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What is El NIno?

November 1997 July 2015



@ ENSO Is an air-sea coupled system

El Nino
{L dry, sinking air
D warmer than average
D cooler than average
La Nina
Pacific Ocean

——NOAA Ch’maie.gav

From webpage climate.gov



ENSO is maintained by Bjerknes feedback

Normal El Nino
Normal Conditions El Nifio Conditions
______ *—-klu,-‘ e I
1 '
Convective 1 ' 11. |
Circulation ‘ I.' {I.

Thermocline
|-
120" E 80° W

120° E 80° W
Normal Pacific pattern: Equatorial El Nifio conditions: Warm water
winds gather warm water pool pool approaches the South
toward the west. Cold water upwells American coast. The absence of
along South American coast. cold upwelling increases warming.

La Nina

La Nifia Conditions
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La Nina conditions: Warm water is
farther west than usual.

From NOAA/PMEL/TAO
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and global precipitation anomalies
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Responses to heating symmetric about equator

Vertical motion in
mid troposphere

'A
Y : -
@O0fF - = === ST oIonoloL
410 15
FA
Y
. Low level
(b} 0T -
. response

-4 / . : \
Kelvin wave _
Rossby wave From Gill 1980



&

{a)

(b)

Responses to heating antisymmetric about equator
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@ Linear combination of symmetric and antisymetirc forcing

Heating only in NH
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What is Indian Ocean dipole?

Positive 10D Negative IOD

Positive Dipole Mode Negative Dipole Mode

From JAMESTEC



@ Life cycle of 10D

From Saji et al. 1999



Differences between IOD and ENSO
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@ What causes the difference in patterns of IOD/ENSO ?

Downwelling Upwelling Rossby
Rossby wave wave driven by
driven by cyclonic vort

anticyclonic vort
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Pacific Ocean
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Gentle Steep From Li et al. 2003



@ Why 10D forms in summer?

Wind-evaporation-SST positive feedback

Warm _
e A\ Sumatra

N\

Mean Southeasterly

From Li et al. 2003



éf”;’l/’é 1OD Is highly associated with ENSO

o A R — | ----------------------------- R i
© gOM =0.3°C ONino=0.8°C
& : ,
o 24 | : .
- /
S ‘ 3k
ﬁ |
N O NPT
©
£ -2- . |
o
_—
— A

1960 1965 1970 1975 1980 1985 1990 1995
Time (years)

From Saji et al. 1999



30N

15N -
EQ -

30S

s ' '
-

. ' - " . '

|\\: v "‘l' T '

-
-
o ' ' Yt ' 'l
ot

. i ' i

20N

100E 125E 150E 175E 160W 135W 110W B85W

JJA(U)

.'D-‘ b
T T, . .
s v - w.: W
10N>~ £ =
-
- . »
-
EQ 1~
i i

105 4ot L4

20S

75E  90E / 105€ 120E 1356 13
Cross-equatorial Enhanced WNP
wind monsoon

From Li et al. 2006



e What is ENSO?
e Gill model

 Impacts of ENSO on Indian Ocean

— Indian Ocean dipole

— Indian Ocean basin mode

 Global teleconnection patterns associated with ENSO

— Pacific-North American (PNA) pattern in winter

— Circumglobal teleconnection (CGT) pattern in summer

* Impacts of ENSO on East Asian monsoon (Thursday)



@ Pattern of IOBM |

300m HC SST

(a)HC; 15.3%
(b)SST; 26.1%
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From Schott et al. 2009



Heat flux anomalies
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Ocean dynamics
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North American climate in 2015 winter
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PNA pattern
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From Trenberth et al. 1998 From Horel and Wallace 1981



Rossby wave train
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CGT pattern
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Climate impacts of CGT pattern

(a) r of M1 with Z200 and temp.
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@ How does ENSO stimulate CGT pattern ?

(a) JJA(0) PREC, VP and Z200
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From Ding et al. 2011



« ENSO is a air-sea coupled system and dominant mode on the
interannual time scale

« ENSO has global climate impacts

e 10D is stimulated by ENSO through enhancing WNP summer monsoon

 10BM is driven by ENSO through an atmospheric bridge

« ENSO excites CGT pattern in its developing summer and PNA pattern

In its mature winter
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