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Abstract

This study shows that the four main phases of springtime El Nifio-Southern Oscillation
(ENSO) evolution (persistent versus early-terminating El Nifio, and resurgent versus
transitioning La Nifia) are linked to distinctive spatial patterns of the probability of U.S. regional
tornado outbreaks. In particular, the outbreak probability increaseﬁniﬁcanl]y up to 27% over
the Ohio Valley, Upper Midwest and Southeast when a La Nifia persists into the spring and is
followed by another La Nifia (i.e., resurgent La Nifa). The probability also increases
significantly up to 38%, but mainly in the South, when twacar La Nifia transitions to an El
Nifio (i.e., transitioning La Nifia). This study also shows that the North Atlantic sea surface
temperature tripole 1s linked to the tornado outbreak probability over the Southeast and Upper
Midwest n early spring, although this link may not be completely distinet from ENSO. These
changes in outbreak probability are shown to be largely consistent with remotely forced regional

changes in the large-scale tropospheric circulation, low-level wind shear, moisture transports and

extratropical storm activity.
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1. Introduction

The latest U.S. Natural Hazard Statistics reported that during 2004-2013 tornadoes claimed
1.091 lives in the U.S_, only trailing behind heat-related fatalities, and caused 21 .6 billion dollars
in property and crop damages (Table S1). An early prognosis of tornadogenesis combined with
an effective warning system will prevent many deaths and serious injuries. A parallel effort to
expand the current severe weather outlooks beyond seven days will also help emergency
managers, government officials, businesses and the public to better prepare their resources to
save lives and to protect eritical infrastructure.

As summanzed in a recent review [Tippet ef al.. 2014], notable advances have been made
since 2011, the year of the record-breaking tornado outbreaks in the U.5., on the potential of
expanding the severe weather outlook e National Oceanic and Atmospheric Administration
(NOAA) bevond weather time scales |Tippett al, 2012; Weaver et al., 2012; Barrett and
Grensini, 2013; Lee et al., 2013 Thompson and Roundy, 2013, Elsner and Widen, 2014, Allan et
al., 2015]. Among others, Lee J'. [2013] showed that the majority of the extreme U.S. tornado
outbreaks in e most intense tornado months of April and M&dun’ng 1950-2010 were linked to
a positive Trans-Nifio (i.e., a posilive zonal gradient of sea surface temperature anomalies
(SSTAs) from the central tropical Pacific (CP) to the stern tropical Pacific (EP)). typically
occurring during the boreal spring following the peak of La Nifa [Trenberth and Stepaniak,
2001: Lee et al.. 2014a). They showed using observations and modeling experiments that a
positive Trans-Nifio could enhance rge-scale atmosphere conditions conducive to intense
tornado outbreaks over the U.S. via extratropical teleconnections. Recently, Allen et al. [2015]

showed that La Nifia events persisting into the spring could increase U.S. tornado activity,

especially over Oklahoma, Arkansas and northern Texas, and vice versa for El Nifio events
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pisisting into the spring. They used Mar-ch-April-May (MAM) SS8TAs in the Nino3.4 region
1 29
(120°W-180°W and 5°S-5"N) to identify El Nifio-Southern Oscillation (ENSO) events persisting

into the spring. Krishmanmirthy zﬁ'_ [2015] further showed that the seasonal phasing of ENSO is
24
critical to its impacts on the North American low-level jets, which influence U,.S. tornado
3
activity by controlling low-level vertical wind shear and moisture availability [Mufioz and

Enfield, 2011; Weaver et al., 2012].

These recent findings have identified ENSO as a potential source of asonal predictability
for U.S. tornado activity. However, it should be noted that ENSO ua]]y decays rapidly in
spring, which 1s the most active tornado season, ort]y after reaching its peak in winter. uring

this time, the SSTAs in the tropical Pacific are typically much weaker in amp]ituﬁ: and their
2
spatial structure becomes much less coherent [c.gaf,ee et al. 2014a). Additionally, every ENSO

event is somewhat different from others, which is especially true duning the dsyﬁngtime ENSO
phase evolution [Trenberth and Stepaniack, 2001, Chiang and Vimont, 2004, Yu and Kim, 2010,

Lee et al., 2014a; Yeh el al., 2014; Capotondi et al, 2015]. For example, an ENSO event, while
weakening during or after spring, may subsequently evolve 0 the onset of another ENSO event
with either the same or opposite sign in the subsequent months (., 1986-1987 El Nifio, 1987-
1988 Niﬁo and 1988-1989 La Nifia). Hence, it is unlikely that the complexity of springtime

ENSO phase evolution can be characterized by using a single ENSO index such as the Nino3.4
index or Trans-Nifio index.

