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A World of Agreement: Temperatures are Rising
Global Temperature Anomaly (°C)
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The concentrations of CO, have increased to levels
unprecedented in at least the last 800,000 years.
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Worldwide Effects

Cause

atmosphere, land, ocean

extreme events

global water cycle

sea ice, glaciers, ice sheets

global mean sea level

Human influence on the
climate system is clear.
T
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Weather Stations and Data Analysis



Seasonal Cycle and Climatology
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e Standard Normal Distribution

"Bell Curve"
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What is Climate and Climate Normal?

Frequency of Occurrence

S~

Cold Mean T Hot
Value (e.g., temperature)



What is a new Climate Normal?
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Impact of Climate Change
to Climate Drivers



Climate Drivers over Thailand
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e Inter Tropical Convergence Zone (ITCZ)

CMAP ITCZ Climatology Mean JAN 1981-2010
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Wind Convergence and ITCZ displacement
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CAS FGOALS-f3-L Experiments for CMIP6

Bian HE, Qing BAO, Xiaocong WANG, Linjiong ZHOU, Xiaofei WU, Yimin LIU, et, al.
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Pacific Decadal Oscillation (PDO)

Pacific Decadal Oscillation Temperature (°C sd™)
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El Niflo Southern Oscillation (ENSQ) From Wikipedia
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SST Anomalies (°C)

PDO Index

Warm(Cool) phase PDO keeps ENSO staying longer-live and more intense
(Luiz Carlos B. 2013)
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Warm(Cool) phase PDO keeps ENSO staying longer-live and more intense
(Luiz Carlos B. 2013)
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Evolution Tropical SST weekly anomaly centered:04JUN2020
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PDO CCA Pattern Mode#2

PDO CCA Pattern Mode#1

138

090-075-080-045-020-0.15 000 015 0.20 042 020 0.75 020 0.4 -0.90-0.75-0.60-0.45-0.20 -0.15 0.00 0.15 0.20 0.45 0.60 0.75 0.90

L BN =—=PDO CCA =—=ENSO CCA CCA Score 0.87 =—PDO CCA =—=ENSO CCA CCA Score 0.74

Longitude

Mingting Li, et al., (2018)

EP A R e T T T W T

o Taie 1 WpEEe IS
i Il‘ll”tlzf i
120 140 160 180 200 220 240 260 280
Longitude

..
1
1

g

[T T T T T T T

-0.90 -0.75 -0.60 -0.45 -0.20 -0.15 0.00 0.15 0.20 0.45 060 0.75 0.20

-0.90 -0.75 -0.60 -0.45 -0.20 -0.15 0.00 0.15 0.20 0.45 0.€0 0.75 0.20




Preliminarxj results from CSA (Perioc!: 1891-2016)
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SST Anomalies
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EQ. Upper—Ocean Heat Anoms. (deg C)
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ENSO: Observed Structure
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Madden-Julian Oscillation (MJO)
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MJO CYCLE
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Schematic Depiction of the Large-scale Wind Structure of the MJO

Rui and Wang 1990



Real-time Multivariate MJO (RMM) index: MJO IndEX(Wheeler and Hendon 2004)
Variables: 15S-15N averaged OLR U850hPa and U200hPa (unfiltered 1979-2001)

Using EOF/PC analysis and applying Fast Fourier Transform (FFT)
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Fast Fourier Transform (FFT) Analysis

= Calculation the principal component (PC) of pentad time series of OLR,

U850hPa and U200hPa during 1979-2017.
= RMM1 and RMM2 can be calculated by combined all PCs.

