; aylor&Francis
RN 14902080
Taylor &Francis Group

Atmospheric and Oceanic

Sl Atmospheric and Oceanic Science Letters

uinte o Mmssgbura Py, Chrsse bistesy of foeson
W s P

ISSN: 1674-2834 (Print) 2376-6123 (Online) Journal homepage: http://www.tandfonline.com/loi/taos20

The impact of solar activity on the 2015/16 El Nifio
event

Wen-Juan HUO & Zi-Niu XIAO

To cite this article: Wen-Juan HUO & Zi-Niu XIAO (2016): The impact of solar activity
on the 2015/16 El Nifio event, Atmospheric and Oceanic Science Letters, DOI:
10.1080/16742834.2016.1231567

To link to this article: http://dx.doi.org/10.1080/16742834.2016.1231567

8 © 2016 The Author(s). Published by Informa
UK Limited, trading as Taylor & Francis
Group

ﬁ Accepted author version posted online: 09
Sep 2016.
Published online: 23 Sep 2016.

\J
[:l/ Submit your article to this journal &

||I| Article views: 423

A
h View related articles &'

View Crossmark data &'

CrossMark

Full Terms & Conditions of access and use can be found at
http://www.tandfonline.com/action/journalinformation?journalCode=taos20

CDownIoad by: [Institute Of Atmospheric Physics] Date: 10 October 2016, At: 21:57 )



http://www.tandfonline.com/action/journalInformation?journalCode=taos20
http://www.tandfonline.com/loi/taos20
http://www.tandfonline.com/action/showCitFormats?doi=10.1080/16742834.2016.1231567
http://dx.doi.org/10.1080/16742834.2016.1231567
http://www.tandfonline.com/action/authorSubmission?journalCode=taos20&show=instructions
http://www.tandfonline.com/action/authorSubmission?journalCode=taos20&show=instructions
http://www.tandfonline.com/doi/mlt/10.1080/16742834.2016.1231567
http://www.tandfonline.com/doi/mlt/10.1080/16742834.2016.1231567
http://crossmark.crossref.org/dialog/?doi=10.1080/16742834.2016.1231567&domain=pdf&date_stamp=2016-09-09
http://crossmark.crossref.org/dialog/?doi=10.1080/16742834.2016.1231567&domain=pdf&date_stamp=2016-09-09

ATMOSPHERIC AND OCEANIC SCIENCE LETTERS, 2016 e Talylor & Francis
http://dx.doi.org/10.1080/16742834.2016.1231567 Taylor &Francis Group

3 OPEN ACCESS
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ABSTRACT ARTICLE HISTORY
Recent SST and atmospheric circulation anomaly data suggest that the 2015/16 El Nifio event is Received 26 May 2016
quickly decaying. Some researchers have predicted a forthcoming La Nifa event in late summer or Revised 4 July 2016
early fall 2016. From the perspective of the modulation of tropical SST by solar activity, the authors Accepted 5 July 2016
studied the evolution of the 2015/16 El Nifio event, which occurred right after the 2014 solar KEYWORDS

peak year. Based on statistical and composite analysis, a significant positive correlation was found EI Nifio; EI Nifio Modoki: solar
between sunspot number index and El Nifio Modoki index, with a lag of two years. A clear evolution activity; SST; atmospheric
of El Niflo Modoki events was found within 1-3 years following each solar peak year during the past circulation

126 years, suggesting that anomalously strong solar activity during solar peak periods favors the

triggering of an El Nifio Modoki event. The patterns of seasonal mean SST and wind anomalies since

2014 are more like a mixture of two types of El Nifio (i.e. eastern Pacific El Nifio and El Nifio Modoki),

which is similar to the pattern modulated by solar activity during the years following a solar peak.

Therefore, the El Nifno Modoki component in the 2015/16 El Niflo event may be a consequence of

solar activity, which probably will not decay as quickly as the eastern Pacific El Nifio component.

The positive SST anomaly will probably sustain in the central equatorial Pacific (around the dateline)

and the northeastern Pacific along the coast of North America, with a low-intensity level, during the

second half of 2016.

