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THE  OBSERVATORY FOR ATMOSPHERIC RADIATION
RESEARCH SYSTEM

1 Introduction

The distribution of radioactive energy mechanism is complicated in the Asian

monsoon region with the monsoon used by the ocean-land contrast at the

continental scale. There are ons, for example, indicating that upper

and lower level clouds pla

Figure 1 Amphoe Sri Samrong Location map (A) and The Observatory for
Atmospheric Radiation Research (B) and topographic map (C)
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continental scale. The effect of global warming due to greenhouse gas increase is

especially large and sensitive budget structure over land areas. Therefore, to

Solar radiation 28 : L Yerrestrial radiation

‘ A Radio wave emission atleast 3 dire ctions
The Observatory for Atmc u' ic F 2 Reses - Wind speed, Wind dvecsion and

Sounding Systim RASS)

Figure 2.2 The relationship between atmospheric radiation budget (top) and the
equipment’s that installed at the Observatory for Atmospheric Radiation
Research (down). The Observatory instruments compose of the radiative

flux and related factor such as aerosol and cloud.
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understand the climate formation of this region, it is important to study the effect of
clouds, water vapor and surface conditions on the radiative budget of this region
(Nakajima, et al., 1998). The high accuracy and temporal continuous instruments are
need for radiative fluxes measurement and related ancillary quantities for this study. So,
the Observatory for Atmospheric

Radiation Research was constructed in the corporation between Thai and

Japanese scientists under GAME-T project. The Observatory was located at Sri

Samrong, Sukhothai, Thailand of Bangkok (See Fig.1)

2 Instrument System

Nakajima, et al o theFmajar scie objectives of the Radiation

Activity as follow:

1. To understand e fx_ " bud "o.l Jistribution over Asian monsoon

region.
2. To understand n=..,-;:_:'_ Of rosols, water vapor, and surface
conditionsii deter ‘;:a,:::a:a:;;:a;:;::.'s:-':;;:.s,:‘: earth-atmosphere system

in the regi :

3. To establish satellite remote sensing techniﬂes for estimating surfaces

radiﬂrﬂﬁﬁcvrtﬁl ﬂﬁwmﬁﬁam surface.
RGN I U TR 0

2.2.1. Water vapor observation group composed of Global Positioning System

below;

and Microwave radiometer or Water vapor radiometer.

2.2.2. Atmospheric radiation and surface meteorological component group
composed of Upward and down looking pyranometers, down looking pyrgeometers,

pyrheliometer, and automatic thermometer, barometer and anemometer.
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2.2.3. Aerosol observation group, there are sky radiometer and lidar.

2.2.4. Wind Profiler

All of the instruments control by PC and working automatically. After the
observation, data stored in the PC, download to computer server and transferred to the
server at Chulalongkorn University and Center of Climate System Research (CCSR),
university of Tokyo, respectively. The detail of instruments and data transfer express as

below.

2.1. Water vapor obs

Global Positioning S

Introduction

GPS was originally design fiavigatiopal and in the field of geodetic
positioning by detect signal fro lite. The source of GPS signal propagation
delay in the atmosp ere ¢ pogphere and the other one is

o -

f lectron in the lonosphere

guencies (Lmand L2) transmitted by the

free electron in ionosplie:
can remove by using msufﬁcie gne
satellite. For propagationfdelay by water vapor, it becomes a signal in the field of

e AL NGNS NS
o RN B HEA 1121

Remote sensing of atmospheric water vapor using the Global Positioning System
in Thailand started in 1998 under GAME-T project up to 2001 by Prof. Teruyuki Kato
from Earthquake Research Institute of University of Tokyo. GPS receivers have installed
at TMD station at Bangkok (BNKK), Chaing Mai (CHMI), Ubon Ratchatani (UBRT), Sri
Samrong (SISM) and Phuket (PHKT). On May 1998, the site at Phuket moved to
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Nongkhai (NNKI) for a better distribution in East-West direction (Figure 3). GPS receivers
utilize under GAME-T project were four Trimble 4000SSI and one Trimble 4000SSE
(Figure 4 and Table 1). All of the session working all 24 hr, sampling data every 30
second, and 5 degree minimum elevation angle. Each session file automatically

downloads from the receiver to PC 1 time in a day.

