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ABSTRACT

Bihemispheric atmospheric interaction and teleconnection allow us to deepen our understanding of large-scale climate
and  weather  variability.  This  study  uses  1979−2017  spring  NCEP  reanalysis  to  show  that  there  is  interrelation  between
bihemispheric circulations at the extratropics. This is regarded as a significant negative correlation between the Antarctic
and  the  Arctic  regional  surface  air  pressure  anomalies,  which  is  induced  by  interhemispheric  oscillation  (IHO)  of  the
atmospheric  mass.  The  spatial  pattern  of  IHO  is  characterized  by  antiphase  extratropical  airmass  anomalies  and
geopotential height anomalies from the troposphere to stratosphere between the Southern and Northern Hemisphere. IHO is
closely  related  to  stronger  bihemispheric  low-frequency  signals  such  as  Antarctic  Oscillation  and  Arctic  Oscillation,
thereby demonstrating that IHO can be interpreted as a tie in linking these two dominant extratropical circulations of both
hemispheres. IHO is associated with a strong meridional teleconnection in zonal winds from the middle−high troposphere
to the lower stratosphere, with the wind anomalies in the form of alternate positive−negative wavy bands extending from
the  Antarctic  to  Arctic  region,  which  act  as  a  possible  approach  to  interactions  between  the  bihemispheric  atmospheric
mass.  It  is  argued  that  IHO-related  omega  angular  momentum  anomalies  led  by  the  extratropical  atmosphere  cause  the
meridional teleconnection of relative angular momenta, thereby giving rise to the zonal wind anomalies. The modeling of
GFDL and UKMO as components of the CMIP5 project have been verified, achieving the related IHO structure shown in
the present paper.
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Article Highlights:

•  A strong antiphase relationships of surface air pressure anomalies presents between the Antarctic and the Arctic in boreal
spring.
•  IHO closely links with the antiphase extratropical circulations between the NH and the SH.
•  The IHO-associated relative and omega angular momentum anomalies can maintain the interhemspheric teleconnection
of circulation.

 
 

1.    Introduction

Interhemispheric atmospheric interaction and teleconnec-
tion are of considerable interest because of the insight such
relationships  provide  toward  understanding  climate  and
weather variability. The thought that perhaps there is physic-
al interaction between the hemispheres dates back to at least
the correlation studies of Walker (1924), which showed pat-
terns  of  global-scale  coherence  in  the  pressure  field  that

later have been associated with the Southern Oscillation phe-
nomena.  Studies  of  interhemispheric  interactions  have
shown that there is a relationship between rainfall and temper-
ature over South America and the Southern Oscillation (Nami-
as, 1963; Trenberth, 1976). The spatial coherence of Afric-
an rainfall anomalies (Nicholson and Entekhabi, 1986) was
also  shown  to  be  related  to  interhemispheric  exchange  of
the atmospheric angular momentum (Newell et al., 1969).

The  conservation  of  global  air  mass  requires  that  any
“gain” in air mass in one hemisphere must be balanced by a
“loss ”  of  air  mass  in  the  other.  For  example,  when  the
winter hemisphere experiences an increase in average pres-
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sure due to cooling, the summer hemisphere experiences a de-
crease  in  average  pressure  (Chen  et  al.,  1997).  Antiphase
changes in air pressure can lead to detectable deformations
at  Earth’s  surface  (Blewitt  et  al.,  2001).  Analysis  of  the
daily  surface  air  pressure  (SAP)  demonstrates  that  ex-
changes  of  air  mass  occur  between hemispheres  across  the
equator  (Baldwin,  2001).  The  phenomenon  of  atmospheric
blocking  was  observed  in  1979  over  the  Southern  Pacific
Ocean, at the same time as an increase in sea level pressure
(SLP) of 1 hPa (Christy et al., 1989). Christy et al. (1989) il-
lustrated how cross-equatorial atmospheric mass fluxes can
lead  to  significant  localized  climatic  anomalies.  Whenever
there is a substantial loss of dry atmospheric mass from the
Northern Hemisphere (NH), increases in pressure in South-
east Asia may lead to enhanced surface ridging over the south-
ern  Pacific  and  southern  Indian  oceans.  It  is  interesting  to
note that these are regions in which atmospheric blocking reg-
ularly occurs (Carrera and Gyakum, 2003).

