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ABSTRACT

Based on instability theory and some former studies, the Simple Ocean Data Assimilation (SODA)
data are analyzed to further study the difference between the propagation of the ENSO-related oceanic
anomaly in the off-equatorial North Pacific Ocean before and after 1976. The investigation shows that after
1976 in the off-equatorial North Pacific Ocean, there is a larger area where the necessary conditions for
baroclinic and/or barotropic instability are satisfied, which may help oceanic anomaly signals propagating
in the form of Rossby waves to absorb energy from the mean currents so that they can grow and intensify.
The baroclinic energy conversion rate in the North Pacific after 1976 is much higher than before 1976,
which indicates that the baroclinic instability has intensified since 1976. From another perspective, the
instability analysis gives an explanation of the phenomena that the ENSO-related oceanic anomaly signal
in the North Pacific has intensified since 1976.
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1. Introduction

Since the 1990s, following the intense research on
ENSO, the study on the decadal variations of climate
systems and their mechanisms has become one of the
important research topics of climate change (Nitta and
Yamada, 1989; Graham, 1994; etc.). Since the climate
system in the Pacific Ocean functions as the major cli-
mate system to influence the global climate, its decadal
variation can provide a background for climate systems
with relatively shorter periods. The decadal variation
of the Pacific climate system has attracted much at-
tention. There are several viewpoints about the mech-
anism of decadal variation in the Pacific climate sys-
tem. For example, the tropical ocean is the forcing
origin of the decadal variation in the mid-latitude cli-
mate system (Trenberth and Hurrel, 1994; etc.); the
decadal variation of Pacific Ocean can originate either
from the tropical the Pacific or the extra-tropical Pa-
cific (Liu et al., 2002; Wang et al., 2003a, b); and the
interaction between the Tropics and the mid latitudes
(Gu and Philander, 1997), the unstable air-sea inter-
action in the mid latitudes (Latif et al., 1994, 1996;
etc.), and the interaction between the Tropics and the
extratropical South Pacific (Wang and Liu, 2000; Luo
and Yamagata, 2001; Giese et al., 2002; Chang et al.,

2001) have been respectively proved by different re-
searchers to force out the decadal variation .

As the most obvious interannual variation in the
Pacific ocean-atmosphere system, ENSO influences the
global climate most significantly. Former research
works (Gu and Philander, 1995; Wang and Wang,
1996; An and Wang, 2000; Wang and An, 2002; Meng
et al., 2004a; etc.) have shown that since the late
1970s, there has been significant decadal adjustment
in the characteristics of ENSO: the dominant period
of the ENSO cycle has changed from 2–3 yr to 4–6 yr
and its intensity has increased. Wang and An (2001,
2002) fully studied the role of background wind in
the decadal changes of ENSO characteristics. With
the background thermocline unchanged, the decadal
variation in the background wind and related varia-
tion of the upwelling in the upper ocean can lead to
the observed decadal variations in the spatial struc-
ture and characteristics of ENSO. They argued that
decadal changes of the background equatorial winds
act as the fundamental factor to alter the properties
of El Niño.

Based on the previous studies of El Niño events
(White et al., 1989; Li and Mu, 1999; Chao et al.,
2003, etc.), the propagation of the oceanic anomaly
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signal related to El Niño events has been found to
usually propagate along the paths constituted by the
equatorial wave guide, the east boundary, the zonal
bands near 5◦–15◦N and the west boundary in the Pa-
cific Ocean. In a minority of the El Niño events, such
an oceanic anomaly propagates from the South Pa-
cific to the equatorial region. One of the examples to
illustrate this phenomenon is the propagation of the
oceanic anomaly signal before the 1997/98 El Niño
event (Chao et al., 2003). Therefore, the period of
the ENSO cycle is related to the propagation of the
El-Niño-related oceanic anomaly in the Pacific Ocean.

