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ABSTRACT

Using a nine-layer global spectral model, numerical schemes with two different SST distributions in
January (control case and abnormal case) have been tested to study the climatic effect, propagation charateris-
tics and the maintenance mechanism of the short-term climatic oscillation caused by El Nino during northern
winter. The main results are as follows: (1) During northern winter, there exist two wave trains because of
the influence of El Nino. One is similar to PNA pattern, and the other is similar to EUP pattern. (2) The
PNA-like wave train caused by the anomalous SST forcing in central and eastern equatorial Pacific Ocean is due
to the response of ultralong wave and long wave components of Rossby mode, and the EUP-like wave train
crossing Eurasia is mainly due to the wave compornent of Rossby mode. (3) During northern winter, the warm
water region in central equatorial Pacific Ocean is the source of forced wave trains. (4) In northern winter,
the energy source for maintaining the short-term climatic oscillation is from the interaction between eddies, and
between eddy and zonal flow.

I. INTRODUCTION

In recent years,morc attention has been paid to the study of short-term climatic oscilla-
tion caused by the anomalous SST (sca surface temperature) in central-eastern equatorial Pacific
during the El Nino period. Horel and Wallace (1981) first pointed out that, during ENSO
periods, in northern winter the atmospheric response to the equatorial heat source may cause
equivalent barotropic stationary wave trains across the Pacific and Northern America.  Shukla
and Wallace (1983), and Geisler et al. (1985) have experimented the atmospheric response to
the equatorial SST anomaly with GCM (general circulation model), and have simulated the
wave trains simillar to PNA (Pacific and North American) pattern in northern winter. Ac-
cording to the theory of Hoskins and Karoly (1981), the cause of these wave trains is recog-
nized as the direct forcing of the anomalous SST in central equatorial pacific. But the GCM
experiment of Geisler et al.  (1985) indicated that it is inappropriate to regard the formation of
the PNA pattern wave trains as the result of the direct forcing of heat source in central Pacific.
They experimented with the tropical SSTA (SST anomaly) located in different longitudes, and
their results showed there was not apparent change in longitude position of the mid-latitude
response. Their viewpoint was also suported by Palmer and Mansfield (1986) after comparing
two different GCM results. Simmons et al. (1983) found that under some conditions, the
interaction between tropical forced waves and climatic stationary waves may cause stable or
weak unstable normal modes, whose existence is owing to the asymmetry of the climatic mean
basic flow. The idea of Simmons et al. (1983) has been verified by Branstator (1985) who
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pointed out that the latent heat in western Pacific and Indian Ocean decreases when SSTA is
placed in central-eastern Pacific, and the atmospheric response over northern Pacific and
Northern America to the anomalous heating in the arcas of Indonesia and Indian Ocean is
sensitive. Therefore, the Rossby wave trains can be explained as the first approximation of
the atmospheric linear response to the decrease of heating. However, when they studied the
midiatitude atmospheric response with the barotropic model, Held and Kang (1987) found
that midlatitude wave trains formed by the forcing over central Pacific rather than western
Pacific and the anomalies of divergence in extratropical zone are more important than those in
tropical zone. The above studies clearly show that there exist two main problems so far in
the study of atmospheric response to El Nino in extratropical zone: (1) which area is the
source located——central Pacific or western Pacific? (2) What is the mechanism causing ex-
tratropical response? For understanding these two main problems, Ni et al. (1989) inves-
tigated the characteristics and mechanism of the atmospheric response to El Nino in northern
summer, and their results showed that in northern summer, the source region of the extratro-
pical atmospheric response to El Nino with time scale less than 10 days is located in the
anomalous SST areas over central-eastern equatorial Pacific, and that with time scale larger
than 10 days is in the western equatorial Pacific. They also suggested that the nonlinear interac-
tions between eddy and zonal flow, and between eddies are the main mrechanism for the de-
velopment and maintenance of the wave trains forced by heating.Now, the problem is wheth-
er this result is also appropriate to that in northern winter, since the basic zonal flow has
different structures between northern winter and summer. Therefore, in this paper attempt
is made to use the same model described by Ni et al. (1989) to simulate the atmospheric res-
ponse to the anomalous SST in central-eastern equatorial Pacific in northern winter, with a
view to further studying the characteristics of the short-term climatic oscillation and its propa-
gation mechanism during El Nino period. The model and the experiment scheme are descri-
bed in Section II, the global climatic oscillation with the monthly time scale during El Nino
period in northern winter in Section 1II, the dynamical characteristics of the thermally forced
short-term climatic oscillation and its horizontal structure in northern winter in Section 1V,
and the maintenance mechanism of the short-term oscllation in northern winter is discussed in
Section V. The last scction gives the conclusion.