Given the previous finding that ENSO may provide the seasonal predi.-:;tabi]ity of US.

4
tornado outbreaks in spring, there is a clear need to better characterize the springtime ENSO
phase evolution and its link to U.S. tornado activity. On this issue, a new method was recently

presented to objectively characterize and explore the differences in the space-time evolution of
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equatorial Pacific SSTAs observed during El Nifio events [Lee e.'.a.-'.., 2014b]. An application of
7
this method to the 21 El Nifo events during 1949-2013 captured two leading orthogonal modes,

which explain more than 60% of the inter-event variance. The first mode distinguishes a strong
and persistent El Nifio from aak and early-terminating El Nifio (Figures 1a and 1b). A similar
analysis applied to the 22 La Niiia events during 1949-2013 also revealed two leading orthogonal
modes, with its first mode distinguishing a resurgent La Nifia and a transitioning La Nifia
(Figures lc and 1d).

The main objective of this study is to further advance our understanding of the relationship
between the springtime ENSO phase evolution and regional U.S. tornado outbreaks. To achieve
this and to move forward with the goal of vc]oping a seasonal outlook for U.S. tornado
outbreaks, we first present a new metric to measure the probability of tornado outbreaks within
an area centered at a given geographic location (section 2). Then, we use that metric to explore
the probability of tornado outbreaks in various regions of the U.S. under the four dominant
phases of springtime ENSO evolution identified in Lee ef al. |[2014b] (section aand to explain
the associated atmospheric processes (section 4). We also report a potential link between the

North Atlantic SST tripole and U.S. regional tornado outbreaks in early spring (section 3).

Finally, we discuss further research that is needed to develop a seasonal outlook (section 6).

2, Statistical Mtamds and Data Used
5
To develop a seasonal outlook for U.S. tornado outbreaks, it is impu:ﬁant to understand
3
exactly what a seasonal outlook can and cannot predict. First of all, tornadogenesis i1s a

mesoscale ]ﬁblem that requires overlap of very specific and higal':ly localized atmospheric
3
conditions |e.g., Doswell and Bosart, 2001]. Therefore, it cannot be adequately captured by
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large-scale and long-term averaged atmospheric fields. In other words, a seasonal outlook cannot

pinpoint exactly when, where and how many tornadoes may strike. Instead, a seasonal outlook

may predict in terms of probability which regions are more vulnerable to, or more likely to
experience, a widespread outbreak of tornadoes.

To move forward with the goal of developing a seasonal outlook, we propose a tornado
outbreak index, which can be used to measure the probability that a tornado outbreak may occur
in a predefined region. The following steps describe a method to compute the proposed tornado
outbreak index for 1950 - 2014 using the Severe Weather Database (SWD) from NOAA. The

2

Fujita scale-0 (FO) tornadoes are excluded in our analysis to avoid a spurious long-term trend

the SWD [e.g., Perbout et al., 2006; Lee et al, 2013]. Additionally, the number of F1-F3

tornadoes 1s weighted in such a way that one Frn tornado is treated as #» number of F1 tornadoes.

1) The first step 1s to count the weighted number of F1-F5 tornadoes within a circle of 200 km
radius from the center of each 1°<1% grid point for 5 consecutive davs. This i1s referred to as a
5-day overlapping tornado density - one value for each day and grid point.

2) The second step is to define the outbreak threshold as the 99th percentile of the tornado
density values for each calendar month and grid point. Note that different threshold values
are used for each grid point and calendar month to account for the regionally and seasonally
inhomogeneous distribution of tornado statistics.

