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Abstract
anomalies in the Northern Hemisphere during the winter (DJF) of 2009/2010 are investigated. Surface Air Temper-

The anomalously low Surface Air Temperature (SAT) and the corresponding atmospheric circulation

ature Anomalies (SATA) were zonally distributed with a “positive-negative-positive” pattern from tropical to polar
region which was characterized by positive SATA in low latitudes, negative SATA in middle latitudes, and positive
SATA in high latitudes. The coldest SATA were located in Eurasia and eastern USA, and in some parts SATA ex-
ceeded —4 °C. SAT in middle latitudes decreased by nearly 1 °C compared to the average of the last 15 years, and in
Eurasia SAT even decreased by —8 °C. The anomalous feathers of horizontal circulation was that, both sea level
pressure and geopotential height fields exhibited positive anomalies in high latitudes and negative anomalies in low
latitudes, associated with anticyclonic circulation anomalies in high latitudes and cyclonic circulation anomalies in
middle latitude, and both high levels and low levels exhibited this feather. The anomalous feathers of zonally mean
meridional circulation indicated that, Ferrel cell was weakened, with anomalous ascending motion in middle latitudes
and anomalous descending motion in high latitudes, at the same time, atmosphere temperature of troposphere in
middle latitudes was anomalously low and that in high latitudes was warmer, with a stronger jet in subtropics and a
weaker jet in the polar region. Composite and correlation analysis of the Northern Hemisphere Annular Mode
(NAM) and SATA shows that, during positive (negative) phase of NAM, there was a positive (negative) band in
middle latitudes, and it was most significant in Eurasia and eastern USA, with nearly 2 °C warming (cooling) in
some regions.

Analysis of air temperature equation shows that meridional temperature advection anomalies associated with
anomalous meridional wind play a very important role in the variability of local temperature, and its distribution
closely resembled the SATA in 2009/2010 winter. With composite and correlation analysis, the mechanism for the
relationship between NAM and SATA is investigated. During the positive phase of NAM, the Ferrel cell is anoma-
lously strong, the mass between two latitude zones exchanges, in sea level pressure positive anomalies is in middle
latitudes and negative anomalies is in high latitudes, which forces southerly surface wind anomalies in the middle lat-
itude. As a result, the meridional temperature advection is enhanced, which results in warmer SAT in middle lati-
tudes. The situations is opposite during negative phase of NAM. The above-mentioned physical mechanism reveals
that surface air temperature in mid-latitude is modulated by NAM as a natural variability.

Key words Northern Hemisphere annular mode, surface air temperature anomaly, meridional wind, meridional

temperature advection
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Fig. 1  (a) The horizontal distribution (left) of climatological (1958/1959 — 2000/2001) surface air temperature (color shadings), sea
level pressure (contours, units: hPa), and surface winds (vectors) in winter season, and zonal mean profile of surface air temperature
(right); (b) same as (a), but for the anomalies in 2009/2010 winter season; (c) surface air temperature differences between 2009/2010
winter and the average of last 15 years (1994/1995 - 2008/2009) (left), and zonal mean profile (right). In (a), isolines are drawn for ev-

ery 4 hPa; in (b), isolines are drawn for every 2 hPa, and solid (dashed) lines stand for positive (negative) anomalies
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Fig. 2 (a) 2009/2010 winter geopotential height anomalies (contours, units: gpm) and winds anomaly (vectors) in the Northern Hemi-

sphere: (a) 200 hPa, isolines are drawn for every 40 gpm; (b) 500 hPa, isolines are drawn for every 25 gpm; (c¢) 850 hPa, isolines are

drawn for every 16 gpm. Thick solid lines indicate zero lines, and solid (dashed) lines stand for positive (negative) anomalies
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Fig. 3 (a) Zonal mean distribution of climatological temperature (color shadings) and meridional circulation (units: m * s~ ! for the me-

ridional wind and em + s ! for the vertical velocity) in winter; (b) same as (a), but for the anomalies in 2009/2010 winter
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Fig.4  (a) Zonal mean distribution of climatological geopotential height (color shadings) and zonal wind (contours, units; m ¢ s~ ') in

winter; (b) same as (a), but for the anomalies in 2009/2010 winter. In (a), isolines are drawn every 5 m ¢ s~ '; in (b), isolines are

drawn every 1 m e« s

, and solid (dashed) lines stand for positive (negative) anomalies. The geopotential height value based on the 1976

