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The Impact of Two Types of EI Nifio on Northern Hemisphere upper
Tropospheric Circulations in Summer Season
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Abstract

The northern hemisphere (NH) stationary Circumglobal teleconnection (CGT) pattern in boreal
summer season was identified and discussed in previous studies. The evidences were also found
that the tropical thermal forcing can modulated this pattern. It is conceivable that warming in the
eastern and central Pacific Ocean may influence the CGT pattern. The impacts of two types of El
Nifio on NH at 200 hPa height (H 200) have been investigated in this study. The observed data
analysis revealed that the H200 anomalies are opposite in polarity during two types of El Nifio
Southern Oscillations (ENSO) i.e. Warm pool (WP) EI Nifio and Cold Tongue (CT) El Nifio.
During WP (EI Nifio), a zonal wave train is observed with phase opposite to that of well known
CGT pattern in boreal summer season. During CT (El Nifio) the Eurasian part is similar to the
CGT pattern and opposite to that observed in WP EI Nifio. These contrasting impacts may be
attributed to the different patterns of tropospheric warming and upper air divergence related to
different convection centers in the Pacific Ocean during two types of El Nifio. Moreover, negative
anomaly of the central Asian High was observed during WP (EI Nifio), which may result in weaker
summer monsoon over the south Asian region, especially over Pakistan and northwest India. A
coupled general circulation model also simulated upper air wave patterns related to the two types
of El Nifio, which confirms our findings based on observed data analysis.

Introduction

The major teleconnection patterns over northern hemisphere (NH) in boreal winter season have been
identified in many studies. For example, Horel (1981), Wallace and Gutzler (1981) found teleconnections
by analyzing geopotential heights in the winter season; Branston and Livezey(1987) discussed the
classification, seasonality and persistence of low frequency atmospheric circulation pattern; Pacific-East
Asian teleconnection pattern in boreal winter season was discussed by Wang et al. (2000). These
teleconnection patterns capture the tropical-extratropical interaction associated with peak phase of El
Nifio. Branstator (2002) also found a NH circumglobal waveguide pattern in boreal winter season by
analyzing observed and model data. He showed that disturbances in the vicinity of strong jet are zonally
oriented and those are meridionally oriented in the areas where the jet stream is weaker. During boreal
summer season, the Asian jet stream is weaker which results in weaker teleconnection patterns. The sea
surface temperature anomalies (SSTA) in the Pacific Ocean are also weaker since the mature stage of CT
(El Nifio) reaches in the boreal winter season (Rasmussen and Carpenter 1982). The phase locking of WP
(El Nifio) with annual cycle is less clear compared to the CT (El Nifio) quantified by Nifio-3 index (Weng
et al. 2007). Hence the El Nifio related teleconnection patterns are less clear in boreal summer than in
boreal winter. However, some teleconnection patterns in NH in boreal summer have been reported in
previous studies. For example, Branston and Livezey (1987) have identified three patterns; the North
Atlantic Oscillations, Asian monsoon mode and a subtropical zonal mode. A Eurasian teleconnection
pattern along Asian jet was pointed out (Joseph and Srinivasan 1999; Lu et al. 2002; Enomoto et al.
2003).Ding and Wang (2005) found by a boreal summer stationary Circumglobal teleconnection pattern
on the basis of observed data analysis. They showed that the centers of action in CGT pattern are over the
north-eastern Atlantic Ocean, west-central Asia, north-east Asia, central North Pacific Ocean and eastern
Canada. Boreal summer CGT pattern has become a hot topic of interest. Many studies on summertime
CGT have been carried out focusing on meteorological, climatological and prediction aspects (e.g.
Blackburn et al. 2008, Li et al. 2008; Rajeevan and Sridhar 2008; Yadav 2009 a, b; Lin 2009; Yang et al.
2009; Yasui and Watanabe 2010). Ding et al. (2011) found that the leading mode of NH H200 which
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appears in summers preceding the peak phase of El Nifio is CGT pattern and the one which appears in
summers following peak phase of El Nifio is western Pacific — North American (WPNA) pattern. They
also pointed out that EI Nifio can modulate the both CGT and WPNA patterns indirectly. In a recent
study, Wang et al. (2012) pointed out that the summertime CGT in NH has weakened since late 1970s.
They attributed the weakening of CGT pattern in recent decades to the weakened coupling between
Indian Summer Monsoon (ISM) rainfall and midlatitude circulations which further is a result of the
reduced interannual variability of ISM rainfall due to changes in El Nifio properties. In another study, Xie
et al. (2012) discovered the signals of ElI Nifio Modoki Index (EMI) (Ashok et al. 2007) on tropical
tropopause and stratosphere. They pointed out a contrasting effect of two types of EI Nifio on middle-high
latitude stratosphere. They also found that the contrasting effect is a result of complex interaction between
Quasi-Biennial Oscillation (QBO) and EI Nifio Modoki signal.

