STUDY OF LIDAR RATIO EFFECT ON AEROSOL AND CLOUD BACKSCATTERING COEFFICIENTS IN THAILAND USING MIE SCATTERING LIDAR

o W d' = o a v
1.1 ANNaIny !!ﬁ%ﬂﬂ]ﬂl@ﬂﬁﬁyﬂ1ﬂ‘i’nﬂ1§’mﬂ

Tudl w.a.2550 aagdave 1ak13ve 15eamsane Ing lduuinwwesazesansluilszima

Y A J a A Y a 9 ] o = awv
Ulﬁﬂﬂ?ﬂlﬂﬁﬂﬂllaﬂﬂliﬂTSﬂi%!ﬂ\HL‘U‘UﬁJ ﬂ@ch/iLﬂﬂﬂ'J']?JﬂJ'ﬂﬂLLﬁMWUﬂ'J']?Jﬁ"]ﬂfgﬂ]@ﬁﬂ"lﬁﬂﬂ‘kl']')ﬂﬂ

d Y

a 4 a g a
AUINNAAAT UTTEINA (Atmospheric Science) WINTITU Tﬂﬂmwwzqmﬁ'mﬂﬁamiwmw”a

[

9 A 4 a - L < Y o :j ~ a
ﬂhlﬂ‘ﬂWﬂﬂWSLﬂﬁ’t’]\‘]llﬁﬂ13ﬂ"liﬂi%!ﬁ]QLL“].I‘LI?JGINﬂﬂLﬂ‘USUﬂﬁ’J‘JJUl’JL‘IJu%TU’JUlﬂﬂVNVI o UTLIU

U

aun
o ~ o [ [ Y d‘ o a [ v = 1 A % a
’E]']Lﬂ’l’]ﬁﬁﬁ'liiﬁ %Qﬂﬂﬂi’ﬂﬂﬂﬂﬂ UAZNDUNDNWUIY WHIAUATINVTUN Tﬂﬂmmmumﬂummm
=Y a 4 4 a [ A Y o Aa v o Y
FIUINYT AUSINYIATAT JWIAINTUUNIINYIAY ﬂﬁ%ﬁﬂﬂ?iﬂ!ﬂiﬂiﬂﬂ?ﬂﬁ?ﬂ’)%ﬂ ‘Vl']chf?
Yaow a Y A @ (% o aq 3 9 a A J a
ﬂmgﬁﬁﬂEJLﬂﬂﬂ'J13JLGUﬂfﬂlﬂEJ'Jﬂ‘]JWaﬂﬂ']i‘VI'NTULLag’J‘ﬁﬂTﬁLﬂUmﬂﬁJﬁﬁﬂ‘U%Wﬂmii’]QiﬁﬂWiﬂ"ﬁﬂimﬂQ
= ] 1 Y o Y a ) [ dy Y Y [ Aav
UUVUBYNWNDBDILUN ﬁﬁJ1531&1"1]63;1}%1hl‘]J'JL‘ﬂ5131’?ﬂ"IuTJﬂJﬂ"Iﬁ’JLL‘]JiWHﬁTuhlﬂQﬂﬁﬂﬂ ANUNAINIY
A ad o @ 1w a a v A a os.zl
L3N “ﬁﬂ\‘ifl‘ﬁﬁTﬁi‘Ufni‘l/nﬂ"If‘TiJ‘]JiZﬁT'VI‘ﬁﬂ"Iiﬂiglfﬂ\iﬂﬁ‘UL“]N‘]JiiJW]i"’U@Qﬂ%@’ENﬁ@EIGHL!I‘VWIW@T
= o 9 J a =] [V % a A 4 1 aov [
L'V\IﬁliiﬂElGlG]flrlQQTiﬂTiﬂi%L’ﬂ\uLUUll "l]\i?i’flﬂq}’ll‘ﬂﬁl” @]WllWLWEJLLWiil!')"li’dTi'Ji]ﬂlmg‘W%JUT UIT.

32 23U 1 ungian-Nuan 2552 Tasranuaanain laadsasuanuyeiulunisii

=
=D

IS o [

9 =1 =< o a J 1w A =y 9 a
ﬂlﬂi;ljﬁﬂllﬂllﬂﬁﬂBT ATUIU ngfllﬂiTg‘ﬂﬂTﬁﬁllﬂiﬂu‘] 'VILﬂ8')‘11ﬂﬂﬁ?ﬁiﬂﬂil?ﬂ!ﬂﬁgmﬁq‘ﬂSNTﬂ

3

=\ ) v =K 9

2 A o A A v o A Ny = A
VYU HDIIN 'JLL‘]JTVI!ﬂEJ'J"’U@\‘]‘]J']\W]'Jﬁ!‘WTchﬁnﬂf!ﬂigltﬂﬁl‘l[ﬂﬂl‘luuE!‘VﬂﬂTiﬁﬂ‘HTﬁiﬂUuV]ﬂeUﬂllﬂ