U. S. standard atmosphere is subtracted from the winter climatological mean geopotential height at each leave
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Fig. 5 NAMI in winter season (1873/1874 - 2009/2010). The thick solid line indicates 9-year Gaussian-type filtered values
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Fig. 6 Composite surface air temperature anomalies (contour, units: ‘C) in winter in the Northern Hemisphere: (a) Years of NAM in

positive phase; (b) years of NAM in negative phase; (c) differences between years of NAM in positive phase and years of NAM in negative

phase. Solid and dashed lines indicate the positive and negative anomalies, and thick solid lines indicate zero lines. Dark red (blue) shad-

ings denote regions of positive (negative) composite values above 95% confidence level, and light red (blue) shadings denote regions of

positive (negative) composite values without significance test
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Fig. 7 Composite 500-hPa geopotential height anomalies (contour, units: gpm) and wind anomalies (vector) at 500 hPa in winter in the

Northern Hemisphere: (a) Years of NAM in positive phase; (b) years of NAM in negative phase; (c) differences between years of NAM

in positive phase and years of NAM in negative phase. Isolines are drawn every 10 gpm, solid and dashed lines indicate the positive and

negative anomalies, thick solid lines indicate zero lines. Shadings denote regions above 95% confidence level

E RIS E B R R E, SR EER
—60 gpm, bl e K OF R 45 i B R X
S blmlas . Hds X B A P — B E SR
SEHEAE 20 gpm A4, KPR 2 B0 e
B S8 o A m B R L ) 1 5 A2 AL 5 4 ) KU
WL R, K. 457N LIRG H LR KR
B SR HUOAE 30°N BT, SR X A ) KU
i —4mes ' 45N DAL B RSTH . 5

HUL7E 55N B i, R EB A £ KU R R G 5
mes s NAMAGAHFENEL S 2R, 43
NAM E A AH4FE 200 hPa Fl 850 hPa I 7K F-3f
WS EAEE (KRS 5 500 hPa [ @A .
FH NAM 58 B R AR 00 58 76 8 B 7 ) 2
P IE R, ABE RAE) oK AR &
A CRUD iz8h, ME 8 AT, X4 NAM 4t F
TEREAHIRE b2 BR A IR A B0 I 2 A B S



< 5K

268 Climatic and Environmental Research

B OB 5K 174
Vol. 17

K8 %Z=NAM (2) EMM4E. (b RAFEEM (o EHA
ARAEZ 22 AR IR R RO e (BFEZ. . °C)
GREFRSTE (RERK, @nXHAA: m-s 1, MHBE
Bfi: eme s D) ME RIS R F M. SLRRIESE . R
LONTURE, HISCEON LR, IR yiiad 95 20 B 15 LAY K 45

Fig. 8 Composite zonal mean air temperature anomalies (con-
tour, units; °C) and meridional circulation anomalies (vector) in
winter in the Northern Hemisphere: (a) Years of NAM in posi-
tive phase; (b) years of NAM in negative phase; (¢) differences
between years of NAM in positive phase and years of NAM in
negative phase. Isolines are drawn every 10 gpm, solid and
dashed lines indicate the positive and negative anomalies, thick
solid lines indicate zero lines. Shadings denote regions above

95% confidence level
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Fig. 9 Horizontal distribution (left) and zonal mean distribution (right) of meridional surface air temperature advection anomalies in

2009/2010 winter
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Fig. 12 (a) Surface air temperature anomalies in mid-latitude
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face air temperature advection for 1948/1949 - 2009/2010. The

solid line indicates 9-year Gaussian-type filtered values
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