HE
BERESERERENASH RS ENEIERBILR2015/16 B/REESHFERERE, —
LRI E TN EBE AL E S AN E2016 FE T EKEIR, NXIRENX RS ESERER
EWEGERL & , fEEMHE 7 REERMENIEESE (2014 ) ZEH92015/16]B/REESH
FBELNE, SIHMEMDTNERER , ¥EREEModokifEHH A APHBFHMER ,
_EEFEEENERER, EIEMN1265 (1890-2015) B , E— " NXKENIEEE ZEFER1-3
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ABEEM AN TR ATTEB/REEModokiSfF, H2014FELER , T FHEMEFRERESR
ENNIIFENEEFIEEEEMNEEREGSHRESY (AR FEBREBMIER
[E#EModoki ) , HZEERIE= 2 KENRIIEEE. HLL |, 2015/16 El NifoS#HHHIB/RERE
ModokiH D OJBER A FEMME R , ERERELLAREFEDREBEH,RIE, HIL , &
20165 NHFE |, MBHEFREEEEFEUEFSEEETRET K EE ( BRLEMWE ) A
IEERBL R

1. Introduction strong decadal period (Ashok, Behera, and Rao 2007; Kug,
Jin, and An 2009). However, its mechanism is not as clear
as that of traditional El Nifio events. Generally speaking,
the new type of El Nifo is referred to as El Nino Modoki
global effects, especially for atmospheric circulation anom- and the traditional EI Nifo as eastern Pacific El Nifio (EP
alies in the tropics and extra-tropics. However, another EI Nino) (Ashok, Behera, and Rao 2007; Kao and Yu 2009).
type of EI Nifio has also been recognized in recent studies, In early May 2014, a positive SST anomaly appeared
whose maximum warming arises in the central Pacificand ~ in the equatorial central-eastern Pacific, and was at
then extends eastward over time (Ashok and Yamagata  the time thought to possibly be a very strong El Nifo,
2009). This new type of El Nifio has its own spatial pattern, ~ like the one seen in 1997/98 (NASA 2014). However,
teleconnection, and climate effect, and, in particular, has a in the subsequent months of 2014, the SST anomaly

El Nifio refers to anomalous warming in the eastern equa-
torial Pacific, and has been studied for nearly five decades
(Bierknes 1969). Owing to its teleconnection, El Nifio has
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unexpectedly fell back to a neutral state (Australian
Government Bureau of Meteorology 2014). The role of
off-equatorial surface temperature anomalies has been
noted (Zhu et al. 2016). The arrival of weak El Nifio con-
ditions was then confirmed in May 2015 (NOAA 2015b),
and it eventually developed into one of the strongest
El Niflo events on record. Some studies and reports
have suggested that this 2015/16 El Nifio event will
return to a neutral state by late spring or early summer
2016, with a chance for La Nifa development by fall
(International Research Institute for Climate and Society
2016). Alongside these events, in 2014, solar activity
reached its 24th solar cycle peak.

Considering the influence of solar activity, we analyzed
the characteristics of the 2015/16 El Nifio’s evolution in
this study. It is known that the positive SST anomaly first
arose in the central equatorial Pacific and northeastern
Pacific near the west coast of North America before the
onset of the 2015/16 El Nifio event, which looked like the
onset of an El Nino Modoki event (NOAA 2015a). However,
it changed into an EP El Nifio at a later time. Based on our
previous work, it is possible that solar activity modulates
El Nino Modoki events on decadal timescales. Thus, here,
we investigated whether or not there was any influence
of solar activity on the 2015/2016 El Nifio event, and, if so,
how it worked. Specifically, based on statistical analysis
of historical data, we studied the evolutionary features of
the 2015/16 El Nifio event, in the hope of gaining greater
insights into the possible impact of solar activity.

2. Data and methods

The solar index used in this study is the international
sunspot number (SSN) index, which is provided by SILSO
(Sunspot Index and Long-term Solar Observations) of the
World Data Center at the Royal Observatory of Belgium,
Brussels (http://www.sidc.be/silso/datafiles). The historical
annual mean (1700-2015) and monthly mean (1749-2016)
data were used in the statistical analysis. The sunspot max-
imum (1610-2015) was used to define peak years of the
solar cycle.