Figure 3 awa (1998)

o
Site m ﬁﬁmwﬂqeﬁ)@ Receiver
| LB
Chaing Mai  q NI| 18%3905.96 098%58'2154 | Trimble 4000SSE
[ =y

w 5ﬂle 4000SSi

099°51'42.26 Trimble 4000SSE

: Y4FDani
Sri Samirong SISM | 17°09'40.43

Ubon Ratchatani | UBRT | 15°04'43.81 104°52'16.40 | Trimble 4000SSi

Bangkok BNKK | 13°40'05.96 100°36'23.72 Trimble 4000SSi

Phuket PHKT | 08°06'18.12 | 098°18728.57 | Trimble 4000Ssi

Table 1 Detail of GPS receivers in Thailand from Nakaegawa et al., 1998
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R !//
Figure 4 Dual frequency @OOOSSI (right) and antenna (left)
— V

After finished p i e et 1S, except that installed at Sri

Samrong, brought bac ! ti ional Research System for

Global Change (FOR 5 _' i . servation at Chaing Mai,

Figure 5 GPS antenna, Dorme-Margolin antenna-plus-choke ring assemblies
with a redome (left) and Ashtech version Z-Xtreme, GPS receiver

set (right), that utilized under FORSGC project.
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Microwave Radiometer

Microwave radiometer or water vapor radiometer is a device for water vapor and
cloud liquid water observation by detecting microwaves in the atmosphere (Figure 6).
This instrument detects electromagnetic waves at frequency 23.8 GHz for water vapor
quantity observation and 31.4 GHz for cloud liquid observation. Water vapors emit

electromagnetic waves at 22.235 GHz

23.8 GHz, called “hinge point %
liquid water emits electro m

“;ﬂl’:gf._,! F_:']f J_.

Figure 6 ,31 Mlcrowave Radlgmetﬂm jr Radiometer

ce methrological component

. ﬂuaawBW§wawni
zaﬁﬁiaﬁﬂ%ﬁ iR (1ML

2.2. Atmospheric gdiation a
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The radiometer

The radiative flux measure by radiometers there composed of Pyranometer,

Pyrgeometer and Pyrheliometer to observed solar, terrestrial and, diffuse and direct

radiation, respectively (Figure 7). Detail of radiometer express in Table 2.

Figure 7

= ,u,-"ﬂ'l ] :-‘F

diffuse afg direct mf aﬁ’ons’ i

Pyrgeometg detect re S radia@n and downward
Pyrgeometer detect terrestrial radiation respectively.

?;II‘LJE 'mamwmm

Vi@

Pyranometer Global solar radlatlon over 0 3< A<s. 0 um

Pyrheliometer | Direct beam solar radiation usually 0.3< A< 5.0 pim.

Pyrgeometer | Longwave atmospheric radiation of A > 4.0 [im.

Table 2 Detail of Radiometer instruments
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Surface Meteorological Parameter measurement system

This system is composed of automatic thermometer, barometer and anemometer

(Figure 8).

= FidInandnenng
év@lﬁ%ﬂﬁﬁﬂ%wmaﬁ

Pyrgeometer downward thermopile data Voltage
104  Pyrgeometer downward body thermistor data Ohme
105  Pyrgeometer downward dome thermistor data Ohme
106  Pyrgeometer upward thermopile data Voltage
107  Pyrgeometer upward body thermistor data Ohme

108  Pyrgeometer upward dome thermistor data Ohme
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109  Themperature data Celsius Degree
110  Wind speed data m/s

111 Wind direction data Degree

112  Atmospheric pressure data hPa

113 Humidity %

114

wy

S AC3 ¢

Sky radiometer

e
Sky radiometer is used forneasuring adiation in the solar aureole region at

the wavelength of 315, 400,,600;6 1020 nm. The measurements are

carried out with the 'i W .: face with the same zenith

¥

angle of the sun (almu tar) fro At the Orvatory there are 2 kinds of

Sky radiometers, Sky rad'pgter and i-Sky @iometer (Figure 2.8). i-Sky radiometer

e FEHHAHERTNE N
AR TN TN
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bservation in the Observatory

