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Gulf of Thailand

Many Tourist Spots

Geographical Feature

Area: 320,000 km?2

Length: 800 km

Width: 560 km

Max. Depth: 85 m

Ave. Depth: 58 m

Water Vol.: 12,510 km?3
(Stansfield & Garrett 1997)

Many
Fishing Products

Gulf of
Thailand




Environmental Condition
(Sun Light, Temperature, Air, Water, Flow, Topographies, etc.)

Ecological
Pyramid

Land

Tertiary Consumer

Dead Body

Producer

Land (Soil) Sea Floor (Sediment)
Nutrients h @& T Saprotroph * Nutrients




Producer = pjlants (Photosynthesis)

(Primary Production) )
On Land | |[ In Water Periphyton Algae Phytojpl\ankton
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Plant on Land Sea alga / Seaweed
ERE Frond

* Photonic Synthesis
* Intake Water & Nutrients

B Leaf Photonic Synthesis

FIREB Styloid part

BE &
Appressorium
* Holding Land

* Intake Water & Nutrients Holding sea floor



C Surface area = 4ﬂrj

Why the phytoplankton is so small ?

Phytoplankton Area-to-Volume ratios

A
( A Relative O O
Size
Radius [L: unit] 1 2 4 éVo[uufhe ‘ﬂ_ﬂr‘3
3
Area [L%: unit?] 12=1 22=4 42=16 Sphere’s
| Projected
Volume [L3: unit3] 13=1 23=8 43 =64 Areja
=1r?
Area/Volume | 1/1=1 4/8=1/2 | 16/64=1/4
I. Most area per Least area per Surface Area
5 l;:lt \fc‘;lu_me unz_t @ume =4 2
ost drag per > Least drag per XTr
COI'IC| usions unit volume unit volume
3. Slowest rate 5 Fastest rate
of settling of settling VOI ume
To keep staying _ ‘ Sink =4/3 x nir3
in surface layer Sink (=Mass) when
Faster

Large surface area  Slower
par unit volume

same density




Plant on Land

Carbon
dioxide

Tall tree can take

a lot of Sunshine on
the reaves, and take
Nutrients (water)
from its root.

A 4

Easy to make

Wascular

Roots

system (in trunk)

Contradictory
advantageous conditions

A

~Nutrients ﬁatar' : '

Sunshine

Photic zone Rich

Poor



V- Chlorophyll

Green color Plant’s Phyto-
Pigment Leaf Plankton
satellite 1998-2021, Ave-CHL in All Month
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Carbon

_ Sea alga (phyto Plankton)
cleisel Plant
L cell |

o,

_ Sunshine(Light) can not penetrate
advantageous conditions Even in very clear sea water...

~7

In shallow/costal In deep/offshore 2 .
E w 2 3 ¢
area, area, 6 ? 2 8L 3
Sunshine bt §I§
River . . }m__:‘_ o
Discharee Nutrients rich water
8 . Poor  hust be supplied to Rich
Sea bottom is : = 200 4
. . Photic surface zone =
in Photic zone 2
Water 2 300
or Movement §
Surface Photic Zone » Vertical Mixing 400
» Upwelling
Very close Physical S0

Nutrient rich &

bottom water

Wind Mix. Winter Mix. Poor
Tidal Mix. Eddy Mix. etc. (b) LIGHT ZONES



1998-2021, Ave-CHL in Jan. 1998-2021, Ave-CHL in Feb. 1998-2021, Ave-CHL in Mar. 1998-2021, Ave-CHL in Apr.
Chl-a Chl-al

All month average Chlorophyll ™™ I=“RRVEE el — ~ N T R 14 T ey i
- = 10
1998-2021, Ave-CHL in All Month 12N ﬁ : | renfi 5 B N

___Chl-a[mgm™] | B

140N — — — — —

#05-2021, Ave-CHL in Jun.
Chl-a

V ——— —_ I — — — — " T — — — — m— m— S

{
N — ﬁI
— —

0.1

.| | MECON RIVER
\ | +

100° 102’ CURRENT

ol — — — 04 a0

Smaller products
in April & May
than other months,
Because of very strong
water stratification

by very warmer surface ‘
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Sea Surface Temperature(°C)
Averaged Monthly data through the 26 years(1993-2018)

