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RECTIC OCEAN

Domain: Global (1), Reginal (2) and Fine (3)
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How a bout World Change

[ N R - - - - |
The Greenhouse Effect Sprawling Shanghai | Global Temperatures :
Greenhouse gases let short- Antarctic Ozone Hole ~ Amazon Deforestation

wavelength radiation come into the
Earth’s atmosphere from the sun.
However, they absorb and re-radiate

Coastline Change

Columbia Glacier, Alaska g
Green Seasons of Maine

Water Level in Lake Powell

Earth’s long-wavelength radiation _ rouaht Cvcles in Australia
back towards to Earth’s surface Burn Recovery in Yellowstong ()\elﬂ-(?z---”j----‘{i ----------- ,
keeping the temperature on Earth Shrinking Aral Sea (\,\ | _SevereStorms !
warm enough to inhabit. Padma River P‘ Seasons of the Indus River

Growing Deltas ir&cnafalaya Bay Urbanization of Dubai

Recovery at Mt. St. Helens Seasons of Lake Tahoe
Antarctic Sea Ice

The Greenhouse Effect

Solar Activity
Larsen-B Ice Shelf

Arctic Sea lce
Snowpack in the Sierra Nevada

Athabasca Oil Sands Mesopotamia Marshes

Ice Loss in Glacier National Park I__EELIL@_‘?_M’_R_E@’_QEE@ ________
Mountaintop Mining, West Virginial El Nifio, La NiAa, and Rainfall |
Development of Orlando, Florida --5|-D-li}-a-1-8-i£;;;|:gt; --------- 1

https://earthobservatory.nasa.gov/world-of-change/Sealce



Hydrological cycle

Atmospherelo3 km? for storage
12.7 103 km3/yr for exchanges
Ocean to land

Water vapor transport T—
40 -

-~ . ' :’—.__ -L__“\___"""‘
a4 S Land
e s s Precipitation
> 113
Precipitation

373 T T T Evaporation, transpiration 73
Ocean == Vegetation

lce ——— Evaporation 413 Landg
26,350

———— Rivers
Ocean — Lakes
1 78 - ..
Surface flow _ : R
Soil moisture c e ol
1 22 - - * .- -
1 %gga[;llﬂ Permafrost
- J Ground water flow e e U e e - 29
15,300

o Movements and changes in states of water between major components of the Earth.

o It plays a central role in the Earth’s energy cycle and closely connects to climate change.
Source: Trenberth et al. (2007)



Global climate system under anthropogenic &

natural influences

Natural Forcing

Sun’s strength :
changes

Earth’s orbital —
changes

\olcanic —
eruptions

Anthropogenic

Forcing

GHG gases
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Climate is changing
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“Water cycle must also be
changing as a consequence”