3) The final step is to identify months with one or more outbreak days to construct the monthly
aS. regional tornado outbreak index for each grid point.
or a subset of data, the numbers of outbreak and non-outbreak vears can be counted to

compute the probability of U.S. regional tornado outbreaks. Figure S1 shows the outbreak

threshold values of the tornadoe density, and the 90th and 95th percentile probabilities of U.S.
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regional tornado outbreaks for March, April and May, obtained by using the steps described
above.
In the following sections, we explore the probability of tornado outbreaks in various regions

of the U.S. under the four dominant phases of springtime ENSO evolution (Figure 1). We use the

Extended Reconstructed Sea Surface Tempﬁtum version 3b (ERSST3), an in situ analysis of
28
global monthly SST on a 2°+2° grid [Smith et al., 2008, to 6mputc the leading modes of ENSO
35
variability for the period of 1949-2013 as discussed in Lee ef al. [2014b]. The Twentieth Century

Reanalysis (20CR) [Compo et al., 2011] and the National Centers for Environmental Prediction-

Mational Center for Atmospheric Re.search (NCEP-NCAR) reanalysis [Kalnay ef al., 1996] are
12
also used to derive atmospheric anomalies associated with the four dominant phases of

springtime ENSO evolution.

3. Springtime ENSO Phases and Their Lin.ks to U.S. Regional Tornado Qutbreaks
1
Figure 1 shows the time-longitude plots of the tropical Pacific SSTAs, averaged between 5°S

and 5°N, for the four leading cases of EN&O variability reproduced from Lee et al. [2014b]. The
1
first case exhibits strong and positive SSTAs in the EP di'ing the peak season persisting
1
throughout the boreal sprinfﬁ-l- 1). and thus is referred to as a strong and persistent El Nifio case

(e.g., 1982-1983 El Nifio), hereafter, any month/season in an ENSO onset year 1s identified by
the suffix (0), whereas any month/season in an ENSO decay year by the suffix (+1). The second
case 1s characterized by relatively weak positive SSTAs in the CP durning the peak season and
rapid development of cold SSTAs in the EP shortly after the peak season, and thus is referred to
as aeak and early-terminating El Nifio case (e.g.. 1963-1964 El Nifio). The third case describes

a La Nifia persisting into the spring (+1) and evolving to another La Nifa, and thus is referred to
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as a resurgent La Niiia case (e.g.. 1998-1999 La Niiia). This case is also frequently referred to as
a two-vear La Nina in the literature [e.g.. DiNezio and Deser, 2014]. Finally, the fourth case
scribcs a two-vear La Nifia transitioning to an El Nifio, and thus is referred to as a transitioning
La Nifia case (e.g., 1971-1972 La Niiia). Note that these four leading cases of ENSO variability
mainly describe ENSO phase evolution in the spring (+1) following the peak of ENSO in boreal
winter. For more details on the atmosphere-ocean dynamics linked to the leading modes of
ENSO wvariability, the reader is referred to Lee ef al. [2014b].

Figure 2 shows the composite SSTAs for the four dominant phases of springtime ENSO
evolution in MAM (+1) and the corresponding probability of regional tornado outbreaks in April
(+1). See Figures S3-86 in the supporting information for the composite SSTAs and the

robability of outbreaks in March (+1) and May (+1). The gray dots indicate that the SSTAs are
statistically significant at 90% based on a Student’s f-test. Similarly, the black dots mean that the
probability of tornado outbreaks talistica]]y significant at 90% based on the exact binomial
test of the null hypothesis, i.e., the springtime ENSO phases have no effect on the probability of
tornado outbreaks. For each case, we used eight to eleven actual ENSO nts for the composite
analysis based on the sign and amplitude of the leading principal components of El Nifio and La
Nifia variability (see Table S2 for the list of ENSO events used).

As shown in Figures 2a and 2e, the probability of U.S. regional tornado outbreaks in April
(+1) is low overall (5% or less) when a strong El Nifio persists into the spring (+1) after its peak
(1.e., persistent El Nifio). The probability of outbreaks may reach as high as 25% along the
Mississippi river and over New York and central Flonda. However, they statistically

insignificant at the 90% confidence level. The overall low probability of outbreaks shown in

Figure 2e implies that the outbreak frequency is largely suppressed by a strong El Nifio that
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persists throughout the boreal spring (+1), as suggested by Allen et al. [2015]. However, the
statistical significance of the reduction cannot be established since the frequency distribution of
the outbreak chance 1s highly skewed to the night.