II. BRIEF DESCRIPTION OF THE MODEL AND EXPERIMENT SCHEMES

In this study, the global spectral model used cast on the sigma coordinate in vertical with
nine layers from the surface to top of the atmosphere. The basic dynamic and thermodynamic
equations of the model consist of vorticity equation, horizontal divergence equation, continuity
equation whose surface pressure can be given after integration of the equation,thermodynamic
equation and moisture tendency equation. The rohmbodal truncation is used at wavenumber
15, and the model is integrated by using the Galerkin method and the semi-implicit time inte-
gration scheme with a time step of 30 minutes.

In the model. the physical process and parameterizations include short-wave radiation,
long-wave radiation,large scale condensation and convection,vertical diffusions of momentum,
heat and moisture, and the effect of the underlying surface (including ocean, polar ice and snow
cover) and topography on the model atmosphere are considered. More details of this model
has been described by McAvancy and Bourke (1978).

In this study, the different experimental schemes are tested and the results are comparatively

studied.
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Scheme 1, control case (hereafter referenced “Exp 1”"). SST used in the model is clima-
tological mean values in January, and the altitude angle of the sun is in mid-January.

Scheme 2, anomalous case (hereafter referenced “Exp 2°). SST used in the model is that
idcalized positive SSTA which is the same as that in Lin and Sun (1987) and in Niet al. (1989)
over central-eastern Pacific superposed upon the climatological mean SST field in January.
The maximum SSTA is 4.4°C. Others in the model are the same as Exp 1.

The model was integrated for 492 days from rest atmosphere, and then the two scheines
were continually run for 60 days with simulation at day 492 asinitialization and the January
monthly average simulated results are obtained from the last 30 day averaged simulations of
the experiments, respectively.

III. GLOBAL CLIMATIC EFFECT OF EL NINO WITH THE MONTHLY TIME SCALE IN NORTHERN
WINTER

The simulating abilily of the numerical model used here has been discussed detailedly in
Lin and Sun (1987), and the results show that the model could simulate the basic characteris-
tics of the atmospheric circulation being well consistent with those observed and exhibit strong
simulating ability. In this paper, we do not describe it again, only concentrate on discussing
the global climatic effect of El Nino in northern winter.

1. Difference Field of Geopotential Height (Exp 2—Exp 1, same in the following)

Figs. la and 1b show the gcopotential height difference fields at 300hPa and 850hPa
(Exp 2 minus Expl).

- Fig. 1a shows that there exists significant difference center distributions bearing consid-
erable resemblance to PNA teleconnection pattern over Pacific and northern America in upper
troposphere in the Northern Hemisphere. The difference field over tropical Pacific is negative,
over western coast of northern America is positive and over Mexico Gulf and Atlantic is nega-
tive. This result clearly reflects that the atmospheric response to the positive SSTA over cen-
tral-eastern equatorial Pacific in the Northern Hemisphere gencrates PNA-like geopotential
height field. Over Eurasian continent, over southern Europe and Mediterranean areas the
differcnce field is negative, and it is positive over ceniral Asia continent and negative over
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Fig. 1. Geopotential height difference field between Exp 2 and Exp 1. (a) 300hPz; (b) 850hPa.
Dashed lines represent negative values, and solid lines positive values.

eastern Asia and Japan.This is resemblance to EUP(Eurasia-Pacific) teleconnection pattern.
Over the tropical area to the south of the negative difference field region over southern Europe
and Mediterranean, however, the difference region is positive. Comparing with the typical
EUP pattern, one can find that the negative difference center over Europe is further south, The
simulated results are consistent with those in Shukla and Wallace (1981), and are basically iden-
tical to observations in January, 1983 (Cuiroz, 1983). In southern upper troposphere, there
also exist two different wave trains. One crosses central equatorial Pacific southeastward to
the southern edge of south America, then returns to northeast and propagates intoc Atlantic
and Africa. It consists of five difference centers with positive and negative one after another.
The other starts from tropical African continent southeastward to southern Indian Ocean and
finally enters southern Pacific and central-eastern equatorial Pacific associated with wavenum-
ber 4.