U

£4
o 1

9 Y A = I v ~ YA o VY= Aw <
Prounihil Feiuindulomanazanuiimenauzdises Idanywazivelszmuilym
4 ) I a $ ) A
deau e uauenaludoyavussermeanizuinulszma Inehazamnsoii 1148190
= A o A A ' a o @ Yy a o =
vaznlSouisunuusnalsamaouq aell Snnsluilaivaudiuinemeaasussornieil
o o @ 4 4 1 @
anusniludesordemsion Testoyanazesnaiuiannnmadiuluszaulan (Global Scale)
o [N [~ a 4 4 1 4
wdeiu TunazdluluusnadsameanoutulndifeanTodsamaduluaaniy tiiean

[ 1

a Y = a 2 . A o ° A
ﬂﬁl‘iﬂugl&ﬁ%ﬁﬂy13ﬂ81ﬁ1ﬁ@iiﬁﬂ (Earth SClence) Lﬂuﬁ\iﬂﬂﬂulmgf‘ﬁﬂﬂ]ﬂEJNEJ\‘]L‘WTI%?(I’H‘W

5

v Y 1
ussemavedlanmanisldeuntlasianniiovewysd tagsssuma Gedrudiwanizny

' 9 o Y a . . =2 9 A A
DYNMNNINUVIN 1/”1?“ﬂ@1]ﬁﬂ’]']$1ﬂ’l\1@’lﬂ1ﬂ (Air Pollution) 3']llﬂﬁﬂ'l'lgiaﬂi@i‘!!u@\ju'm'lﬂﬂau



STUDY OF LIDAR RATIO EFFECT ON AEROSOL AND CLOUD BACKSCATTERING COEFFICIENTS IN THAILAND USING MIE SCATTERING LIDAR

A vAa o
aNudou (Heat Wave) ANZITOUATLIN (Greenhouse  Effect) LASIHANITUNUANINI

9 v 9
a [ Y

5550 TaaTumsAneItsan Iy ssemaAuaazus Vel mani1ee WuH
A' [ d%} Yo = a v z [ a a =&
anuauanntu laglasuanuaulalumsanuiitenslussdumanazuiuima 9
Aav 09./} d’l I 9 = 9 ~ ] Y]
wanmsIveluasativzeusatiuvoyalseneulumsanuianiziindeunedioudausuas/
A A Yo a A 3 A 9
WiaNansznuNe1n lasuanmanansasuutasvesruussomaludssmemnoutiu

9 9 4 Aav o [ [ 1 4 q';
iﬂﬁlﬁﬂx‘lllﬂ ‘]Jﬁgﬁ‘ﬂﬂ']ﬁm"l]']ﬂﬂ']i'Ji]fJﬁNWH?J'IWU'NﬂWE]G]iTﬁ'Ju]lﬁﬂTﬁ"U@\iﬁ%ﬂ@ﬂa@ﬂIﬂﬂﬂ'J]l‘ﬂ

v
=)

o [l a 4 Yy Aa { 9 Y
1uu55fJ’]ﬂ’]ﬁ"U@Q[]Jﬁglﬂﬁh]fﬂEJENHIJJflwa\‘l']uanlW!WﬂuWi1/]ﬁ’lll'ﬁﬂi%@qngquﬂquﬁlﬁﬂjﬂlaﬁl‘lﬂ

k4

v o Yaowy KX Ao = av A 1w 1 J =< A
ﬂ\iuuﬂm$Ej’J%fJ“lNﬂJﬂ’J'I?JﬁuGlﬁ]sluﬂ'l'iﬁﬂ‘]sJ'l’Jﬁ]fJLW’E]“H1?]1’0@]5Wﬁ?]u”lﬁﬂﬁﬁ’Jllh],ﬂﬂQN’dﬂiz‘Vl‘U‘VliJ

] a 4
@]@Uiﬁﬂ'lﬂ'lﬁﬂﬁL'Jm‘]Jﬁgl‘ﬂﬁulV]ﬂﬂ'JfJ

H 4
I a 4

A 4 a ~ . . 1 I s & Yo
N304 laA M Inszauull (Mie Scattering LIDAR)' 1ilugilnsainiiei Idsunsanas

4
pagldau a amfittelusuussermeaduneiine Taniauassvdun leaelasumsaduayy

A s

91N National Institute for Environmental Studies : NIES Uszimadjiju Noyniziinioaise1dun

Q

a a a 4 J a (% ugj 1 1<
AAIFITININGT AMSINGIFNANT JWIAINTUNHIINYI0Y aauail W.¢. 2545 Lﬂu&’um
A Jd o [ [ a aAav A a . . Aq ¥
1n3e4 lams i lagorderndnmsmaiineslanas IuneyUEa (Optical Remote Sensing) 114

