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Differences of sea surface temperature anomalies in the North Atlantic in springs of
1998 and 2016 and their causes
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Abstract: In this paper, we use reanalysis data and mixed layer temperature (MLT) budget analysis to study the differences
of the North Atlantic sea surface temperature anomalies (SSTAs) between two Super El Nifio (1997-1998 and 2015-2016)
events and the causes for the differences. The results show that in the spring of 1998 the North Atlantic SSTA had clear
positive, negative and positive distribution, while in spring 2016 it presented weakly negative, positive and negative
distribution. The diagnostic results of factors influencing the SSTA in the tropical North Atlantic indicate that in the spring
of 1998, in addition to the reduction of latent heat transferring from ocean surface to atmosphere and the increase in solar
radiation absorption, the marine dynamic process, i.e., zonal Ekman drift, also played an important role. The thermal
process was related to the negative phase of the North Atlantic Oscillation (NAO) that occurred after the peak of El Nifio,
which caused the Azores high pressure to weaken and generated southwesterly wind anomaly. The evaporation of the
tropical North Atlantic was attenuated by the wind-evaporation-SST feedback mechanism. The eastward shift of the Walker
circulation sinking branch also contributed to this warming. Different from the 1997-1998 EI Nifio event, the 2015-2016 El
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Nifio event caused a weakly positive NAO phase instead of a negative one. The weak easterly anomaly in the tropical North

Atlantic caused SST cooling; this may be the main reason for the significant difference between the North Atlantic SSTAs

in the springs of 1998 and 2016.
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Fig. 1 Anomalous Nifio 3.4 (170°-120°W, 5°S-5°N) index (dotted line, left axis), anomalous North Atlantic tripole mode
index (solid line, right axis) evolution during El Nifio events of 1997-1998 (a) and 2015-2016 (b). The number O represents a
developing year, and 1 represents a decaying year
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Fig. 2 SSTA (shading) and anomalous wind vector at 850 hPa (arrow) during the developing phase in June-August (a, b) and
September-November (c, d), the peak phase in December-February (e, f), and the El Nifio decaying phase in March-May (g, h)
and June-August (i, j) for 1997-1998 (left panels) and 2015-2016 ( right panels)
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Fig. 5 Meridional time section structure of the tropical North Atlantlc surface wind anomaly (arrow; units: m-s™), latent heat
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phase to August in El Nifio decaying phase. All data are regionally-averaged in the tropical North Atlantic (50°-15°W). The
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Fig. 6 Spatial distributions of tropical North Atlantic surface latent heat flux anomaly (a, b; units: W-M™), net surface
shortwave radiation anomaly (c, d; units: W-M™2) in February and the anomalous total cloud cover (c, d; shading, units: % ) in
January-March in El Nifio developing years. The solid line is positive and the dashed line is negative, Contour lines range from
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Fig. 8 Spatial distributions of Pacific and Atlantic anomalous zonal wind at 300 hPa (shading; units: m-s*) and climatology
(contour; units: m-s™) in Jannuary-March in El Nifio developing years. a) 1998; b) 2016

(Wang, 2004),

( 9

SST
, 1998
45°W

9c

2016

45°W

1997—1998

2016 1998

1998
20°—30°N

a), NAO :

60°W ,

2015—2016
SSTA
1998
SSTA ,
SSTA :

1998

NAO

SSTA

; 2016

1998

SSTA
NAO
NAO

SSTA

2016

Walker

45°W

, Walker

, 7
SSTA
1998
1998 1—3
SSTA
PNA
NAO
2016 NAO



28 Vol. 39, No. 3/ May, 2020

100 20°S 10° 0° 10° 20° 30° 40° 50° 60°N 20°S 10° 0° 10° 20° 30° 40° 50° 60°N
a T 1 T =T T T g . b1 T T T F T T T :
15074 > o 24 ) 4 v 1 > > > ] Ly 7 2 p e~ ~ < v v v A 4 4]
200k 4 > % 4 veme—ae > A e ] 7y s N \\“\<.4,‘\+44»_
82504 s v b~ ) 7> NN y <=~ <A *44_
[~M
‘§300—*V,,,’;,*‘\ SN —+>~\*Vl\l¥*,V¥kl\* g 4
P:;OO_*}y*y‘*‘k‘ */\‘V“" ‘_*A>\* I,V“/V/Wf{"r\—
500L4q ‘*",},A \y<' v 5 ‘_* r AA\ PN A44f N b
N \‘V,r.¢ *‘*v, <‘V+4Xf1kyj
700—z«yi\\«44' NN _AA»‘,} *,AffAAffA,_
850 N ~ > 7 A N < 4 > 4 ~
oo LA 43 T2 PR A AR S TR Bl
v=lm's"; w=10"mbs" v=lm's"; w=10"mb-s"
> -

120°E 150° 180° 150° 120° 90° 60° 30°W 120°E 150° 180° 150° 120° 90° 60° 30°W
100 o =T 1 T T T 7 d‘l T T T T T T T
150-&\\,//«‘\\ Ay~ 7 75 <, IR NN RIS N
o e e
g M s B v
S300F4 1 4‘* 1t Ayt Tyt T*A’WHM—
R TR R A N R AT B A A 1 AR RSN
IR AR EREIA R0 S REE R ‘i‘i*i; EESER RN
> < < A -
L &1,,«ff fFiy 22yl LA \X;I"i oy
700 ' 11 e v P T r ! by
850~y YT |AA|¥’|PV‘|AL _IA | 7 4 | A ! TN
1000 | AIAA . l N N IALI \Z 1 L
u=2.5m's ; w=2.5x10 "mb-s u=2.5m's ; w=2.5x10 "mb-s
9 1—3 (80°W—0°) (  :ms?
(a b, :102mb-sY)  Walker (5°S—5°N) ( m-s7)
(c, d, :107%mb-s™)
a c.1998 ;b d.2016 ;

Fig. 9 Meridional vertical section structure of Hadley circulation anomalies in the Atlantic (between 80°W and 0°) by
averaging anomalous longitudinal divergent wind (a, b; units: m:s™) and anomalous vertical velocity, zonal vertical section
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