Similar to the persistent El Niiio case, when a weak El Nifio terminates early and cold SSTAs
develop over the EP in the spring (+1) (i.e., early-terminating El Nifio), the probability of
outbreaks is also low overall (5% or less) although it increases somewhat in limited regions over
Missouri and northern Texas in April (+1) (Figures 2b and 2f), and over lowa, Wisconsin and
Illinois in May (+1) (Figure S4f).

When a La Niiia persists into the spring (+1) and evolves to another La Niiia (i.e.. resurzent
La Niiia), the probability of outbreaks increases sigmificantly up to 27% n Apnil (+1) in wide
ﬁ;c—ns in the Ohio Valley, Southeast, Upper Midwest and Great Plains (see Figure 52 for the
%. climate regions as defined by the National Climate Data Center). particularly Nebraska,
Inois, [ndiana, Kentucky, Tennessee, Mississippi, Alabama, Georgia, Virginia, North Carolina
and Wisconsin (Figures 2¢ and 2g). It is interesting to note that the record-breaking 2011 tornado
outbreaks occurred during a resurgent La Nifia. Similarly, the super tornado outbreaks in 1974
occurred during a resurgent La Nifia.

As shown in Figure 2d, when wo-ycar La Niiia transitions to an El Nifio (i.e., transitioning
La Niiia), the cold SSTAs in the CP are nearly dissipated away while the warm SSTAs in EP
become strong and statistically significant in MAM (+1). In this case, the probability of tornado
outbreaks increases strongly and significantly up to 38% in the South U.S.. particularly over

Kansas, eastern Colorado and Texas in Apnl (+1) (Figure 2h), and over southern Texas in March

(+1) (Figure S6f).
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Two important questions arise among others as to why the probability of US. regional
tornado outbreaks increases in the spring following the peak of La Nifia, and why the regions
affected during the resurgent La Nifia case are quite different from the regions affected during

the transitioning La Nifia case. We attempt to address these questions in the next section.

4. Springtime Atmospheric Variability over the U.S. Linked to ENSO Phases
It is well known that La Nifia causes the winter atmospheric jet stream to take an unusually

wavy southeastward path into the U.S. from southwestern Canada, thus bringing colder and drier

upper level air to the U.S. Hence. the winter storm acli\-‘ili over the U.S. tends 1o increase,
causing more frequent wet conditions particularly over the hio Valley [e.g.. Ropelewski and
Halpert, 1986, Eichler and Higgins, 2006; Mo, 2010]. As shown in Figure 3a, in the spring (+1)
of the resurgent La Nifia case, an anomalous cyvelone develops over the U.S. bringing ﬁlder and
drier upper-level air to the U.S., and thus the extratropical storm activity increases, sggesting
that the mechanism through which La Nifia affects U.S. weather in winter months still prevails in
the spring (+1) of the resurgent La Nifia case [Lee ef al., 2014a]. The anomalous cvclone and the
associated increase in equivalent barotropic winds in turn enhance the low-level vertical wind
shear (850 - 1000 hPa) east of the Rockies, and shift the moisture stream originating from the
Gulf of Mexico more toward the east (Figure 3b), thus producing a set of favorable atmospheric
environments for tornado outbreaks in the Southeast and Ohio Valley, consistent with Figure 2g.
In the spring (+1) of the transitioning La Nifia case, on the other hand, the extratropical storm
activity decreases slightly over the South and Southeast. Consistent with this feature, an
anomalous anticyclone forms east of the Rockies inducing anomalous southerly winds over the

South (Figure 3c¢). Therefore, the low-level vertical wind shear increases over the South and the
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moisture stream from the Gulf of Mexico 1s enhanced more toward the South (Figure 3d). These
changes in the atmospheric environments are largelv consistent with the increased probability of
tornado outbreaks in the South (Figure 2h).

The large-scale atmospheric patterns in t.h-:r spring (+1) following the peak of El Nifo are
1
largely opposite to those following the peak of La Nifia [e.g., Lee ef al., 2014a]. Thus, as shown

in Figure S7, the atmospheric environments over the U.S. linked to the persistent and early-
terminating El Nifio cases are largely unfavorable for tornado outbreaks, in line with Figures 2e

and 2f.