MIANdYRIUNNUNAIRUIA Nd:YAG  Laser A21W8120aU 532 W1 luwas Iagdedyau

o

v

Y [ o J J [ osj osj v a o aa @
aﬂymmﬂuwamgaum%s"lﬂﬂwumimmﬁ“luummmﬂ ﬁ@@Wmﬁﬂ%!ﬂﬂﬂuﬁiﬂiﬂTﬂU

az009a081azeYN1ANLBGlUDTTEINIAIAIAANITNTZIVI (Scattering) VOIUAT FIA 11T

I 9 a & 9 a

o [ { A a o a d
Uuﬁﬂﬁﬂliyﬂmﬁlﬂﬂ%"lﬂﬂTiﬂi3L"l]\‘]!‘]Ju"U’E)iJfIﬂ‘U%Qﬁ1u153u11ﬂ31ﬂ51$ﬁ@91¢9{ VDUAAVUBN

u U

{ o Y o s b o o
ave09a0y  (Aerosol) NialadedluvussermasuIng Inailes (Troposphere) %411 udu

u

[l Y 4 v 9
vssmanegganniiulaniuliidluszey 0-10 AlawasTaodsyuna ussomaduiiizeglng

4 ~ £ Ay A @ ~ = au A I Y Y o
HUHININNEGA "]5\111!Iﬂi\‘l\i”l“')i]ﬂﬂﬂmgﬁjﬁﬂﬂigﬂﬁ \L]VlﬂgﬂﬂETJi]ﬂlW@GlWllﬂellﬂialjﬁlﬂﬂﬁﬂﬂ

Q

"N. Sugimoto (2001) NIE Compact Mie Scattering LIDAR (532 nm, dual polarization), User Manual,

National Institute of Environmental Studies of Japan, Japan.



STUDY OF LIDAR RATIO EFFECT ON AEROSOL AND CLOUD BACKSCATTERING COEFFICIENTS IN THAILAND USING MIE SCATTERING LIDAR

4
HansznUveIsasaIu lamsneduilszansmanszidanduvetazenvanaaziua luilsme
v Y
Ine Sasrarulams (Lidar  Ratio) Y04az003a00 ADAIAINYDIOATIAIUYBINTAUGA

(Extinction) f1UAINTNILIIINAVUDIAL 009000 NUAD AU IUNANNTENUAZ00I00Y) 1AY

a

v {1 [ a Q‘{ a [ ag Y1
ﬂﬁﬁﬂ‘]&ﬂ ’Jﬁ]ﬂﬁNWU?J'IfJﬂWi‘H1ﬁ3J‘]Ji$?f1/I‘ﬁﬂ'Iiﬂﬁ$Lfﬂ\‘lﬂa‘]JGU’E'Nﬁgﬁlﬁ)\ia@ﬂlmgmmiﬂﬂﬁuuﬁGlf]f?ﬂ

1 v

1Y [l P [ Y 9) ]
amwmu"laﬂ13ﬁﬁﬂ1mm@]aaﬂmmqmaznﬂnmmmu 35 sr Llag"lﬂﬂﬂﬁﬁﬂBT’ll’E]ﬂJ“ﬁﬂ'l

F4
[ 4 v d

v
v 1 Jd o [ 1 @ @ J @ [ Y
’E]G]i']ﬁ'Ju]laﬂ'lﬁﬁ'lﬂi‘]Jﬁﬂ'IW‘UiﬁfJ'Iﬂ'IFWn\‘lG] flﬂ'J'IﬂJﬁllWLl‘ﬁﬂ‘]_lﬂWﬂ'JUJGdb'uﬁllWVI“ﬁ muu%a

v J

o 9 dy [ A A 1 1 < 9 A o A o Y] o
ﬁuiﬂuTﬂl@Hﬁﬂ’JWﬂ%uﬁﬁJWﬂﬁﬂMﬂQ‘UNﬁ"J‘L!%1ﬂﬂ15‘1/lﬂﬁ@ﬁlﬂﬂﬂl@ﬁg}ﬁﬂ’i)nﬂ@ﬁﬁﬁ'ﬂiﬂ IUIN
] a =1 [ 9 =R (Y] ] 4 4' = =1 Y] [
?ﬂ"ll‘ﬂﬂ ] Uﬁl’]mﬁﬂ'luﬁi’m?ﬂﬂiifJ']ﬂWﬁil'lal,“]ff’Tﬂ‘]sl10ﬁi1ﬁ3u1aﬂ1ﬁLW®Lﬂi‘(’JULﬂfJ‘Uﬂ‘]_Iﬂ'I
[ 1 4 a d' 9 1w d‘ g o [
’amwmu"lamimmazamaaﬂ LﬂiJTILﬂEJGl"Iﬂ‘VHﬂ'U 35 Sr LW@ﬂﬁ%Iﬂ%u%@ﬂWiUflﬂﬂWﬂW
o a a 1Y 1 ] 4 A @
Ausz@nTNI5NILININAVUDIALODIADYLATINNLAY ﬂizmumau%ﬁuq NYINUUITITYINIA