The above results clearly indicate that because SSTA over central-eastern Pacific and the
structure of zonal flow are unfavorable for the atmosphere to gain eddy kinetic energy (see Sec-
tion V), the thermal source region in central Pacific turns to be the source of PNA-like wave
train in the Northern Hemisphere and the eastern wave trains in the Southern Hemisphere, but
the sources of wave trains similar to EUP-like in the Northern Hemisphere and the other
wave trains in the Southen Hemisphere are located in tropical Indian Ocean and tropical
Africa. Apparently, the formation of the latter is due to the influence of the SSTA over central-
eastern Pacific on the equatorial east-west circulation, which intensifies the anomaly of con-
vective heating over tropical Indian Ocean and tropical Africa. This assumption will be fur-
ther verified in the next section.

Comparing Fig. [2 with Fig. 1b, we can find in upper and lower troposphere between 30°S—
30°N that, the phases of the eddies are the same, and the positions of the eddy centers are
close to each other, but the region of eddy center in the Jower troposphere contrasting to that
in the upper is near the equator. These results reflect that the vertical structure of eddy is baro-
clinic, and equivalent barotropic over the regions far away from equator,



Vol. 4

ACTA METEOROLOGICA SINICA
2a and 2b give the difference flow field at 300hPa and 850 hPa.
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It is easterly difference flow over the

As a result, it weakens the intensity of equatorial -

Difference flow between Exp 2 and Exp 1 for 300hPa (a) and 850 hPa (b).
over west side there exists easterly difference flow. However, over western

2a and 2b we can see that over the heat source in central-eastern eguatorial
There is devergent flow over equatorial western Pacific with westerly difference”

Fig. 2.

558

2. Difference Flow Field

Figs.

From Figs.

Pacific, the 300hPa flow along equator is divergent; over east of the source region, it is westerly

difference flow;

equatorial Pacific it is convergent flow along the equator.

area east of 140°E, and westerly west of 140°E and east of 60°E. At 850hPa, It is convergent

flow over the source with difference easterly over east side of the source and difference westerly

over west side.

flow over the area east of 130°E and easterly west of 130°E. The distribution of difference

flow and divergent and convergent regions in upper-lower layers described above is just opposite

to the direction of equatorial Walker cell.
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Walker cell and cast-west circulation over equatorial Indian Ocean associated with convergence
in the upper and divergence in the lower over equatorial central-western Indian Ocean. At
the same time, divergence in the upper and convergence in the lower exist over equatorial central
Africa, resulting in reinforcing convective activity and forming new heat source over equatorial
central Africa.

From Fig. 2a, it is further seen that the distribution of disturbance centers corresponding
to difference regions in the geopotential height difference field is similar to the PNA pattern and
EUP pattern in the Northern Hemisphere, whereas the counterpart of two wave trains in the
difference flow field and the geopotential height field also exists in the Southern Hemisphere.
There are a pair of anticyclonic difference circulations in the upper and a pair of cyclonic dif-
ference circulations in the lower over both sides of the equator to the west of the equatorial
source. These simulated results are in agreement with theoretical results (Gill, 1980; Lau
and Lim, 1984). The difference flow in the lower troposphere (Fig. 2b) shows that the phases
and positions of difference circulations are consistent with those in the upper except for the
regions near the equator while downstream of difference flow in the lower is opposite to that
in the upper over the regions near the equator, These simulations agree with the response of
simulated geopotential heights.

3. Temperature Difference Field

From the map of temperature difference field in the lower troposphere (Fig. 3b), it is
seen that temperature increasing regions cover the whole Eurasian area except for polar regions
of Asia and Europe, Southeast Asia and Mediterranean. In addition, there is an increase re-
gion of temperature over North America except for a few local regions, especially a warmer
winter appears in north of North America. This simulated result is consistent with observa-
tions in December, 1982—Feb., 1983 (Quiroz, 1983). The temperature increasing area exists
over central-eastern Pacific between 45°N and 45°S, which is in agreement with observations
(Shukla and Wallace, 1983). There are temperature decreasing regions over higher latitudes,
western Pacific and east of Indian Ocean while west of Indian Ocean is an increasing area.
Variations of temperature are not apparent in the Atlantic Ocean.

