














likely that a WWB of a given amplitude will trigger a CP El Nino
event, does the wave-train interaction with the ITCZ air column
increase the SSH gradient in the transition layer?
The 1-mo time resolution of SSIA regression methods cannot

diagnose the wave-train interaction with the ITCZ air column,
but it is possible to infer certain properties of the interaction
using reasoning based upon earlier results in this paper. The area
of the Pacific-facing sector of the Arctic Ocean that is unstable to
atmospheric convection increases from zero, maximizes, and
returns to zero over a 40- to 45-d period (Initiation, Duration,
and Spatial Extent of Convection Episodes). An Arctic convection
episode should therefore comprise a roughly 20-d period of
strengthening convection, followed by a 20-d period of weaken-
ing convection. The wave trains traveling southward from the
Arctic should also strengthen and weaken over comparable pe-
riods. During wave-train interaction with the ITCZ air column,
the easterly wind speed in the CP should increase, maximize, and
decrease (Correlation of September Sea Ice Concentration with
December Trade-Wind Dipole Anomaly Index), and the decreasing
phase could be interpreted as a WWB.
Regression of SSH on SSIA provides indirect evidence about

the modification of the SSH gradient by the wave-train in-
teraction with the ITCZ air column. Fig. 7 maps color contours
of SST (Left) and SSH (Right) regressed to �1 P1 SD reduction
in SSIA for P2 November (Top), P2 January (Middle), and P2
February (Bottom). The boxes locate the areas N3 and N4 that
define the trade-wind dipole anomaly index (P1 and P2 El Nino
Events). Samples of regressed 10-m wind vectors are mapped on
the SST and SSH color contours. The SSH gradient may be vi-
sually estimated from the spacing of the SSH contours.
In the model in Conceptual Model, Methods, and Data, a wave

train of about a month’s duration approaches the ITCZ in No-
vember (Fig. 6), arrives at the ITCZ in December (Figs. 4 and 6),
completes its interaction with the ITCZ air column in January

(Fig. 7), and launches a reflected wave train that arrives over the
Aleutian Low Circulation in February (Fig. 8). Since P1 wave
trains do not reach the ITCZ (Fig. 5), the P1 SSH, SST, and wind
regressions show little change between P1 November, P1 Janu-
ary, and P2 February and are not shown. The SSH results for P2
do show significant change. For P2 November, Fig. 7 shows a
mild SSH gradient at the western boundary of N4, where CP El
Ninos are triggered (Fig. 1). A positive SSH anomaly appears in
the Eastern Indian Ocean and in the WPWP in P2 January; the
SSH gradient near the western boundary of N4 is strongest in
this month. In P2 February, the SSH anomaly in the Eastern
Indian and Western Pacific Oceans is smaller than in P2 January,
and the SSH gradient near the western boundary of N4 is smaller
than in P2 January.
Fig. 7 also contains SSH evidence that processes within the

ITCZ respond to sea-ice variability in P2. There is a thin band of
negative SSH regression response near the expected position of
the ITCZ at the northern edge of N3 in P2 November, P2 Jan-
uary, and P2 February. Regression also detects a parallel struc-
ture south of the Equator in N3 in P2 January and P2 February,
months that precipitation observations find that a double ITCZ
occurs (84). This pair of negative SSH anomalies encloses a
negative SST anomaly localized to the geographic equator in
these months. Further evidence would be required to confirm
that a double ITCZ is a delayed response to reduction in SSIA.
In summary, in P2 data, reduction in SSIA regresses to SSH

zonal gradients in the WPWP transition layer favorable to ad-
vective instability in the months when convection episode-
created wave trains interact with the ITCZ air column. A re-
duction in trade-wind speed in the diminishing phase of the
wave-train interaction would appear as a WWB lasting around
20 d. Fig. 1 indicates that that summer Arctic sea-ice loss does
not couple to CP events in years when the 29 °C isotherm is in
the far Western Pacific. We do not argue that all WWBs and/or

P2: Nov SST and 10m winds P2: Nov SSH and 10m winds

P2: Jan SST and 10m winds P2: Jan SSH and 10m winds

P2: Feb SST and 10m winds P2: Feb SSH and 10m winds

5 m/s5 m/s

Fig. 7. North Pacific P2 SST, SSH, and 10-m wind regressions. Shown are November (Nov) SST (Top Left), November SSH (Top Right), January (Jan) SST (Middle
Left), January SSH (Middle Right), February SST (Bottom Left), and February (Feb) SSH (Bottom Right). The SSH color scale ranges from � 5 to 5 dm; the SST
color ranges from � 5 to 5 °C. The arrow lengths at the bottom of each panel denote wind velocity of 5 m/s, with easterly in blue and westerly in red. The 10-m
winds and SST were drawn from NCEP/NCAR and SSH from GODAS data. Regression parameters, N3 and N4 boxes, and contour-line meaning are the same as
in Fig. 4.
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CP El Nino events require an Arctic-origin trigger. We do argue
that summer sea-ice loss led to SSH gradients more favorable to
advection instability in P2 and less favorable in P1 (when sum-
mer sea losses were smaller and CP events were not observed as
frequently); that SSH gradients favorable to advective instability
are generated under regression near where CP events originate;
that the switch each fall from sea-ice retreat to advance provides
for a westerly wind anomaly on the 20-d time scale in winter; and
that those CP events that are Arctic sea-ice-related should be
initiated in December and January.