To date, research in interhemispheric interaction and ex-
change has focused on the interaction between the tropical re-
gion and other regions, by considering cross-equatorial atmo-
spheric mass fluxes. Extratropical-to-extratropical teleconnec-
tion between the NH and the Southern Hemisphere (SH) has
yet to be studied in detail. Guan and Yamagata (2001) intro-
duced the idea of  interhemispheric  oscillation (IHO) in the
SAP  field  to  describe  comparable  but  opposite  changes  of
air  mass  between  hemispheres.  Time series  of  the  IHO in-
dex with a wide range of spectra from a few months to dec-
ades indicate atmospheric mass redistribution resulting from
mass exchange between the hemispheres. Guan et al. (2010)
and Lu et al. (2008) described how the interannual variabil-
ity of the IHO at mid and high latitudes causes variations in
global atmospheric circulation.

During boreal spring, there is a significant exchange of
atmospheric mass (Chen et al., 1997). In view of the distribu-
tion showing that spring IHO-caused air mass anomalies are
mainly at the extratropics (Lu and Guan, 2009), the pattern
is likely to be connected with the stronger low-frequency sig-
nals such as Antarctic Oscillation (AAO), which is a domin-
ant atmospheric oscillation in the middle and high southern
latitudes  (Gong  and  Wang,  1999),  and  Arctic  Oscillation
(AO), the leading mode of low-frequency variability in the
mid−high  northern  latitudes  (Thompson  and  Wallace,
1998).  However,  the  relationship  between  airmass  anom-
alies  over  hemispheric  high latitudes  and its  possible  path-
way remain  unclear.  Potential  connections  or  contributions
of IHO to the connection of  air  mass between hemispheric
high  latitudes  and  how  this  unbalanced  hemispheric  air
mass  maintains  should  be  discussed,  which  is  the  motiva-
tion of this study. More specifically, our aim is to investig-
ate the possible connection between bihemispheric extratropic-
al atmospheric circulation and attempt to link this with IHO.
We then describe how IHO is established by wind-field trans-
port and atmospheric angular momentum.

The remainder of the paper is organized as follows. In
section 2, we describe our sources of data and methods of ana-
lysis. We describe the link between bihemispheric extratropic-

al atmospheric circulations and IHO in section 3, as well as
discuss the relationship between IHO and atmospheric angu-
lar  momentum.  In  section  4,  we  examine  the  GFDL  and
UKMO model results from CMIP5 to assess the robustness
of the IHO pattern. Finally, in section 5, we draw some con-
clusions and suggest avenues of further research.

2.    Data and methods

2.1.    Data

The data used consist of NCEP1 monthly reanalysis (Kal-
nay et al., 1996), including geopotential height, zonal wind,
and SAP at  the  resolution of  2.5°  latitude × 2.5°  longitude
and covering the spring (the mean over March to May each
year) for 1979−2017. Additionally, the r1i1p1 modeling out-
puts  from  GFDL-CM3  and  HadCM3  submitted  to  the
CMIP5 project are used to verify the results from reanalys-
is in 27 spring seasons for 1979−2005. The vertical levels of
GFDL  are  roughly  in  agreement  with  NCEP  data,  except
that HadCM3 is reduced by 10 hPa.

2.2.    Methods

2.2.1.    IHO index construction

Differing from the SLP over a terrain area artificially cor-
rected to sea level height pressure, the SAP is the atmospher-
ic pressure above the surface of Earth, which can represent
Earth’s surface air mass more accurately. Hence, the interan-
nual  variability  of  SAP  under  discussion  actually  denotes
the  corresponding  condition  of  atmospheric  mass  over
Earth. Remarkably, anticorrelative evolution is found in the
time-dependent  hemispheric  mean  surface  pressure  anom-
alies  in  spring  (Fig.  1),  with  a  correlation  coefficient  of
−0.771. Because of the smaller interannual variability of wa-
ter vapor,  dry air  masses play a key role in the interannual
variation of airmass redistribution (Lu et al.,  2008). Due to
global dry air conservation, this significant anticorrelation fea-
ture  demonstrates  that  interhemispheric  atmospheric  air
masses balance well between the NH and SH. That is, the bi-
hemispherical surface pressure difference can be the measure-
 

Fig.  1.  Area-averaged  time-dependent  spring  SAP  anomalies
in  the  SH (dotted  line)  and  NH (dashed  line)  and  IHO index
(solid line),  in  hPa.  The correlation coefficient  (Cor)  between
the time series of the area-average SAP in the SH and the NH
one is −0.771.