ao 1 lueuaala

(Y] J Aa v
1.2 iﬂﬁlﬂigﬁQﬂM'ﬂ\‘l\‘nH?%ﬂ

4 [ Y ] 4 { o o [Y] v Y]
12,1 tieiaoadiu lamsvesazoosaoouaziuui suneaidilse saniag luie
d' = [ 1 ARl Y] a Q‘{ a [
122 WoANHINANIZNUUDIDAT I laas aodullszanimanszianduvsdazoodanslu
4 4 a
sz Inedrensoslaasminsziauuyil
A o Y v Y Y o
123 edaazasNaNuNIMIuRgINUYyaazootaostazuN luFuLIToIMAv0

v [ Y
Uszmea lnenamnsoii 1l 1suazdravudSsumeumonuddonieduiiae 11

1.3 VB UIVAVDINIUIDY

v
a 4 o " v 1 4 Y
']Lﬂ§1$ﬂLlagﬂ'luﬂmﬂ'lﬂﬁi']ﬁ']uulaﬂ'li"ll@Qﬁ&’@@ﬂﬁ@ﬂllﬁ%tumﬂ'lﬂéll@Hﬁﬂl'ﬁ]\?ﬂﬂ']u%u

[ o JaAY Y o ~ o v [ o A = [ 1 Al
?fllW‘ﬂ“ﬁ‘W‘l@ ] ’E]'Il,ﬂ'ﬂﬁﬁﬁ'ﬂiﬁ ﬂﬂﬁ?ﬂﬁim‘ﬂﬂ LW@ﬁﬂ‘HWNaﬂigﬂﬂﬂlﬂﬂﬂ@i’]ﬁ']uulﬁﬂ'ﬁ@@

[ a Q( a [ 9 [ = AAara 4
ﬁ?J‘]Ji%ﬁ‘Vl‘ﬁﬂ?iﬂizlﬂdﬂﬁﬂﬂ]ﬂ\iﬁzﬂﬂﬁa@ﬂiu‘ﬂi%mﬁl‘l%ﬂﬂ’JEJWﬁﬂﬂWiLm%‘Vli]‘]elg]“VlN‘ﬁim‘V\Iﬁﬂﬁ
Y o 1y v v ¥ A4 o 9 &

‘Wi’t’]llﬂ‘]JﬂTiW@JH"ILLﬁzﬁﬁNﬂ’ZﬂiJﬂW’JﬂHTLﬂﬂ’JﬂUﬂjﬂyjﬁﬁgﬂﬂﬁﬁ@ﬂ!Lﬁ%!ﬁJmiu%uUiiﬂWﬂWﬂﬂJﬂﬂ

v ¥ Y
Uszmelne naunsoii 1l 1duazdsalSsumeuiionudseneduiiae 1116



STUDY OF LIDAR RATIO EFFECT ON AEROSOL AND CLOUD BACKSCATTERING COEFFICIENTS IN THAILAND USING MIE SCATTERING LIDAR

1.4 UsTawinmanalasy

Y1 o ] 4 ng d'
1.4.1 darvasiarulassvosazessassuazmunlusuussermavesdszme lneneainise
o a =i =1 4 a o [
1 199199 auaz S sueuiisnuduInemans lanuazussemease 11/
Y o 9 Y v ] Y} { A Yy o
142 dauazadwanudnuinlumsadugudeyaininerdosnuusseimevestsgina
9 4 9 v Y A 4 Aa A A T 9y
Tneouazlumsldisz Teninndoyanmsiadrenioslamsminszi@aunuil Adoguar
Tutlszme ne
9 A A 9 qszl { 3 9 9 a
143 ldmaiiniSuazdoyamsanusuussermennilolszmalnenauniniudoyadieda

:!' v dl o v av 1 d' d' a 9 9
mmﬂ‘uazamaasmﬁmﬁam”lﬂﬁuumgmmnamm V]LﬂEJ’Jﬂ‘]J’Jﬂf]G]ﬂ"I’J%Iﬁﬂi’Oullﬂ

144 ldhanuduagnanmsneildnd lU1dse TemilumseFurena neldinanudnle

'
as

J a dgl 9 (] 1 9 ~ g =~ ara o~
‘]JSTﬂJ;]ﬂﬁm‘ﬁiillﬂﬂﬁ‘i/l!,ﬂﬂsljullﬂ’t]t’JNﬂﬁNlm Llazuﬂiziﬂ%u@]@ﬂﬁﬁﬂuﬂWﬁﬁ@uV\lﬁﬂﬁﬂ

annsni lhlsggnd l191&05 ¢ iMamsiFoud Tluanimeie naziasuadainyg ludu

9
=

a a d o d a I
NITANUATISU ﬁ\uﬂﬁ'lgﬁvn\‘nﬂfnﬂ']ﬁﬁﬁﬂﬂﬁu

(%)

