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LECTURE 5:
Important climatic systems

ML-4430: Machine learning approaches in climate science
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Outline 3

El Niño Southern Oscillation

➢ What is the ENSO?
➢ Impacts
➢ Models of ENSO

1 North Atlantic Oscillation

➢ What is the NAO?
➢ Impacts
➢ NAO in climate models

2

Arctic Oscillation

➢ What is the AO?
➢ Impacts
➢ AO in climate models

3
Indian Ocean Dipole

➢ What is the IOD?
➢ Impacts
➢ IOD in climate models
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1. El Niño Southern Oscillation  What is ENSO?→ 4

https://climate.gov/news-features/blogs/enso/rise-el-ni%C3%B1o-and-la-ni%C3%B1a
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1. El Niño Southern Oscillation  What is ENSO?→ 5

https://climate.gov/news-features/blogs/enso/rise-el-ni%C3%B1o-and-la-ni%C3%B1a
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1. El Niño Southern Oscillation  What is ENSO?→ 6

https://climate.gov/news-features/blogs/enso/rise-el-ni%C3%B1o-and-la-ni%C3%B1a
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1. El Niño Southern Oscillation  What is ENSO?→ 7

Timmerman et al., Nature, 2018
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1. El Niño Southern Oscillation  What is ENSO?→ 8
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ENSO … 

➢ Quasi-periodic oscillations of 
anomalously warm and cold waters in the 
equatorial Pacific

➢ Composed of El Niño (anomalous warm), 
La Niña (anomalous cold), and neutral 
(anomaly close to zero) phases

➢ El Niño (La Niña) is marked by a 
breakdown (intensification) of the Walker 
circulation

➢ Walker circulation is maintained by the 
Bjerknes feedback (between atmospheric 
winds and surface currents)
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1. El Niño Southern Oscillation  Teleconnections→ 9
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https://iri.columbia.edu/our-expertise/climate/enso/
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1. El Niño Southern Oscillation  Teleconnections→ 10
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https://iri.columbia.edu/our-expertise/climate/enso/
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1. El Niño Southern Oscillation  Teleconnections→ 11
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https://iri.columbia.edu/our-expertise/climate/enso/

ENSO teleconnections

➢ The El Niño and La Niña phases are 
coincident with extreme weather around 
the globe

➢ El Niño is coincident with:
➢ Dry conditions over South Asia, 

maritime continent, Australia, southern 
Africa, weatern Africa, and northern 
South America

➢ Wet conditions over southern North 
America, south China sea region, 
eastern Africa, Arabia, and the central 
equatorial Pacific

➢ La Niña coincides with a reversal of El 
Niño effects (but not exactly)
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1. El Niño Southern Oscillation  Models of ENSO: Recharge Oscillator→ 12
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Burgers, Jin, van Oldenburgh, Geophys. Res. Lett., 2005 Jin, J. Atmos. Sci., 1997

Warm Warm → Cold

ColdCold → Warm
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1. El Niño Southern Oscillation  Models of ENSO→ : Recharge Oscillator 13
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Jin et al., in: McPhaden, Santoso, Cai (eds), 2021
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1. El Niño Southern Oscillation  Models of ENSO→ : Cane-Zebiak 14
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Zebiak & Cane, Monthly Weather Review, 1987
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1. El Niño Southern Oscillation  Models of ENSO→ : Cane-Zebiak 15
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Jin et al., in: McPhaden, Santoso, Cai (eds), 2021
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Outline 16

El Niño Southern Oscillation

➢ What is the ENSO?
➢ Impacts
➢ Models of ENSO

1 North Atlantic Oscillation

➢ What is the NAO?
➢ Impacts
➢ NAO in climate models

2

Arctic Oscillation

➢ What is the AO?
➢ Impacts
➢ AO in climate models

3
Indian Ocean Dipole

➢ What is the IOD?
➢ Impacts
➢ IOD in climate models

4
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2. North Atlantic Oscillation  What is the NAO?→ 17
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Moura, Gomes, Mendes, & Anibal (eds), Guadiana River Estuary, 2017
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2. North Atlantic Oscillation  What is the NAO?→ 18
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http://weather.umd.edu/2018/02/21/north-atlantic-oscillation-expected-plummet-means-us/