1372 INTERRELATION OF SPRING BIHEMISPHERIC CIRCULATIONS VOLUME 36

 

  



ment for the strength of interhemispheric air exchange and in-
teractions.  According  to Guan  and  Yamagata  (2001),  the
SAP is  utilized to construct  spring monthly IHO by means
of the following equations: 

IIHO = ps,NH− ps,SH

ps,NH =

∫ π/2
0

ps cosφdφ , (1)

ps,NH ps,SH

ps

where  and  denote the area-averaged surface pres-
sure anomalies over the NH and SH respectively, φ denotes
the latitude, and  denotes the zonal mean values of SAP an-
omalies.

2.2.2.    AAO and AO index construction on pressure levels

By  examining  the  association  of  IHO  with  AAO  and
AO at all pressure levels, we aim to reveal the interhemispher-
ic  interactions,  especially  at  the  extratropics.  Thus,  refer-
ring to Baldwin and Thompson (2009), we use EOF analys-
is  of  anomalous  zonal  mean  heights  on  all  17  levels
(1000−10 hPa) in 20°−90°S and 20°−90°N, arriving at the cor-
responding  temporal  coefficients  of  the  first  mode  of  EOF
as the leveled AAO and AO indices. The AAO and AO se-
quences  thereby  constructed  are  indicative  of  their  vari-
ations in each layer (Baldwin and Thompson, 2009).

2.2.3.    Atmospheric angular momentum

mr

mΩ

From  the  point  of  view  of  global  angular  momentum,
we speculate that the maintenance mechanism for the large-
scale  redistribution  of  air  mass  may  be  the  corresponding
change  in  angular  momentum.  Following von  Storch
(2000), we have the equations of the hydrostatic approxima-
tion of relative angular momentum ( ) and omega angular
momentum ( ), as given below:  

mr(φ) =
2πr2

g

∫ ps

10
r cosφucosφdpdφ ,

mΩ(φ) =
2πr2Ω

g
(r cosφ)2 ps cosφdφ ,

(2)

Ωwhere  represents the angular velocity of Earth, r the radi-
us of earth, u the zonal wind and p the pressure. Vertical integ-
ration is conducted from the surface to 10 hPa using 10 hPa
as the top level of the NCEP data.

3.    Link between interhemispheric air at the ex-
tratropics and IHO

3.1.    Surface pressure anomalies and 850-hPa wind anom-
alies

To find the interrelationship between the extratropical at-
mospheres  of  both  hemispheres,  we  calculated  the  depar-
tures of spring areal mean surface pressure at 60°−90°N and
60°−90°S  from  1979  to  2017  (Fig.  2a).  The  variations  in
high-latitude  mean  surface  pressure  are  comparable,  but
with opposite sign in both of the hemispheres. The correla-
tion  coefficient  reaches  −0.304  at  the  significance  level  of

0.06 based on the t-test. This indicates that the air mass dis-
tributes  in  a  seesaw  pattern  between  the  hemispheres  dur-
ing the spring season. Nevertheless, there is no such clear rela-
tionship  between  0°−60°N  and  60°−90°S,  with  a  correla-
tion coefficient of 0.02 (figure not shown). This fact shows
that the interhemispheric surface pressure oscillation exhib-
its the inter-association of varying atmospheric mass mainly
at  bihemispheric  extratropics.  As  documented  in Table  1,
the  anticorrelation  of  regional  mean  SAP  anomalies
between the northern high latitudes (NHh) and the southern
ones (SHh) is indeed most significant in boreal spring com-
pared to other seasons.  Furthermore,  the correlation coeffi-
cient between IHO and both NHh and SHh in spring is 0.61
and  −0.62  respectively,  with  the  highest  significance  (>
0.01) among all the four seasons. Thus, IHO shows notable
seasonality, which is consistent with Guan et al.  (2010). In
particular,  the spring IHO links closely with the interhemi-
spheric unbalance and connection of air  mass,  and is  espe-
cially pronounced over high latitudes.