S AadAa
1.5 321U8UIBIVY
= Ay A A 9
1.5.1 @ANYUDNFITITUIVYNLNYIVD
o =y [ 1 4 [
1.5.2 ﬁﬂymu’mmmzﬂuuumﬁmﬂmmwmu"lamﬁmmazama@ﬂuazmmmmaﬂ‘ﬂqyﬁ
a 4 9 v 9 A 4 a =
ay m'ﬁ’JLﬂﬁZﬁﬂWﬂﬂJ@HﬂﬂTﬁ’JﬂWJﬂLﬂimulamim‘iﬂiz!,i]ﬂlm‘ml
4
153  Muadulssaninizinanauvedazoodany (Aerosol Backscattering Coefficient) GS]I’JEJ
Y an o Jo & . ' &
AITNAAUYDUNDS1aA (Fernald’s Inversion Method)GH?Jﬂ’NJJf,jI’WING]iﬂﬂWUIaﬂ
[ 1 1w 1 4 { o 4
Iﬂﬂﬂi‘]_ll”ﬂaEJ“L!ﬂTE)G]i1’(5]”31!Ulﬁﬂ']iﬂ]@\?ﬁ%@@ﬂa@mmgmmﬁGl,Glaf}GlUﬂWiﬂWu’Jm L“Vd\l@ﬁﬂ‘y'l
[ 1 d LY a z:( a [ Yy Y
Naﬂi8‘1/]‘1J6U’é]\‘l’t’]@]31@”314]1@1@15@]’é]?fllﬂigﬁ‘ﬂ‘ﬁﬂ'liﬂi%ﬁ]\iﬂﬁﬂﬂl’é]\iﬁgﬂﬂﬁa@ﬂ Iﬂﬂlﬁlf"ll’élﬁsl]a

[

a A Y A J a = ~ o %

aAuNn ﬂhlﬂjﬂﬂlﬂiﬂﬁllﬁﬂ'ﬁﬂWﬁﬂigﬁ]\‘ILL‘U‘UﬁJ u @.ﬁiﬁWTi\‘l "I].QI"’IJ‘VIEJ
a 4 { 9 4 4 o 9 a A { 9

154 Jwsiznai lMiveuaasnnudelulumsuladoyauazisz@nimwvewanld Tag
o [ ara 4 a 1 Y Aa 9) PPN 4 9 (] 1 9
wmanmsiand lWeFuewa nelimnaanudiladsingmssininatiuldedienoui

o 4 a 4 T v o Y 4
1.5.5 mmuaNmmtﬁaa‘wuwmﬂuwmammim: HAZIAMINGNURVUANY T



STUDY OF LIDAR RATIO EFFECT ON AEROSOL AND CLOUD BACKSCATTERING COEFFICIENTS IN THAILAND USING MIE SCATTERING LIDAR

UNA 2

Y

= a
NngyHUastanaIININY IV

2.1 HANMIIUBIAUUAZNIOUVLUINNNAA

o 9 A 9 do yy A s a Ao & 9 yas Y,
Gluﬂ”lﬁﬂ"Il!')il!‘llﬂuualllﬂ@ﬂuﬂﬁﬂqﬂﬂTﬂlﬂiﬂ\‘ﬂaﬂ"ﬁﬂTiﬂﬁgl"ﬂ\‘lllllllll mtﬂumaﬂ%mmaun
A S o 2,3 9 a
Llﬂﬂﬂulﬂaq@ﬂl@%waﬁ AALLASIAANN (Fernald - Klett’s Far-End Method) Tﬂﬂi%’ﬁuu@ﬂ’luﬂl@ﬁ
F4 [ 4
ﬂ']'liJfl\i"Jﬂi]@ (Glfu‘ll'iﬁfJ']ﬂ']ﬁﬁﬂi']ﬁﬂ']ﬂﬁ%@@\?ﬂﬂﬂ) MINY 15 ﬂjﬁluﬂ54 Llagﬁuﬂﬁgﬁ‘ﬂ‘ﬁﬂ'ﬁ
v 4

ﬂ33H]\‘]ﬂﬂﬂl"]ﬂﬂ51]']ﬂ§ﬂl@ﬂillmﬂaﬁﬁgﬂﬂﬂf}'luqxﬂﬂc] L‘W'IﬂUﬁuﬂﬁ3ﬁﬂ‘ﬁﬂ’]3ﬂ'§$ﬁ]\1ﬂaﬂl%\1

a $ a I A o %
YsmasvesTuanafanugeingn Sz = B ) dunsevnusudulumssiuiuaiduls

Y

Hugmineteseriwu ardyn e luFando (Range Corrected Signal) 9318 2ud Iwanls
[ [ a Q°’ a Y] a a I 9 o 1
iy dudszanimansz@andudalTinasuesazensacs ludu  Taslumsdiuiumial

[y a t:( a (Y] ng =N Y] 1 e’c!' 9 "9y d! o'/
duilsz@ninnszlanduvesazeotassiiuiiaionsidiu lansinerdosedde aauina il

% 1 { o 1 J g A { o 1 ugj 1
Nﬂi%ﬂ%ﬂaﬂﬂﬁiTﬁ’Jull’dﬂ"li%"Iﬂﬂﬁ‘]J3$N1m§u¢]1uﬁﬂ1WﬁQLL’JﬂgﬂMﬁVIWﬂWSVIﬂﬁ’t’NWITL!“Ll 119]