Local difference between characteristics of temperature difference fields in the upper and
in the lower is significant although they have several common characters. There exist increase
regions over Pacific area except for high latitudes and equatorial western Pacific. There is a
decrease area over the Indian Ocean except for equatorial Indian Ocean and a few regions in
the Southern Hemisphere. Distribution of temperature in the Atlantic is reverse to that in the
Pacific, where increase areas exist over higher latitudes and decrease areas over lower latitudes,
with an exception that distribution in equatorial Atlantic is consistent with that in equatorial
Pacific. Decrease regions of temperature appear to be over Europe and the south of Asia
and increase regions over middle-high latitudes of Asia (except for the polar area) and North
America.

According to the above simulation, it is clearly seen that El Nino has a different influence
on temperature of the troposphere. It is higher over north of the continents and lower over
south of the continents and vice versa over oceans. The most apparent influence areas are
located in the Pacific, Indian Ocean, Eurasian continent and North American continents.

4. Precipitation Difference Field
Fig. 4 gives precipitation difference between Exp2 and Expl. Fig. 4 clearly shows that
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Fig. 3. Temperature difference field between Exp 2 and Exp 1 for 300hPa(a) and 850 hPa (b). Interval: [.2°C.

Fig. 4. Precipitation difference map between Exp 2 and Exp 1. Interval: 1 mm/day; dashed
lines represent positive values; solid lines negative values,
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there are increase regions of precipitation in equatorial central-eastern Pacific and equatorial
central Africa, reflecting enhancement of convective activities. However, precipitation decreases
in equatorial western Pacific and equatorial Indian Ocean near 60°E. The character, of
precipitation distribution that precipitation decreases in west of equatorial Pacific and increases
in east of it, is similar to the observed character in the E1 Nino year (Shukla and Wallace
1983), and also consistent with weakening of equatorial east-west circulation. There exist
increase regions of precipitation in south of Asia whereas decrease regions of precipitation in
South China, part of Northeast China, and Japan. Precipitation increases arc found in the
west coast and northeast coast of South America, and south of Africa except for southeast
coast areas while precipitation decreases in north of Africa and other areas.

The above distribution of simulated precipitation is in basical agreement with observed
precipitation anomalies in winter during the El Nino period of 19821983 (Bergman et al.,
1985). The fact described above reflects that main characters of precipitation distribution
during the El Nino period are basically simulated.

1V. DYNAMICAL CHARACTERISTICS AND HORIZONTAL STRUCTURE OF THERMALLY FORCED
SHORT-TERM CLIMATIC OSCILLATIONS IN NORTHERN WINTER

In this paper, the normal mode technique is used to decompose the simulated results in
order to investigate dynamical characteristics of short-term climatic oscillations. The normal
mode method was described in detail by Ni and Lin (1990).

In the normal mode technique, J-+1 eastward and westward propagating gravity waves
and westward propagating Rossby waves are respectively obtained for each vertical mode and
wavenumber (except for wavenumber zero). Furthermore, their frequencies satisfy the follow-
ing relation:

L(G!) > >L(GY) >L(R) > >L(R) >0>L(GF) > > L(GT).
Among them the characteristic wave with [,(G%) refers to as Kelvin wave because its meri-
dional perturbated velocity is very small. But the wave with L (R,) possesses character of
Rossby-gravity mixed wave.

We make use of the normal modes described above to decompose the difference flow
field between Exp 2 and Exp 1 in order to analyze characteristics and structure of the forced
waves by SSTA over equatorial central-eastern Pacific.

