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Project Synopsis:  The goal of this work was to gain a comprehensive understanding of the key 

atmospheric mechanisms and physical processes associated with temperature extremes in order 

to better interpret and constrain uncertainty in climate model simulations of future extreme 

temperatures.   

Primary Research and Development Activities:  This work consisted of two overarching 

phases.  The first phase focused on understanding the key mechanisms associated with extreme 

temperatures over North America in the recent climate using observations and reanalysis.  The 

second phase focused on evaluating how realistically a suite of state of the art general circulation 

models (from the CMIP5 archive) simulate the mechanisms identified in the first phase.   

To begin the first phase, we used climate observations and a reanalysis product to identify the 

large-scale meteorological patterns associated with extreme temperature days over North 

America during the late twentieth century.  We found that temperature extremes were associated 

with distinctive signatures in near-surface and mid-tropospheric circulation.  The orientations 

and spatial scales of these circulation anomalies vary with latitude, season, and proximity to 

important geographic features such as mountains and coastlines.  This work was published in the 

Journal of Climate in October 2012 (publication details listed below).  Motivated by the 

similarity of some of these circulation patterns with large-scale, recurrent modes of climate 

variability, we next examined the associations between daily and monthly temperature extremes 

and large-scale, recurrent modes of climate variability, including the Pacific-North American 

(PNA) pattern, the northern annular mode (NAM), and the El Niño-Southern Oscillation 

(ENSO).  The strength of the associations are strongest with the PNA and NAM and weaker for 

ENSO, and also depend upon season, time scale, and location.   The associations are stronger in 

winter than summer, stronger for monthly than daily extremes, and stronger in the vicinity of the 

centers of action of the PNA and NAM patterns.  Our study of the associations between 

temperature extremes and large-scale, recurrent modes of climate variability was published in the 

Journal of Climate in February 2014 (publication details listed below).   

The second phase of this project focused on quantifying how well the climate models that 

participated in the Coupled Model Intercomparison Project Phase 5 (CMIP5) capture the patterns 

identified in the first phase.  Using a variety of metrics and self-organizing maps, we found the 

multi-model ensemble and the majority of individual CMIP5 models generally capture the 

observed patterns well, including their strength and as well as variations with latitude and season.  

The results from this project indicate that current models are capable of simulating the large-



scale meteorological patterns associated with daily temperature extremes and they suggest that 

such models can be used to evaluate the extent to which changes in atmospheric circulation will 

influence future changes in temperature extremes.  Results from the second phase of the project 

are in press at the Journal of Climate (publication details listed below). 

The project provided primary support for the training of Dr. Paul C. Loikith, who received his 

Ph.D. in Atmospheric Science from Rutgers University in 2012.  Upon the completion of his 

degree, Dr. Loikith went on to a position as a postdoctoral scholar at the California Institute of 

Technology/NASA Jet Propulsion Laboratory. 
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