Y 9
IS %

1w 1 4 f v o d 1Y 03/1 4 f v o
mammaullamiwﬁu Uﬂ??ﬁJ%UﬁNWW‘ﬁmﬂﬁﬂﬁiﬂTﬂWﬁ mumﬁawiTUﬂﬂiJ%uﬁuWﬂ‘ﬁﬂJm

[l
o

< @ (] a
U3e1MA fazasarisasidiulaas la Feaziinld 1ddenammizussemausnadseime

U

9 = @ 1 1 Y] a a [y Iy Y
IIlfl’lﬁl Wiﬂllﬁﬂ“]sl"IWﬂﬂi$V]U"ll’t]\i’E]@iTf"f’JullﬁﬂﬁGl’f)ﬁllﬂi%ﬁ‘ﬂ"ﬁﬂﬁﬂiglﬂﬁﬂﬁﬂqﬂﬂﬂﬂ’w

o [ { Y os/l 4 J a
ﬁTVii‘Ui"IEJﬁZL%ﬂﬂlﬁﬁnﬂ‘ﬂﬂﬂ!ﬂiifﬂﬂTﬁ N aZooNa0d Lsazgﬂ%ﬁaﬂ1iﬂ1ﬁﬂﬁzlmwuuﬁ

Y Y A a v ao A = % 7 A
ﬁ'ﬂﬂiE]ﬂ‘LAﬂ’NL‘WiJLﬁiJhlﬂiﬂﬂi"IENTL!ﬂTi’Ji]EJLiﬂQﬂﬁﬁﬂ“Hﬂ“Willwallu?ﬂﬂﬁﬂﬂﬁ%ﬂﬂﬁﬁﬂﬂslu

?F. G. Fernald (1984) Analysis of Atmospheric Lidar Observations: Some Comments, Applied Optics,

23, pp. 652-653.

3 J. D. Klett (1985) Lidar Inversion with Variable Backscatter/Extinction Ratios, Applied Optics, 24,
pp. 1638-1643.

*'S. Ruangrungrote, A. Intasorn and A. Chabangbon (2007) Observation of Tropospheric Aerosol
Using Mie Scattering LIDAR at Srisamrong, Sukhothai Province, Naresuan University Science
Journal, 4(1), pp. 25-30.



STUDY OF LIDAR RATIO EFFECT ON AEROSOL AND CLOUD BACKSCATTERING COEFFICIENTS IN THAILAND USING MIE SCATTERING LIDAR

UszmaInedaonioslamsmanszitauni Tae @3anual 150939159 uavegaid dunas’
4 9

[ =X 1 AR A = < ~ A 4 a = o
ﬂQuuclu'ﬁ']8\1']“Llﬂ']ﬁ’)i]fJLa3J‘Ll°'t]\‘1EUE]L‘illﬁﬂ‘]&lﬂuﬂ‘igmuﬂmiﬂﬂqﬁﬂﬁﬂ'liﬂ'ﬁ%ﬁ]\‘umﬂlllmgﬂﬁ'ﬂ'l

4
Y Y

9 [ a 1 { a a 4 Q’J’ o
ﬂ']']iJHl'ﬂﬁ]ﬂ‘]Jﬂﬂﬂm@]'N“] ﬁL'f:]EJ'JGU'EN‘VIQGlL!LGH\‘lﬂ'J']iJ“H?J']EJ‘VﬂQ'J‘V]ﬂWﬁTﬁ@]ﬁLLﬁgmuﬁﬂuﬂWiﬂWH'}m

Y

A A
2.2 ﬂﬂﬂ{]ﬂlﬂﬂ]ﬂlﬂﬁ
2.2.1 19304 lam3nsnsziRanuui (Mie Scattering Lidar)
LIDAR 8011910A171 Light Detection And Ranging 13uimsiianledauail a.a. 1930

g v o H @ a 1 . . < 2
Taoilunsosnsrniauaslunssemeansanann1snszaauuVeagu(Elastic Scattering) AtNa

[

1 A o N ¥ ' sAA o o A =2 ~ ° Y]
ﬂEJUﬂ']'iﬂig@IHﬂml‘;]f@ﬁ]l@ Lm%mﬂmmwmmmwaﬁﬂum Ql,!,azamsuumﬂmmiumﬂﬂﬂ,mu

1 o = aa 1 < ] (] [ 4 o 4
Llﬁaﬂﬂ'nuﬂuﬁﬂﬂﬂ@]ﬁlﬂﬂﬁl‘%}ll']ﬂ@u ngﬂﬁﬂ'l'ﬁ‘WiF’Jl‘L!'lﬂﬂWQ@@!ﬁ@Q@]TMﬂWiW@JH']ﬂJ@QLlﬁﬂlﬁlclf@i