5. North Atlantic SST Tripole and U.S. Regional Tornado Outbreaks

As shown in Figure S8, there 1s a coherent and statistically significant pattern of springtime
SSTAs i the North Atlantic kcd to the extreme U.S. tornado outbreaks (see Tables S3 for the
list of extreme U.S. tornado outbreak years used). This pattern is very similar to the North
Atlantic SST tripole, which e dominant mode of interannual SST varability in the Atlantic

in boreal winter and spring and is known to be linked to multiple forcing mechanisms including
the North Atlantic Oscillation, tropical Atlantic variability and extratropical teleconnections from
the tropical Pacific [e.g., Xie and Tanimoto, 1998; Okumura et al., 2001; Peng et al., 2002; Wu et
al., 2007, Schneider and Fan, 2012]. Hence, we further explore the potential link between the
North Atlantic SST tripole and the probability of U.S. regional tornado outbreaks. First, we

performed an empinical orthogonal function (EOF) analysis of the North.Atlantic SSTAs in
26
MAM to sort the past 66 vears (i.e., 1949-2014) based on the amplitude of the North Atlantic

SS8T tripole mode (i.e., the leading EOF mode). Then, we selected the top (i.e., positive) 10 cases

10
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and the bottom (i.e., negative) 10 cases from the sorted yvears to perform composite analysis (see
Table S4 for the list of the positive and negative North Atlantic SST tripole years used).

As summarized in Figures 4 and S9, the North Atlantic SST tripole is indeed linked to the
probability of U.S. regional tornado outbreaks in March and April. During its negative phase
(i.e., cold in the tropical North Atlantic, m in the subtropical North Atlantic and cold in the
subpolar North Atlantic), a robust anomalous anticyclone straddles the subtropical North Atlantic
extending westward over the U.S. In March, the increase in the equivalent barotropic winds
along the poleward half of the anomalous anticyclone enhances the ]ow-cl vertical wind shear
over the Upper Midwest and Ohio Valley (Figure 4b). It appears that the moisture transport
increases somewhat along the gulf coast mainly toward the Southeast, which 1s likely due to the
increased SSTAShc Gulf of Mexico (Figure 4¢). These changes in the low-level vertical wind
shear and moisture transport are fairly consistent with the significantly increased probability of
tornado outbreaks in the Southeast and Upper Midwest (Figure 4a). In April, the anomalous
anticyclone over the U.S. retreats to the east enhancing the moisture supply and the low-level
vertical wind shear along the South and Great Plains (Figures 89a-89¢). These relationships are
almost exactly the opposite during the positive phase of the North Atlantic SST tripole (Figures
4d-4f and S9d-S91).

Although the results summarnized in Figures 4 and 89 are promising, it must be noted that a
negative phase of the North Atlantic SS8T tripole forms more frequently in the early spring
following the peak of La Nifia (Table 83). Therefore, it is unclear whether the North Atlantic
SST tripole adds much to the predictability of U.S. regional tornado outbreaks. Further studies

using model experiments and advanced statistical methods are needed to better understand the

impact of North Atlantic SST variability on the probability of U.S. regional tornado outbreaks.

11
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6. Discussion

This study illustrates the links between the leading modes of springtime ENSO variability
and the probability of U.S. regional tornado outbreaks. However, the leading modes of Niﬁo
and La Nifia variability represent only about 35% of the total variance [Lee ef al., 2014b]. Thus,
it is important to take into account the second leading modes, which represent an additional
approximately 28% of the total variance [Lee ef al., 2014b]. The two leading modes of ENSO
variability and the North Atlantic SST tripole mode could be used as predictors of the monthly
U.S. regional tornado outbreak index. using a logistic regression analvsis [Cox, 1958]. The
regression coefficients obtained from the logistic regression analysis could be used to estimate
the probability of U.S. regional tornado outbreaks given the amplitudes of the three predictors.
Combimng this statistical tool with a dvnamic seasonal forecast model, which could be used to
obtain the three predictors with 1-3 months lead time, it might be possible to build seasc-nal
outlook for U.S. regional tornado outbreaks. To this end, it is quite promising that high-
resolution climate models are now beginning to demonstrate skill in simulating and prcclicgiﬁ

seasonal variations in some of the elements critical to U.S. tornado outbreak risk [e.g.,

Krishnamurthy et al., 2015; Yang et al., 2015; Jia et al., 2015].
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Figure captions:

Figure 1. Time-longitude plots of the leading orthogonal modes of the tropical Pacific SSTAs
averaged between 3°S and 5°N for 21 El Nifio and 22 La Nijia events during 1949-2013,
reproduced from Lee ef al. [2014b], namely (a) the persistent El Nifio, (b) early-terminating El

Niiio, (¢) resurgent La Nifia and (d) transitioning La Nifia. The unitis in °C.