Fig. Sa gives extralong wave component of Rossby mode at 300hPa. It shows that a pair
of anticyclonic Rossby modes are formed on both sides of west of the heat source in the upper
and a pair of cyclonic Rossby modes in the lower whereas on both sides of east of the heat source,
a pair of cyclonic Rossby modes are formed in the upper and a pair of anticyclonic Rossby
modes in the lower. Along the equator, there is difference easterly in the upper and difference
westerly in the lower over east of the heat source and the reverse of this happens over the area
cast of 90°W; there is difference easterly in the upper and westerly in the lower over west of
the heat source and the reverse of this happens further west of the source. Apparently, a pair
of anticyclonic and cyclonic Rossby modes in the upper and the lower on both south and north
sides of the equator can arise as a result of atmospheric Rossby baroclinic response to the heat
source over west of the source. Over east of the heat source, the direction of difference flow
along the equator is opposite to that of Walker cell, thus resulting in weakening Walker cell.
In middle-high latitudes of Southern and Northern Hemispheres, phases of Rossby modes in
the upper and in the lower are the same. In the Pacific and North America area of the
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Northern Hemisphere, there exists extralong wave component of Rossby mode similar to the
PNA pattern.The response isalso evident in the Southern Hemisphere.There basically is cor-
respondence between extralong wave components of Rossby modes in the difference flow field
and in geopotential height difference field, reflecting existence of apparent Rossby wave trains.

Fig. 5b gives long wave components (wavenumber 4—6) of Rossby mode. From Fig.
5b, it is clearly seen that long wave response of Rossby mode mainly exists in middie-high la-
titudes of Southern and Northen Hemispheres. Furthermore, it is more remarked in the Nor-
thern Hemisphere than that in the Southern Hemisphere and more remarked in the Eastern
Hemisphere than in the Western Hemisphere. Comparing long wave components in the upper
with those in the lower, it is also seen that long wave components of Rossby mode along middle-
high latitudinal circle form a series of alternating cyclonic and anticyclonic disturbances with
same phase in the vertical, namely equivalent barotropic structure. It is noteworthy that the
response is the most evident in the Pacific and Indian Ocean areas whereas it is comparatively
weak in the Atlantic area.

Of the above, an extralong wave train of Rossby mode and a long wave train of Rossby
mode along a latitudinal circle in Southern and Northern Hemispheres can arise as a result of
long wave and extralong wave component response of Rossby mode to equatorial SSTA.
This result is consistent with the theoretical result of Lim and Chang (1983).

Comparing Fig. 5a with extralong and long wave composite map of Rossby mode (Fig.
5c) shows that positions and phases of extralong wave component of PNA-like Rossby mode
are consistent with the PNA pattern in the composite map. ' This result clearly shows that the
PNA pattern formed by forcing of the heat source in Figs. 5¢c and 1a mainly results from res-
ponse of extralong wave component of Rossby mode. Furthermore, the location of
anticyclonic and cyclonic difference centers across Eurasian continent in Fig. 5¢c corres-
ponds to that of EUP-like geopotential height difference centers. Comparing Fig. 5¢ with
Fig. 5a indicates that there exists apparent anticyclonic Rossby mode response in Fig. 5c
whereas in Fig Sa, there is a cyclonic difference circulation, and there no longer exists apparent
extralong wave response of Rossby mode over the area west of the above cyclonic difference
circulation. Comparison of Fig. 5S¢ with Fig. 5b shows that long wave component response
of Rossby mode between 30°N and 60°N is well corresponding to EUP-like distribution in
Fig. 5c and long wave component response of Rossby mode in the area betwcen 90°W and
180°W and between 30°N and 60°N is consistent with phases of members of PNA-like in
Fig. 5c. These results clearly suggest that the PNA-like response to SSTA over equatorial
central-eastern Pacific results from extralong and long wave component responses of Rossby
mode and the EUP-like response in Eurasian continent results from only long wave response
of Rossby mode. From Figs. 5c and 5b, it is also seen that long wave response of Rossby
mode mainly has an influence on members of the wave train in the Indean Ocean area of the
Southern Hemisphere whereas the wave train in the Pacific and Atlantic areas mainly results
from extralong wave response of Rossby mode.

Figs. 6a and 6b represent extralong wave response of Kelvin mode at 300hPa and 850
hPa, respectively. It is shown that there exist difference easterly in the upper and differnce
westerly in the lower over the west of the heat source and a difference wind reversal is
observed over the east of the source. These facts apparently reflect the existence of conver-
gence in the lower of the heat source and divergence in the upper in association with ascending
difference flow. This distribution of equatorial east-west zonal difference flow is just opposite
to the direction of Walker cell, Evidently, extralong wave component response of Kelvin
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mecde to the heat source weakens Walker cell.

