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This study was inspired by the impacts El 
Niño events have  on weather patterns on 
North America such as:
● Jet stream is oriented from west to east 

across the southern portion of the United 
States, making the region more susceptible 
to severe weather outbreaks

● Increased rainfall in southern California 
makes the region prone to floods, coastal 
erosion, and landslides

● Less likelihood of an Atlantic hurricane   
hitting the continental US
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Research Design
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The El Niño-Southern Oscillation (ENSO) is an irregular pattern of 
alternating warm and cool sea surface temperature (SST) in the 
central and eastern tropical Pacific that modifies the tropical 
atmospheric circulation. An ENSO index was defined using the 
3-month average of SST anomalies over a region called the Niño3.4 
region in the central Pacific.

Composite anomalies are generated for strong warm events (>0.5 ℃). 
An eastward shift of precipitation anomalies occurs in a warmer 
climate, but no obvious consistent change in overall anomaly 
amplitude.

To better quantify the ENSO precipitation and teleconnections, 
metrics are created that encapsulate the differences between the past 
and future ENSO anomalies into single values. These values are then 
normalized by the historical to get a better idea of the magnitude of 
these changes.

This work has been supported by the National Science Foundation Research 
Experiences for Undergraduates Site in Climate Science at Colorado State 
University under the cooperative agreement No. AGS-1461270. Would like to thank 
the many climate faculty of the Atmospheric Sciences Department at Colorado 
State University for allowing me the opportunity to conduct this research.

Our results suggest that ENSO SST strength and teleconnection amplitude 
may weaken in a future warming climate, while the models do not agree on 
the sign of the change ENSO precipitation amplitude. This suggests that 
North America might be less impacted by ENSO variability in a warming 
climate, and extreme weather patterns in the U.S. may become less 
predictable than today. 
To understand why these teleconnections are weakening in a warming 
climate, we must better understand how ENSO precipitation affects the 
teleconnections over North America by looking at:
● Vertical velocities
● Vertical profiles of dry and moist static energy
In addition, as the models are improved in CMIP6, there is hope for better 
ENSO simulations and more reliable climate projections.

Composite anomalies are generated for strong warm events (>0.5 ℃). 
The strength of the El Niño teleconnections in geopotential heights 
decreases significantly by 2300

Radiative Forcing by 2100

            (G. P. Wayne 2013)

Models were used from the Climate Model 
Intercomparison Project Phase 5 (CMIP5) 
including historical and future simulations. 
The simulations we examine use 
Representative Concentration Pathway 
(RCP) 8.5, which indicates an anthropogenic 
radiative forcing of 8.5 W/m2. This 
represents how concentrations of 
greenhouse gases in the atmosphere might 
change in the future as a result of human 
activities if we assume business as usual 
burning of fossil fuels.

We looked at 15 models from CMIP5, and regressed precipitation onto 
the Nino3.4 index of each model. A pattern correlation with the 
observed regression from 1979 to 2019 allows us to identify the best 
models to examine future climate change impacts. Six models were 
chosen, with 4 of them having projections to 2300. 

Therefore, the aim of this research is to understand how the ENSO 
teleconnections over that region may be impacted in a future warmer 
climate.

● bcc-csm1-1
● CCSM4
● CNRM-CM5
● GISS-E2-R
● MIROC5
● NorESM1-ME

ENSO SST strength decreases, but does not lead to a consistent 
precipitation variability change.

Precipitation variability goes 
up in some models even though 
ENSO teleconnection decreases 
in amplitude.

Contour lines represent the historical 
simulation of the model.
Color shading represents the difference 
between the future and historical simulations.
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Contour lines represent the historical 
simulation of the model.
Color shading represents the difference 
between the future and historical simulations.
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Niño 3.4 region is bounded by 5°N to 5°S and 170°W to 120°W