1N
\)
Jan. . o Feb. o
12N 2
- ®
| 31 i 31
™
L] . ALY, £
(T 2] ) )
~ | f &
: 29
]‘ h 25
{ e 2
) o
KlA 27
%
m 2%
Jun ey
0 32
31
BEE| :ADSE
C 30
H SRS
[ lgn ] Tl | z
| b )
o 2
B 27
%
2%
14N
S \ ]
e ) v
. B oc]
p /. S Oct. .
£ 25
=SS 3 ~l / 31
BN & = — . ERN L i) ©
At ' N \\ \" /s ((
\ { B o 29
= . 294] 5 \ 28 8'N == }\ | 2
- \\ ] : Nie=H L Tasal
ot |1 ] 7 f N ([ pe [ [ 14 27
a j nz’ i 35 Y R
\ I 26 \ %
o 4
To4'E oE 100°E 102°E 104°E 106 108'E 10°E 112°E

14N

&N

&N
14N

12'N

&N

&N

&N
14N

12N

10N

&N

Dec. Jan. Feb

= Cold water

Apr. May
= Hottest

14N
e
Mar. S : Apr. il ol
+— 12N
2 T 2 /10
4 ) ‘\;_3 31 = \
AN \Et‘) # -~ _ 30 10N ¥
\ iz VA%
= 7 Al t2e e Z4RE =]
i = i " = 0
i crzravammmin | P NmE Nl
\l e y / — 7 JIAN 3 B
L = 7 . NN
\ B OSE
‘ I =] 95 U & %
= 14N
A Jul Au A
E ul. ol g
) 12N ] ‘=
[ 3 AN D
i = 7 ZEEEm
T < g 15-) { ‘/7 P
' T ] 3 T ]
&/ | 7 B \[a ( o [ ([Zh /\ |/
] JAFZSIN CHE 2 \_:f 2 : \\
= T u IRPES |
el e
AT == X
TN § A /RN EEEE
LI (] B s AN 1. =
Nov. < S Dec.
; RS
¢ - 31 il |
& N [z
i['i P R v( L/\ B LY S o - ’Z7‘
am 13 { Ay < -
(s p i T i v
! \ { | 28 EiH ] 7.,.. Y S|
z i 17 ST 4
L { Jl R = | AL V’ B
2 6N < 1 g
T T I
4 ] — A { / == :
100°F 104°F EnEs ;‘E 110°F 112°F “ Sl 100°F : 102°F 104°F \ :ﬁ_': 108°F — 110°F 112°F

32

31

30

29

28

27

26

25

31

30

29

28

27

26

25



| Global
| Warming
Unstable

Water
Stratification

)( x Stable o

Unstable

. » 9. W Tidal
Light Warm &= Flda
Density Low Salinity f OW

Hard
to
Mixing

Almost Same Density

Cold
High Salinity

Heavy
Density

!
<
&= -
D P
¥ ) E
i Lo}
) -
|
| A
)
| v
=}
X,




For sustainable primary production (Phytoplankton growth), Atmosphes c
we must think.... CaY oo doxnde
» Sun Energy = ...Maybe too much in ThaiIand}Photonic CO,
» CO, +H,0 = ..Enoughinsea water Synthesis 'L S B
> Nutrients Supply .... Only slightly controllable by human T PR R ?“i"’gﬁ".ﬁ“ﬁ
=Water moving
O River discharge (Human effects on Land)
O Water stratification (Mixing)
O Upwelling (Vertical moving)
O Tides/Currents/Eddies (Horizontal moving)
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. . . Bioaccumulation
In Japan, there were disease caused by environmental contamination

(4 Big Pollution Diseases)
Itai-Itai Disease: 1910-
Minamata Disease: 1956-
Yokkaichi Asthma : 1961-
Niigata Minamata Disease:1965-

Water pollution

-> Polluted Plankton
-> Polluted Fish

-> Human Disease

Biomagnification in food chain



In Japanese dictum, In Thai,

. o . L o ST FALNLTATVR—FT
DBEFABIE, BREFBHMLL L undesvhiusdnes
Sugitaruha, Oyobazaruga, gotoshi 00 much 1S as bad as too fittie.