IHO-associated  surface  pressure  shows  antiphase  fea-
tures between both the bihemispheric extratropics (Fig. 2b).
In particular, the synchronous IHO−surface pressure correla-
tion  coefficients  are  positive  (negative)  in  the  NH  (SH),
with remarkable correlations dominantly at the bihemispher-
ic  extratropics.  The perceptible  positive correlation regions
are largely in middle−western Eurasia, northern North Amer-
ica  and  the  Arctic  Ocean,  in  comparison  to  the  latitudinal
bands  in  60°−90°S  that  have  significant  negative  correla-
tions generally.  The significant  positive correlation regions
are  also  present  in  the  middle  and  southern  regions  of
Africa  and  South  America  and  in  the  Northwest  Pacific,
while  a  large  area  of  negative  correlation  is  shown  in  the
Southeast  Pacific.  As  shown in  the  Appendix,  the  IHO in-
dices  and  their  correlation  with  SAP  are  highly  consistent
between NCEP1 and NCEP2 reanalysis data. Therefore, the
following analysis will be based on NCEP1.

As  shown  in  the  regression  coefficients  of  850-hPa
wind anomalies upon IHO (Fig. 2c), the IHO effect changes
the surface pressure, which to a great extent determines the
low-level  winds.  In  particular,  the  positive  pressure  anom-
alies  in  the  northern  high latitudes  decrease  the  meridional
pressure gradient and thus decelerate the westerlies over the
north of 60°N, while accelerated westerlies display over its
SH  counterpart.  Furthermore,  notable  wave-train-like  flow
can be found in midlatitudes of both the SH and NH, indicat-
ing a potential interaction with stationary waves accompan-
ied by IHO-associated large-scale airmass redistribution.

The above results show that the IHO indices are closely
connected with the redistributed air mass at the extratropics
in both hemispheres, and with the teleconnection between ex-
tratropical  bihemispheric  circulations.  Therefore,  the  IHO
may  act  as  the  bridge  for  the  interaction  of  circulations  in
both hemispheres, which can be used to explain the seesaw
feature of Fig. 2a.

3.2.    Linkage of IHO with AAO and AO

AO  and  AAO  are  the  leading  modes  of  atmospheric
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low-frequency  variation  at  the  extratropics  for  both  hemi-
spheres. Guan and Yamagata (2001) performed an EOF de-
composition  of  zonally  averaged  surface  pressure  anom-
alies  on  a  monthly  basis,  reaching  AAO as  the  first  mode,
AO as the second mode, and IHO as the third mode, with vari-
ance  contributions  of  36.4%,  21.1%  and  14.5%,  respect-
ively. These results indicated that the modes have a notice-

able  effect  on  the  redistribution  of  atmospheric  mass  at  a
large scale. To reveal their interrelationships in spring, the cor-
relation coefficients are computed between AAO and IHO,
as well as AO and IHO, at the different levels given in Ta-
ble  2,  where  the  AAO calculation  starts  from 700  hPa  be-
cause  of  the  terrain.  It  is  seen  that  AAO  and  AO  are  not
closely  related  at  any  level  except  700  hPa,  which  is  in
rough agreement with Baldwin and Thompson (2009), who
showed  no  clear  interaction  happening  between  AAO  and
AO on a synchronous basis. However, there is a strong correl-
ation between AAO/AO and IHO at these levels. In particu-
lar,  IHO  is  positively  correlated  with  AAO  below  50  hPa,
with correlation coefficients decreasing as a function of in-
creasing height. In contrast, IHO and AO are negatively cor-
related  from  the  troposphere  to  lower  stratosphere.  The
above analysis demonstrates that the bihemispheric extratrop-
ical  circulations  are  tied  to  IHO  despite  less  inter-associ-
ation between AAO and AO in the spring.  In  addition,  the

Table 1.   Correlation coefficients of IHO and regional mean SAP.

NHh & SHh IHO & NHh IHO & SHh

DJF 0.19 0.10 0.59***

MAM −0.30* 0.61*** −0.62***

JJA −0.09 0.35** −0.61***

SON −0.05 0.33** −0.46***

Note: Values with one, two and three superscript asterisks are
statistically significant at the 0.1, 0.05 and 0.01 level, respectively,
based on the t-test.

 

 

Fig. 2. (a) Spring area-weighted mean surface pressure over the Arctic (solid
line)  and  Antarctic  (dashed  line)  regions.  (b,  c)  Correlation  coefficients
between IHO and (b) surface pressure and (c) anomalous wind (units: m s−1)
at  850  hPa  regressed  upon IIHO.  The  dotted  areas  in  (b)  denote  values
exceeding the 90% confidence level.
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well-defined correlations between IHO and AAO/AO from
the surface to the lower stratosphere show evidence for the
associated  troposphere−stratosphere  atmospheric  interac-
tion.