Capotondi and Alexander (2001) found the en-
hanced thermocline variability at 10◦–15◦N in the Pa-
cific Ocean to be primarily associated with long baro-
clinic Rossby waves of periods more than 7 yr. The
arrival of the thermocline variability to the equatorial
regions in the form of waves will lead to the low fre-
quency variation of the equatorial thermocline. There-
fore, the decadal adjustment is also associated with
the long baroclinic Rossby waves in the North Pa-
cific. The numerical research of Meehl et al. (2001)
shows that the ocean background vertical diffusivity
may significantly influence the amplitude of El Niño.
The physics is primarily related to a sharper equatorial
thermocline. An intense and shallow equatorial ther-
mocline helps to increase the Niño-3 SST interannual
variability. The ENSO period is relatively longer in the
case of a shallow equatorial thermocline. Based on an
analysis of assimilated data, Gu et al. (2004) found
an apparent abruptness of mean value in the tropical
Pacific thermocline in the late 1970s. The EOF and
wavelet analysis showed that there were both inter-
annual and interdecadal cycles in the tropical Pacific
thermocline. Meng et al. (2004a) showed that there
was some difference between the mean depth of the
main thermocline in the tropical Pacific before and af-
ter 1976. They argued that according to the classical
theories, off-equatorial Rossby waves and equatorial
Kelvin waves should be different corresponding to the
adjusted thermocline. Their research also found that
the propagation and intensity of the ENSO-related
oceanic anomaly signal before 1976 are obviously dif-
ferent from that after 1976. Their further analysis
showed that the decadal adjustment of the ENSO cy-
cles is closely associated with the decadal adjustment
of the tropical thermocline.

The research of An and Wang (2000) and Wang
and An (2002) found that the decadal changes of the
background wind in the Pacific Ocean play an impor-
tant role in the decadal variation of ENSO charac-
teristics. Meng et al. (2004a) pointed out that the
decadal adjustment of the background ocean is also an
important factor in causing the decadal variation in
ENSO characteristics, which well supplements Wang

and An’s research on the decadal variations of ENSO
characteristics.

Based on instability analysis, the research of Meng
et al. (2004b) showed that the asymmetric prop-
agation of the ENSO-related oceanic anomaly sig-
nal between the Northern Hemisphere and Southern
Hemisphere results from the difference between their
distributions of barotropic and/or baroclinic instabil-
ity. These characteristics influence the intensifica-
tion and propagation of off-equatorial Rossby waves in
the South and North Pacific Oceans. Therefore, the
ENSO-related oceanic anomaly can grow and propa-
gate smoothly in the Northern Hemisphere while its
growth and propagation in the Southern Hemisphere
are not so effective.

It is known from Meng et al (2004a) that there
is a large difference between the propagating speed,
intensity, etc. of the ENSO-related oceanic anomaly
signal before and after 1976. Based on an instabil-
ity analysis, Meng et al. (2004b) gave an explanation
for the asymmetric propagation of the ENSO-related
oceanic anomaly in the Southern and Northern Hemi-
spheres. From the above-mentioned two papers, it is
not difficult for us to make such a deduction that the
various decadal changes in the characteristics of the
ENSO-related oceanic anomaly in the North Pacific
since 1976 may be related to the changes in the baro-
clinic and/or baraotropic instability. The instability
analysis may explain the phenomena to some extent.
In this paper, some further study is to be made re-
garding the decadal variation of ENSO-related char-
acteristics in the North Pacific. We will try to find the
relation of the difference between the ENSO-related
oceanic signal before 1976 and that after 1976 to the
changes of the baroclinic and barotropic instability af-
ter 1976 in the North Pacific.