Anthropogenic climate change processes

The Greenhouse Effect Patterns of changes

~~~~
S

v
reenhouse effect

Human activities

Fossil fuel burning




Earth is heating up

Global Temperature Annual Anomalies 1880-2014"
0.8

06

0.4

Data source: NASA/GISS
82 Credit: NASA Scientific Visualization Studio
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o0 Global surface temperature show a warming of 0.85 °C over 1880 — 2012.

0 The 1983-2012 was likely the warmest 30-year period of the last 1400 years.

Source: NOAA



January 15 1979-2000 Average

Global Climatology

The Global Historical Climatology 83 eMPELALUT G
Network—monthly (GHCNm) dataset is iy
a set of monthly climate summaries
from thousands of weather stations
around the world.
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Surface Temp.

Climate Change

Data: NCERF/NCAR Reanalysis Project, 1954

Animation

LLTITUDE

Department of Geography, Linive

Dec

—-20 —-16 —13 —-11 -9 -7
SURFACE AIR TEMPERATURE
(DIFFERENCE FROM MODELED 1971—-2000 AVERAGE)

NOAA GFDL CM2.1

-5 —-3.6 -2.8 -2 —-1.2-0.4 0.4 1.2 v

Surface Temp.
MODEL

2.8 3.6 5

ANOMALIES

Rain pattern

150°E
LONCGITUDOE




Global surface temperature change (°C)

Projected global temperature change

Change in average surface temperature

6.0 — (1986—2005 to 2081—-2100)
: Model mean global :
mean temperature
4.0 change for high B
7 emission scenario i
- RCP8.5 -
2.0 — =
] Model mean global |
0.0 mean temperature |
i change for low i
. emission scenario [
- RCP2.6 -
'2.{] T T T T l T T T T I T T T T I T T T T
1900 1950 2000 2050 2100

=2 =15 -1 =05 0 05 1 15 2 3 4 5 7 9 "
Year

Source: IPCC-WGI’s AR5



Global Temperature

The global land and ocean surface temperature
highest May avg. temperature. Since ¢lobal
records began in 1880.

- May 2015 (+0.89°C)
- Mays 2016 (+0.93°C)
- May 2017 (+0.87°C)
- May 2019 (+0.85°C)

Global Climate Report - May 2019



1. El Nifio / La Nina Phenomena

El Nino Conditions

Walker
—_— \ Circulation Cell

Thermocline
Upwelling

Develop w
El Niifio Condition La Nina Conditions

Normal Conditions

= B

10 months |




El Nifio Phenomena T

El Nifo occurs when warm
water builds up along the equator
in the eastern Pacific. The warm
ocean surface  warms  the
atmosphere, which allows moisture-
rich air to rise and develop Into
rainstorms. El Nino affects the
global climate and disrupts normal
weather patterns, which as a result
can lead to Intense storms In some
places and droughts in others.




La Nifia Phenomena et

La Nifa is the build up of cool
waters in the equatorial eastern
Pacific, La Niia’s impacts are
opposite those of El Niflo. The & e
atmosphere cools in response to La Nifa Gonditions
the cold ocean surface, and less ’
water evaporates. The cooler, dry
alr Is dense. It doesn’t rise or form
Storms..
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History El Nifo / La Nina Index

Year | DIF FMA |[MAM]|[ AM3 |[ M33 |[ 33A || 3As |[Aso |[soN |[oND | ND3

[2010][ 1.5 09|04 |[-0.1|-0.6|-1.0|-1.4a|-1.6|-1.7]-1.7[-1.6

‘@_g_ﬁ._i -0.6 | -0.5 ] -0.4 [ -0.5] -0.7 ] -0.9 | -1.1[-1.1] -1.0 ]}
2012[-0.8[[-0.6[-0.5[-04[-02[ 0.1 o3 [[03 [ 03] 0.2 0.0]-0.2

2013| -0.4 0.2[-02[-03|-0.3]-0.4-0.4|-0.3]-0.2]-0.2 |[-0.3

2014 -0.4 0.2 [ 0.1 [ 0.3 ][ 0.2 ][ 0.1 ] 0.0 0.2 04] 0.6] 0.7

[2015][ 0.6 0.6 [ 0.8 ][ 1.0] 1.2 ][ 15] 1821 24] 25 |_g;§_1|i
2016| 2.5 1.7 [ 1.0 [ 0.5 |[ 0.0 [-0.3|-0.6 |[-0.7]-0.7|[-0.7 |[ -0.6

2017|[ -0.3 0.1 03|04 ][04 |[02|-0.1]-04]-0.7]-0.9]-1.0

2018|-0.9 06| 04]-01l01]o1]o02]04]0.7]o0.9] 0.8

2019 0.8 080806050301 o01] 03

El Nifo is strongly 2015 / La Nina Index is strongly 2011



Spatial pattern of extreme drought-induced ecosystem function loss (AVE)
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El Nino / La Nina Index Forecast

FMA MAM
0.0 -0.2

JAS
-0.8

-1.2 -0.9 . . . -0.3

-0.5 -0.2 . . . 0.5

0.9 0.4 . . . -1.4

ASO SON OND
-1.1 -1.4 -1.5

-0.3 -0.4 -0.6
0.7 1.0 1.3
-1.6 -1.7 -1.7
-1.1
0.2

Early—-November 2019 CPC/IRI Official Probabilistic ENSO Forecasts

ENSO state based on NINO3.4 S5T Anomaly
Neutral ENSO: -0.5 °C to 0.5 °C

W La Nifia Forecast Probability
M Neutral Forecast Probability
W El Nifio Forecast Probability

— La Nifa Climatology
—— Neutral Climatclogy
— El Nifia Climatology

Season

Nino3.4 SST Anomaly ( °C)

3.0

2.57

Model Predictions of ENSO from Nov 2019
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= DYN AVG
e STAT AVG

Dynamical Models
-l NASA GMAD
-l NCEP CFav2

B SAUDIKAU
# LDEO

B AUSIACCESS
B ECMWF
= UkMo