Two SST datasets were used in this study, both of which
were provided by ESRL (NOAA). The first was ERSST.v3b, in
which the monthly mean data begin in January 1854 and
continue until the present day, in 2016 (http://www.esrl.
noaa.gov/psd/data/gridded/data.noaa.ersst.html). In this
study, we used the more reliable data from 1890 to 2016
for the statistical analysis. The other was NOAA's OISST2,
covering the period December 1981 to March 2016, which
comprises in situ and satellite-derived SST on a 1° grid
(http://www.esrl.noaa.gov/psd/data/gridded/data.noaa.
oisst.v2.html). This data-set was used to investigate the
features of the 2015/16 El Nifio event.

The wind field at 850 hPa (http://www.esrl.noaa.gov/
psd/data/gridded/data.ncep.reanalysis.derived.pressure.
htm) and SLP (http://www.esrl.noaa.gov/psd/data/grid-
ded/data.ncep.reanalysis.derived.surface.html) used in this
study were obtained from the NCEP-NCAR Reanalysis-1
project (1948-2016), which were also provided ESRL
(NOAA).

In this work, the El Nino Modoki Index (EMI) is defined
as (Ashok, Behera, and Rao 2007)

EMI = [SSTA], — 0.5 x [SSTA, — 0.5 X [SSTAl,, (1)

where the square bracketed terms [SSTA]., [SSTA],, and
[SSTA],, represent the area-averaged SST anomalies in the
central Pacific region (C (10°S-10°N, 165°E-140°W)), east-
ern Pacific region (E (15°S-5°N, 110-70°W)), and western
Pacific region (W (10°S-20°N, 125-145°E)), respectively.

The SST data used in the statistical analysis were linearly
de-trended. We used the more reliable data from 1955 to
2015 for the composite analysis. Anomalies were defined
as the departure from the monthly or seasonal mean.

3. Results and discussion

3.1. The modulation of El Nifio Modoki events by
solar activity

The interannual variations of SSN and EMI are shown in
Figure 1. As we can see, when EMI lags behind SSN by
two years, the correlation coefficient reaches its maximum
of 0.186216, which is above the 95% confidence level.
The power spectrums reveal that both have a clear com-
mon period of around 11-12 years, which has also been
reported in previous studies (Ashok, Behera, and Rao 2007;
Kug, Jin, and An 2009).

In order to investigate the correlation between SSN and
EMI, composite analysis was applied to reveal the distribu-
tion of the seasonal mean SST anomaly in the high years of
solar activity. The years with maximum sunspot numbers
were taken as solar peak years, consistent with the peak
years given by Van Loon, Meehl, and Shea (2007).

The evolution of the SST anomaly’s response to solar
activity during peak years and the following one, two, and
three years is demonstrated in Figures 2. Firstly, a La Nifa-
like pattern appears in the Northern Hemisphere winter
(December—February) of solar peak years (Figure 2(a)),
which is consistent with previous work (Van Loon, Meehl|,
and Shea 2007). However, this negative SST anomaly in
the equatorial Pacific gradually decays in the next two sea-
sons, from spring (March-May) to summer (June—August)
(Figure 2(b) and (c)). Concurrently, a positive SST anomaly
over the northeastern Pacific arises in summer (Figure
2(c)) and extends into the equatorial Pacific during fall
(September-November) (Figure 2(d)) and the subsequent
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Figure 1. Annual mean SSN (solid grey line) and EMI (dotted black line) from 1890 to 2015, with a lag of two years.
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Figure 2. Composites of the seasonal mean SST anomaly (contours; units: °C) during peak years of the solar cycle, and the following one,
two, and three years.
Note: Black dotted regions within the black contours are above the 90% confidence level (Student’s t-test).
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Figure 3. Composites of seasonal mean SLP (contours; units: hPa) and 850 hPa wind (vectors; units: m s~') anomalies in the winter

seasons of peak years and the following one, two, and three years.