Arctic Sea Ice and the Aleutian Low Circulation
The Aleutian Low Circulation is the dominating feature of winter
North Pacific climate, organizing storm systems and the jet stream
(85). The Aleutian Low Circulation changed character in the late
1990s when CP El Ninos began to occur more frequently (86).
This section examines the hypothesis that waves stimulated by
convection episodes generate reflected waves in interaction with
the ITCZ air column that modify the Aleutian Low Circulation.
Waves reflected from the ITCZ in December should reach the

latitude of the Aleutian Low Circulation in February. Fig. 8,
Upper shows the regressed 300-mb stream function for P1 Feb-
ruary and P2 February. The P1 stream-function map has quasi-
periodic zonal structure, whereas the P2 stream-function map
has three Pacific-wide zonally aligned cells. The P2 February
parity sequence is the reverse of the P2 December sequence (Fig.
4), negative–positive–negative north to south, consistent with an
Arctic-origin wave train reflected in interaction with the ITCZ air
column. The zonal extent of the P2 teleconnection cells suggests
that reflected waves are generated along much of the ITCZ.
Fig. 8, Lower shows regressed 10-m wind vectors mapped over

contours of SLP for P1 February (Left) and P2 February (Right).
In the tropics, both SLP and surface winds are unaffected by
SSIA variability in P1, whereas the P2 regression response is an
increase (decrease) of SLP in the tropical Eastern (Western)
Pacific. The difference in the Northern Pacific between P1
February and P2 February is notable. Smaller SSIA in P1 leads
to lower SLP across the midlatitudes and a dipolar SLP anomaly
further north. In P2 February, smaller SSIA leads to a single
positive SLP anomaly. Its accompanying anticyclonic surface
wind anomaly weakens the prevailing cyclonic Aleutian Low
Circulation.

A significant response of the Aleutian Low Circulation to
SSIA variability occurs only in P2 February data. The regression
responses for P2 January and P2 March (not presented here) are
much weaker. The off–on–off January–February–March se-
quence is consistent with an Arctic-origin wave train of about a
month’s duration that reflects from the ITCZ air column in
December, propagates poleward in January, passes over the
Aleutian Low Circulation in February, and enters the Arctic
in March.

Remarks
Two limitations of technique prevent this paper’s results from
being conclusive. The first limitation stems from partitioning
data into smaller subsets, risking the loss of statistical precision.
For example, not separating P1 from P2 data would obscure
the effects of the different teleconnection pathways linking
Arctic sea ice and Pacific trade-wind variability in the two pe-
riods. The further partitioning of P1 and P2 data into monthly
subsets again sacrifices precision in favor of temporal discrimi-
nation. If one accepts these risks as necessary for the problem at
hand, one encounters a second limitation, circularity: To test the
model, one has to assume the model. The credibility of the analysis
of an individual step in the model in Conceptual Model, Methods,
and Data depends on the credibility of the analyses of other steps
in the model. The best that can be said is that at the level of
precision attainable with the present methods, there is no obvi-
ous inconsistency between the results and the model used to in-
terpret the results.
Regression has identified climatic processes that relate di-

rectly or indirectly to the variability of September Arctic sea-
ice area. These include the trade-wind dipole anomaly, the
Aleutian Low Circulation, the CP El Nino, and (possibly) the
double ITCZ. Regression also identifies upper- troposphere
telecommunication pathways connecting Arctic and tropics
that could account for the regression responses at the surface.
Proof that CP El Nino events triggered by Arctic origin wave
trains can prompt secondary teleconnections could encourage
a new view of the teleconnection network that communicates
short-term climatic changes around the globe. When the El
Nino feedback system is close to marginal stability, a small
incoming telecommunication signal could trigger an SST re-
sponse that modulates the vertical convection in the ITCZ

s/m5s/m5

Fig. 8. Northern Pacific teleconnections for the month of February (Feb). Upper contours the regressed 300-mb stream function in P1 (Left) and P2 (Right).
The regression conditions, boxes, and contour-line meanings are the same as in Figs. 4–6. Lower shows selected 10-m wind vectors superposed on SLP. NCEP/
NCAR data were used. The arrow lengths at the bottom denote wind velocity of 5 m/s, with easterly in blue and westerly in red.
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air column. The deep convection generated in the ITCZ air
column is the main power source of the Hadley Cell over-
turning circulations and indirectly of global atmospheric cir-
culation; by amplifying (or damping) teleconnection signals,
the ITCZ air column becomes an active participant in the
global teleconnection network.
Whether teleconnection signals are amplified or damped during

their interactions with the ITCZ air column depends on the
state of the Tropical Pacific Ocean, which depends on its history.
Calculating rates of amplification or damping requires calculating
the response of the ITCZ air column to wave-train forcing in the
upper troposphere and stratosphere while exchanging energy with
the subsurface ocean. Every winter provides an opportunity to

make observational progress on this extraordinarily complex
problem. It could prove worth the effort. ITCZ amplification of
teleconnection signals could help explain how the loss of Northern
Hemisphere land ice resulted in massive worldwide climate change
after the Last Glacial Maximum (87).
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