RMM#2 of Combined OLR U850hPa and U200hPa

RMM#1 of Combined OLR U850hPa and U200hPa
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Convectively Coupled Equatorial Waves
(CCEWs)



I Convectively Coupled Equatorial Waves (CCEWs)
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Madden-Julian Oscillation (MJO)

Madden-Julian Oscillation (MJO), Time: 08/10/1997
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Kelvin Waves (KW)

Convectively Coupled Equatorial Kelvin Waves , Time: 17/11/1997

Symmetric Kelvin Waves n=-1

[Strong EI Nino Sep-Dec 1997]
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B Equatorial Rossby Waves (ER)
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mixed Rossby-Gravity Waves (RG)
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N Tropical Depression-type Disturbance (TDD)
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Impact of climate drivers to

severe floods and droughts



2. * Flooding
X * Mudslides
g3l * Strong winds
TR

/ il Lok’ ." §%,
@ AccuWedther Ul A
'] & 1] L Fy
Emergency Response Coordination Centre (ERCC) - DG ECHO Daily Map | 11/09/2019
Southeast Asia | Floods

10 Jun
24 Jun
8 Jul
22 Jul
5 Aug
19 Aug
2 Sep
16 Sep

30 Sep

Tue 2019-03-03 1516 UTC

carl_schreck@ncs

400

N

50

300

250

200

v d' d' a <; a 3,’ | = = Y
HnUAaHINIANasNAN1 Lasina NN Hiad UnHea 2562
OlR | SN-15N Totgl Rainfall: 28AUG—03SEP2019
[\ :- Kelvin o SO
1 A ER [ » : o
| Mo | ‘
Low ZON_
] Contours at
. 16 W m-2
4 AN
_.F.' “‘q‘. : -
- ") --—15N
e T4
1 -~ 8- 7L
i )
[
| o | 1on
N Xy A&~ |
| . f . ~ TN
- 5 b
I | I I 1 I I I 1 | I
0 60E 120E 180 120W 60W 0
[ [ [ [ I
72 56 40 -24 -8 8 24 40 56 72
Wm-2 Carl Sc N95E



IOD Index Time Series
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Potential tropical storms and flooding
related to equatorial waves



Equatorial Rossby Wave
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" UMD DRIVE Model: Global Flood Monitoring
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Joint China-Thai Research Project 2017-2020

stract

Rain gauge stations during 1981-2010 are used to
analyze the iniraseasonal varlability of the monsoon rainfall in
Thailand and described its associaled dynamical structure.
Wavelet analysis is performad on rainfall time series shawad
significant peaks cenlered roughly in periods of 30-70 days by
averaging over whole areas. A significant enhancement of
precipitation with maximum anomalies in a northeastward
orienfed band over Thailand is evidenced from empirical
orthagonal function (EOF) analysis of 30-70-tay filtered rainfall
anomales during rainy season (June 1o November). The
composites timescale ravealed that, on a global scale, the
Madden—Julian oscillation {MJO) is the main almospheric-
mechanism modulator 10 the intraseasonal rainfall variability
over the Indoching Peninsula. The impact of MJO on the
monsoon rainfall in Thaitand is investigaled by composies of
the observed data on hovmoller diagrams. A coherent
northeastward expansion of rainfall acrass Thailand is evident
during the passage of MJO over the Indochina Peninsula,
Regionally, the establishment of an atmospheric circulation
patiern and desp convective aciivity over the Indochina
Peninsula is dynamically embedded wilhin the noriheastward-
propagating MJO-related large-scale convective envelope
along the Indochina Peninsula and westem Pacific Ocean
Such mechanism supports the enhanced convective activity to
the north and the suppressed inraseasanal convective acivity
10 the south Thailand,

Methodology

« The Morlel wavelet analysis will be applied on rain gauge-
based pracipitation time series and is to reveal significant
peaks centared and fitered conditions in periods of rainfal
anomalies in Thalland. The Lanczos bandpass filler with cutofl
froquency canditions will ba performed on daily rainfall
anomalies.

* The dominant regional mode of the intraseascnal rainfall
variability in Thailand is obtained from the leading EOF
analysis of fitered rainfall data of periods during 30 rainy
seasons (June to October). A significant enhancement of
precipilation with maximum anomalies in Thailand is
evidenced from the leading EOF eigenvectors.