winter (Figure 2(e)). This positive SST anomaly pattern is
favorable for the onset and development of an El Nifo
Modoki event. Note that the negative SST anomaly over
the equatorial Pacific is replaced by a positive anomaly
in the first and second year after the solar peak year, and
the significant regions (beyond the 90% confidence level)
are located in the central Pacific (Figure 2(f)-(j)). The El
Nifio Modoki phenomenon gradually decays in the third
year after the solar peak year (Figure 2(k)-(p)). A distinct
feature is revealed in the first column of Figure 2, in that
the positive SST anomaly branch originates in the north-
eastern Pacific and extends southwestward into the cen-
tral equatorial Pacific during winter after a solar peak. The
suggestion is that the positive SST anomaly pattern in
winter likely acts as a critical trigger for warming in the
central equatorial Pacific (Pierce, Barnett, and Latif 2000;
Xie, Huang, and Ren 2013). Similar features were also found
in the seasonal variation of subsurface ocean temperature
(not shown here). But how does solar activity modulate El
Nifo Modoki events? This is an interesting question, which
we address next.

It has been pointed out that statistically significant
warming takes place in the upper and lower stratosphere
over tropical and subtropical regions during strong
solar activity years (Labitzke et al. 2002). This warming
is transported downward and poleward into the lower
atmosphere over the polar regions by interacting with
planetary waves (Haigh and Blackburn 2006). In the north-
ern hemisphere, the process results in remarkable differ-
ences in atmospheric circulation at high latitudes, such
as a stronger Northern Annular Mode anomaly and Arctic
Oscillation, in solar maximum years compared with solar
minimum years (Huth, Bochnicekb, and Hejdab 2007).
During high solar activity winters, the impact of ENSO on
surface temperature is depressed (Zhou, Chen, and Zhou
2013). Furthermore, it has been proven that the positive
SST anomaly over the tropical central Pacific is a conse-
quence of the atmospheric circulation anomaly over high
latitudes, and the SLP anomaly is regarded as a preceding
signal for El Nifio Modoki events (Anderson 2003).

Composites of winter seasonal mean SLP and 850 hPa
wind anomalies in peak years and the following one, two,
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Figure 4. Composites of seasonal mean SST (contours; units: °C) and 850 hPa wind (vectors; units: m s~') anomalies in 2014 and 2015.
Note: Areas enclosed by green contours represent where the result is above the 98% confidence level (mean significance t-test).

and three years are presented in Figure 3. Anomalous low  subtropical region, respectively, in the winter season of
pressure (cold temperatures) and high pressure (warm solar peak years (Figure 3(a)). These conditions are condu-
temperatures) are located in the high-latitude region and cive to the generation of an anticyclone in the northeastern
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Figure 5. Composites of monthly average SST (contours; units: °C) and 850 hPa wind (vectors; units: m s~') anomalies in 2016.

Pacific. However, almost the opposite features appear
in the winter seasons of one and two years after the
solar peak (Figure 3(b) and (c)). A positive SLP anomaly
is located near the north pole, and a negative anomaly
in the northeastern Pacific. An anomalous cyclonic cir-
culation system occurs in the subtropics near the west
coast of North America. Eventually, these anomalous fea-
tures disappear in the third winter after a solar peak year
(Figure 3(d)). Meanwhile, strong westerly anomalies and
weak easterly anomalies arise on each side of the central
equatorial Pacific (vectors, Figure 3(b)—(d)). The anomalous
zonal wind results in convergence in the central equatorial
Pacific, which is essential for the development and main-
tenance of an El Nifio Modoki event (Ashok, Behera, and
Rao 2007; Kug, Jin, and An 2009).

Many studies have revealed that the positive SST anom-
aly in the central equatorial Pacific may be caused by an
earlier anomalous cyclone in the subtropical Pacific in
winter (e.g. Pierce, Barnett, and Latif 2000; Xie, Huang, and
Ren 2013). As shown above, an anomalous cyclone con-
trols the northeastern Pacific in the winter seasons of one
and two years after a solar peak. The anomalous south-
westerly winds to the southern side could reduce the local
trade wind speed and wind-induced surface evaporation.
Consequently, a positive SST anomaly would be produced

by the strong solar radiation in these cloudless areas in win-
ter, and extend into the central equatorial Pacificalong the
wind anomaly route. Once the positive SST anomaly arises
in the equatorial pacific, it would be sustained and ampli-
fied in the following seasons by the convergence of anom-
alous zonal wind, and air-sea interaction (Figure 2(e)-(j)).