Magnitude of long wave component response of Kelvin mode is one order smaller than
that of extralong wave component response. However, magnitude of extralong wave com-
ponent response of Rossby mode is in the same order as that of long wave component response.
Therefore, extralong wave and long wave responses of atmospheric Rossby mode to the heat
source are equally important whereas extralong wave responsc of atmospheric Kelvin mode to
the heat source is more important compared with long wave response of Kelvin mode.

Finally, it is pointed out that the divergent flow ficld in the upper of the heat source and
convergent. flow field in the lower result from inertia-gravity mode response of atmosphere to
the heat source (not shown). However, the divergent and convergent flow fields with phases
reverse to the above flow are formed over the area near 120°E. Magnitude of inertia-gravity
mode is not only one order smaller than thai of Rossby mode, but also smaller than Kelvin
mode. The above flow distributions have an influence on the ascending difference branch over
equatorial eastern Pacific and the descending difference branch over equatorial western Pacific.

The above results from normal mode decomposition of simulated difference flow are in
agreement with theoretical results (Gill, 1980; Lau and Lim, 1983).

V. MAINTENANCE MECHANISM OF SHORT-TERM CLIMATIC OSCILLATIONS IN NORTHERN
WINTER

Simmons et al. (1983) have studied the relationship between atmospheric teleconnections
and barotropic instable modes of basic flow and pionted out that western Pacific and Atlantic
Ocean areas are sensitive regions of atmospheric response 1o external forcings. Ni et al.
(1990) further suggested that in northern summer, formation and maintenance of short-term
climatic oscillation with monthly time scale result from dispersion of energy, interaction be-
tween eddies,basic flow and eddies. Therefore, analyzing the effect of barotropic instability
of asymmertric zonal basic flow on short-term climatic oscillations is helpful for understanding
maintenance mechanism of short-term climatic oscillations in northern winter.

Assuming that short-term climatic mean flow is the function of x and y, then the eddy
kinetic energy equation describing the change of eddy kinetic energy is written as

2L s CK et CR ury +CK 1 (1)
where
CK yra= — (u¥?—v*) 200, (2)
CKary=—u*0* ( g;"%-aazjc”)_ﬁ—u*v* gl;" , (3)
CKy=gn (90" +22), (4)

where v, and v, represent zonal and meridional components of basic flow, respectively: u%,
v* and ¢* give deviation of SSTA experiment Exp 2 from the normal experiment Expl. Com-
bination of the first and second terms in Eq. (1) may be written as

(QgE>5T:E "V (5)
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where

E=— (u**—v*, u¥%o%), (6)
and represents zonal component of EP flux, which is an effective diagnostic available for study-
ing interaction between zonal flow and transient eddies (Hoskins et al., 1983). -

The first term in Eq. (1) reflects magnitude of interaction between zonal instablity of basic
flow and zonal eddy momentum transport. Eddy kinetic energy increases in the regions where
there exist zonally enlonged eddy (u**>v*?) and 9u,/dx <O or meridionally enlonged eddy
(v**>u*?) and Pu,/dx>0. It reflects the unstable effect of zonal asymmetric component of

basic flow.The second term of Eq. (1) shows magnitude of interaction between meridional

instability of basic flow and meridional transport of zonal momentum. It parallels to kinetic
energy conversion between zonal symmetric basic flow (94,/8x=0) and eddies. The third
term of Eq. (1) gives conversion of eddy pofential energy to eddy kinetic energy.

Distribution of CK ;. in northern winter of the El Nino year (not shown) shows that
maximum areas of zonal kinetic energy conversion to eddy kinetic energy are located in nor-
thern Pacific, east of North America and east of North Africa, which result from unstable zonal
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Fig. 7. (a) positive value area distribution of CK g1 x+CK gy in northern winter; (b) positive value area
distribution of CK,.
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asymmetric component. According to the above analysis, these are arcas where there exist
zonally enlonged eddy and &u,/0x <0 or meridionally enlonged eddy and dy,/a9x>0. It is
noteworthy that atmosphere over east and west of the heat source gains eddy kinetic energy in
equatorial central Pacific.

Distribution map of CK ,, (not shown) shows that there are three maximum regions of
increase of eddy kinetic energy in northern Pacific. They are situated in southeast of extrance
of both northern and western Pacific jets, respectively. The other two large value regions of
increase of eddy kinetic energy are located in westerly jet extrance of eastern Northern America
and south side of westerly jet over east of North Africa. The above results suggest that the
most unstable region of basic flow is maximum eddy kinetic energy conversion region from
zonal “kinetic energy.