In this study we investigated the impact of EMI on the CGT pattern and compared it with the impact of
conventional EI Nifio. Thus, this investigation will help understand the mechanisms of tropical-
extratropical NH teleconnection sin the context of different types of EI Nifio and the mechanism by which
the effects of different locations of tropical Pacific warming centers reach remote regions. In this way the
study will also help to improve the seasonal prediction of summer [Jun-July-August-September (JJAS)]
monsoon season over Asian region.

Data and Methodology

The monthly mean datasets for the period 1950 — 2010 have been used, which include 1) the atmospheric
dataset is from National Centers for Environmental Prediction—National Center for Atmospheric Research
(NCEP/NCAR) reanalysis with resolution 2.5° x 2.5° (Kalnay et al., 1996). Geopotential height at 200
hPa from this data has been used, 2) Global Sea Surface Temperatures (SST) used in this study are from
Hadley Center, HadISST with resolution 1° x 1° (Rayner et al. 2003). Many indices have been proposed
to characterize WP EI Nifio and to differentiate it from the conventional El Nifio. For example, WP (El
Nifio) Index (Kug et al. 2009), El Nifio Modoki Index (Ashok et al.2007), Central-Pacific (CP) and
Eastern-Pacific (EP) El Nifio Indices (Kao and Yu 2009), CP and EP indices based on subsurface ocean
temperatures (Yu et. al. 2010) etc. The latest one is proposed by (Renand Jin 2011). EMI given by (Ashok
at el. 2007) has been used here to quantify WP (EI Nifio). EMI is defined as;

EMI = [SSTA]C -05x [SSTA]E -05x [SSTA]W

where square brackets with a subscript represent sea surface temperature anomaly (SSTA) averaged over
a central region (C: 165°-140° W, 10°S-10° N), an eastern region (E: 110°-70° W, 15° S-5° N), and a
western region (W:125°-145° E, 10° S-20° N). The CT EI Nifio has been quantified by Nifio3.4 index,
which is defined as the area average SST over the region (170°-120° W, 5° S-5° N).The choice of EMI is
justified by Ashok et al (2007) and Weng et al (2007). The empirical orthogonal function (EOF) analysis
of tropical Pacific Ocean SSTA for the period 1979 — 2008 provide a base to chose the above mentioned
indices. The spatial patterns of two leading modes EOF1 and EOF2 resemble the conventional EI Nifio
and EMI respectively (Figure not shown). The correlation between first principal component (PC1) and
nino3 index (N3) is (0.96) and correlation between second principal component (PC2) and EMI is
(0.98).The tropospheric temperature (TT) has been defined as the average atmospheric temperature
between 700 — 200 hPa levels, following Goswami and Xavier (2005).

A significant change in CGT pattern in the latest decades has been reported by (Wang et al. 2012). A
significant climate shift in the mid to late 1970s in tropical Indo-Pacific SSTs has also been reported
(Terray 1994, Clark et al. 2000). Considering these facts we focused the study for the period 1979 to
2010.

Partial regression analysis has been used in this study to understand the influence of positive WP and CT
(El Nifo). Partial regression involves the calculation of linear dependence of a predict and on a predictor
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by removing the effect of other coexisting phenomenon from both predictor and predict and, Moreover,
the partial regression has been applied on the normalized time series of each predictor and predict and so
that we may have comparable size of regression anomalies associated with the variations of predictor.
Significance of the regression coefficient has been tested using two-tailed student’s t-test. The number of
degrees of freedom for seasonal partial regression was fixed at (N-3), N being the number of values in the
time series. All the datasets used have been linearly detrended to focus the interannual variability.