+ In order to improve our understanding tha spatitemporal
structure of the Intraseasenal rainfall vaniations as well s to
desciibe the dynamical  sinicure associated
mechanisms, the inraseasonal variabiity events with
accurrence of anomalously enhanced rainfall in Thailand will
be ientified through the principal companent analysis (PCA}
time series and wil be used to produce the composites. of
intraseascnally fitered variabies.

iy ol sl sveageive North Thallnd: JASD 13812010
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Figure-1
anomalies sveraged over Thaland for each rainy sasson (JIASO)

Morist wawelet analysis of the unfiternd dady rainfal

durng 1981-2010, Shaded contours are Wavelst Powsr Spectrums
{WPS}) cosfficiants, and the black cross-dashad curva is the cone of
influgnce. Y-axis is psriod in days and X-axis is ks for WPS plots

py de H ller Di

rediction (NCEP)

Composites of OLR and 200-hPa x, and

of 30-70-day filtered

Figure-3. Timedongtude novmoller lsgrams of 30-70-gay ftersd
(uaper panei) OLR ang 200-Pa x sveraged fom 15°S -15°N and
Tower pansi) rainial averaged 21°N - 5°N for he 50 inlrasessensi
event, Veasis is e fime rom 5 day lo +35 day. Only pegative OLR
(-30, =15, and -5 Wm) were plotted.

Figure-4.Time-ngiiude howmoller ciagrams of 30-T0-dsy filerad
rainfall averaged 0°- 25°N for Me 50 Aasessonal. Y-axis i the Ume
Irame fram day -5 1o day +35 and positive rainfal (2.0, 5. 10, 15, 20 sad
25 mm) anomales are plofled

vertically integrated moisture-flux anomalies

Fwe-s Coneoatas of (st ans) OLR sed 20047 x and (g
panei}

o0 doy -5 a0 435 g (e Lpper 10 towse panet) 1A G =
L qudpand g, = [, quip. Shaded OLR contours in W2 are
shown by tha legend. Nonzero x ars contouned every & x 10°* ms-% with
s0id (Ba8Ned) conours for postive (negatve) anomalies and a fll
vector denptes 100 g s

Figure8 Tho ol dopicts b ot aramalas patoms propagats
over Thailand during the MJO. Monzern vahues ara
contoured every 1 mm day=1 with el <na,ma3 conlours for posiive
(negatve] anomalies. Snaded sress indicale sialisticaly significant
emomelies al 85% local confidense level,

Discussions

« Tha Motet wavolet analysis is porformad on rain gauge-based
presigitation time series and applied Io daly daia of 30 rainy seasans
(June through November) from 1961-2010, Wavelat power spectum
{WPS) coefiicients show significant peaks centared around 30-70

Figure-2, The Moriet wavelet analyss over Thaiand of raiy season
(JASO} in 1084, 1999 and 2000 Shaded coniows ars WPS
coafficients (56 verical legand) and the black cross-dashed curve is
tha cana of mfuence. Y-axis /s perod In 0ays and X-axis Is ime for
VIPS plots. Y-ails I period I days and X-axis Is powsr in mar? for
GWS plots (lower night panels) wih biue-dashed Ine curve beng 5%
significance level.
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o mods of the inraseasonal rainfall variabilty in
Thailand abtsned from the ieading EOF eigenvecors of the filered
raintall data of 30-70-day periods. The Fily intraseasonal evenis wilh
accumrence of anomalously enhanced rainfal in Thaland s
identified. This. mode revesled 8 signibcant of raintall
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troduction

Tha EI Nifio-Southam Oscillation (ENSO) is a major impact to Asian monsoon regions in
term of rainfall anomalies and rainfall extrame. The ENSO is manifestations of the physical
phenomena resulling from unstable inieraclions between the ocean and atmasphere. Under
global warming, most af the exceeded energy has been stored in the ocean from 1970. Climata
Is rapidly changing in recent decade. The Sea Surface Temperature (SST) anomalies |5 @ maln
driver of the oceanic and atmospheric phenomena. Recently, the ENSO patterns tend to be
transformed from one flavor to the others and the corresponding impacts are slso changing. The
east Pacific £l Nito is a dominant flavor which defined by SST anomalies pattern positioned over
tha ceniral and eastern Pacific. The cantral Pacific E1 Nifio is defined by SST anomalies patiern
with @ warming centered over the central Pacific and canfined by bath sides. of SST cooling. The
basinwide warming EI Mito is defined by a warming SST anomalies across the equalorial
Pacific.