2. A brief introduction of the data and theory
for the instability analysis

The beta7 version of SODA (Simple Ocean Data
Assimilation) is used in this article. The data spans
from January 1950 to December 2001. The model do-
main covers the zonal region between 62◦S and 62◦N.
The horizontal resolution is 1◦ in the zonal direction
but uneven in the longitudinal direction, with the high-
est resolution of about 0.45◦ at the Equator. The
longitudinal resolution is 1◦ outside of the region be-
tween 10◦S and 10◦N. There is a total of 20 layers
in the vertical direction, with an uneven vertical res-
olution. The depths of the layer center from bottom
to top are 3622.5, 2885.6, 2201.3, 1598.79, 1099.46,
714.46, 443.79, 276.27, 190.61, 157.5, 142.5, 127.5,
112.5, 97.5, 82.5, 67.5, 52.5, 37.5, 22.5, 7.5 m respec-
tively. The output of the model is monthly means and
there are 624 records in all. The physical variables of
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SODA include temperature, salinity, velocity, sea sur-
face height, sea surface wind stress, the depth of the
20◦C isotherm, the heat content in the upper 125 m
and the heat content in the upper 500 m. The model
setup of SODA, especially in the tropical regions, is
fairly high among the global models. A great deal of
observations are assimilated into the model, so SODA
can reveal the variation in the real ocean better (Car-
ton, 2000a, b). The long time series of 52 yr makes
SODA applicable to studies on decadal timescales.

The theories used to analyze the baroclinic and
barotropic instability of the North Pacific are based
on Pedlosky (1987, 1996) and Lipps (1963). Some re-
lated studies such as Qiu (1999), Qiu and Chen (2004),
Lin (2004), Lu and Luo (2004), Meng et al. (2004b)
and Lin (2005, 2006) are also useful references.

3. The instability analysis of the climatological
state of the North Pacific before and after
1976

According to the former studies, and following
Meng et al. (2004b), the North Pacific is simplified
to 2.5 layers to analyze the baroclinic instability. The
seawater layer above the 25.0 kg m−3 isopycnal is ap-
proximated as the first active layer, the seawater layer
between the 25.0 kg m−3 isopycnal and 27.1 kg m−3

isopycnal as the second active layer, and the seawater
layer from the 27.1 kg m−3 isopycnal to the bottom
as the inactive layer. To analyze the barotropic in-
stability, the North Pacific is simplified to 1.5 layers.
The active layer is the same as the first active layer of
the 2.5-layer simplification. The inactive layer is the
seawater layer from the 27.1 kg m−3 isopycnal to the
bottom.

Around 1976, the North Pacific underwent a cli-
mate regime shift. Observations from the tropical Pa-
cific Ocean have also identified an abrupt climate shift
in 1976. Therefore, 1976 is selected as the dividing
year for this study. Sometimes, the 1976 climate shift
is also called the 1976–77 climate shift due to the shift
period. To get rid of the shift’s influence on the av-
erage state, the data of 1976 and 1977 are not used.
Following Meng et al. (2004a), the comparison is made
between the average from 1960 to 1975 and the aver-
age from 1978 to 1993. The average from 1960 to 1975
represents the climatological state before 1976, and the
average from 1978 to 1993 represents the climatologi-
cal state after 1976.

Potential vorticity (PV,ζ) and its meridional gra-
dient are important variants to judge the existence of
instability in the 1.5-layer simplification and the 2.5-
layer simplification. For the related derivations, one
may refer to Qiu (1999) and Qiu and Chen (2004).
Here, we calculate the PV of the active layer in the

1.5-layer simplification and of the first layer in the 2.5-
layer simplification as follows:

ζ1 =
f

h1
× ∆ρσ,1

1000 + ρσ,1
, (1)

where ζ1, f, h1,∆ρσ,1 and ρσ,1 represent the potential
vorticity, coriolis parameter, thickness, potential den-
sity difference between the surface seawater and the
lower interface seawater, and the average potential
density of the first layer, respectively.

And we calculate the PV of the second layer in the
2.5-layer simplification as follows:

ζ2 =
f

h2
× ∆ρσ,2

1000 + ρσ,2
, (2)

where ζ2, f, h2,∆ρσ,2, and ρσ,2 represent the poten-
tial vorticity, coriolis parameter, thickness, potential
density difference between the upper interface seawa-
ter and the lower interface seawater, and the average
potential density of the second layer, respectively.