CGT pattern

The CGT pattern is a global teleconnection pattern which exists at H200 in the NH in boreal summer
season. This pattern has zonal wavenumber-5 structure. In this pattern, anomalous high (or ridge) centers
are aligned zonally within 35°-45° N (Ding and Wang 2005). The structure is such that six centers of
action exist, with positive anomaly over Western Europe, negative anomaly over European Russia, and
positive anomaly over Central Asia, East Asian, North pacific and North America. The centers of action
lie along the summertime jet stream in the NH.CGT index (CGTI) is defined as the areal average of NH
H200 over the area (60°-70° E, 35°-40° N). The CGTI is independent of the area location within the
region from 45° E to 80° E. Further details about CGT pattern can be found in (Branstator 2002; Ding and
Wang 2005).The second leading EOF of NH H200 for the period 1951-2010 (Figure 1)represents the well
know CGT pattern. This mode accounts for 13.4 % of total variance of NH H200. The spatial pattern of
second EOF and explained variance is in accordance with (Ding and Wang, 2005; Wang et al. 2012).
Figure 1b, shows the time expansion confident of second leading mode of NH H200 and CGTI. The
linear correlation between H200 and CGTI for the period mentioned above is 0.57. The correlation is little
bit reduced to 0.52 in recent decades i.e. 1979 — 2010. The correlation coefficient for both the periods is
statistically significant above 99 % level on the basis of two-tailed student’s t-test.
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Figure 1: (a) The second EOF of JJAS H200 for the period 1950 — 2010. This pattern explains 13.4 % of the total variance.

(Contour interval: 3 meter) (b) The normalized expansion coefficient of EOF-2 (Red solid line) and CGTI
(H200 averaged over (60°-70° E, 35°-40° N)) (Red dashed line).
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Result and Discussion

Impact of Two Types of El Nifio

Figure 2 shows the pattern of CGT associated with two types of El Nifio. There is a significant
negative height anomaly over the North Atlantic and Western Europe during WP (El Nifio) (Figure
2a). Eastern Europe and European Russian region lies under anomalous ridge while central Asian lies
under negative height anomaly or in other words the central Asian anticyclone has become weaker in
the events of WP EI Nifio. There is anomalous positive height further downstream over Northern Asia
and East Asia. Across the Pacific from East Asia to North America a teleconnection pattern in
observed, hereafter, we call it as East Asian — North American teleconnection (EANA). It may be
noted that the CGT teleconnection pattern is positive-negative-positive from Northeast Atlantic to
Central Asia, while in the case of WP (EI Nifio) the polarity is negative-positive-negative i.e. opposite
to that of the Eurasian part of CGT (Figure 2a). It may also be noted that the NH H200 anomaly in the
tropics is significantly negative all over the globe, except over the central Pacific Ocean during WP
(EI Nifio).
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Figure 2: .Partial regression of H200 onto (a) EMI and (b) Nifio 3.4 index. (Contour interval: 0.1, unit: standard
deviation). The regions of statistically significant (90 % level) regression coefficients are stippled.
During CT (EI Nifio), the CGT pattern is opposite in polarity to that observed in case of WP (EI Nifio)
(Figure 2b). The CGT pattern during CT (El Nifio) is weaker in the study period as compared to that
in the period 1950 — 1978. In that period the CGT is clearer with wavenumber-5 pattern (Figure not
shown). This is in according with the previous study (Wang et al. 2012). However, the EANA part is
still intact in the recent decades (Figure 2b). Moreover, the NH H200 anomaly in the tropics is
positive all over the globe with maximum over the eastern Pacific, another maximum positive
anomaly lies over the tropical western Indian Ocean. This emphasizes the contrasting response of NH
H200 to the two types of El Nifio. The Pacific North American (PNA) teleconnection pattern may
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also be observed which is according to the previous studies (Horel and Wallace, 1981; Cai et al.
2011).