3.2. Features of the 2015/16 El Nino event

The seasonal mean SST anomaly (contours) and wind
anomaly at 850 hPa (vectors) from the winter of 2014 to
the fall of 2015 are shown in Figure 4. A significant positive
SST anomaly is apparent in the northeastern Pacific in the
winter season of 2014, which shifts eastward to the coast
of North America in the following seasons of 2014 (see
the left column of Figure 4). A weak positive SST anomaly
appears in the tropical Pacific, especially in the central
equatorial Pacific, in the spring of 2014 (Figure 4(c)). In the
winter season of 2015, the positive SST anomaly stretches
from the coast of North America to the central equato-
rial Pacific (Figure 4(b)), which is similar to the features in
the winter season of the year after a solar peak (Figures
2(e) and 3(b) (vectors)). The positive SST anomaly in the
central equatorial Pacificincreases and extends to the east-
ern equatorial Pacific in the spring of 2015 (Figure 4(d)).



Finally, the strength of westerly wind anomalies in the
tropical western Pacific is enhanced and an EP El Nifo
event is found in the summer of 2015 (Figure 4(f)), which
develops in the following seasons of 2015 and reaches its
highest point during winter 2016 (Figure 5(a)-(c)). As a
mixture of EP El Nifio and El Nifo Modoki, the meridional
scale of the positive SST anomaly in the 2015/16 El Nifo
event is wider than during a traditional EP El Nifio event.

Note that a La Nifa-like pattern is apparent at first in win-
ter 2014 (Figure 4(a)), when the solar cycle peaked, but the
negative SST anomaly over the equatorial Pacific is replaced
by a positive anomaly in the following winter season
(Figure 4(b)). Meanwhile, an anomalous cyclonic circulation
system dominates the mid-latitudinal northeastern Pacific
in winter 2015, south of which is a strong southwesterly
wind anomaly from the tropics to the mid-high latitudes.
In fact, a northerly wind anomaly is firstly apparent along
the coast of North America in the northeastern Pacific in
winter 2014, but it changes into a southerly wind anomaly
in winter 2015, which is located in the region from the trop-
ics to the coast of North America (vectors in Figure 4(a) and
(b)). As described above, the change in the atmospheric
circulation anomaly over the middle and high latitudes is
related to the local SLP anomaly, which is modulated by
solar activity. Furthermore, it has been pointed out that
southwesterly wind anomalies in the northeastern Pacific
are responsible for positive SST anomalies in the equato-
rial central Pacific during an El Nifo Modoki event (Pierce,
Barnett, and Latif 2000; Xie, Huang, and Ren 2013).

The observations reveal that the positive SST anomaly
and westerly wind anomalies in the equatorial Pacific have
been weakening since February 2016 (Figure 5(c) and (d)).
However, an anomalous cyclone was still cited in the North
Pacific in late winter and March 2016. From the analysis
above, this is more or less favorable for the development
of an El Nifo Modoki component in the 2015/16 El Nifio
event. However, the locations of the southwesterly winds
of the anomalous cyclone in the northeastern Pacific are
more northerly than in the preceding winter season. As a
result, the warming in the northeastern Pacific is weaker.

4. Conclusion

This study investigated the modulation of EI Nifilo Modoki
events by solar activity, and analyzed the possible impact
of solar activity on the 2015/16 El Nifio event.

The 2015/16 EI Niflo event is more like a mixture of two
types of El Niflo; namely, EP El Nifio and EI Nifio Modoki.
The EMI has a clear decadal period, similar to the solar
cycle, and demonstrates a significant positive correlation
with sunspot numbers. Statistical analysis revealed that
an El Nino Modoki event will most likely occur in the one
to three years following a solar peak year. The solar cycle
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reached a peak in 2014 — the 24th solar cycle since 1755.
The evolution of the SST and wind anomalies are similar to
the typical features found from historical data composites
in peak years and the following one to three years after a
solar peak. Therefore, the El Nifio Modoki component of
the 2015/16 El Nifo event might also have resulted from
high solar activity. Considering the impact of high solar
activity, the El Nino Modoki component in the 2015/16
El Niflo event may not decay as quickly as the EP El Nifo
event. It will likely sustain in the central Pacific, with a
low-intensity level, in the second half of 2016.
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