3.3.    Zonal wind anomalies

The  redistribution  of  air  masses  is  accomplished  via
wind transport, while the related pressure gradient change in
turn modifies the wind field. To further study bihemispheric-
al atmospheric linkage associated with IHO, we conduct re-
gression analysis on zonal wind and meridional mass trans-
portation  based  on  the  IHO  index.  The  regressed  anomal-
ous zonal winds are characterized by a longitudinal telecon-
nection (Fig. 3a): a wavenumber 5 pattern is well organized
in  the  middle  to  upper  troposphere  and lower  stratosphere,
and it extends meridionally from the Arctic to Antarctic re-
gions. The maximum (minimum) values are centered at ap-
proximately  60°S  (75°N)  in  the  lower  troposphere  (strato-
sphere).

Ψ Ψ

Ψ

The  connection  between  IHO  and  the  wind  field  can
also be shown by the pattern of anomalies of zonal mean meri-
dional  mass  streamfunction  ( ).  The  is  calculated  by  a
method  of  iteration  using  zonally  averaged  meridional
winds (Qin et al., 2006). As depicted in Fig. 3b, the  anom-
alies  notably  modulate  the  classic  tri-cell  circulations;  re-
gions of remarkable positive values are at the bihemispher-
ic extratropics, centered at approximately 60°S and 65°N in
the  lower  troposphere,  in  agreement  with  the  large-value
bands of zonal wind anomalies in Fig. 3a. This suggests that
the atmospheric mass redistribution in association with IHO
gives rise to the change in pressure gradients, thereby mak-
ing  the  adjusted  wind  field  associated  with  the  meridional
transport of air mass. In addition, the rising (sinking) branch
of  the  low-latitude  Hadley  circulation  cell  corresponds  to

Table 2.   Correlation coefficients of IHO with AAO and AO, as
well as AAO with AO, at all pressure levels.

Level (hPa) IHO&AAO IHO&AO AAO&AO

1000 − −0.57 −
925 − −0.57 −
850 − −0.56 −
700 0.61 −0.53 −0.35
600 0.58 −0.52 −0.31
500 0.55 −0.51 −0.26
400 0.51 −0.49 −0.19
300 0.46 −0.48 −0.14
250 0.45 −0.48 −0.11
200 0.44 −0.45 −0.08
150 0.43 −0.39 −0.02
100 0.40 −0.33 0.03
70 0.37 −0.29 0.05
50 0.33 −0.25 0.07
30 0.23 −0.19 0.12
20 0.17 −0.13 0.18
10 0.10 −0.02 0.27

Note: Bold numbers denote statistically significant values at the
0.05 level based on the t-test.

 

 

Fig.  3.  Coefficients  of  (a)  phase mean zonal  wind anomalies (shaded;  units:
m s−1) and (b) averaged meridional streamfunction anomalies (shaded; units:
109 kg s−1) regressed upon normalized IHO, with the contours (spaced at 20 ×
109 kg s−1) in (b) denoting the climatology of mean meridional streamfunction.
The dotted areas delineate the F-test significance values at 0.10.
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the positive (negative) anomalies, indicating that when inter-
hemispheric  exchange  is  strengthened  (i.e.,  the  amplifica-
tion of IIHO), the related Hadley-cell transport is accelerated
accordingly. Trenberth  et  al.  (1998) showed  that  ENSO
events play a driving role in extratropical circulation anom-
alies.  Previous  studies  have  also  suggested  that  there  is  a
close connection between tropical Pacific SST and extratropic-
al atmospheric teleconnections (e.g., Alexander et al., 2002;
Chen  et  al.,  2014, 2015, 2017, 2018).  As  shown in Fig.  4,
large  areas  of  significant  positive  correlation  coefficient
between IHO and SST present in the middle and east of the
tropical Pacific, potentially leading to an enhanced local Had-
ley circulation. SST anomalies and accompanying air−sea in-
teraction over these areas may play an important role in trig-
gering  the  atmospheric  teleconnections  between  the  north-
ern high latitudes and its SH counterpart.