In this work, threa diflerances of EI Nifio flavors are investigated the characteristics and
physical mechanisms based on 1) the SST anomalies patiems 2) zonal winds anomalies ot
850hPa 3) vertical pressure velocily and 4) precipitation anomalies. The characteristcs of the
sea surface temperature patierns over the equatorial center Pacific Ocean are the major roles for
driving the atmospheric circulation (Walker circulation). This circulation will be Influent and given
an impaci to the mansoon rainfall variability over the Indo-Pacific regians.

The Oceanic Indices (ONI) over tropical Pacific

The ONI lrom HadleyJan‘[&SD-Aug!ma 3-month running average
NINDS

SfNIND4

: 18 9o
Figure-1. The Oceanis Indces [ONI), the O are detnea by the Sea Sutace Temperature anomalies
rocions as Nif 42 (0-10S, SO-B0W), Nilo 3 (5N.55, |5c»w-99w1 N 3.4 (SN-5, 170M0-120W),
Nifio 4 (5N-5S, 160E-150W} and Nifa 5 {10S-0, 1 0E ).

Empirical Orthogonal Function (EOFs) of SST anomalies

Figure 2. The EOF is performed by the HadISST during Jun-Sep 19712015 and depiet the 1st
Principal Companent (PC1) time series (black ine) with 42.2% of total variance and Eigenwector
(ECF1) shawn on the top pane!, the 2nd PCZ time senies (red line) with 17.4% of tolal varance and
EOFZ shown in the mid-panel and the 3rd PG3 time series (blue line] with 12.6% of folal variance and
EOF3 shown on the botiom pansl. The shaded colors on maps are normalized with negative valus
(blue shaded) and positive valua {red shaded). The pointers on the PC1 bme saries indicated sast
Pacsfic EI Nifia years in 1962, 1987, 1997 and 2015, the PCZ time series indicated across Pacific EI

o years in 2009 and 2014, and he PC3 lime senes ndicalad central Paciic EI Nino years in 1984,
2001, 2004 and 2003

with masimum aaomalies In a nohagstward orealed band, mainly
v the northern half of Thaitand.
Homaller GQrams of nlraseasonaty itered daily OLR and 200-hPa
sifeam funcbon (averagad over 15°S-15'N) for tha Intraseasonal
evenits am ceary desicted 3 fypical MJO-related
propagatan of ennanced convectve anomalies Wil upger el
divergance around the aquatorial balt

+ The MJO is the main simospheris-mechanism modualar of the
regianal rainfall vanations over Inoacning peninswa nd partally over
L

of peniad OLR, 200-hFa ¥ and verlcaly iniegraled moisiure-lux
anomslies depicted & walnown MUD. signature win 8 cose
relatinship telween the casiward-prepagating convective anomalies
and Ihe reinlall anomabes in Thalland

+ A coharent northeastward sxpansion of precoitation across Thailand
was eviden during Ihe passage of MJO. especially araund day +5,
+10, +15 and +20. 1 sugpesis that the passage of MLIO over Thailand
efisclively contributes ©o # considerabie fraction of the total
BrECEaLON, i PanicUr, Gwar e CRNIral 8nd nornern Thailand.

NINO3

Thino+2

Figure-3. This OMI ime Sefies uses a 3-manih running mean o Jan1950-Augaa 18, Each panel s

a separated Nifto region as defined in Fig-1. The posilive orange denoles the SST anomaly above
nomal and negative biue denates the SST anamaly below norml. The nomal is basd on period
1981-2010.