  

Be
da

rt
ha

 G
os

w
am

i

2. North Atlantic Oscillation  What is the NAO?→ 19

M
L-

44
30

 L
ec

tu
re

 5
: I

m
po

rt
an

t c
lim

at
ic

 s
ys

te
m

s
https://en.wikipedia.org/wiki/North_Atlantic_oscillation
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2. North Atlantic Oscillation  What is the NAO?→ 20
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https://en.wikipedia.org/wiki/North_Atlantic_oscillation

NAO

➢ Alternating pressure difference over the 
Atlantic between Iceland and Azores 

➢ Caused due to shifting location of the 
Icelandic Low and the Azores High
  

➢ Influences North American and West 
European weather

➢ The oscillation is not obvious, and has 
complicated interdecadal variability
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2. North Atlantic Oscillation  Impacts→ 21
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http://weather.umd.edu/2018/02/21/north-atlantic-oscillation-expected-plummet-means-us/
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2. North Atlantic Oscillation  Impacts→ 22
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Chartrand and Pausata, Weather Clim Dyn, 2020
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2. North Atlantic Oscillation  Impacts→ 23
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Hurrell et al., An overview of the North Atlantic oscillation, Geophysical Monograph-AGU
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2. North Atlantic Oscillation  Impacts→ 24
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NAO impacts ...

➢ Storm tracks in the continental US

➢ Snowfall in the United States
  

➢ Heat waves over northwester Europe

➢ Storms over Southern Europe and the 
Mediterranean region

➢ Hydroelectric energy consumption in 
Norway exceeds consumption in NAO+ 
phases, enabling energy exports 
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2. North Atlantic Oscillation  NAO in climate models→ 25
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Wang et al., JGR Atmospheres, 2017
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2. North Atlantic Oscillation  NAO in climate models→ 26
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Wang et al., JGR Atmospheres, 2017
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2. North Atlantic Oscillation  NAO in climate models→ 27
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Wang et al., JGR Atmospheres, 2017

From 11 year averaged data

From annual data

NAO leads NHT NHT leads NAO



  

Be
da

rt
ha

 G
os

w
am

i

2. North Atlantic Oscillation  NAO in climate models→ 28
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Wang et al., JGR Atmospheres, 2017Observed Corr
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2. North Atlantic Oscillation  NAO in climate models→ 29
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Wang et al., JGR Atmospheres, 2017

O
bs
er
ve
d 
C
or
r

NAO in CMIP5 models … 

➢ Has a nothward bias for the central 
location of the Azores High
 

➢ Underestimates correlation between SLPs 
at middle and high latitudes
  

➢ Only around 12 models of the CMIP5 
show NAO leading NHT

➢ Inter-decadal variability of the NAO needs 
to be improved in GCMs
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Outline 30

El Niño Southern Oscillation

➢ What is the ENSO?
➢ Impacts
➢ Models of ENSO

1 North Atlantic Oscillation

➢ What is the NAO?
➢ Impacts
➢ NAO in climate models

2

Arctic Oscillation

➢ What is the AO?
➢ Impacts
➢ AO in climate models

3
Indian Ocean Dipole

➢ What is the IOD?
➢ Impacts
➢ IOD in climate models

4
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3. Arctic Oscillation  What is the AO?→ 31
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https://en.wikipedia.org/wiki/Arctic_oscillation
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3. Arctic Oscillation  What is the AO?→ 32
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Campos & Horn, Oceans across boundaries, https://doi.org/10.1007/978-3-319-93284-2_3
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3. Arctic Oscillation  What is the AO?→ 33
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https://en.wikipedia.org/wiki/Arctic_oscillation
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3. Arctic Oscillation  What is the AO?→ 34
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https://en.wikipedia.org/wiki/Arctic_oscillation
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3. Arctic Oscillation  What is the AO?→ 35
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https://en.wikipedia.org/wiki/Arctic_oscillation