The distributions of the meridional gradient of po-
tential vorticity (PV) of the active layer in the 1.5-
layer simplification before and after 1976 are shown in
Fig. 1. According to Lipps (1963) and Qiu and Chen
(2004), the necessary condition for barotropic insta-
bility is satisfied in the region where the meridional
PV gradient changes signs. The monthly perimeters
of such regions before and after 1976 are shown in Fig.
2. The figures indicate the following facts: such a re-
gion before 1976 is in slightly higher latitudes than af-
ter 1976; the perimeters of the zonal strip region where
the meridional gradients of PV change sign before 1976
are shorter than after 1976. Therefore, the situation
after 1976 may help the off-equatorial Rossby waves
absorb more energy to grow and intensify through the
mechanism of barotropic instability. As shown in Figs.
1 and 2, there is a significant seasonal variation in the
zonal strip region where the necessary condition for
barotropic instability is satisfied. Such a phenomenon
is related to the seasonal variation of horizontal veloc-
ity shear between the North Equatorial Countercur-
rent (NECC) and North Equatorial Current (NEC)
and the horizontal velocity gradient in the NEC itself.

The distribution of the area where the meridional
PV gradient of the first active layer has an opposite
sign compared to that of the second active layer in the
2.5-layer simplification before and after 1976 is shown
in Fig. 3. According to Qiu (1999), Qin and Chen
(2004), the necessary condition of baroclinic instabil-
ity is satisfied in such regions. The monthly areas of
such regions before and after 1976 are shown in Fig.
4. The figures indicate some similar information as
found in Fig. 1 and Fig. 2: such regions before 1976
are in slightly higher latitudes; and the area of the
zonal strip region where there may be baroclinic insta-
bility is smaller than that after 1976. Therefore, the
situation after 1976 helps the off-equatorial Rossby
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Fig.1  

Fig. 1. The climatological distribution of areas where the meridional PV gradient changes sign in the active layer
of the 1.5-layer ocean in January, March, May, July, September, and November before 1976 (left) and after 1976
(right). (The shaded region is negative.)
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Fig.2 The climatological monthly perimeters of regions where meridional PV gradient changes sign in the active layer of 1.5 layers 

ocean in the tropical North Pacific Ocean (130°E-100°W, 5°N-20°N) before and after 1976 (units: 107km) 

 
Fig.4 The climatological monthly area of regions where meridional PV gradient of the first active layer is in opposite sign to that 

of the second active layer of 2.5 layers ocean in the tropical North Pacific Ocean (130°E-100°W, 5°N-20°N) before and after 1976 

(units: 1012km2) 

 
Fig.6 The climatological monthly baroclinic energy conversion rate averaged in the second active layer of 2.5 layers ocean in the 

tropical North Pacific Ocean (130°E-100°W, 5°N-20°N) before and after 1976. (units: W⋅m-2) 

 

Fig. 2. The climatological monthly perimeters of regions
where the meridional PV gradient changes sign in the ac-
tive layer of the 1.5-layer ocean in the tropical North Pa-
cific Ocean (5◦–20◦N, 130◦E–100◦W) before and after 1976
(units: 107 km).

waves absorb more energy to grow and intensify

through the mechanism of baroclinic instability. As
shown in Fig. 3 and Fig. 4, there is also a significant
seasonal variation in the zonal strip region where the
necessary condition for baroclinic instability is satis-
fied. Such a phenomenon is related to the seasonal
variation of the vertical velocity gradient in the NEC
itself and the vertical velocity shear between the NEC
and subtropical countercurrent (STCC).