Discussion

Previous studies point out that change in the teleconnection pattern may be caused by changes in
atmospheric latent heat patterns or changes in the mean background flow, especially the jetstream
structure and boundary between mid latitude westerlies and tropical easterlies (Hoskins and Ambrizzi,
1993).The observed contrasting impacts of two types of El Nifio on CGT may be because of changes
in the tropospheric temperature patterns which emanate from different warming centers in the Pacific
Ocean and associated latent heat released by convective precipitation. To investigate this we have
partially regressed the TT and precipitation fields onto both the EMI and Nifio 3.4 index (Figure 3).
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Figure 3: Partial regression of tropospheric temperatures TT (contours) and OLR (shaded) onto (a) EMI and
(b) Nifio 3.4 index (Contour interval: 0.1, unit: Standard Deviation). The regions of statistically
significant (90 % level) regression coefficients of TT are stippled. Only
statistically significant OLR anomalies are plotted.
The TT anomaly pattern associated with WP and CT (El Nifio) is similar to the anomaly pattern
observed for NH H200 (Figure 3a, b). This provides a clue that the two types of EI Nifio may impact
the CGT by changing the TT anomaly pattern. Figure 3, also depicts the precipitation anomaly
associated with two types of El Nifio. The major difference of precipitation anomalies associated with
two types of El Nifio is that the maximum anomaly in the WP (EI Nifio) lies over the central Pacific
and opposite anomaly is observed on the east and west side of the central maxima, while in CT (El
Nifio) there is a zonal dipole of precipitation anomaly over the equatorial Pacific Ocean. This
anomaly pattern follows the SSTA pattern associated with two types of El Nifio. Deep convection
occurs over the anomalously warm SSTs. Latent heat released in deep convection warms the tropical
troposphere and excites the pole ward propagating Rossby wave (e.g Wang et al., 2000; Weng et al.,
2007; Weng et al., 2011; Feng and Li, 2011; Zhang et al. 2011; Cai et al. 2011 etc.), which is different
in phase in two types of El Nifio. The Rossby waves related to EI Nifio is called Pacific-East Asian
teleconnection in the western Pacific and Pacific-North American teleconnection in the eastern
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Pacific. The northeastward moving Rossby waves emanating from the equatorial Pacific, in boreal
winter, are reflected from the North American jet and enter the North African-Asian (NAA) jet
(Shaman and Tziperman, 2005). Once the disturbance enters the NAA jet, it is trapped in it and
moves eastward affecting the weather and climate of regions in its way e.g. snow cover over Tibetan
Plateau (Shaman and Tziperman, 2005). During WP EI Nifio boreal winters a subtropical jet (STJ) is
activated and enhanced with origin in the west of that in CT (El Nifio). The pole ward moving Rossby
waves originating from central Pacific are trapped in this jet and move eastward affecting the regional
weather of Europe (Graff and Zanchettin, 2012). No such eastward moving signal has been identified
in boreal summer season (Shaman and Tziperman, 2007). The atmosphere in the upper troposphere
responds to the tropospheric warming and upper air divergence over the equatorial pacific. Different
location centers of upper air divergence and tropospheric warming (Figure 3) related to different
centers of warm SSTs in the equatorial Pacific may give rise to contrasting response of CGT in two
types of El Nifio. During WP EI Nifio (Figure 2a and 3a) central equatorial Pacific warming may
generate northwestward propagating signal in the upper air which results in reversed CGT pattern to
that observed during CT El Nifio (Figures 2b and 3b). Previous studies also have pointed out the
interaction of NAA jet and westward propagating signal from the equatorial Pacific in boreal summer
season (Shaman and Tziperman, 2007).

Summary

This study points out the contrasting impacts of two types of El Nifio on NH CGT pattern in boreal
summer season using the observed data. It has been hypothesized that tropospheric warming and
upper air divergence, related to different warming centers in equatorial Pacific, is likely to cause the
contrasting response of CGT pattern. There is a need to explain the underlying mechanism and to test
the hypothesis on dynamical basis. Numerical simulation with WP and CT EI Nifo forcing may be
carried out for future study. It is conceivable that phase shift of CGT in two different flavors of El
Nifio may have different impacts on regional climate along the action centers of CGT, especially
South Asian summer monsoon which is highly correlated with CGT (Ding and Wang, 2005; Wang et
al. 2012). Thus remote impacts of different types of El Nifios via CGT on the climate of different
regions may be explored.
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