Figure 3 presents a marked meridional teleconnection pat-
tern  of  winds  between  the  middle−upper  troposphere  and
lower  stratosphere.  This  inspired  us  to  further  examine  the
zonal wind distributions at 250- and 500-hPa in Figs. 5a and
b.  The  IHO-related  250-  and  500-hPa  zonal  winds  are
clearly dominated by a meridional teleconnection. In particu-
lar, alternate positive−negative zonal bands are notably obvi-
ous in middle−eastern Eurasia, and the South/North Pacific
and Atlantic. The meridional teleconnection of wind anom-
alies establishes the link between extratropical air masses in
both hemispheres. These zonal wind anomalies are likely to
produce effects on the midlatitude eddy−flow interplay, prob-
ably associated with overturning circulation and eddy dynam-
ics (Chang, 1998; Seager et al., 2003), which may lead to an
inter-association of tropical and extratropical air (Thompson
and Lorenz, 2004).

3.4.    Anomalies of angular momentum

The pattern of large-scale airmass anomalies is likely to
change atmospheric angular momenta. Here, we address the

ū ps

mΩ
mr

mΩ

mΩ φ ps cosφ
mΩ

maintenance mechanism of the interrelation between bihemi-
spheric air at the extratropics through the changes in global
angular momenta on the basis of its conservation, for which
we use the coefficients  of  IHO regressed upon zonal  mean
wind  and  surface  pressure  to  calculate  associated
omega  angular  momentum  ( )  and  relative  angular  mo-
mentum ( ) with Eq. (2). In Fig. 6, we see that the pattern
of IHO-associated  anomalies exhibits a seesaw feature,
with  high  values  in  the  north  and  low values  in  the  south,
wherein  the  large  values  are  mainly  at  the  extratropics  of
both  hemispheres,  with  the  positive-value  band(s)  over
30°−90°N and negative-value center at approximately 60°S.
According  to  Eq.  (2), ( )  is  proportional  to ,
thereby  demonstrating  that  the  distribution  of  anom-
alies is closely linked to the redistributed air mass from inter-
hemispheric mass oscillation.

mr

mΩ mr

ū

mr

mΩ
mΩ mr

mr

mΩ mr mr

mr mΩ

mΩ mr

The numerical change in IHO-regressed  is greater in
comparison to , and the pattern of  anomalies exhibits
a distinct  meridional  waveform. This resembles the pattern
of  anomalies that are remotely related longitudinally on a
global basis,  showing that relative angular momenta play a
role  in  maintaining  the  distribution  of  zonal  wind  anom-
alies. In view of the fact that the numerical change in  signi-
ficantly exceeds that in , the distribution of anomalies of
IHO-related  total  angular  momenta  ( + )  approximates
the pattern of . Deserving of attention is the fact that the dif-
ference  between  ( + )  and  is  pronounced  at  the  ex-
tratropics  (from  45°  to  the  polar  region  in  both
hemispheres). Conservation of global angular momentum sug-
gests that the effect of extratropical airmass anomalies on an-
gular momentum is strengthened such that the combination
of IHO-associated  and  anomalies can maintain the tele-
connection of extratropical air masses in both hemispheres.
On  the  other  hand,  AO-  and  AAO-related  and 
present opposite spatial distributions primarily at bihemispher-
ic middle−high latitudes—a result that is in agreement with

 

 

Fig. 4. Correlation coefficients between IHO and SST. Dotted areas denote values exceeding
the 90% confidence level.
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that reported in von Storch (2000).

4.    IHO from CMIP5

To  verify  the  spatial  pattern  of  IHO,  we  give  the  re-
lated results of the GFDL and UKMO models of CMIP5 in
Fig. 7. Comparison shows that the pattern of correlation coef-
ficients between IHO and surface pressure is close to that of
Fig.  2b (Figs.  7a and c),  including the prevalence of  posit-
ive  (negative)  correlations  in  the  NH  (SH),  and  the  large-
value bands at the extratropics, except for some differences
in the detailed distribution. In addition, the pattern of regres-
sion  coefficients  of  zonal  wind  anomalies  of  these  models

upon IHO (Figs. 7b and d) exhibits strong alternate positive
and negative banded anomalies from the Antarctic to Arctic
region,  in  rough  concert  with  the  distribution  of Fig.  3a.
This  configuration  illustrates  that  the  fundamental  features
of  IHO-associated  airmass  oscillation  between  both  hemi-
spheres  at  the  extratropics  can  be  clearly  reproduced  in
coupled climate models,  showing that  there is  a rise of ex-
tratropical air mass in one hemisphere and a fall in the oth-
er, and this association may be produced via the meridional
winds on a global basis.

