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A Numerical Study of the Phase Transition of the North Atlantic Oscillation
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Abstract Using a nonlinear quasi-geostrophic barotropic model, the paper investigates numerically how the spatial
pattern of synoptic scale waves and the westerly wind strength affect the phase transition of the North Atlantic Os-
cillation (NAQO), and the role played by the large-scale topography. It is found that the weak basic westerly wind is
favorable for the westward shift of the downstream large-scale system, favoring the transition of the NAO from pos-
itive (negative) phase into negative (positive) phase. It is noted that when the synoptic scale waves are stronger and
concentrated in a wider region, the NAO event can transform more easily from the negative phase into positive
phase; when the synoptic scale waves are stronger and shift northward, the NAO can transform more easily from
the positive into negative phase. In the presence of a large scale topography, the number of the cases in which the
NAO transforms from positive (negative) phase to negative (positive) phase is reduced.
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Table 1 Without topographic forcing, the number of the cases in which the NAO transforms from negative phase to positive phase

under the conditions of different intensity of basic westerly flow and synoptic-scale waves
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Fig. 1 Horizontal distributions of the wavemaker F. x coordinate and y coordinate represent nondimensional length; the contour repre-

sents stream function with contour interval (CI) of 0. 2; the solid (dashed) contour denotes abnormal anticyclone (cyclone)
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Fig. 3 Simulated NAO transition process from negative phase to positive phase (total stream function field). CI=0. 2
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Fig. 4 Simulated NAO transition process from negative phase to positive phase (planetary-scale stream function field, CI=0. 1)
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Table 2 As in Table 1, but with topographic forcing
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uo=0. 4 5(5) * by=0.65, cg=0.5; * by=0.8, co=0.5;
*by=0.5, co=0.5; * by=0. 65, co=0. 25;
* by =0.65, co=1.0

u=0.5 3(3) * by=0. 65, co=0.5;
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" bo=0.65, co=0.25

uy=0.6 1 bo=0. 65, co=0. 25

uo=0.7 0 /

uy=0.8 0 /

u=0.9 0 /
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Table 3 Without topographic forcing, the number of the cases in which the NAO transforms from positive phase to negative phase

under the conditions of different intensity of basic westerly flow and synoptic-scale waves
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u=0.9 1 bo=0.25, by=0.55 I}, « =2 (K#¥)

“Q” RIFHZE.
4 NAO IEf[fHF S fH R EERE L

4.1 T EHREERI

BE ho =0, BIANTE JE R RUEE B HIE 1) 70
T Z AR M, MW NAO IEALAHR . 18
Jir A S 2 e o] 7 R AR Y XU BRI Bl IR Y R
NAO IEAARTR XER AL NAO ffiAd. AR 46 I 4
WL R B R B, RGBS 30 sl 8 5) 7E F 12
KETEAD), HiGdhdh ARSI m e . sEE
a5 (Chang and Fu, 2002, Luo et al. 2010b), #&
P WL 55 AT RS IR o3 A, BIAERE
BV R TR /N W
F'.= bo{explitkiz —wt) ]+

a explilk,r —w,t) |}sinGmy/2) +

brexpli(k,x — wut) JsinGny) + cc, )]

;H\:EFI7 é’\km:89 i)—';r]ﬂli‘,‘ b()\ bl\ a E/(Jj(/J\9 ﬁ%ﬁuxﬁ
58 1R TR P (B A B ARl 5 )

MR IE 5 FR LSRR 2 AT AT b0 01\ @
IR/ s FERI IR T LA wo YR/ I 0.5
BT 0. 9, GEit T i H 2 PH AR = ORPGE, fi
NAO HIER AR NAO G AR5 DL, MR 3a
VIR | RS . ARB =R AR DL TSI 4
RANFE 3 PR

M3 T LA H . T2 55 A R Y XU A A
TERUN KL - B 28 P58 2= RVE T, i NAO HiE
PEAREEAR Y TUOEAR 5 T 25 AR PY KU R SR I 23
L Jry 3t e R BT AR AR TR Y FHLE 6 NAO i IE
PEAHEFE N NI s SR LTS . % sl R 88 HAL
B RARBEEL S E NAO H 1A A 46k £
A FIZEAE

Bl 6 45 th ity H i — 3] 9P B 28 PR 2 P
{5 NAO ph I A7 A ek G0 AR B 3 14 38 22 3t
P Bl DUA S 725 27 KO 0 ek B0 U
R R B2 29 KALT il 1B ZE T 40 2 i v iR
BN 33 RO T P UYL ZE C L 0HB = RPETE, &
JEIFRR AT A e 3 35 RIkF| Ao, BEJS XA



2 2R BAHERE . UK PR S (A B B E 5

No. 2

LI Zhongyan et al. A Numerical Study of the Phase Transition of the North Atlantic Oscillation 381

U, BN A1 K. S SPGB AR A A et
4.2 KREXRME M4 THEEZD

BUE ho=0. 2, % 8RB UL (1937 11
FMd b5+ 8 PR AR Y KRR/ L R
SRS B R IRE . RIEVTIR R R R
ZRAREIE LGS H ) NAO i 1E A7 A 6 S Af Y
AP AR 4 Fs . WFR 4 PRl IR EIE

ARIEETE » T 24 55 AR P XU IR ) T DU Rl
E A RHIEPTIR 2R PETE, 68 NAO i IE AR 8y
TABLAR 5 T A PG XS S I 2 1 3R A e
F147 B 28 M3 2R A% ok B BELZE i o0 9 NAO i
IESLARFAS N (A s 5 BE TS . 15 s O 7R AR H.
R R AR BB NAO Hh 7R 5k 11
AL ARBTA R s AHAR LT ICHE 538 25 0F T AL

x4 EER3, BAMBEEBEEET
Table 4 As in Table 3, but with topographic forcing
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Fig. 5 Horizontal distributions of the wave maker . CI=0. 4; the solid (dashed) contours denote anticyclones (cyclones)
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