Figure 2. Composite (a-d) SSTAs for the four dominant phases of springtime ENSO evolution in
MAM (+1) and (e-h) the corresponding probability of U.S. regional tornado outbreaks in April
(+1). The gray dots in panels a-d indicate that the SSTAs are statistically significant at 90%
based on a student-f test. The black dots in panels e-h indicate that the probability of tornado
outbreaks is statistically significant at 90% based on a binomial test. The unit 1s in °C for the

SSTAs and in % for the probability of tornado outbreaks.

Figure 3. (upper row) Anomalous geopotential height at 500 hPa (color shades) and variance of
Sday high-pass filtered meridional winds at 300 hPa (contours), and (lower row) anomalous
moisture transport (vectors) and low-level vertical wind shear (850 - 1000 hPa: color shades) in
MAM (+1) for (a.b) the resurgent La Nifia and (c.d) transitioning La Nifia cases. The units are in
gpm for geopotential height, in m” s for variance of meridional winds, in kg m™ s for moisture

transport, and in m s for vertical wind shear.

Figure 4. (top row) Probability of U.S. regional tornado, (middle row) composite SSTAs (color

shades) and geopotential height anomalies at 500 hPa (contours), and (bottom row) low-level

vertical wind shear anomalies (color shades) and moisture transport anomalies (vectors) in
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March for (a-¢) the negative and (d-f) positive North Atlantic SST tripole. The unit is 1n % for
the probability of tornado outbreaks, in °C for the S§TAs, in gpm for geopotential height, in kg

. . . . -1 . .
m~ s for moisture transport, and in m s~ for vertical wind shear.

18




Probability of U.S. regional tornado outbreaks and their links to
the springtime ENSO phases and North Atlantic SST variability

ORIGINALITY REPORT

16

SIMILARITY INDEX

PRIMARY SOURCES

[

E B B B

: : : : o
Lee, Sang-Ki, Pedro N. D|Ne2|9, Eui-Seok Chung, 218 words — 4 /0
Sang-Wook Yeh, Andrew T. Wittenberg, and Chunzai

Wang. "Spring persistence, transition and resurgence of El Nifio",
Geophysical Research Letters, 2014.

CrossCheck

N : : o
Lee, S.ang-Kl, Brian E. Mapes, CTun;al Wang, David 118 words — 2 A)
B. Enfield, and Scott J. Weaver. "Springtime ENSO

phase evolution and its relation to rainfall in the continental U.S. :

Lee et al.: Springtime ENSO phase and U.S. rainfall", Geophysical
Research Letters, 2014.

CrossCheck

e : : : o
Lee, Sang-Ki, Robert Atlas, David Enfield, Chunzai  44g \\orqe 9 A)
Wang, and Hailong Liu. "Is there an optimal ENSO

pattern that enhances large-scale atmospheric processes

conducive to tornado outbreaks in the U.S?", Journal of Climate,

2012.

CrossCheck

I\r/]\t/(\a/x]\(/a\{.aomI.noaa.gov 76 words — 1 %
cmasers 56 words — | %
159.226.119.58 34 words — | %
www.citeulike.org 27 words — < ] %




RN
o

RN RN
N -

RN
w

Alvarez-Garcia, Francisco J., M':c]rla J. OrtizBevia, 26 words — < 1 A)
and William D. CabosNarvaez. "On the Structure
and Teleconnections of North Atlantic Decadal Variability",

Journal of Climate, 2011.
CrossCheck

L : o
onlinelibrary.wiley.com 21 words — < 1 /0

Internet

" H H n H / 0
J. Blunden. .State of the Cllmate in 2010 , Bulletin 16 words — < /0
of the American Meteorological Society, 06/2011

CrossCheck

o)
swccar.org 16 words — < /0

Internet

Terray, L., and C. Cassou. "Tropical Atlantic Sea 14 words — < %
Surface Temperature Forcing of Quasi-Decadal

Climate Variability over the North Atlantic-European Region",

Journal of Climate, 2002.