5.    Conclusions and remarks

This  study  uses  spring  NCEP  reanalysis  data  from
1979−2017  to  reveal  a  perceptible  anticorrelation  relation-
ship  between  the  hemispherically  averaged  atmospheric
mass, thereby constructing IHO and showing the strength of
interhemispheric  exchange.  The IHO-associated  circulation
anomalies are shown mainly by a pattern of opposite geopo-
tential  height  anomalies  at  the  extratropics  from the  tropo-
sphere to stratosphere between the hemispheres.

The spring IHO bears a positively (negatively) higher cor-
relation  to  troposphere−stratosphere  AAO  (AO)  signatures
on a simultaneous basis, but the AAO−AO relation itself is
not evident, which illustrates that IHO acts as a tie for the in-
terrelation between bihemispheric circulations at the extratrop-

 

 

Fig. 5. Regression coefficients of (a) 250-hPa and (b) 500-hPa zonal wind anomalies (shaded;
units: m s−1) upon IHO indices, with dotted areas at the F-test confidence level of 90%.

 

Fig.  6.  IHO-regressed  zonal  mean mΩ (black), mr(blue)  and
(mΩ+mr) (red), in units of 1023 kg2 m2 s−1.
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ics, in relation to its interactions with the troposphere−strato-
sphere circulations at these latitudes.

Zonal wind anomalies from IHO regressions show a pro-
nounced  longitudinal  teleconnection  pattern  in  the
middle−high  troposphere  to  lower  stratosphere,  with  belts
of alternate positives and negatives extending from the Arc-
tic  to  the  Antarctic  region,  causing  the  adjustment  of  the
mean  meridional  circulations  and  anomalies  of  meridional
transport of air mass. In the spring months, IHO is bound up
with  the  anomalies  of  angular  momenta  led  by  the  atmo-
sphere  at  these  latitudes,  and  these  anomalies  trigger  those
of longitudinal waveforms of angular momentum, thereby as-
sociating them with anomalies of zonal winds and support-
ing bihemispheric teleconnection at the extratropics.

From the  above  analysis,  IHO plays  an  import  role  in
global-scale  airmass  redistribution  and  links  closely  with
AO and AAO. However, it is worth noting that the IHO-asso-
ciated global-integrated anomaly of the relative angular mo-
mentum is 3.64 × 1025 kg2 m2 s−1, which is substantially larger
than the omega angular momentum (0.17 × 1025 kg2 m2 s−1).
On the contrary, as reported by von Storch (2000), the size
of  the  global-mean  anomaly  of  the  omega  angular  mo-
mentum induced by both is markedly larger than that of the
relative  angular  momentum  associated  with  the  modeled
AO  and  AAO.  Smaller  values  of  omega  angular  mo-
mentum anomalies in IHO results  from mass conservation.
The  mass  deficit  at  the  southern  high  latitudes  is  a  con-
sequence of the excess at its NH counterpart.

This work is a preliminary study of the link between bi-
hemispheric circulations at the extratropics, along with a pos-
sible approach to this association. In fact,  the dynamic and
thermal  physics  are  extremely  complicated  for  interactions

between  circulations  at  low,  middle  and  higher  latitudes,
which require further simulation using air−sea coupled mod-
els. The use and verification of the GFDL and UKMO res-
ults lead to related IHO characteristics for future numerical
simulations.
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APPENDIX

Comparison of IHO in NCEP1 and
NCEP2

We also constructed IHO indices and checked their cor-
relation  with  SAP  using  NCEP2  reanalysis.  As  shown  in
Fig. A1, the variation of IHO time series and their relation-
ship with SAP in both the northern and southern high latit-
udes  shows  substantial  consistency  between  NCEP1  and
NCEP2. Guan  et  al.  (2010) also  showed  the  similarity  in
IHO among NCEP1, ERA-40 and JRA. Therefore, the IHO
linked with the seesaw variation between the interhemspher-
ic  air  mass  is  a  robust  phenomenon  in  the  reanalysis  data-
sets.

 

 

Fig. 7. (a, b) Correlation coefficients of IHO with surface pressure obtained from (a) GFDL and (b) UKMO (shaded).
(c, d) Regression coefficients of IHO upon zonal wind for (c) GFDL and (d) UKMO (shaded; units: m s−1).
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