Distribution of CK ,,,+ CK ;»» (Fig. 7a) clearly shows that barotropic conversion of
zona] kinetic energy to eddy kinetic energy mainly takes place in jet extrance over western Paci-
fic and North America and the area where is maximum gradient of wind velocity over northern
Pacific and east of north Africa.

Barotropic conversion of eddy kinetic energy in the Southern Hemisphere is smaller than
that in the Northern Hemisphere. 1t is located in the jet extrance areas and large gradient
areas of wind velocity, which is similar to that in the Northern Hemisphere.

Eddy potential energy conversion to eddy kinetic energy mainly takes plac: in eastern Pa-
cific, northwestern Pacific, east of Asian continent, east of North Africa, equatorial western Pa-
cific and Indian Ocean. In the Southern Hemisphere, eddy potential energy conversion to eddy
kinetic energy is comparatively small, with its distribution corresponding to position of eddies.
In comparison of the third term of Eq. (1) with the first and second terms, their magnitude order
is basically the same. Therefore, conversion of eddy potential energy to eddy kinetic energy
is also one of the main energy sources for maintenance of short-term climatic oscillations in the
Northern Hemisphere (see Fig. 7b).

The above results clearly suggest that in northern winter main energy sourcss maintaining
short-term climatic oscillations are zonal kinetic and eddy potential energy even in the El Nino
period. This implies that eddies gain eddy kinetic energy because of barotropic instability of
basic flow and convergence and divergence of disturbed flow. As a result, eddy members of
the wave train are developed and maintained. This result is consistent with the conclusion of
Niet al. (1990) who analyzed short-term climatic oscillations in northern summer during the
E1 Nino period. Comparing distribution of eddy kinetic energy conversion in northern winter
of the El Nino year with that in northern summer of the El Nino year, we have found that sea-
sonal difference of eddy kinetic energy conversion distribution causes the formations of PNA
pattern and EUP pattern in northern winter and the teleconnection pattern similar to that sug-
gested by Nitta (1987) in northern summer. This fact shows that seasonal difference of short-
term climatic oscillations can arise as a result of seasonal difference of basic flow.

V1. SUMMARY AND CONCLUSIONS

According to the above results, conclusions can be drawn as follows:

(1) In northern winter, there exist two wave trains in the Northern Hemisphere because
of an influence of El Nino, and they respectively bear resemblance to the PNA and EUP pat-
terns. In the Southern Hemisphere, there are also two wave trains. One of them propagates
southeastward from equatorial central Pacific and enters the Atlantic Ocean and equatorial
Africa, and the other propagates southeastward from equatorial Africa then across south
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Pacific and enters equatorial central-eastern Pacific. Flow field,temperature field and precipita-
tion are anomalously changed because of existence of the wave trains described as above.

(2) The PNA-like wave train forced by SSTA over equatorial central-eastern Pacific
results from extralong wave and long wave component responses of Rossby mode whereas the
EUP-like wave train over Eurasian continent can arise as a result of long component response
of Rossby mode. In the Southern Hemisphere, there mainly is long wave response of Rossby
mode over the Indian Ocean and extralong wave response of Rossby mode over the Pacific and
Atlantic. Extralong wave response of Kelvin mode is one order larger than long wave response
of Kelvin mode thus resulting in weakening of Walker cell. These results are in general agree-
ment with the theoretical results of Gill (1980) and Lau and Lim (1983).

(3) In northern winter, the warm water region in equatorial central Pacific is the forcing
source of forced wave train in Northern and Southern Hemispheres, which is not only related
to the warm water region in equatorial central Pacific, but also dependent on the structure
character of zonal flow. In the El Nino year, the forcing source area of wave trains in northern
winter apparently differs from that in northern summer. But the latter is located in equatorial
western  Pacific.

(4) In northern winter, energy sources maintaining short-term climatic oscilla‘ions from
interactions between eddies, zonal flow and eddies result in conversion of eddy potcntia' energy
and zonal kinetic energy to eddy kinetic energy. The maximum conversion regions of eddy
kinetic energy are mainly located in jet extrances and the areas where velocity gradient is max-
imum and related to structure of zonal flow.
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