CLIK Training: June 7-9, 2017 (Bangkok, Thailand)
June 14-16,2017 (Naypyitaw, Myanmar)

Lecture 1.

Climate Variability

Yun-Young Lee
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CLIMATE
VARIABILITY?



Weather summary = Climate

Expectation=

mean condition

of atmosphere

(temp. & Prcp.) @ '
ﬁ .




Tell us your story...

1. How many seasons do you have?
What are they?

2. Climate variability (mode)
modulating the intensity of wetness
[dryness in your country?



CLIMATE
VARIABILITY?

WHAT IS VARIABILITY?
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Diurnal cycle
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Seasonal cycle
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Climate Variability

Weather = (a series of individual realization) = Temporal
fluctuation of atmospheric condition

Climate variability = (variability of expectation)
= spatiotemporal fluctuations (oscillations) of mean
atmospheric condition associated with dynamical
atmospheric/oceanic systems

What are they?

What kinds of climate variability are you familiar with?
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Inter Tropical Convergence Zone (ITCZ)
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Inter Tropical Convergence Zone (ITCZ)

DECEMBER and JANUARY JUNE and JULY

"1 Kozhikode (Calicut), India
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As the Intertropical Convergence Zone (ITCZ) changes location through 100

the year, the winds, rains, and thelocation of wet monsoon weather
changes, too. In this example from Asia and Australia, the ITCZ moves
from the Southern Hemisphere (left map) to the Northern Hemisphere
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(rightmap). (Images: UCAR) *| Darwin, Australia
'E A0
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§
As theITCZ swings north during the summer months, it brings monsoon § .
rains to Kozhikode, India. As the ITCZ drops south during summer in the g
Southern Hemisphere, it brings monsoon rains to Darwin, Australia. “
(Images:UCAR) e Feb A My daw July  Aug  Sept O MNov  Dec

http://monsoon.yale.edu/why-monsoons-happen/



Monsoon

23 4 25 26 27 28 29 X N
500 surface temoerature (*C)




Monsoon
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Monsoon

rainfall over Thailand ; Climatolog'y
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Rainy season in Thailand!

First half of the rainy season (from May to June) <- typical
monsoon southwesterlies

Second half of the season (from July to September) <- active TCs
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2015 July Myanmar Flood
:the worst for decades

Beginning on 16 July 2015, unusually heavy monsoon rain fell
on Myanmar, causing rivers and creeks to overflow with
rainwater and flooding low-lying areas around waterways.

In addition to the higher-than-average rainfall,
mismanagement of irrigation projects

and deforestation caused by logging ~

Cyclone Komen, which struckin late July,also made the
situation worse.

LAST TWO WEEKS ACC. RAINFALL (NASA)

MYANMAR/BURMA

https://en.wikipedia.org/wiki/2015_Myanmar_floods
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http://reliefweb.int/sites/relief
web.int/files/resources/ECDM _
20150727 _MyanmarBurma_Ba
ngladesh.pdf



Western Pacific Warm Pool (WPWP)

o Climate Engine : remember “mean” feature

SST>28.5°C

Walker Circulation

South Asian B/
Monsoon

http://npoce.qdio.ac.cn/background
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El Nino, ENSO

* A Big Ocean Swing

Thermocline

(b) El Nifio conditions
Walker Copyright © 2005 Pearson Prentice Hall, Inc.
Circulation

Thermocline
Upwelling

(@) Normal conditions
Copyright © 2005 Pearson Prentice Hall, Inc.

Thermocline

Upwelling

(c) La Nifa conditions
Copyright © 2005 Pearson Prentice Hall, Inc.



ENSO, why it oscillates?

Anomaly in Degrees C

SST Anomaly in Nino 3.4 Region (5N-5S,120-170W)
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ENSO, why it oscillates?

SST Anomaly in Nino 3.4 Region (5N-5S,120-170W)
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ENSO impact
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Prolonged El Nino (14-16)

Oceanic Nino Index (ONI)

Time : May 2007 - Apr 2017
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© APEC Climate Center

v'followed by “Super” winter El Nino (15/16)

v'marginal El Nino (14/15)

v'2015 July: ONI > 1

EL NINO TO GODZILLA SCALE

Godzil Mothra Gigan Anguirus Minilla Baragon Godzilla Junior  Destoroyah King Kong SpaceGodzila  Orga

Extreme SST anomalies (up to 3 degrees)were recorded in
the central Pacific, with values even higherthan the records
of the EI Nino 1982-1983 and 1997-1998 seasons.



Seasonal cycle

GPCP Clmatology (1 979-2015)

I _ I
1 2 3 4 5 6 7 8 9 10
By Ji-Hyun Oh (APCCQ)



What happen in Southeast Asia
during prolonged El Nino?
b \%
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GPCP Anomalies (2015)
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2015 Drought in Thailand

Figure 1: Cumulated rainfall in Thailand between 2010 and 2015

Unit: millimeters ———- 30 Years Averaged (1981-2010)

2,000 -
1,900 -

1,600 - G15%>
sl D,

B e e e e e s e N e e € 1,588
1,500
1,400 -
1,300

2010 2011 2012 2013 2014 2015 2016F

Source: EIC analysis based on data from Water Watch and Monitoring System, Royal Imrigation Department.