Wind Profiler is auipment to observe air parcel ﬂvement by Doppler RAdio
Detection And Rangin F‘ lﬂb f i (Fi . Wind Profiler emits
pulse of radio ajiu At ﬂm aﬂfﬁl’:jﬁtﬁ;ewct the air parcel
moveme, al _ . ﬁt i tﬁé out 15° from
normal ahﬁﬂnarﬁﬁmﬁﬂm Pﬁ!ﬂrﬁs dijaves, RASS

emits sound to the atmosphere. Wind Profiler utilizes the time differences between radio

waves and sound backscattered to the detector to evaluated vertical temperature.
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Scattering from

Pulse out

Figure 10  Principle of

technique

&

- L] -
1 Wind Profiler

Radio Acoustic Sounding System

Figure 11 Wind Profiler and Sound Acoustic System (RASS)
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3 Data transfer system at the Observatory

All of the PCs inside the observatory are linked with LAN system. Data stored in
the PC are sent to server at Faculty of Science, Chulalongkorn University and Center for

Climate System Research (CCSR) (Figure 12).

n.radiation.geo.sc.chulda

ftp.ccsr.cd0.skynet.thai ¢ o

AUYANYNINYINT

Figire 12 The Observatory’s data transfer system

QW’]MﬂiﬂJﬁJW’I’JV]HWﬂH



‘r r : “\I I ‘ ,
o) 412 A

N
'
J
‘ 4 w_‘_.‘ F
Monthly“Lidar @“
|l ‘: ¥
&
e

Yl

i
!“ ‘

v,

AUt Ineninens
ARIAIATAUNIINGIAY



87

e of 1or

B e e e

Y w .Tw ,
2

T T

{un) biey

LA LA LN B L B
g D ©® N O

2l
n
L

o
-

1N @INYD A4 SOD 1N BAYD ‘S8HID L661 Pueley ‘Buo

e
weg g

1dW




88

S3IN /N BINYD /HSID IN YD ‘Sed30

T R G

L8661 puejrey] ‘Buol

T

weg g

1dN

{un) by

{uni) biey



89

dibialiibisteslis

{

T 3

S3IN /N ©INYD /HSOD 1N D ‘'SBH3D £661 bueleyl ‘Buoiwes g

1dN



90

S3IN /N BINYD /HSID IN eayD 'S8HID

L661 puejey] ‘Bu

!
Ql

weg ug




91

Wi

{o1n}

L

S INYNINY

| I AR AT A A AT |

¢

AR

NTl

H

T T T T T T

S3IN /N @NYD HSID /N BaluD ‘Sed30 1661 pueieyl ‘Buoiweg g

TdN



92

Yo
Tt

¥

¢

S3IN /N @INYD /4SO 1N BAIND 'SBHID L661 pueleyl ‘Buaiues ug

10 28

e

Biey

{unl) 1y



93

S3IN /N BNYD /4SO 1N BAND ‘SeH3D 8661 puelieyl ‘Buciwes ug




94

ialpalia b taalis

S3AIN /N @YD /- SOD IN BdIUD ‘S8H3D 6661 pueleyl ‘Buciwes ug 1dN

| ._.N.a'u.
-0
=
..In
Fo
S
”lu_.m..
-5
— T T = | lu—
| no.ﬁ.
-0
_ =
§ C o
§ o 3
¢ T
Fa d
4 :
p -
D - 54



95

S3IN /N @INYD /SO /N BAIND 'S8HID 6661 pueleyl ‘Buciwes g

1dA

{uni) ey



96

N ey S22 IS3IN

Wd NSOV SN YT

usu|

{uni) Biey

{uni) Wby



97

| %
g
=
|
a
]
:
&8
]
&
E
&
]
4]
]
| &
|
=
[=
5
[«%
{uny) ooy S

{ury) WBey

WM NTON N TO

:

{un) by

Biey

W N-OWN N N O
{us)