According to the classic wave theory, the depth
of the main thermocline and the latitude act as the
dominant factors that influence the first-mode baro-
clinc Rossby wave speed. The higher the latitude, the
slower the Rossby wave speed. However, from Meng et
al. (2004a), we know the fact that the ENSO-related
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Fig.3  

 

Fig.4 The climatological monthly area of regions where meridional PV gradient of the first active layer is in opposite sign to that 

of the second active layer of 2.5 layers ocean in the tropical North Pacific Ocean before and after 1976 (units: 1012km2) 

Fig. 3. The climatological distribution of areas (the shaded regions) where the meridional PV gradient of the
first active layer has an opposite sign of that of the second active layer in the 2.5-layer ocean in January, March,
May, July, September, and November before 1976 (left) and after 1976 (right).
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Fig.2 The climatological monthly perimeters of regions where meridional PV gradient changes sign in the active layer of 1.5 layers 

ocean in the tropical North Pacific Ocean (130°E-100°W, 5°N-20°N) before and after 1976 (units: 107km) 

 
Fig.4 The climatological monthly area of regions where meridional PV gradient of the first active layer is in opposite sign to that 

of the second active layer of 2.5 layers ocean in the tropical North Pacific Ocean (130°E-100°W, 5°N-20°N) before and after 1976 

(units: 1012km2) 

 
Fig.6 The climatological monthly baroclinic energy conversion rate averaged in the second active layer of 2.5 layers ocean in the 

tropical North Pacific Ocean (130°E-100°W, 5°N-20°N) before and after 1976. (units: W⋅m-2) 

 

Fig. 4. The climatological monthly area of regions where
the meridional PV gradient of the first active layer has an
opposite sign of that of the second active layer of the 2.5-
layer ocean in the tropical North Pacific Ocean (5◦–20◦N,
130◦–100◦W) before and after 1976 (units: 1012 km2).

oceanic anomaly signal propagates more slowly after

1976. Their further analysis showed that the phe-
nomenon is related to the changes in the main thermo-
cline since 1976; the shallowness of the main thermo-
cline in the related regions in the North Pacific makes
the Rossby wave slower after 1976. Therefore we can
deduce that although the region where there is the
possibility of baroclinic and/or barotropic instability
is in slightly lower latitudes after 1976, the Rossby
wave propagates at a slower speed. The interdecadal
changes of the main thermocline depth dominate the
speed of the ENSO-related oceanic signal in the off-
equatorial North Pacific Ocean. The conclusion is still
consistent with that of Meng et al. (2004a).
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Fig.5 The climatological distribution of baroclinic energy conversion rate in the second active layer of 2.5 layers ocean in January, 

March, May, July, September and November before 1976 (left) and after 1976 (right). The contour interval is 500W⋅m-2. 

 
Fig.6 The climatological monthly baroclinic energy conversion rate averaged in the second active layer of 2.5 layers ocean in the 

tropical North Pacific Ocean before and after 1976. (units: 100W⋅m-2) 

Fig. 5. The climatological distribution of the baroclinic energy conversion rate in the second active layer of the
2.5-layer ocean in January, March, May, July, September, and November before 1976 (left) and after 1976 (right).
The contour interval is 500 W m−2.
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Fig.2 The climatological monthly perimeters of regions where meridional PV gradient changes sign in the active layer of 1.5 layers 

ocean in the tropical North Pacific Ocean (130°E-100°W, 5°N-20°N) before and after 1976 (units: 107km) 

 
Fig.4 The climatological monthly area of regions where meridional PV gradient of the first active layer is in opposite sign to that 

of the second active layer of 2.5 layers ocean in the tropical North Pacific Ocean (130°E-100°W, 5°N-20°N) before and after 1976 

(units: 1012km2) 

 
Fig.6 The climatological monthly baroclinic energy conversion rate averaged in the second active layer of 2.5 layers ocean in the 

tropical North Pacific Ocean (130°E-100°W, 5°N-20°N) before and after 1976. (units: W⋅m-2) 

 

Fig. 6. The climatological monthly baroclinic energy con-
version rate averaged in the second active layer of the 2.5-
layer ocean in the tropical North Pacific Ocean (5◦–20◦N,
130◦E–100◦W) before and after 1976. (units: W m−2).