Rice: Change in production

Py
g 10 fmmmmm e e e e
- —@—2013
[0}
2 2014
;¢ = o
K] AY JUN JUL AUG S8 OCTNOV DECT®—2015
S T o N S N ~®=2016
[T 8

S

Source: USDA World Agricultural Production



Western Pacific Warm Pool (WPWP)

o Climate Engine : remember “mean” feature

Walker Circulation ; Walker Circulation

South Asian B/
Monsoon

http://npoce.qdio.ac.cn/background



Don’t forget Indian Ocean

Indian Ocean Dipole
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Indian Ocean Dipole
(IOD)
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Indian Ocean Dipole
(IOD

By Saji N Hameed
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Indian Ocean Dipole (IOD)

East Africa
Heavy rainfall
and severe
flooding

East Africa
Flocding
caused
severe famine

East Africa
Acute Rift
Valley fever
virus (RVFV)
outbreak
1997-98

The Threat of Indian Ocean Dipole
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o low seg level

India
Excess rainfall
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Mentawai Islands, Sumatra

Large scale harmful clgce bloom
caused massive destruction of
marine ecosystem 1997-98
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Excess rainfall
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Dry winter ot
southwestemn
Australia

East Asia
Hot ond dry
summer

Vietham
Excess rainfall

Southeast
Asia
Drought and
haze

Indonesia
Severe
drought and
forest fire



Indian Ocean Basin-wide Warming (I0BW)

Negative IOBW, DJF
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ENSO + 10D

Indian Ocean — Indonesia — Pacific Ocean
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latitude

ENSO + 10D

El Nino and the Indian Ocean Dipole -- Dec. 1997
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Intra-Seasonal Oscillation (ISO)

Intraseasonal : 20-90 Northward & Eastward propagation

U850 Precipitation boreal winter (MJO) .
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Madden Julian Oscillation

Intraseasonal Oscillation (1SO)
during boreal winter

Intraseasonal: 20-90

Madden and Julian 1972
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MJO (Madden Julian Oscillation)

Boreal Winter (DJF) Composite OLR and 850 hPa Vector Wind Anomalies
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MJO (Madden Julian Oscillation)

The MJO on the Move

West East

Cool & dry

Lag Day +20

A |

-20 days of -10 days of -10-15 days of
little convection convection/storms  deepening cumulus

A schematic of the MJO from cmmap.org
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MJO Impacts during Boreal Winter
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BSISO (Boreal Summer ISO)

illation ISO

during boreal summer

Intraseasonal Osc
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How they change weather?

al D
Weather Chart At 18 UTC [
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Cold surge

e Qutbreak of Siberian cold air

Nortth East MonsQom [z wmomm]

:f >ngera.llocation L The Extreme Cold Anomaly over Southeast Asia in February 2008: Roles
_-6f Jet Stream of ISO and ENSO#*

Siberian High Pevel
CHI-CHERNG HONG

Department of Science, Taipei Municipal University of Education, Taipei, Taiwan

TiM LI

International Pacific Research Center/School of Ocean and Earth Science and Technology.
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Dry spell (wildfire)

e Outbreak of Siberian dry air + dry monsoon (Nov-Mar)

North East Mons@o [ waoredon]
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Thailand

West Pacific High Retreats
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Heat waves

2015 India heat wave -“Heat Bomb” : unusual northwesteries =
sparse showers and their sudden end during pre-

2015 Indian heatwave monsoon season (before June)

Wind anomaly (May 20-30, 2015)

CHINA

Delhig

45.5 °C < sk
(113.9°A @ Allahabad ~ "
47.8 °C )
(118.0°F) 5 iV,
Jharsuguda @ { \ NDIA
45.4 °C -
(113.7 °F)

Hyderabad® @ Khammam
46 °C 48 °C
(115°F) (118 °F)

- - . = Wind speed anomaly (miles per hour)
A map marking significantly affected cities

0 7 14 2

- EI Nino effect?



Normalized BSIS02-1

Indian Ocean

https://en.wikipedia.org/wiki/Cyclone_Nargis

Western North Pacific

Extreme rainfall (flood)
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* Tragic Myanmar flood associated with
Cyclone Nargis!

v" Northward movement of MJO convection

Kikuchi, K., B. Wang, and H. Fudeyasu (2009), Genesis of tropical
cyclone Nargis revealed by multiple satellite

observations, Geophys. Res. Lett., 36, L06811,
doi:10.1029/2009GL037296.
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Weather VS Climate

A couple of days
P y Season to season
~2 weeks

—

weather S2S climate

Weather Seasonal
Forecast Forecast



Climate Change

e Changes in our expectation
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Climate Change
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~4—Observed data

https://www.tmd.go.th/en/climate.php?FilelD=7

Extreme climate in Thailand
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Climate Change
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Average annual hot days (= >35°C)



