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Introduction

In many regions of the U.S., the summer season is marked by the occurrence of extremely hot episodes that persist for more than several days, and often referred to as “heat waves”. These surface thermal extremes are usually accompanied by prominent large-scale circulation patterns, so called “atmospheric blocking”.
Atmospheric blocking is a large-scale quasi-stationary extratropical flow regime. It is commonly referred to as the situation when the midlatitude westerly jet and synoptic systems are interrupted by strong and persistent meridional flow.
Simulation of atmospheric blocking in most climate models is still very challenging. It has been suggested that the representation of blocking frequency in numerical models depends on many factors, including the mean state of the subtropical jet, orography and eddy forcing.

Data and Methodology

This study uses the NCEP-NCAR reanalysis datasets as the primary “observation” reference. Model simulations are conducted with the NCARDOE CCSM4. The CCSM4 as configured for this study is composed of an active global spectral atmosphere model (CAM4) for two different horizontal resolutions T85 and T341, which correspond to approximately 1.4° and 0.3° grid spacing, respectively. The climate is strongly constrained by the ocean data (prescribed), which is also another way to isolate the impact of resolving the smaller scales in T341 as compared to the ocean behavior differences of the two models.

The active regions for U.S. heat wave events are identified through a classis EOF analysis following (Lau and Nath, 2012), the corresponding regression is based on the corresponding principle components.

The blocking detection metrics employed here include a hybrid method that combines the 2-D statistics of blocking highs on 500 hPa and the associated meridional gradient characteristics [Dunn-Sigouin et al, 2013]. It can provide both the spatial and the temporal information of blocking events at the mid-troposphere.

Summary

In this study, the summertime heat waves in North America and the associated ridging/blocking activity are characterized using reanalysis data and global climate models with different horizontal resolutions (~120 km /~30 km) and ocean modules (prescribe/interactive).

The typical synoptic features accompanying the heat waves are depicted. The frequency of occurrence and intensity of the upstream blockings are examined.
The discrepancy between the reanalysis and the models on the heat wave characteristics as well as the upstream blocking activity is assessed by comparing the passage of synoptic-scale transients and its local reinforcement to the anticyclonic circulation. The result indicates: 1) a general agreement on the first moment of climatological distribution with different resolution; 2) the higher resolution model can improve the high-order moments of the atmosphere circulation, including the weather regimes, which is critical to a reliable simulation and projection of the climate extremes.
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