B KMA SNU

B 10CAS ICM
B COLA CCSM4
B MetFRANCE
- SINTEXF
"5 CSRIMM
B GFDL CM2.1
| - CMC CaNSP
= GFDLFLOR

20

IRI/CPC

1.0

0.51

0.0

=0 .5« | | h

-1.0 Statistical Models

& NTU CODA
- BCC_RZDM
~&- CPC MRKOV
-5~ CPCCA
-&- CSU CLIPR
=& 1AP-NN
-©- FSUREGR
—&- UCLA-TCD

OBSERVED FORECAST

-25 . ; . . ; ; ; ; ; ;
ASO Oct OND ND) DJF JFM  FMA MAM AM} MJ]  JJA  JAS

A majority of models favor ENSO-neutral through
Northern Hemisphere summer 2020.

https://www.cpc.ncep.noaa.gov/



Regional impacts from EIl Nino/La Nina

The impacts that generally d0 | 5 Nina : As warm water

occur during most EI Nifio spreads from the west
events include below-average pacific and the Indian

rainfall over Indonesia and . .
northern South America, while Of:ea_n, I tak?s the raln_
above average rainfall occurs Wt It, causing extensive
in southeastern South America, @rought In the western
eastern equatorial Africa, and  Pacific and rainfall in the
the southern United States normally dry eastern
Pacific.




Weather forecast must be know scale of phenomena
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1. Tropical Cyclones

* Tropical Depression
max. winds 34knots (63km/h)

* Tropical Cyclone
Max. winds 35knots (63km/h) to 63knots (118km/h)

 Typhoon
max. winds 64knots (118km/h)
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302 50 km
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Winds spiral uutwards""——-/
— FTUs canopy—="
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A e, &
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Cumulonimbus clouds

Up to 250 km
from centre

Nimbo-stratus '

 Warm Air FloW — painfall Intenslty | B
CUDMII’ FIUW |_|gh'| . Haavy o e Y Cumulus




Structure of typhoon /
hurricanes

Hurricanes have several
distinctive features which are
outlined In the diagram
below:

A: The eye Is 20-60km across, existing in
centre of the hurricane where conditions are
calm and clear.

B: Intense rainfall due to rapidly cooling and
rising air. Amount can be up to 25cm a day.

C : Strong winds. In order to be classified as a
hurricane they must average 119km per hour.

4 )
Air flows Air flows
outwards outwards

Rapidly rising air I
produces clouds I 1 l

and heawvy rain

Warm moist air __ _/

\ ___Warm moist air

— __,,J
-
: Calm B
Dense clouds, violent
winds, thunderstorms I Hot, calm
Inner  Ayter  high humidity
I Zone — I
S o Y l e e
C Rapidly
Descending rising
air moist air
. ‘u’urlex?z \ Vortex J




Tropical Cyclone Region

Original
Atlantic = Hurricane
Pacific = Typhoon
India = Cyclone

Hurricanes
June- October

Condition TC develop

Cyclones

O ber- Marcl Willy-Willies

January- March

- Sea surface temp. > 26 C

. = Mo. of tropical - a3 tempera r;"l Hurricanes =
- Active low pressure, @ e [0 ez | M)
- Convergence at low level (" August- October =
e Ol CCCurence __;-"J

- Unstable airmass.



Tropical cyclones in Pacific region

Tropical cyclones are now classified in four categories:

- W ] ~ Super Typhoon

max. wind nearly center > 105 kts. (200km/h)
Typhoon (TY)

SEVERE TROPICAL STORM 5 max. wind nearly center 64 kts. (118km/h) to 105 kts (200km/h)
BIKPHTO 117 KPH

e ] Tropical Storm (TS)

T @ max. wind nearly center 35 kts. (64km/h) to 63 kts (118km/h)

61 KPH OR LESS

LOW PRESSURE AREA © ’_I“r-opical Depression (TD)
max. wind nearly center 34 kts. (64km/h)



Strongest Tropical Cyclones (1950-2018)

Data from IBTrACS (v04r00, 1950-2018) Robert A. Rohde (@rarohde)

[ 1 | [ & ]
Saffir-Simpson Storm Cateqgory
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Tropical Cyclone Frequency

TR ||

Central and South
America
t ¥
. " Mew Zealand
On oceans: | On land: | g 5500 = 000
Hazard frequency; average events per century Mortality risk Ckrind
3 g8 18 30 45 & 753 90 100 N3 143 Met null Lo Medium High Extreme
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They are extremely powerful
low-pressure systems, and are

believed to be responsible for a e x_@®
greater number of deaths than cargel e

any other natural hazard. Ocean  tumcanes
temperatures are at there highest.
There is some evidence 1o ' R Yoo
suggest that thelr frequency and (@ No. of tropical )( _Sea mpmﬂ( Husticanes = )
severity is increasing as a result S S o reme

of global warming. Gif:’if; oeuronce J




Tropical Cyclone Track Intensity: EI Nino/La Nina

(a)

[ Difference between 20N -

anomalies in El Nifioand | et

La Nifa years of : g A L
0—

(a) Genesis density

(b)

(b) Track density in TR
January—March (JFM). sy

0°S 50°S 100°S 150°S 160°W 110°W 60°W 10°W
