Science and Technology Infusion Climate Bulletin

NOAA'’s National Weather Service

39" NOAA Annual Climate Diagnostics and Prediction Workshop
St. Louis, MO, 20-23 October 2014

Fire and Ice - California Drought and ""Polar Vortex' in a Changing Climate

S.-Y. Simon Wang', Larry Hipps®, Robert Gillies*, and Jin-Ho Yoon?

Utah Climate Center / Dept. Plants, Soils and Climate, Utah State University, Logan, UT
2 Pacific Northwest National Laboratory, Richland, WA

ABSTRACT

The 2013-2014 California drought was initiated by an anomalous high-amplitude ridge system. The
anomalous ridge was investigated by Wang et al. (2014) using reanalysis data and the Community Earth
System Model (CESM). Analysis from observational data (NCEP/NCAR Reanalysis) showed that the ridge
emerged from continual sources of Rossby wave energy in the western North Pacific starting in late summer
and subsequently intensified into winter (Fig. 1). The ridge generated a surge of wave energy downwind and
deepened further the trough over the northeast U.S., forming a dipole. The wavelength of this dipole is rather
large (at zonal wave numbers 1-2 scale) surpassing the common short-wave patterns (zonal wave #4-6)
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Fig. 1 NDJ 2013-14 anomalies of geopotential height (red contours) and OLR
(color shadings) overlaid with the wave activity fluxes (vectors) for a three-
month period from June-August to November-January as indicated,
computed from the levels of (a) 850 hPa and (b) 250 hPa. Contour interval
is 25 m for 850 hPa and 50 m for 250 hPa; the zero and the first positive
and negative contours are omitted.

accompanying heat waves
and stormy weather (Chang
and Wallace, 1987; Screen
and Simmonds, 2014; Teng
et al.,, 2013; Wang et al.,
2013a). This long-wave
feature of the dipole
suggests a closer link with
SST teleconnection from
the tropical Pacific
(Wallace and Gutzler, 1981),
rather than with the higher-
latitude forcing that tends to
produce  shorter  waves
(Branstator, 2002).

Furthermore, the study
of Wang et al. (2014)
indicated that the dipole and
associated circulation
pattern is not linked directly
with  either ElI  Nifio-
Southern Oscillation
(ENSO) or Pacific Decadal
Oscillation. Instead, it is
correlated with a type of
ENSO precursor, one that
has a predominant signal in
the Western North Pacific
(WNP) and this dynamical
linkage has intensified in
recent decades (Wang et al.,

Correspondence to: S.-Y. Simon Wang, 4820 Old Main Hill, Logan, UT 84322; Email: simon.wang@usu.edu



38 SCIENCE AND TECHNOLOGY INFUSION CLIMATE BULLETIN
(a) Running variance: dipole index (b) Sliding correlation:
11 dipole index vs. Nino-4 (Y+1)
03 r/\'m 99
N \J %,
10 0.4 L‘[
0.3
9
0.2
=—320CR —20CR
8 —GHG 0.1 — GHG
—NAT 0.0 - [ WA\ T — AT
7 o1 1940 193 pF196N0 1970 1930 1990 \2000 2010
-0.2
6
-0.3
5 0.4

1930 1940 1950 1960 1970 1980 1990 2000 2010 1930 1940 1950 1960 1970 1980 1990 2000 2010

Fig. 2 (a) Running variance of the dipole index (x 10 m®) with a 30-year window plotted at the end year
beginning in 1900, derived from the 20CR (black), CESM1-GHG run (red) and CESM1-NAT run (blue).
(b) Sliding correlations between the dipole index and Nifio4 (Y+1) within a 30-year window
corresponding to (a). The dashed line indicates significance at the 99% level.

2013b). The variance of the dipole has increased, while the connection between the dipole and ENSO
precursor has become stronger since the 1970s; this is attributed to increased greenhouse gas loading as
simulated by the CESM (Fig. 2). As further verification, a recent study (Wang et al., 2015) using 17 models
from the Coupled Model Intercomparison Project Phase 5 (CMIP5) found that most models capture the
midlatitude circulation dipole, its association with ElI Nifio precursor, and its intensification under
anthropogenic greenhouse gas forcing (Fig. 3). Therefore, there is a traceable anthropogenic warming
footprint in the enormous intensity of the anomalous ridge during winter 2013-2014 and the associated
drought.
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Fig. 3 Moving variance of the dipole index (see text) over a

30-year running window, plotted at the end year, for the
ensemble of different experiments as indicated by the
legend. Error bars indicate model spread from all
members and all models. The dipole index was
normalized (between -2 and 2) prior to computing the
variance.

Wallace, J. M., and D. S. Gutzler, 1981: Teleconnections in the geopotential height field during the Northern
Hemisphere winter. Mon. Wea. Rev., 109, 784-812.



WANG ET AL. 39

Wang, S.-Y., R. E. Davies, and R. R. Gillies, 2013a: Identification of extreme precipitation threat across
midlatitude regions based on short-wave circulations. J. Geophys. Res.: Atmos., 118, 11,059-11,074,
doi:10.1002/jgrd.50841.

—, M. L'Heureux, and J.-H. Yoon, 2013b: Are greenhouse gases changing ENSO precursors in the western
North Pacific? J. Climate, 26, 6309-6322.

—, W.-R. Huang, and J.-H. Yoon, 2015: The North American winter ‘dipole’ and extremes activity: A
CMIP5 assessment. Atmos. Sci. Lett., in press.

—, L. Hipps, R. R. Gillies, and J.-H. Yoon, 2014: Probable causes of the abnormal ridge accompanying the
2013-2014 California drought: ENSO precursor and anthropogenic warming footprint. Geophys. Res.
Lett., 41, 3220-3226, doi:10.1002/2014GL059748.