§ 2

{u) By

{uni) ey

WM NTON G I N TO

_ i L
BB L 2 % i

N "8INYD /SO0 1SAIN 100Z puejrey] ‘Buciwes U TAD S3IN

=
F]
=



98

Wiy

&

IS 38g 0g 390 BZ 230 BZ 93] £Z 9%0 8Z =0 S92 33q vz 239 <2 38g ZZ 9=0 1Z 320

{uni) wbey

{uni) By

s N Ol N TO

{us) B {us) ooy &

Nd N Ol 1N O

g 8

{us)) Bey

{un))

waMNT-OWN <+ 9N O

]
=

N "enyD /SO 1SAIN 100Z pueliey] ‘Buciweg g TND S3IN



29

{oin}
L uop o uop 62 uop /¢ uep £z wop 9z vop @ uor 2 uor £T uop &g uop L2 uop Qoo
: . : 0
' §
[
ﬂ -
]
0
z T
1y
4
[
usqu|
deQ

{usi) 1y

{uni) by

WO g TN -0

f =4
§ &
=

{uni) BieH

e =y

WS MNTON Y TN TO
{unf) Biey

2

N "eINyYD SO 1S3IN Z00Z pueleyl ‘Buciweg ug TAD S3IN



100
g

82 994 2T 934 9z 9a4 Gz 924 +Z 994 oz 994 ZZ 934 1Z g&d deq
VE
[
n)
v 3
3
v &
z 7
n)
e
S
usu|
daQ
0
L&
2
ﬂ\ll
» &
0
L &
z Z
n)
g |
S
usu|
deQ
0
3
2
n\ll
v 3
0
v &
z =
n)
» 3
S
usu|

N "@INuD /4 SDD ISAIN Z00Z pueley] ‘Buoiweg U TAD S3IN



101

Wiy

o

{us) ey &

{un) Biey

:mvﬂ“"omenwvo
3
boy & £

{uny)

e e T

{uny) wBey

NN Ol TN -a

g &

{un) yBiey

{uni) Wbiey

cUuHMNTON G N O

£

N "©nYD SO0 1S3IN Z00Z puejey) ‘Buoiweg U TAD S3IN



102

&

{un) WBiey

{un) yBiey

U NCOl N O

:

(un) by B

{usi) WBiey

NN Cal gt 1 N Ta

§ 2

{uny) ey

cW T MNTOW G ] N0
{uni) By

2

N "enyDd A4S 1SAIN Z00Z pueleyl ‘Buciweg ug TAD S3IN



103

taLn)
deq
0
L
z
£
v 4
5
0 5
1
2 §
R
+
> d
]
usu|
deq
0
i
Z
£ E
g
s
. [ s I
” : §
[
b =
3
wfry' St
uau|
Lo Ao deg
b
z
£ 9
s
S
0o I
?
z &
1 =
=
s 4
]
usu|

N "enYD /H SO0 ISAIN 200z puejeyl ‘Buciweg ug TAND S3IN



Sri Samrong, Thailand 2002 NIES! CCSR! Chula. U

NIES CML

Wl laly

' Y

CcOPVWHMNTOL W H TN TO

g

{unf) wybiey

{usi) ybey

&

AN

:

L L L T
BWETNTOD NS TN -O

{us) ey {usy) ybiey §

COPVHNNTOB NN —O

£

{un)) ey

{un) Wy

Jun 29 Jun 30

Jun 24 Jun 28 Jun 28 dun 27 Jun 28

dun 22 Jun 23

Jun 21

&

104

{uTe)



105

deq
[}
1
2
£ ¥
R
G =
s &
13
: §
T =
=
s 3
2
uequ
deq
o
1
z
£ 8
&
S 0
s 3
v
z &
(-3 -
b =
s &
°
uaqu|
deq
0
1
z
T
R
S =
s &
v
: &
c 7
o=
s 5
-
uagu

N "@nyd /HSOD ISAIN Z00Z pueleyl ‘Buociwes us TND S3IN



106

:UO'HNPOOUfHNFO.I)fHN"O
EMMM*@MM

onew,
[}
3
z
4
+
s
mM
z dea
P
>
el
s I
o
L
4
=
»
= =
")
usquy
oems

_o o o
L £'0 L t :