Kirtman (1997) found with coupled models that
the participation of off-equatorial Rossby waves is an

important factor to determine the timescales of the
ENSO cycles. The meridional structure of the off-
equatorial Rossby waves may lead to different ENSO
periods: the broader the meridional width of the off-
equatorial Rossby waves, the longer the ENSO periods.
Figure 3 of Meng et al. (2004a) shows that the Rossby
waves after 1976 have a broader meridional width. The
spatial structure of the Rossby waves after 1976 helps
to make longer ENSO periods.

Figure 1–4 provide us with some qualitative infor-
mation about the reason why there are some changes
in the North Pacific Rossby waves since 1976. It is
possible for us to quantify the intensity of baroclinic
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or barotropic instability to compute the energy con-
version rate. Using the method provided by Qiu and
Chen (2004), it is possible to compute the energy con-
version rate from mean currents to eddy kinetic energy
(EKE) through the mechanism of barotropic instabil-
ity. However, the monthly means of SODA cannot pro-
vide information on the perturbation velocity, which
is necessary to compute the barotropic energy conver-
sion rate. Fortunately, the baroclinic energy conver-
sion rate can be computed by the following formula
according to Gent et al. (1995):

ṗe,bt = −gkth
∇ρ · ∇ρ

ρz
, (3)

where kth=1000 m2 s−1 as suggested by Gent et al.
(1995), ∇ is the horizontal operator, and ρz = ∂ρ/∂z.

The formula indicates that the spatial structure of
the seawater’s density determines the baroclinic en-
ergy conversion rate. The spatial structure of the sea-
water’s density includes information on the thermo-
cline, e.g., its tilting and intensity, etc. Therefore, the
thermocline and its adjustment are closely associated
with the baroclinic energy conversion and its changes.
A larger horizontal density variation or a smaller verti-
cal density variation (flatter and weaker thermocline)
makes a larger baroclinic energy conversion rate.

The spatial distribution of seawater density can be
obtained with the temperature and salinity data of
SODA, thus it is possible for us to compute the baro-
clinic energy conversion rate. The baroclinic energy
conversion rates averaged in the climatological ther-
mocline before and after 1976 are shown in Fig. 5.
The baroclinic conversion rates after 1976 are higher
than before 1976. Such a phenomenon indicates that
the baroclinic instability has intensified after 1976 and
that there is more energy transferred from the mean
kinetic energy to the Rossby-wave-related oceanic per-
turbation. The above analysis supports the idea that
after 1976, the intensified baroclinic instability has en-
abled the Rossby wave to absorb more energy to grow,
intensify and propagate.

From Fig. 4 of Meng et al. (2004a), we can find
that the thermocline is flatter in the zonal direction,
although there is a sharper ridge in the longitudinal di-
rection after 1976 in the tropical North Pacific. There
is a larger horizontal density variation and a flatter
thermoline after 1976 in the tropical North Pacific.
Therefore, the baroclinic energy conversion rate here
is larger after 1976. Such a situation helps the Rossby
wave to absorb more energy to grow and intensify.

Some information about the unstable baroclinic
Rossby waves such as their wavenumber, wavelength,
etc., can be obtained from the 2.5-layer reduced-
gravity model. Following Qiu (1999) and Qiu and
Chen (2004), the ocean is simplified into two active
layers and one inactive layer. The thickness, density

