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1. Introduction
Recent multiyear droughts in California and the Great
Plains coincide with an extended period of arid conditions
over much of the contiguous United States that began in
1999, with severe regional droughts occurring in 1999,
2002, 2006, 2008, and 2011. Understanding the
mechanisms and probability for drought onset, persistence,
and intensity is paramount for decision makers, who must
assess potential impacts and management options. If there
is long-term predictability for drought, the “memory” for
this predictability resides with the global oceans, but
precisely how the global oceans influence observed North
American drought remains unresolved. In this study, we
expand on previous studies by focusing on AGCM
simulations where the decadal and interannual signals are
effectively separated in order to examine how the cold
phase Pacific SSTA patterns associated with different
time scale variability impact hydroclimate over the
contiguous United States, with a particular focus on the
differences in amplitude of the equatorial and midlatitude
SST anomalies and precipitation over the Great Plains
region.
2. Models, modeling methodology, and data
Idealized AGCM simulations performed by members
of the U.S. CLIVAR Drought Working Group (DWG)
were used in this study. The low-frequency (LF) and
high-frequency (HF) AGCM simulations of interest for
this study were carried out by three of the five agencies
that contributed AGCM data to the DWG in addition to
the baseline simulations noted above. The three models
are:

Fig. 1 The SST anomaly patterns (°C) used in
forcing for experiments with principal
components: (a) PcAn, (b) LFc, and (c) HFc.
The top panels are the idealized anomaly
patterns of each type and the bottom panels
are the climatologically varying SSTs by
years.

1. The NASA Global Modeling and Assimilation
Office (GMAO) NSIPP, version 1 (NSIPP1)
AGCM at 3° × 3.75°, L34 resolution (Bacmeister
et al. 2000; Schubert et al. 2002).
2. The National Oceanic and Atmospheric
Administration’s (NOAA) Climate Prediction Center Global Forecast System (GFS) AGCM at 2° ×
2°, L64 resolution (Campana and Caplan 2005).
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3. NOAA’s Geophysical Fluid
Dynamics Laboratory (GFDL)
Atmosphere Model, version 2.1
(AM2.1), AGCM at 2° × 2.5°, L24
resolution (Delworth et al. 2006).
For the DWG AGCM simulations,
idealized SST anomaly patterns are fixed in
time and superimposed on climatologically
varying SSTs derived from the Hadley
Centre Sea Ice and Sea Surface
Temperature dataset (HadISST; Rayner et al. Fig. 2 The regions of the United States used to form averages
2003) for the period 1901–2004. The SST
in Figs. 3 and 4
pattern for the Pacific (PcAn; Fig. 1a)
comes from the baseline experiments. (See Schubert et al. 2009 for methodology and derivation of SST
patterns). Note that the principal component (PC) time series associated with the PcAn pattern in Fig. 1a
captures the interannual variability of ENSO in addition to variability on decadal time scales. The Drought
Working Group also produced patterns of SST anomalies associated with the low-frequency (LF) and highfrequency (HF) tropical Pacific SST variability. The low-frequency cold (LFc) and high-frequency cold (HFc)
patterns are shown in Figs. 1b and 1c, The patterns of the anomalies are similar in a broad sense (spatial
correlations for PcAn and LFc, r = 0.93; PcAn and HFc, r = 0.9; and LFc and HFc, r = 0.79); however, the
amplitude of the equatorial (midlatitude) anomalies differ by up to 1°C (0.3°C) between the different patterns.
The GFDL AM2.1 and NASA NSIPP1 simulations were run for 50 yr and the NCEP GFS for 35 yr. For the
purposes of the regional analysis in this study, the contiguous United States is divided into six subregions (see
Fig. 2); the northern–southern western United States, the northern–southern Great Plains, and the northern–
southern eastern United States.
3. Research highlights
Overall, there is agreement with previous results using the DWG model data, as all of the models
simulated drought conditions over large portions of the contiguous United States for the La Niña–like PcAn
SST forcing pattern. Building on previous results of the DWG, the current study finds differing levels of
sensitivity to regional differences in prescribed Pacific SST forcing patterns with respect to internal
atmospheric variability in the three AGCMs. The coherence of the AM2.1 responses for all forcing patterns
and across all seasons (Fig 3a and d) suggests the model is overpredicting the strength of the tropical SST
signal. Internal atmospheric variability and land–atmosphere interactions were shown to influence the GFS
model response, though the shorter simulations also play a role in the reduced significance of the results
presented (Fig. 3c and f). The SST forced response in the NSIPP1 AGCM (Fig 3b and e) is a function of the
relative amplitude of the SST forcing in the tropics and middle latitudes, with detectible constructive
interference between the two signals, similar to that seen between ocean basins (McCabe et al. 2004; Schubert
et al. 2009). The current study points to a more significant role for the extratropical component of the SST in
forcing the precipitation response; particularly over the western United States and northern Great Plains, via
distinctly different teleconnections. In light of the results presented, it is certainly reasonable that the
amplitude of the Pacific (PcAn) pattern dominated the drought response in the earlier works by the U.S.
CLIVAR Drought Working Group (Schubert et al. 2009), when compared to the multidecadal Atlantic and
warming trend patterns.
While the large equatorial component of the PcAn forcing may not be appropriate for comparison with
the decadal- and century-scale Atlantic multidecadal oscillation (AMO) and global trend pattern, it is critical
in the context of understanding the observed variability of the Pacific. The PcAn pattern can be seen as a
“worst case” scenario for drought that is all the more relevant considering the recent occurrence of multiyear
La Niña events (1998–2001, 2007–09, and 2010–12). The amplified response to the combined PcAn pattern
seen in the NSIPP1 AGCM suggests that the severity of several recent droughts, particularly in the U.S.
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Fig. 3 Annual mean (labeled MN in the top far left of each panel) and monthly precipitation climatology
and simulated precipitation response with respect to control (PnAn) averaged over (a)–(c) the northern
Great Plains and (d)–(f) the southern Great Plains. Model annual mean and monthly mean climatology
is shown with dark blue bars for each case; and observed annual mean and monthly climatology are
shown with light blue bars (right-hand side y axis; mm month−1). Annual mean and seasonal response
of HFc (red), LFc (green), and PcAn (brown) compared to climatology control run. Solid circles
indicate confidence at 90% (left-hand side y axis; mm day−1).

Southwest and Great Plains, is likely influenced by the combined cold decadal pattern that has prevailed since
the late 1990s (Burgman et al. 2008, Clement et al. 2009) and the large number of individual La Niña events.
This work has been published in Journal of Climate in 2015.
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