COVTNNTORDENNTrOBYEMNNTO
ymmmmgmm

N "2INYD fH SO ISTIN TO0Z Pueieyl ‘Buciwes us IND S3IN



Backscattering it - » ization Ratio data

AUt INeNIneng
RINNIUUNININY



108

21

¥ Ogtober 20014 25" Qctober 2001

October 2001 — 30" October 2001

2 6(h



109

1% Novgmper 2001 4 5% November 2001

November 2001

6" November 2001 - 10"



110

11" Movgmpes 2001

-
\

15% November 2001

November 2001 - 20" November 2001

1 6th



111

26" November 2001 — 30" November 2001



12

6" December 2001 — 10" December 2001



113

December 2001

5

11" DEcamben 2007 —\1

December 2001

th

16" December 2001 — 20



114

26" December 2001 — 30" December 2001



115

5" January 2002 - 9" January 2002



116

January 2002

—

19" Jdnu@ry 2002+ 1

AN
A s

th
4

January 2002

th

January 2002 - 19

th

15



144

January 2002

.—2411‘1

anuaty 2002

F |

20

January 2002

e 2901

January 2002

h

tl

25



118

247700

—

3

39" Jdnyany 2002+

 Rebruary 2002

February 2002 — 8" February 2002

th

4



119

14" February 2002 - 18" February 2002



120

19FeBrubiry 2002 & 23 February 2002

February 2002

th

February 2002 - 28

th

24



121

March 2002

th
< 55

March 2002

st

1

March 2002 - 10" March 2002

th

6




AL
vx\"!

¥
2

33

P

e
15"

o
March 2002

o
o
o
N
£

O

—

©
=

£
o
Y
_

o
o
S
1Y
£

O

—_

®
=

B

©
.

19 Mareh 2002




‘March 2002

th

March:2002 <25

t

’\13

o
o
o
AN
¥ o=

O
©
-
©
@
|
(Q]
o
o
I3Y
¥ s
O
—
[
=
£
©
AN




April 2002

<
o
il
=)
o
o
-
@
=

5" April 2002 — 9" April 2002




10" Aprif 2002 <14

“April 2002

th

o
o
o
N
m

Q
<

s
o
o
|

o
@)
o
N
m

Q
<

]

[fo)
.




e

SRy

o
o
o
'§Y
m
of
4

-
o
;-
Q\
<
D
N
.:Hlll
< -
<

ES)

=)
2 i

25" April 2002 - 29" April 2002




4%\May 2002

BOF April 20024

o
o
o
3%
>
®
=
o
[
o
o
S
Y
>
®©
=
B
o)




o
o
o
N

>
®©
=S
sy
=
g
|
N
O
Q@
&
=
@
=

m
<
]

15" May 2002 — 19" May 2002




25" May 2002 - 29" May 2002




80 % May 200223 June 2002

4" June 2002 - 8" June 2002




8" June 2002 =42 une 2002

13" June 2002 - 17" June 2002




23" June 2002 - 27" June 2002




3" July 2002 - 7" July 2002




th

8" uly 2002/~

13" July 2002 - 17" July 2002




N
(@’
e
N
>
=
=
%
Q
Y.
O\
<
@
N
>
P
£
0
w

23" July 2002 - 27" July 2002




2" August 2002 - 6" August 2002




—th

2" August 2002 - 16" August 2002




August 2002 — 26 August 2002




1* September 2002 - 5" September 2002




11" September 2002 — 15" September 2002




N
o
o
N
|
()
O
=
‘.
Q
D
(9p]
-
&
*. i
%
Q
Q
o™
S
[¢})
O
&
0
Q
D
w
-
O
o

21 September 2002 — 25" September 2002




1* October 2002 — 5" October 2002




.}
o
o
(Q\}
—
@
S
°
Q
E
QD
o
|
Y
()
(%]
O
—
L
9
O
'S}
S
©

11" October 2002 - 15" October 2002




o
S
o
~N

| -
[}
"]
[e)
A
3}
(@]
-
Lk
(!
b
o
(8]
o)
Ro!
o]
(&,
™)
©
S

21% October 2002 — 25" October 2002




26" 0 cfober 2002 <80 October 2002

31* October 2002 — 4" November 2002




5" Ndvefhber 2002 = 9" November 2002

10"’November2 2—14h ovember 2002




	References
	Appendix