and zonal velocity of the first active layer are H1, ρ1

and U1 respectively. The thickness, density and zonal
velocity of the second active layer are H2, ρ2 and U2 re-
spectively. The density of the inactive layer is ρ3. The
parameters can be obtained from the average state
before and after 1976. Substituting the parameters
into the quasi-geostrophic PV equations of the 2.5-
layer ocean in Qiu (1999) and Qiu and Chen (2004),
we can acquire the growth rate and phase speed with
wavenumber. The largest growth rate corresponds to
the most unstable wave. We made a detailed compar-
ison and found that there is little difference between
the wavenumber of the most unstable wave before 1976
and that after 1976 (not shown here). The wavenum-
ber of the most unstable wave changes with latitude,
longitude and time. Its variation with latitude is the
most significant. Its variations with longitude and
time are relatively insignificant. The most unstable
wavenumbers are roughly in the range of 1×10−5–
3×10−5 m−1 from west to east in the tropical North
Pacific Ocean. The latitude of the most unstable wave
at the same longitude and the same time becomes
higher from west to east. The horizontal distribution
of the most unstable wave inclines from northeast to
southwest. The inclined distribution of the most un-
stable waves is consistent with the characteristics of
the propagating oceanic anomaly related to El Niño
events in the North Pacific in Meng et al. (2004a).
It is also consistent with the Rossby waves amplified
in baroclinically unstable regions of the North Pacific
subtropical gyre in Galanti and Tziperman (2003).
Corresponding to the wavenumbers, the wavelengths
of the most unstable wave are roughly in the range
of 628–209 km. Although there is little difference be-
tween the wavenumbers of the most unstable Rossby
wave before and after 1976, the intensity of the El-
Niño-related oceanic anomaly in the tropical North
Pacific Ocean after 1976 is much greater. The reason
should be attributed to the intensified baroclinic in-
stability after 1976, which makes the unstable Rossby
wave absorb more energy from the mean currents so
that it can grow and intensify.

Based on the above analysis, an explanation is
given to the fact that after 1976, the ENSO-related
oceanic anomaly signal intensifies in the off-equatorial
North Pacific Ocean: there is a larger area where baro-
clinic and/or barotropic instability is possible. There-
fore, it may help the ENSO-related oceanic anomaly to
absorb more energy so that it can grow, intensify and
propagate. The quantitative information on the baro-
clinc energy conversion rate confirms that the baro-
clinic instability in the North Pacific intensifies after
1976, and therefore, the ENSO-related oceanic signal
propagating in the form of Rossby waves in the North
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Pacific is much stronger than that before 1976.

4. Summary and discussion

Based on instability theory a further investigation
has been made regarding the phenomenon found in
Meng et al. (2004a) that the ENSO-related oceanic
anomaly signal before 1976 is different from that af-
ter 1976. The instability analysis about the climato-
logical state before and after 1976 shows that after
1976, there is a larger area where baroclinic and/or
barotropic instability is possible. The quantitative
computation of the baroclinic conversion rate shows
an intensified baroclinic instability after 1976, which
helps the ENSO-related anomaly to absorb more en-
ergy from the mean currents so that it can inten-
sify and propagate. Instabilities acts as an important
mechanism for the oceanic perturbation signal such as
eddies and waves etc., to absorb energy from the mean
currents. The change in the propagating speed of the
ENSO-related anomaly in the North Pacific since 1976
is attributed to the decadal adjustments of the main
thermocline. The thermocline and its adjustment are
also closely associated with the baroclinic conversion
rate and its changes. The decadal adjustment of the
thermocline not only influences the propagating speed
of the Rossby wave but also the energy it absorbs from
the mean currents. The depth of the main thermocline
dominates the propagating speed of the Rossby wave,
and its spatial structure influences the energy it can
absorb from the mean currents.

In this paper, a simple instability analysis has been
performed to explain the phenomenon that the ENSO-
related oceanic anomaly intensifies in the North Pa-
cific after 1976. Due to limitations in the data, the
barotropic instability before and after 1976 has not
been quantified. The analysis we have made provides
us enough information to confirm that the changes in
the propagating speed of the ENSO-related oceanic
anomaly in the North Pacific since 1976 are attributed
to the decadal adjustment of the thermocline; the
changes in the intensity of the baroclinic instabil-
ity since 1976 can influence the intensity of the off-
equatorial Rossby waves. The changes in the baro-
clinc instability are also closely related to the adjust-
ment of the thermocline. The possible role of the
barotropic instability can be further investigated with
data that contain oceanic variations with a shorter pe-
riod. The influence of instability on the intensity of the
off-equatorial Rossby wave acts as one of the mecha-
nisms in the decadal variation in ENSO characteristics.
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