CrossCheck

. " . C . (0]
Chunzai Wang. Seawater dgnsny yquatlons in the 13 words — < 1 A)
North Atlantic and the Atlantic meridional

overturning circulation", Climate Dynamics, 04/08/2009
CrossCheck

Deser, Clara, Robert A. Tomas, and Shiling Peng. 44\ 0 4o~ < 1 %
"The Transient Atmospheric Circulation Response

to North Atlantic SST and Sea Ice Anomalies", Journal of

Climate, 2007.

CrossCheck

: 0
www.sws.uiuc.edu 12 words — < 1 A)

Internet

Heo, Ki-Young, Kyung-Ja Ha, and Sun-Seon Lee. ,, words — < 1 %
"Warming of Western North Pacific Ocean and

Energetics of Transient Eddy Activity", Monthly Weather Review,

2012.

CrossCheck



—
\l

1

B

RN
(o)

B B
- o

B
N

B B
~ w

25

. .. 0
I|nr.;)errcn:(;tsoest.hawal|.edu 11 words — < 1 /o

Chadee, Xsitaaz T, and Ricardo M. Clarke. "Daily 4, 4. < 1%
near-surface large-scale atmospheric circulation

patterns over the wider Caribbean”, Climate Dynamics, 2015.
CrossCheck

www fort-worth-property-management- 10 words — << 1 %
companies.info

Internet

www.clivar.org 10 words — < 1 %

Internet

www.soest.hawaii.edu

Internet

0]
9 words — < l /0

Yu, Jin-Yi, and Seon Tae Kim. "ldentifying the types 9 words — < %
of major El Nifio events since 1870", International
Journal of Climatology, 2012.

CrossCheck

: 40
climate.snu.ac.kr 9 words — < /0

Internet

. o)
www.infoplease.com 9 words — < /0

Internet

Muhnoz, Ernesto, Chunzai Wang, and David Enfield. < %
" . . 8 words —

The Intra-Americas Springtime Sea Surface

Temperature Anomaly Dipole as Fingerprint of Remote

Influences", Journal of Climate, 2010.
CrossCheck

: : : o
Gastineau, Guillaume, and Claude Frankignoul. g\ o < 1 /0
Influence of the North Atlantic SST variability on

the atmospheric circulation during the twentieth-century”, Journal

of Climate, 2014.

CrossCheck



w w w w N N N
w N - (@) © oo ~

www2.ametsoc.org

Internet

WWW.0CES.US

Internet

gallopingcamel.info

Internet

www.agci.org

Internet

ccr.meteor.wisc.edu

Internet

www.science.gov

Internet

Jia, Liwei, Xiaosong Yang, Gabriel A. Vecchi,
Richard G. Gudgel, Thomas L Delworth, Anthony

8 words — <
8 words — <
8 words — <
8 words — <
8 words — <
8 words — <

7 words — <

Rosati, William F. Stern, Andrew T. Wittenberg, Lakshmi
Krishnamurthy, Shaoqging Zhang, Rym Msadek, Sarah Kapnick,

Seth Underwood, Fanrong Zeng, Whit G. Anderson,

Venkatramani Balaji, and Keith Dixon. "Improved Seasonal
Prediction of Temperature and Precipitation over Land in a High-
resolution GFDL Climate Model", Journal of Climate, 2014.

CrossCheck

%
%
%
%
%
%
%o

. : " . o)
Guillaume Gastineau. "Atmospheric response to the 6 words — < 1 /o

North Atlantic Ocean variability on seasonal to
decadal time scales", Climate Dynamics, 04/19/2012

CrossCheck

G. P. Compo. "The Twentieth Century Reanalysis 8 words — < 1 %

Project”, Quarterly Journal of the Royal
Meteorological Society, 01/2011

CrossCheck



EXCLUDE QUOTES ON EXCLUDE MATCHES OFF
EXCLUDE BIBLIOGRAPHY ON



	Probability of U.S. regional tornado outbreaks and their links to the springtime ENSO phases and North Atlantic SST variability
	By Sang-Ki Lee

	Probability of U.S. regional tornado outbreaks and their links to the springtime ENSO phases and North Atlantic SST variability
	ORIGINALITY REPORT
	PRIMARY SOURCES