Figure-1, Top JJAS19E2, Middle JUAS2004 and Bollom JJASZ009, on the left panel depict the low-

lawel winds vectors and zonal winds anomalies (shaded) al 850hPa over Indo-Paciic region. Red
shaded colors denots westerty anomalies of zonal wind snd bius shaded cokors dencta easterly
anamabes of zonal wind. On the ight panel depict the pracediation anomakes ovar Indo-Paciic mgion
during June-September (JIAS). Green shaded colors denofe posilive value of preciitalion anomalies
and red snaded colors dencte negalive values of precipitation anomabes. The nomal is based on
1981-2010.

Discussions

« The EOF analysis reveals the a few leading modes captured about 72% of the total, the first
EOF mode depicts east Pacific SST anomalies (42.2%), the second EOF mode depicts across
Pacific 8T anomalies (17.4%) and the third mode depicts central Pacific SST anomalies.

« The zonal winds anomalies during June-September (JJAS) shown on left panal in Figure<
depict the different zonal winds anomalies by influence of EI Nifio patterns. The top lefl is evident
the zonal winds anomalies over central Pacific basin, the middle left is evident the zonal winds
anomakes over west and east Pacific and the bottom Jeft s evicent the zonal winds anomalies
shified to the edge of tropical Pacific.

~ The NifioS region reveals a signal of west Pacific ST anomalies rigging across Pacific EI Nifo
type under global warming.

« Both tropical basins as well as extra-ropical teleconnections have contributed to producing
droughtideficit rins over the Indochina Peninsula regions.

« The SST anomalies over tropical Pacific have modulated Walker cell and theraby, Hadley cell to
cause tropical teleconnections. and IMpact to ASian mansoon seascn,

+ The convection anamalies caused by the each EI Nifo types and evident the rainfall anomalies.
aver Indochina Peninsula, The canonical EI Nifio (type-1) gives a sirong Impact ta the westerm
Pacific basin under the equatorial 55 to SN by producing dry signals over the Maritima continent
during JJAS monsoon season. The Basin-wide warming El Niflo (type-2) over tropical Pacific
may have produced dry signals over upper Indoching Peninsula during JJAS monsoon season,
emenged since 1990. The E1 Niia Modoki (type-3) has a specific ST anomalies patter with the
warming in central trapical pacific, confinest by coaling on both sides, It impacis to central
Southeast Asia by producing enhance rainfall over the regions.
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The Indochina Peninsula is a part of Southeast Asia and East Asian monsoon. It is
the key area connecting 1o the Walker circulations the Indian and Pacific Ocean
known as the Indo-Pacific regions. The circulation is very important atmospheric
feedbacks from the oceans by containing the most complicated ocean-atmosphere
interaction. In term of heat contents and oceanic forcing to the circulation, the Sea
Surace Temperature (SST) anomaly is the main factor. The difference betwsen the
wesl and east of the Equatorial Indian Ocean (Fig.1) is referred lo the India Ocean
Dipole (I0D) (Saji et al., 1999; Ashok et al., 2001). The 0D is characterized by SST
anomaly gradient index called the Dipole Mode Index (DMI). A positive DMI refers to the
formation of SST in the western regional warmer than the east while as a negative DMI
is opposite sign. The DMI is fluctuation of forming interannual variability (Ashok et al..
2001; Rao et al., 2004; Ajayamohan et al., 2008).
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Figure-1. The Sea Surface Temperature (SST) anomalies show a strong positive Indian
Ocean Diploe (+10D) during June-August 2019, The WEIO area denotes the wesiem
equatorial Indian Ocean (WEIO located 10°S-10°N, 50°-70°E) and EEID area denotes the
eastemn equatorial Indian Ocean (EEIO located 10°S-0°N, 80°-110°E). The Dipole Mode
Index (DMI) s defined by the difference between the SST anomalies of WEIO and EEIO
regions.