[ o = Y 2R o 4 oej 2K A 1 4 P 1
HANNITNINIUNUANNAAYAAINY “43A15” (RADAR) UNATIVUTYINIT “LALEDILIAT” HIQ 1N

a

S o Aq ¥ A ] A QY W
Lﬁﬂ'I'i1/]'Julﬂ1/]Gl"lfﬂ']'lﬂJfJ'Iflﬂaullillﬁﬂﬂ]{h\l‘ﬂ'l(lullﬂﬂﬂau’lﬂfJ ‘1@@1516}5%’@%13msmus{!mi}m

qQ

1 1 -4 @ a { o {o o o
ﬁgﬁ']'lﬂﬂ'lﬁW'Iu@@ﬂqﬂﬂlﬂﬂlalgﬁﬂgwaﬁllﬁ3ﬂ'l'ﬁJ'l’S\TEll@ﬁﬁiUiU'liuﬂ'l'iﬂizlleﬁﬂaﬂﬂﬂ ﬁﬁuwu‘ﬁ

g 9

[ < v Ao { a a ] o w J
Taeasa(e1FeA T IE) AUNTE (Range) MNANITNTLIIT VUIAANNHUWUUAIOIVDUALYDT

4
= o

{ a 4 Y o Iq 9 v (% a [l 1 .
anda ldgarwildamisoi lldszgnalddunisTansnszitwunligangu (Inelastic

U

. Ay = Y s ady 9
Scattermg) ﬁ]TﬂIﬁJ!aQﬁlﬂ‘WTg‘ﬂ@]@Qﬂ']iﬁﬂ‘kl'lqluigﬂgllﬂallﬂ !,Lagi]']ﬂ!,al,“b'@ﬁLWﬂIHIaﬂWﬂT’JWUW
o 9 4 = [ a é} 9 6 [ 1 ) dyd o~ [y [
‘ﬂﬂ,‘ﬁIIQQWiL‘VlﬂIuIﬁEJLL‘UUG]'N“] Lﬂﬂellu@nllulﬂﬂ’m AT U :ﬂﬁ]ﬂﬂuuullaﬂ1§ﬂ@1ﬁﬂﬁﬁﬂﬂ15ﬂTﬁ
a 1 ] a L a

NTRWVVAE U N1TNTLIN50D (Rayleigh Scattering) N1INTLIVIWUUN (Mie Scattering)

a . a ) 9 . @
NINITLLINTINIU (Raman Scattering) NIINTLLIULVUTUNDI (Resonance Scattering) D1HIN1TINI

14 (Fluorescence) M3AANAY (Absorption) HAZANUIANANYDINITAANAULAZNITNTLAIULE

> S. Ruangrungrote and A. Intasorn (2007) Mie Scattering Lidar for the Study of Aerosols Vertical
Profiles in Thailand, Research Report, Srinakharinwirot University, Bangkok, Thailand.

°L. de Schoulepnikoft, V. Mitev, B. Calpini and H. Van den Bergh (1998) Tropospheric air pollution

monitoring, lidar, Encyclopedia of Environmental Analysis and Remediation, John Wiley & Sons
Inc, ISBN 0-471-11708-8, p. 4873.



STUDY OF LIDAR RATIO EFFECT ON AEROSOL AND CLOUD BACKSCATTERING COEFFICIENTS IN THAILAND USING MIE SCATTERING LIDAR

v
7 =

ﬂmﬁaﬁﬁ'mmiﬁﬂm TaguAaznssUIUMTTUNANTIVDINIAAAVINNUANANAY IMTUMNS

a = o A Ao @ Ay o IN Y o A A
ﬂi$!leLLU‘USJﬁ"lilﬁﬂﬁ'\‘uﬂﬁﬁ\‘iﬂuﬂ'lﬂ@@ﬂl’ﬂﬁﬂﬂ’J'NJJ']ﬂVI'Iﬁl?i]l@lﬁ'iyﬂﬁmﬂ'liﬂi%!"l]ﬂ'lﬂﬁ]"ﬂ%ﬂqu

A o A o'téo

[l a o { @ I J 1
ﬁ?u"ll@\‘lﬂ'liﬂigm\uiﬂallagi']ll']u‘ﬂﬁﬁlﬂ@ﬁﬂﬁﬁﬂ’]ﬂﬁﬂﬂl'J'lﬁlaﬂﬂ']'lﬂﬂ']\iﬁuuﬁm Gm‘ﬂﬂﬁl

a < 9 1 [ 9 o aa
ﬂill'lml,ﬁfl\uaﬂu@fJ"’UfNﬂuﬁ?@agaaqa@ﬂﬁ']il'ﬁﬂ@]i']%')ﬂllﬂ ﬂ’]Wﬂﬁgﬂ@‘U 2.1 HAAIDUATNTY