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The Inter Tropical Convergence Zone (ITCZ)

DECEMBER and JANUARY JUNE and JULY

ﬁteitt‘ﬂpicaj C{}n

\}'(

The Inter Tropical Convergence Zone (ITCZ) is a belt of low pressure which circles the Earth generally

near the equator where the trade winds of the Northern and Southern Hemispheres come together. It is

characterised by convective activity which generates often vigorous thunderstorms over large areas.


https://campuspress.yale.edu/monsoon/files/2015/09/2.itcz_seasons_revised-tj5yd8.png

Climate Circulation: Southwest Monsoon

Hadley Cells

Polar front

(profile view)

Polar front
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Climate Circulation: Northeast Monsoon

Hadley Cells

Polar front
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Clouds from those it is raining

dry and cold air
declines and
warms up

moist wamm air rises
and cools down

T W s 4= — pressure area
" pressurearea. = —=

wind blow in the clockwise direction

Low pressure MR High pressure



Chimate Thailand

hailand is located In the influence zone of the monsoon. Thailand
has different seasons, namely, rainy season and dry season,
consisting of 3 seasons.

= Summer Season (mid Feb — mid May)
= Rainy Season (mid May — mid Oct)
= Winter season (mid Oct — mid Feb)

Which has 2 monsoons

= Southwest
= Northeast



Southwest / Winter Monsoon

Winter season (mid Oct — mid Feb) Rainy season (mid May — mid Oct

N | R

T e
______



Flooding over I\/Iae Khong Basm

Cause of flood

¢ ICTZ,
o Active Low pressure, '
 Tropical Cyclone,

* Northeast Monsoon,
e Southwest Monsoon




Mean Monthly Rainfall in Thailand (mm)
30-year period : 1981-2010

Mean Annual Rainfall in Thailand (mm)
30-year period : 1981-2010
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Number Tropical Cyclone / Track: Thailand
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Tropical Cyclone Track
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in each month (68 years): Thailand
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Tropical Cyclone Track in each month (68 years): Thailand
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Tropical Cyclone Track in each month (68 years): Thailand
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Tropical Cyclone Track in each month (68 years): Thailand
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Tropical Cyclone Track in each month (68 years): Thailand
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Name Tropical Cyclone / Track (21) in 2011: North West Pacific (NW): La Nina strongly year
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http://agora.ex.nii.ac.jp/digital-typhoon/latest/track/
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Severe flooding occurred during the
2011 monsoon season In Thailand.
The flooding began at the end of July
triggered by the landfall of Tropical
Storm Nock-ten. These floods soon
spread through the provinces of
northern, northeastern, and central
Thailand along the Mekong and Chao
Phraya river basins

Severe Flooding 2011



https://www.google.com/imgres?imgurl=https%3A%2F%2Falchetron.com%2Fcdn%2F2011-thailand-floods-869a8da4-363d-4820-95da-011b372ad04-resize-750.jpg&imgrefurl=https%3A%2F%2Falchetron.com%2F2011-Thailand-floods&docid=jWgbd3exR1en-M&tbnid=Uhq8D_uXxP7QfM%3A&vet=10ahUKEwjrxtH7pLTmAhUzzzgGHd3HAPMQMwhoKAIwAg..i&w=600&h=400&bih=607&biw=1280&q=flood%20in%202011&ved=0ahUKEwjrxtH7pLTmAhUzzzgGHd3HAPMQMwhoKAIwAg&iact=mrc&uact=8

The accumulated precipitation from
January to October 2011 was 35% higher
than average in consequence of La
Nifla—a phenomenon that, as a result of
lower surface ocean temperatures, usually
brings increased moisture. In this case,
earlier than expected precipitation—, five
key tropical storms, and monsoon troughs.
Heavy rainfall raises the level of water In
waterways, producing overflowing and
flooding to adjoining areas.

Severe Fleoding 2011

http://www.thaiwater.net/web/attachments/379 thailand%20flood%20es%20v
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Severe Flooding 2011

Table of 2011 Monthly Flooded Areas

Month Area (Square kilometer) Area (Rai)
January 189,607,196.54 118,504.50
February - -

March 1,963,221,266.48 1,227,013.29
April 22,925,700,697.00 14,328,562.94
May 122,616,438.84 76,635.27
June 739,073,358.93 461,920.85
July 1,415,716,433.11 884,822.77

August 9,100,495,393.35 5,687,809.62

September 24,604,894 ,396.54 15,378,059.00
