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CLIMATE?



Weather summary = Climate

Expectation=

mean condition
of atmosphere
(temp. & Prcp.)
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Weather is what we get,

Climate is what we expect!
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Climate Variability

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

What are they?
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Diurnal cycle

Land-sea breeze
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Seasonal cycle
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Climate Variability
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Inter Tropical Convergence Zone (ITCZ)

https //earthobservatory nasa. gov/IOTD/VIew php’ld 703
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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 1o
the year, the winds, rains, and the location 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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(right map). (Images: UCAR) Darwin, Australia
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§
As the ITCZ swings north during the summer months, it brings monsoon § -
rains to Kozhikode, India. As the ITCZ drops south during summer in the [
Southern Hemisphere, it brings monsoon rains to Darwin, Australia. “
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http://monsoon.yale.edu/why-monsoons-happen/
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Monsoon

OLR, 200-hPa Streamlines and 850-hPa Wind Clim {1979-1995)
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- http://www.meteo.gov.lk

Seasons in Sri Lanka

Monsoons

Due to its location in the equatorial and tropical zones, Sri Lanka has been influenced by the monsoons which consist of four very distinctive seasons.
First Inter-monsoon Season (March - April) - Thunderstorm type rainfall with warm and uncomfortable conditions

Southwest-Monsoon Season (May - September) - The warm season is eased away by the windy weather during this particular monsoon season. Rains can be
expected during any time of the day

Second Inter-monsoon Season (October - November) - Rains occur with thunder storms while the influence of the weather system like depression and
cyclones in the Bay of Bengal is considered to be common. The whole island experiences wide spread rain with strong winds

Northeast-Monsoon Season (December - February) - Cold and dry windy weather can be expected during this season while cloud free and days filled with
sunshine can be expected. Rain can be expected in several parts of the island as well.

)

First Inter-monsoon Season Southwest-monsoon Season Second Inter-monsoon Season Northeast-monsoon Season
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‘Regional difference

(Vietnam)
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East Asia Summer Monsoon

Li, Yu, et al. "Synchronous or
asynchronous Holocene Indian and
East Asian summer monsoon
evolution: A synthesis on Holocene
Asian summer monsoon simulations,
records and modern monsoon
indices." Global and Planetary
Change 116 (2014): 30-40.
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https://doi.org/10.22498/pages.20.2.64

Australian Monsoon

mm/day

10 12

Global rainfall daily averages (1979-2008) for the months of January (left) and July (right). The monsoon trough is positioned over northem Australia in the

southern summer, and moves northward during the southern winter.
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Western Pacific Warm Pool (WPWP)

o Climate Engine : remember “mean” feature

SST > 28.5° C

Walker Circulation

South Asian o/
Monsoon

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



ENSO

* A Big Ocean Swing \ Themecine

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

Circulation

Thermocline
Upwelling

(@) Normal conditions
Copyright © 2005 Pearson Prentice Hall, Inc.
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(c) La Nifia 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?

Anomaly in Degrees C
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ENSO impact

El Nifio and Rainfall - : e
El Nifio conditions in the tropical Pacific are known to shift rainfall patterns in many different parts of the world. Although they vary somewhat from Met Ofﬁce E' NI no tem peratu reim paCt colder °
one El Nifio to the next, the strongest shifts remain fairly consistent in the regions and seasons shown on the map below. mixed (seasonal reversal)
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2015-16 wetter monsoon in Sri Lanka

Jan - Mar 2015 Apr - Jun 2015 July — Sep 2015

Oct - Dec 2015 Jan — Mar 2016 Apr —Jun 2016
L D - M.
|
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&0 40 0 40 &
Estimated Precipitation [mm/month]

Figure 3: Quarterly seasonal precipitation anomalies for Sri Lanka for 2015 to Mid-2016. Top Row - Rainfall
departures from historical averages (anomalies) for January-March (late Maha), April-June (early Yala), July-
September (late Yala) for 2015. Bottom Row - October-December 2015 (early Maha), and January-March (late
Maha), April-June (early Yala) for 2016. The historical average rainfall was calculated for January 2001-2016.
(Image source: FECT).

As expected,

2015;

late southwest-monsoon [
Second inter-monsoon (OND) L
2015-16:

Late northeast-monsoon (JFM)

2016:
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2015-16 Drought in Southeast Asia

10,302 views | May 25, 2016, 01:39am

Why Vietnam Is Running Dry,
Worst Drought In Nearly 100
Years

Tim Daiss Contributor @
Oil markets analyst, journalist and author based in Southeast Asia

TWEET THIS

> Vietnam’s Mekong Delta is suffering from its worst drought in nearly a
century, and the effects have been devastating.

v this year’s drought could also lead to a serious reduction in exports of
major goods produced in the region, including rice, seafood, and coffee.

From last year (%)

)
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Figure 1: Cumulated rainfall in Thailand between 2010 and 2015
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What happen in Chile
during 15-16 prolonged El Nino?

Munich-Re: El Niino curbs losses from natural catastrophes in 2015

Severe storms gt Winter Storm Niklas Earthquake
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- Heavy rainfall during march!