“Little bird makes small nest”

Too clear sea water (poor nutrients),
it is difficult to keep
a productive ecosystem

Too much nutrients
(overweight condition),

it is difficult to keep
a healthy ecosystem
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River DiSChqrges Very low salinity water ~ * :

(under 30) can be seen
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1998-2021, Ave-CHL in Jan. 1998-2021, Ave-CHL in Feb. 1998-2021, Ave-CHL in Mar. 1998-2021, Ave-CHL in Apr.
Chl-a

O] I — i — ]

[ o i |
" 1998-2021, Ave-CHL in Jun.

Non effect can be seen

in lower salinity area

by river discharge

in September & October,
Because in costal shallow
area, there is enough nutrients
by mixing
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To understand about water distribution
in the Gulf of Thailand,
Let’s draw contour lines of water temperature...

Contour Line:
a line drawn on a map connecting points of equal
height

On Temperature map = Equal Temperature
On Salinity map = Equal Salinity
Close together Contour lines = Front area

When far apart,
contour lines show
a gentler slope.

When close together,
contour lines show

a steeper slope.

Spot elevations are
heights between contour lines
and are shown as.55.

MSL




~

® : Grid Point/Observation Point

Note

27.8 : Numerical Value at the Point (Temperature: °C)

Non-smooth

At first, ‘—m /
@)

You must _
find Contour lines
border Never cross
points

—

Min. or
o Max. exils

betwee
them Draw smooth

line

9 10 11 12 13 14 15

It is possible, Unconnecte 3&
k\me value Contour li I}é

No need to use ruler




97°E

Temperature at Om in January
Monthly Ave. for 28 years(1993-2020) by CMEMS

99°E 100°E 101°E

W SEAFDEC TD

14°N

13°N

12°N
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Let’s draw
counter lines

97°E

Temperature at Om in January
Monthly Ave. for 28 years(1993-2020) by CMEMS

98°E 99°E 100°E 101°E

As a first step,
Draw 1 °C interval
(26, 27, 28 °C)

Next step,
Draw 0.2 °C interval
(x.2, x.4, x,6, x.8 °C)

N SEAFDEC TD




Warmer condition =>
o .. H,O molecule

Higher Sea Surface

\\ .
~~..  Moving Speed ﬁ

At same weight (mass),
Warmer water is bigger volume
(Water level is higher)

Molecules: Low speed moving Molecules: High speed moving
. Spans between molecules is narrow Spans between molecules is wide
By Global warming )
A High content of molecules Low contest of molecules
Sea water level is rising...
= =
High Density Low Density
= =

Heavy Weight/Volume Light Weight/Volume



14N

12N

10N

&N

&N
14N
12N
10N

&N

&N

12N
10N
8N
&N

N

Sea Surface Height(m)
a through the 26 years(1993-2018)

Averaged Monthly dat
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= Low Level
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Even in both season, Highest point locates
at central area in the Gulf.
Why?



5m depth in January

Temperature at 5m in Jan.

Monthly Ave. for 28 years(1993-2020) by CMEMS
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Let’s try again
draw
counter lines

5m depth in July

Temperature at 5m in Jul.
Monthly Ave. for 28 years(1993-2020) by CMEMS
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. B R .
5m depth in January Let’s try again 5m depth in July
- Temperature at 5m in Jul.
Temperature at 5m in Jan.
Monthly Ave. ﬁ)r 28 years(1993-2020) by CMEMS d raw . RISy A:ve. i ye?rs(1993-202(3) by CMEMSO
97°E 98°E 99°E 100°E 101°E . L ReE B E e SE
counter lines - L scarvec

Temperature values
are different.

In the central area,
Warmest point
exists.

In the costal area,
Colder points exist.

In both season,
Warmer & High level
Water exist at the center

.

We must think about tidal motion effects




Effect of Tide Sea Surface

N Back-and-Forth < >
{Tlddl CUI’I“en'l'] Motion Vi « S
No Water Mixin ) < > ;
In the Gulf of Thailand M Tide Tide

'

There is no large-scale current system.