An unusually strong positive Indian Ocean Dipole (I0D) event accurred in the second
half of 2019. It led to severe climate impacts around the Indian Ocean basin, espacially
the long-term of precipitation deficit over Mainland Southeast Asia. The 10D was the
behind anomalous zonal winds at 850-hPa and contributed to low rainfall during
September 2019 to March 2020. The time-ongitude plot of sea surface temperature
(SST) anomaly (Fig.1) show the strong positive 10D evolution in 2020, By mid-May
2015, the eastwest contrast in the Indian Ocean, Le. coiger-than-nomal ST in the
southeastern Indian Ocean and | ST in the n Indian
Ocean, indicated the initiation of the pnsme 10D event. It rapidly intensified a few
months later until maximum ampiitude in October 2019 before rapidly weakening in
December (Fig.2).

Figure-2. [Left] Time-langitude plot of the SST anomaly with respect to 1981-2010 shawing the
evolution of strong positiva 10D event during May 2019 to December 2020. The black (WEIQ)
and red (EEIQ) boxes demarcale key longitude regions when calculating the OMI. (Data:
0ISSTv2). [Right] The zonal wind anomaly with respect ta 1981-2010 at 850 hPa depicting the
persistent, rainfall-inhibiling low-level divergence (biue shade areas) over ihe Mainland
Southeast Asia and the sumounding region (centred around 100°E; black line). (Date:
NCEP/NCAR CDAS).

The Walker circulation annmaly (Wlnds and MSLP) in JJAS 2019
Lp

Figure-3. The low-level winds (vector) and mean sea level pressure {MSLP) (shaded)
anomalies at 850-hPa during June-September 2019. (Data: NCEP/NCAR CDAS)

The positive 10D forced strang low-level zonal wind B850 hPa anomalies during
October-December 2018 over Mainland Southeast Asia (Fig. 2). The anomalies
indused high-pressure subsidence (Fig 3), the velacity patential and stream function
anomalies depict the low-level divergence (Fig.4) which inhibited rainfall and triggered
severe drought condilions (Fig4). Most parts of Thalland had already started
experiencing long-term precipitation deficit since February 2019, The low-rainfall
condition, which extended to March 2020 (Figure 3), was exacerbated by the strong
positive 100 in between. By meteorological observations, although there were wet-
breaks from tropical cyclone (TC) activities in July 2019 (TG#1) and August 2019
(TC#2), these were short-lived. and the effects were dominated by tha dry conditions
over Thailand induced by positive 10D.

Figure-d. Velocity potential (shaded) and stream funclions (contour) anomalies at 850-hPa
show the atmospheric circulation anomalies pattems over Inda-Pacific regions during June-
‘September 2019. (Data: NCEPINCAR CDAS),

sma e Langitude Stond Prec nom. 5-25M

Figure-5. [Lefi] Time-longitude of standardized precipitation anomaly with respect fo 1981-
2010 showing the long-term rainfall deficit (blue shaded regions) extending from February
2018 to March 2020 over Mainland Southeast Asia (90°E-MOE; red box). (Data:
MNCEP/CPCUNIFIED). [Right] The spatial patiem of mean standardized precipitation anomaly
with respect to 1981-2010 during October 2019 — March 2020 showing. (Data: NCEPICPC-
UNIFIED).

Discussions

+ Time-longitude of standardized precipitation ancmaly showing the long-term rainfall deficit
extending from February 2019 to March 2020 aver Mainland Southeast Asia wers
consistent with rainfall-inhibiting strong low-k anomaly (Fig. 2 left).

* Large areas over the Indochina Peninsula included Thailand had faced the drought and
raportad waler crises. The impact was nol enly to the waler supply in agricullural areas,
but also to drinking water supply in the urban areas. The water crisis became a nation-
wide agenda in January 2020.

+ The spatial pattemns of mean precipitation anomaly during October 2013 - March 2020. In
January 2020 especially, due 1o low rainfall (Fig. 5) and depleted rivars, the southem
Indochina Peninsula faced saltwater intrusion crisis, affected freshwater shortages.
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