v 9 9
o/ % v A

a 4 a {
"’UfJ\‘lmiﬂizlﬁN"U’O\‘lmlﬁB@ﬁmﬂﬁﬂﬁ UANNTETNUNY 3 LULUY AU
- a A g a A [ J < A
NIV VY Lﬂuﬂﬁﬂizlﬁlﬂlm‘]ﬁlﬂﬂqumﬂﬁlalcﬁﬂi%1ﬂ®1§ﬂ1ﬂmﬂﬂ‘Hﬁﬂaz’e']’élﬁ
A ~ Y o A v Ao A A 1A Y
a0y (1/]3J"Ulﬂm°l/]EJ‘UUlﬂﬂ‘]JﬂﬂﬁJfJﬂﬂﬁU"’U’éNNﬁl!H) V]Mﬂ313JﬂU13JLﬂaEJULLﬂa\1ﬂaQ
MINTLIA
a I Aa A 1 4 A A
B 01505204590 L‘]J‘leiﬂi&ﬁNLL‘]J‘UEJ@‘I’iQWU’ENLmGBE)imﬂif]z@]’e]uﬁifﬂmaﬂaﬂu
Ay 1A o A 1w
ﬂ’]HJE]Ul‘JJL‘]Jaﬂullﬂaﬂﬂaﬂmiﬂim‘NWUﬂu
a I a A [} J A~ A
B 0190521995 101U L‘]Juﬂﬁﬂizmﬁlmﬂlluﬂﬂﬂqu"llﬂxim!ﬁb”t]i%1ﬂ1maﬂa1/mﬂ’)nm
' P}
Lﬂaﬂuuﬂaﬁﬁaﬁﬂﬁﬂizmﬁsﬁuﬂgﬂ‘uaﬂHmzﬂJ@QImaf}a AITULANAINUDN
[ 1 ~ dgl [ ~ 4
WANTUHISTIN TW@B‘L&G]ﬂﬂ‘J%“VI‘LI L!,a8I“NG]E]L!‘Vlﬂ1EJE]’e)ﬂ3J1SIJuﬂ‘]_I13JLﬁQa‘I/ILmG]5’EJi
15]ﬂﬂiz“ﬂmmzﬁ’ﬁ]ﬂﬂéjﬂﬂﬁ/ﬂﬂﬁlﬂaEJ‘L!LL‘]JaQGUE]\iWﬁQﬂQﬂuﬁuﬂlﬂﬂﬂﬁﬁ/u (One

Vibrational Quantum)

Virtual level hv

Virtual level

Vibrationally
excited level

Ground level

Ground level
(a) {b) (c)
nlszney 2.1 SuasAsMsnszae e S RUFIHTUARASE N 3 1
(2) uUDSEa  (b) uuvll uag (c) LUV
ﬁm : L. de Schoulepnikoff, V. Mitev, B. Calpini and H. Van den Bergh (1998) Tropospheric air pollution
monitoring, lidar, Encyclopedia of Environmental Analysis and Remediation, John Wiley & Sons Inc,

ISBN 0-471-11708-8, p. 4874.



STUDY OF LIDAR RATIO EFFECT ON AEROSOL AND CLOUD BACKSCATTERING COEFFICIENTS IN THAILAND USING MIE SCATTERING LIDAR

@ A < o a ¢
Tuussormail Twanavesunanlvuraanuindsi duasnszide lddessuilunis
a s A g [ 1 v ¥ o o A A A o 7 1
nIaUE saNudad IUHNAUNUAAITUDIANVEIAAUNANNIZNUTY 1ADUNINALDDY
aosluussmimeimsnsznemnnuazivinanianidgeegluidelszuim 001 Wm daviane
A ' a o A J ;1 =2 o Y a
lunsou Neglunidvvesanuenaauvedlants auiveynnazesiaosdeildudinizivg

A dy 9 d' dl 9 J Aa a ~ 1 a
Wi’l’]mfJ'JL‘]_IuulﬂiJ'lﬂIﬂEJLﬂW'lgﬂ']']llEJTJﬂﬁ“L!‘V]Gl“]fclullaﬂ']i“lﬂllﬂﬂ"liﬂﬁglﬂQLL‘UUﬁJ UANTTINISLIN

v

ﬂmazamaaﬂﬁmmcffucfs’aumﬂc?ﬁuﬁumm%mmmmmmzmﬁﬁmmmwmaumﬂazam

= =1

ane lagauiinvesazedassinnummeitazanudnyaeaounvile lUd@naniuini

% o 4 I A
waz o nanvae lavaerile1)dana1due (Spatial and Temporal Character) ¥aiilu'l1)1denas

J

Tunsniaa (Prediction) N13nszIRsvetazessaos Inuluddremsimuadyyinlaars
luneasstudiunisnsziiedie Tuanaomaadusamam lduiudianiidrens 19doya

WIATITUUDIVIT TN

o @ = A A A 9 @ Jd A a A 9 =
ETTH‘E‘]JT]’Q‘HQLL@%LV]ﬂuﬂmﬂﬂ’J"U’ﬂ\iﬂﬂﬁgﬂﬂqﬁ@ﬁﬂf‘uﬂﬂﬁﬂiglﬂﬂllﬂﬂhﬂ1%1uﬂ1§ﬁﬂy1

Y
v

09;} 1 Iy o [ 1 o a 4
azootavsuaziudlusuIns Tnadlosmniv Janvauznallldusmsldunassuiiauaaasos

wuuWaduuL Q-switched Ruby Neodymium Doped Glass (Nd: YAG) L Dye Laser T¥adni

[ [

1 g o 4 P 1 a o 1
BI9I01 20-40 ns ