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Abstract

   Two  not,iceable  abrupt  changes  in Northern  Hemispheric winter  clrculation  1iaye occurred  in recent

decades, one  uroufid  1977  aiid  the  other  around  1989. In the  1970s occurrence,  changes  in equatorial  sea

surface  temperatures  (SSTs) occurred  concurrently  with  those in mid-latitude  atmospheric  circulation,  In

the case  ef  the late 198(]s, however, no  important variat,ion  in SSTs  was  seen  in the equatorial  rcgions.  In

order  t,o identify tho diffk)reuces in the  charact,eristics  ef  the changes  in circulat,ion  between t,he twe cases,

observed  500  hPa  heights  were  compared  to simulat,ions  with  an  atmospheric  general circulat,ion  model

(GCM) that used  observed  SSTs  as  sLirface  boundary  cenditions.  The  results  of  simulation  suggest  that

the change  in circulation  in the  late 1980s was  not  the  direct respon$e  to the  changes  in SST$, but can

rather  be characterized  as  a  triggered  planet,ary scale  internal mode  of  variability  in the  winter  atmosphere.

1. Introduction

  An  iinportant change  in winter  circulation  oc-

curred  in the  mid-l970s  (e.g,, Nitta and  Ylimada,
1989; Trenberth, 1990, Kachi and  Nitta, 1997). The
most  prominent  feakire et' this sudden  change  in cir-
culation  was  that sea  level pressure and  50e hPa

geopot･ential height decreased over  the North Pa-
cific  region  coneurrently  wit,h  an  increase in sea  sur-

face temperatures  (SS'Ps) over  the equatorial  Pa-

c/ific. More  recent}y,  since  the very  Late 1980s, sea
level pressures over  the North Pacific sector, which

had  beeii in the lower regime  since  1977, recovered

to their  normal  stat･e  (1'renbert,h and  Hurrell, 1994).
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The  more  recent  abrupt  change  was,  however, not

Iimited to the Pacific sector  but it rather  extended

over  wide  regions  of  the Nort-hern Hemisphere. For

example,  it inc}uded a  decrease in sea  level pres-
sure  over  the polar region  (XValsh, 1996), a  decrease
in sea  ice concentration'  over  the sea  of  Okhotsk

(Tachibana et  al., 1996), a  high value  of  the North

Atlantic Oscillation (Hurrell, 1995), and  high sur-

face air  temperatures  over  the East Asian sect･or

(Yatagai and  Yasunari, 1994). In considering  the

cause  of  the recent  decrease in north  polar sea  ice,

Maslanik et  at. (1996) noted  a  coineidence  between
t･he lowering of  the Arctic sea  level pressures and  a

highly unusual  extended  El Ninol Southern Oscilla-
tion (ENSO) event  from  1990- 1995 (1]enberth and

Hoar, 1996). However,  lagged correlation  analysis

(Koide and  Kodera, 1997) suggests  the  relationship
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   (1977-1981) - (1972-1976)
(a) Obs. Z500  (DJF) (b) Model
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Fig. 1, Epoch  differences between two  periods (1977-1981) alld  (1972--1976). (a) Observed diEference

  in winter  mean  500 hPa  geopotential height. (b) Same  as  (a) except  for ensemble  mean  of  3 model

  simulat,io]is,  (c) Sarne as  (b) except  for the3  individual runs  (cl, c2,  c3).  (d) Sarne as  (a) except  for

  winter  mean  SST. Contour  interval is 20 m  for Ca), (b), and  (c), but O.5 K  for (d). Negative values

  are  shaded.  Zero contour  line is suppressed  in (a), O)), and  (d).

of  the inidlatitude  circulation  and  equatorial  SSTs
between the 1970s and  late 1980s is quite different.

  Concerniiisv the  origin  of  the  abrupt  change  in the

1970s, it has been  demonst･rated b.v general circu-

lation models  (GCM) that the eirculation  chauges

over  the  Nerth  Pacific regions  orlginated  from
chaiiges  in diabati{] henting due to anornalous  equa-

torial SSTs (e.g., Gi'aham, 1994; Graharn et  al.,

1994; Kawamura  et  aL,  1995, 1997b). The aim  of

the  present study  i$ to deternilne, usii]g  the results  of

simuiat,ions  with  a  GCM,  whether  or  not  the abrupt

change  in the Northern Hemispheric winter  circu-

lation that, occurred  iii the  late 1980s was  also  due
to equatorial  SST anomalies  as  was  the case  in the
1970s.2.

 Data

  The  simulated  data  u

 illtegratcd for

34 years firom 1955 through  1988  using  observed

near-global  SSTs compiled  by the U.K. Meteoro-
logical OMce. These  experiments  included three

integrations of  GCM  from dilierent 
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