AO … 

➢ Oscillating phenomenon of alternating 
high and low pressures over the Arctic

➢ Positive phase (high Arctic pressures) are 
related to a stronger polar jet
  

➢ Negative phase (low Arctic pressures) are 
related to a weaker polar jet

➢ Complicated interdecadal variability
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3. Arctic Oscillation  Impacts: Sea Ice Extent→ 36
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Park, Stewart, & Son, J. Clim., 2018
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3. Arctic Oscillation  Impacts: East Asian Winter Monsoon→ 37
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He et al., Earth-Science Rev, 2017



  

Be
da

rt
ha

 G
os

w
am

i

3. Arctic Oscillation  Impacts: East Asian Winter Monsoon→ 38
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AO impacts … 

➢ Crucially influences the strength of the 
polar jet, i.e., separation of cold Arctic air 
from mild temperature airs
➢ Negative AO phase  weak polar jet  → →

cold air outbreaks

➢ Also influences the sea ice extent
➢ Especially on longer interdecadal 

timescales

➢ Positively correlated with East Asian 
Winter Monsoon
➢ Non-stationary relation
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3. Arctic Oscillation  AO in climate models: Regression of SLP with AO Index→ 39
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Jin-Qing, Wei-Jing, Hong-Li, Clim Change Res, 2013
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3. Arctic Oscillation  AO in climate models: Regression of Ensemble Mean w/ SLP/Z500/SAT with AO Index→ 40
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Gong et al., Env Res Lett., 2017
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3. Arctic Oscillation  AO in climate models: Regression of Ensemble Mean w/ SLP/Z500/SAT with AO Index→ 41
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Gong et al., Env Res Lett., 2017

AO in CMIP5 models … 

➢ Large variability between ensemble 
members 
➢ Many model members do not capture 

the centers of action of the AO

➢ Strong bias in MME regressions with SLP 
and Z500

➢ Cold bias in regression of MME SAT field 
with AO index
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Outline 42

El Niño Southern Oscillation

➢ What is the ENSO?
➢ Impacts
➢ Models of ENSO

1 North Atlantic Oscillation

➢ What is the NAO?
➢ Impacts
➢ NAO in climate models

2

Arctic Oscillation

➢ What is the AO?
➢ Impacts
➢ AO in climate models

3
Indian Ocean Dipole

➢ What is the IOD?
➢ Impacts
➢ IOD in climate models

4
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4. Indian Ocean Dipole  What is the IOD?→ 43
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https://www.climate.gov/news-features/blogs/enso/meet-enso%E2%80%99s-neighbor-indian-ocean-dipole
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4. Indian Ocean Dipole  What is the IOD?→ 44
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https://www.climate.gov/news-features/blogs/enso/meet-enso%E2%80%99s-neighbor-indian-ocean-dipole
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4. Indian Ocean Dipole  What is the IOD?→ 45
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https://www.climate.gov/news-features/blogs/enso/meet-enso%E2%80%99s-neighbor-indian-ocean-dipole
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4. Indian Ocean Dipole  What is the IOD?→ 46
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Indian Ocean Dipole ...

➢ Alternating anomalous warm and cold 
waters in western Indian Ocean

➢ Postive (negative) phase is associated 
with anomalously warmer (colder) 
western Indian Ocean
➢ More than normal rainfall over the East 

African countries
➢ Less than normal rainfall over the 

Maritime continent and over Australia

➢ In the negative phase the patterns are 
reversed

➢ Closely related to El Niño
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Outline 47

El Niño Southern Oscillation

➢ What is the ENSO?
➢ Impacts
➢ Models of ENSO

1 North Atlantic Oscillation

➢ What is the NAO?
➢ Impacts
➢ NAO in climate models

2

Arctic Oscillation

➢ What is the AO?
➢ Impacts
➢ AO in climate models

3
Indian Ocean Dipole

➢ What is the IOD?
➢ Impacts
➢ IOD in climate models

4
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