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Global temperature and carbon dioxide:
anomalies through 2015 (projected)
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Global Mean Temperature

Base period 1900-99
1980 1990 2000 2010




PO SN (SN ST ST S (NN SHNT TN ST NN [N TN ST SN SN (Y ST NN SN SN T ST SN SN [ ST SN TN TN U SN S S S TN S S S N1

3‘5 N3. 4, normalized anomalies

0‘5.5 Glabal Surfaca Temperature, anomaliea, ‘C

There is a mini o4

1
L R A A A Rl LA LRl LR R

. 0.2 3
global warming o =
with El Nifio: o

0.24°C peak in 1998,

1850 195&% 1860 1965 197D 1975 1980 1885 1880 1995 200C
0.17°C for year

~rrrrrrrrr T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T

PO U ST ST SN T SN SR ST S NN ST N T NN SN ST SN ST SN [N TN S T SN SN TN TN T SN N T ST U T Y S T S T N T S T

Reaidual Surface Temperatura

0‘4_. ......... Pradicted frem N3.4

Anomalies, °C

1880 1955 1880 1965 1970 1975 1980 18385 188C 1995 200C



Lag Correlation

N3.4 SST vs Global Surface Temperature
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sl o tosoro | | Regression of GMST on N3.4
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3 month lag:
0.11°C per Nino 3.4 SST change

In 1998 peak N3.4 2.5°C =>
order 0.25°C in GMST or 0.17°C
for annual mean 1998.

Also for
2015: ~0.25°C GMST rise
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The bigges-r < Warm Episode Relationships
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floods around
the world is

ENSO

During El Nino, drought
besets: Australia,
Indonesia, India, the
Philippines, Brazil, parts
of east and south Africa,
the western Pacific basin
islands (incl. Hawaii),
Central America, and
parts of the U.S.




The biggest
source of
drought and

floods around
the world is

During , drought
besets: Australia,
Indonesia, India, the
Philippines, Brazil, parts
of east and south Africa,
the western Pacific basin
islands (incl. Hawaii),
Central America, and
parts of the U.S.
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Fewer El Nifio's in
recent years means
fewer droughts
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Whether and when a drought occurs is largely natural
variability, dominated by ENSO.

But given a drought, global warming makes it more
intfense and longer lasting.

Extra heat builds up: has nowhere to go.
* Increased drying
* Increased heating and heat waves
* Increased wildfire %g ;

risk




Prcp Anomalies (mm) 28N0OV2013 — 27FEB2014

California drought
Winter 2013-14
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Week centered on 19 AUG 2015
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We have a
strong El Nino.

But the focus should
be more on total SST
as that controls
where low level
convergence occurs
and thus upper level
outflow and Rossby
wave forcing.

It is not linear!
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= northward divergent wind component
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El Ninos are red, La Nifas are blue
They follow in sequence every year or two.
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The OHC data strongly suggest that the ocean
loses heat during latter stages of El Niflo.

Largely through evaporative cooling of ocean.

Moistens atmosphere and invigorates storms and
raises risk of floods.

Then there is a recharge of heat during La Nifia.

Models do not do this discharge-recharge
correctly: they tend to slosh heat around (delayed
oscillator).

In PDO -ve, more heat goes deeper and is less
accessible to atmosphere.



Increasing frequency of extreme El Nino events due to
increased greenhouse warming

a Normal condition
Present

b

Future

Figure 4 | Schematic depicting the mechanism for increased occurrences
of extreme El Nifo under greenhouse warming. a,b, In both present-day
climate (a) and future climate (b), convection zones in the western Pacific

Relies on CMIP models: reduced SST gradients Cai et al NCC 2014




How ENSO itself changes with
climate change is not very clear.

But it is clear that the
consequences become greater
(in terms of droughts and floods).