The 2010-2015 megadrought in central Chile

- -

N (a) Annualmean JJASO

(b) Winter fraction

Garreaud, René D., et al. "The 2010-2015 megadrought in
central Chile: impacts on regional hydroclimate and
vegetation." Hydrology & Earth System Sciences 21.12 (2017).
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ENSO Complexity

In Time & Space - Any distinct regional impacts of different type of ENSO?
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Western Pacific Warm Pool (WPWP)

o Climate Engine : remember “mean” feature

Walker Circulation

South Asian o/
Monsoon

http://npoce.qdio.ac.cn/background
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Don’t forget Indian Ocean

Indian Ocean Dipole
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Indian Ocean Basin-wide Mode (I0BM)

Positive IOBW, MAM
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Indian Ocean Dipole
(IOD)
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Evolution of Positive IOD

By Saji N Hameed
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Indian Ocean Dipole (I0D)

East Africa
Heavy rainfall
and severe
flooding

East Africa
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1997-98

The Threat of Indian Ocean Dipole
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How about Atlantic Ocean?

SST and surface winds for MAM
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http://www.jamstec.go.jp/aplinfo/climate/?page_id=1566

Atlantic-Pacific Ninos connection

Atlantic-Pacific NiRos connection
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Through an air-sea coupled mechanism

P 2 <
Wal[(er circulation

/ (\\/

TR . . . .

BJERKNES

- Veruical
' trainment

Equator
ROSSBY WAVE — KELVIN WAVE
PROPAGATION N G - PROPAGATION
— o Equator

Polo et al, 20185

Multi-year Pacific ENSO
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Under negative AMO:

Increased variability in akmospheric
convection over western equatorial

Atlantic and eastern equatorial Pacific &

SST could favour the AbL-Pac Link
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Martin-Rey et al, 2014

Martin-Rey, Marta & Polo, Irene & Rodriguez-Fonseca, Maria Belen & Losada, Teresa & Lazar, Alban. (2016).
On the configurations of the Atlantic Nino phenomena under negative AMO phases.



Intra-Seasonal Oscillation (ISO)

Intraseasonal : 20-90
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Madden Julian Oscillation

Intraseasonal Oscillation (ISO)
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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Schematic Depiction of the Large-scale Wind Structure of the MJO
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MJO (Madden Julian Oscillation)

The MJO on the Move

West East

Cool & dry

Lag Day +20 +15 +10

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



http://www.cmmap.org/
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MJO impacts

MJO Impacts during Boreal Winter

180 120W 50W 0

1 - Alternating wet/dry conditions

2 - Tropical moisture plume to higher latitudes

3 - Modulation of monsoon systems

4 - Modulation of tropical cyclone activity

§ - Modulation of ENSO through oceanic Kelvin waves
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BSISO (Boreal Summer ISO)

Intraseasonal Oscillation ISO
during boreal summer
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2 weeks to multi-decadal climate variability

B wunderground.com’
Arctic Oscillation (20)

Pacilic Decadal Oscillation El NinoSouthern Oscillation
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Abram, Nerilie J., et al. "Evolution of the Southern Annular Mode
during the past millennium." Nature Climate Change 4.7 (2014): 564.

1
r=0.75 (n=51, p<0.0001)

075 r=0.51 (n=101, p<0.0001) 14

o5 = Al 5

0.25 § 12 E

o 8 o =
5 <

-0.25 @ o
o

5 8 172

-0.75

900 1920 1940 1960 1980 2000
-1 Year AD




Global warming?

1981-2010
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How they change weather?

Weather Chart At 18 UTC
On 06 Oct 2011 : g woe  |iose




Normalized BSIS02-1

Extreme rainfall (flood)

* Tragic Myanmar flood associated with
Cyclone Nargis (early May 2008)!

https://en.wikipedia.org/wiki/Cyclone_Nargis v" Northward movement of MJO convection
Kikuchi, K., B. Wang, and H. Fudeyasu (2009), Genesis of tropical
BSISO 2 cyclone Nargis revealed by multiple satellite
] N. East Asia S.East Asia observations, Geophys. Res. Lett., 36, L06811,
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http://dx.doi.org/10.1029/2009GL037296

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)
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- Wind anomaly (May 20-30, 2015)
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- El Nino effect?



Cold surge

e Qutbreak of Siberian cold air

N@ﬁh E@Sﬁ M@Uﬂg@@)ﬁﬂ r‘_"'— \’Ni\nd Direcf‘ion I

;\-1 .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

TimMm L1

International Pacific Research Center/School of Ocean and Earth Science and Technology.,
University of Hawaii at Manoa, Honolulu, Hawaii

West Pacific High Retreats (Manuscript received 30 September 2008, in final form 12 January 2009)

1000hPa—T Anomaly

www.wesurnplcifk;leathcr.com




Dry spell (wildfire)

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

North East Mens@en [F= wniorxo) .

1 Generallocation
\ 6f Jet Stream

L

Myanmar

Thailand

West Pacific High Retreats

www.westernpacificweather.com
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download large image (545 KB, JPEG, 1920x1920)
download GeoTIFF file (61 MB, TIFF)
download Google Earth file (KML)
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ENSO + 10D + (Atl. ENSO)?
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Extreme Swing of SPCZ

a Observed first principal pattern c Observed relatlonshlp 1979—2008
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