos indicios de una subestimación sistemática de esta sensibilidad en modelos

- Extensión austral de tendencias negativas

• Cambios en extremos hidro-climáticos

- Tormentas intensas (difícil de detectar)

- Cambios de SST leve en el Pacífico sur

- Inundaciones y rol de cambios en línea de nieve

• Contribución de la extracción y uso de suelo en tendencias hidrológica a escala regional 

Resumiendo…