Tidal current is dominant.

Rising tide: inward flow

Ebb tide: outward flow

In all depth
-

Shear flow makes

-

Water mixing

Bottom
Friction

—h
/

Mixed layer
is formed
along the
bottom line

L

L

L

Topo[100m]

oN A OO0
L

AL

Distance[km]
300 350

50 100 150 200 250 600

400 450 500 550

20 Non-Mixed depth

-50 Non-mixed depths

Sea Bottom



Depth[m]

Depth[m]

, Mixed Water
Distance[km]
0 50 100 150 200 250 300 350 400 450 500 5§0 600 (Middle range temp' Nutrients content)

Warm Surface Water

10 0 59 100, 150 200 250 450 500 5?0 600
’ S
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£ 40
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Distance[km] —70
50 100 150 200 250 300 350 400
lepth In coastal area and shelf 1998-2021, Ave-CHL in All Month
/ . d f —-— Chl-a[mgm]
Y Tidal edge area, surface warm
Mixed depth water and deep nutrient-rich 10
. . . 12°N -
water will be mixed by tidal
friction bottom layer. soon 1
= |
Good condition to make o ”

primary production

6°N T G
i
Another reason T TR T T

106°E
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(Middle range temp, Nutrients content)
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EffeC'l' Of Eddies Clockwise Eddies LowPrssqre & High Pressure

Typical Flow Pattern are dominant

SW monsoon

dry and cold air
declines and

moist warm airrises
and cocls down

= ‘ Upward Air-flow Downward Air-flow
Lifted-up moisture-air Downward dry-air
’ makes cloud & rain makes fine weather

1998-2021, Ave-CHL in All Month

Clockwise
(8 Upwelling (b} Downwelling Eddies and
downwelling
are dominantin
Central area of
the Gulf

Depth

100°E  102°E  104°E  106°E




Eddies can carry costal water to off-shore
vice versa, off-shore water to costal

.Cyclonic eddy Dipole eddies

Wei Yan, et al., 2018

If strong costal eddies exist for long time...
It makes effect to costal topography...



Gulf of Siam Gulf of Thailand
A.D.1686 (2229) Present 2024 (2567)
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9 AR Too Hot...

Healthy ecology cycle....will be destroyed by too
warmer surface water,
too much nutrients.

Southwsstern Thailand (Jan 1 1985 — 3 Ma

40 Bleaching Thrashald 58T
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Southwestern Thailand Bleaching Alert Area (v3.1) and Outlook (v5)
2024-05-03
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Strong Thermocline
(Strong Stratification)
Destroy water cycle
(Mixing, Upwelling, etc.,)
Destroy ecology cycle

Coral Bleaching Alert Level
Qutlock Weeks 1—4

Coral Bleaching Alert Level
Qutlock Weeks 5-8

Coral bleaching
Alert level
Coral Bleaching Alert Level Over 320c sea Water

Outlock Weeks 9—12




By Global warming
Sea water level is rising ...

Thailand will melt?




In 2005, Capital city
of MYANMAR, has
moved from Yangon
to Nay Pyi Taw.

MYANMAR
Most of reasons... oNay-Fyl-w
Military government... o Xihgon
One of reasons...
High tide disaster of Cyclone
- . - In 2024,
R— " Capital city of Indonesia, Jakarta will move
Flooding in Bangkok at High Tide (2021 Nov.) to East Kalimantan.

A lot of area of Jakarta,
is under Om height

Jakarta, 2007 Feb.
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Summary of my lecture

» In the sea, Phyto Plankton is in contradictory advantageous
conditions (Surface rich Sunshine < Deep rich Nutrients).

» Water movement (Mixing, Upwelling, Tide, Eddy, River Discharge,
etc.) must be need to solve this contradictory condition.

€ Too warmer surface condition, Too strong water stratification,
= Stop water mixing, Stop nutrient supply, Stop primary production

= Water level: rise, Flooding risk: higher (NE monsoon season)

€ Too much nutrient supply by river discharge from human effects
= Too heavy bloom, Red tide, Blue-Green Algae, etc. ....
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Thank you very much!
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Good Luck! See you again.
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