October 29,591,106,876.98 18,494,441.77
Total 90,652,432,057.77 56,657,770.01
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Name Tropical Cyclone / Track (27) in 2015: North West Pacific (NW): El Nino strongly year
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Name Tropical Cyclone / Track (28) in 2019: North West Pacific (NW) ):

Weak El Nino year
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Weather Forecasting

Weather Forecasting can separate 4 part

1. Very short Range Forecas| %5

(1-6 hr.), B
2. Short Range Forecast\' S—
(1-3 days), '
3. Medium Range Forecast
(1-10days),
4. Long Range Forecast




Weather Forecasting

* \ery short range forecast: mostly used Remote Sensing are
Meteorological Satellite and Weather Radar

1. Meteorological Satellite for monitoring and also the quantitative
precipitation estimation (Quantitative Precipitation Estimation:
QPE):
- the Global Satellite Mapping Precipitation (GSMaP)
- PERSIANNS
2. Weather radar
e Short-term, Medium-term and long-term forecast: mostly used the
dynamics model and the statistics model, high performance computer
(HPC) compute.




Climate Change Affects Tropical Storms

Sea surface temperature > 26.5C
The intensity of tropical storms Increasing by 2-11%
as higher ocean temperatures generate more energy
The number of tropical storms may remain largely the
same ,but there might be a greater number of |
extremely intensity storms.

rainfall within 100 km. of the eye of the storm.



cyclones.

Review Paper

Dynamic and thermodynamic characteristics of all the tropical

- . ‘D\iv\ergtitzﬁ Ctm\ver'g;nce
- Environmental vorticity, , ;
- Dlvel‘gence_,, | @ ﬂ%@n?
- Thermal winds, (i |

Irface ———

- Convergence winds in the lower layer.
Except the convergence within the lower layer of tropical cyclones in

the South China Sea was significantly larger than that in the open western
North Pacific.

Convergence enhanced by greater terrain friction in the South

China Sea strengthened the disturbance and then contributed to the
shorter oscillation periods"'.

https://phys.org/news/2018-02-high-frequency-oscillations-tropical-cyclones-vary.html



Conclusion

The climate pattern must be link El Nifio / La Nina
Phenomena, that are concern of wind circulation and sea
temperature.

= Wind circulation in any layers,
= Convection,

= Vortex,

= Sea surface temperature,

That are very complicate to study.

https://oxfordre.com/naturalhazardscience/view/10.1093/acrefore/9780199389407.001.0001/acrefore-9780199389407-e-79



Conclusion

The meteorological and climate community has
come a long way in understanding of the global and
regional climatological features of tropical cyclones, as
well as some aspects of the broader relationship
between tropical cyclones and climate,

They are still hindered by temporal inconsistencies
within the historical record of storm data, particularly
pertaining to tropical cyclone intensity.

https://oxfordre.com/naturalhazardscience/view/10.1093/acrefore/9780199389407.001.0001/acrefore-9780199389407-e-79



Conclusion

Scientist efforts to homogenize the
historical record using Met. Satellite derived
Intensity tropical cyclone genersis.

The relatively makes it difficult to discern
secular trends due to anthropogenic climate
change from natural trends occurring on
decadal to multidecadal time scales.

https://oxfordre.com/naturalhazardscience/view/10.1093/acrefore/9780199389407.001.0001/acrefore-9780199389407-e-79



Conclusion

However, climate change make high of sea
surface temperature and also more moisture,
then it be come low pressure area generate:
convective clouds, then make rainfall.

The structure of the tropical cyclone is quite
complex, so it must be examined with dynamic
models.

https://oxfordre.com/naturalhazardscience/view/10.1093/acrefore/9780199389407.001.0001/acrefore-9780199389407-e-79



Conclusion

TC will come Mae Khong Basin every
year, must to consider season in the climate,
in normally May- October have:

- The Inter Tropical Convergence Zone (I TCZ),

- Active low pressure,
- Monsoon.

https://oxfordre.com/naturalhazardscience/view/10.1093/acrefore/9780199389407.001.0001/acrefore-9780199389407-e-79



Useful Website

www.tmd.go.th
www.satda.tmd.go.th

Accumulate Precipitation Forecast

e http://www.satda.tmd.go.th/NCEP2/?icon size=180&d=./SumRain
e http://www.satda.tmd.go.th/NCEP2

e http://www.satda.tmd.go.th/NCEP2/?icon size=180&d=./Rain

Copyright @ Kamol P.N. Sakolnakhon
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