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Intensification of hot extremes in the United States
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[1] Governments are currently considering policies that
will limit greenhouse gas concentrations, including negotia-
tion of an international treaty to replace the expiring Kyoto
Protocol. Existing mitigation targets have arisen primarily
from political negotiations, and the ability of such policies
to avoid dangerous impacts is still uncertain. Using a large
suite of climate model experiments, we find that substantial
intensification of hot extremes could occur within the next
3 decades, below the 2°C global warming target currently
being considered by policy makers. We also find that the
intensification of hot extremes is associated with a shift
towards more anticyclonic atmospheric circulation during
the warm season, along with warm-season drying over
much of the U.S. The possibility that intensification of hot
extremes could result from relatively small increases in
greenhouse gas concentrations suggests that constraining
global warming to 2°C may not be sufficient to avoid
dangerous climate change. Citation: Diffenbaugh, N. S., and
M. Ashfaq (2010), Intensification of hot extremes in the United
States, Geophys. Res. Lett., 37, L15701, doi:10.1029/
2010GL043888.

1. Introduction

[2] World governments are currently considering miti-
gation policies that will limit greenhouse gas (GHG)
concentrations, including an international treaty to replace
the expiring Kyoto Protocol [United Nations Framework
Convention on Climate Change (UNFCCC), 2009]. Key
questions include the level of GHG forcing that should be
targeted and the urgency with which that target should be
achieved, with considerable discussion oriented around
trade-offs between avoiding policy-induced economic dam-
age and GHG-induced climate damage [e.g., Mastrandrea and
Schneider, 2004]. However, existing mitigation targets — such
as the target of 2°C global warming above pre-industrial
conditions set by world governments as part of the recent
Copenhagen Accord [UNFCCC, 2009] — have arisen pri-
marily from political negotiations. Although substantial
scientific work has focused on the climate system response to
varying GHG concentrations [Mastrandrea and Schneider,
2004; Meehl et al., 2007b], there remains uncertainty as to
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whether “dangerous” climate change impacts could emerge
below the target GHG envelope currently being considered
by policy makers.

[3] Hot extremes, which are an important source of
potential climate change impacts [e.g., Battisti and Naylor,
2009; Poumadere et al., 2005; Schlenker and Roberts, 2009],
can result from both large- and fine-scale climate processes.
For instance, the 2003 European heat wave was associated
with large-scale anticyclonic atmospheric anomalies [Meehl
and Tebaldi, 2004], with local and regional land coupling
both enhancing the large-scale circulation anomalies and
accounting for more than half of the hot-day occurrence
over much of the region [Fischer et al., 2007b]. Likewise,
the 20th-century Sahel drought has been attributed to a com-
bination of large-scale ocean-atmosphere teleconnections
and fine-scale land-atmosphere feedbacks [Christensen
et al., 2007]. Further, the response of hot extremes to high
levels of GHG forcing appears sensitive to both large-scale
atmospheric circulation and fine-scale surface-atmosphere
interactions [Diffenbaugh et al., 2005; Meehl and Tebaldi,
2004; Seneviratne et al., 2006]. Quantification of the poten-
tial for near-term intensification of hot extremes therefore
requires a climate modeling framework that can capture the
uncertainties associated with both large- and fine-scale cli-
mate processes.

2. Methods

[4] We employ the RegCM3 nested climate model [Pal
et al., 2007], using the grid of Diffenbaugh et al. [2005],
which covers the continental U.S. at 25-km horizontal res-
olution and 18 levels in the vertical. Our transient experi-
ment includes five members simulating the period from
1950 to 2039 in the A1B emissions scenario [Nackicenovic
et al., 2000]. The first year (1950) is discarded to account for
model equilibration. Each RegCM3 ensemble member uses
the same parameterization options (as by Diffenbaugh et al.
[2005]), with only the large-scale input varying between the
members.

[5s] Large-scale boundary conditions are provided by the
NCAR CCSM3 [Collins et al., 2006]. We use five of the
CCSM3 simulations archived as part of the CMIP3 inter-
comparison [Meehl et al., 2007a]. (These CCSM3 ensemble
members are identified by NCAR as c, e, bES, {ES, and gES.)
In order to generate the necessary sub-daily, 3-dimensional
atmospheric variables, we re-run the atmospheric component
(CAM3) from 1948 to 2039, using the original CCSM3-
generated SSTs and sea ice as boundary conditions for the
global atmosphere [see Trapp et al., 2009]. These CAM3
simulations use the same resolution as in the original CCSM3
simulations (T85 spectral truncation with 26 levels in the
vertical). We also analyze GCM output from the CMIP3
climate model archive [Meehl et al., 2007a], selecting the
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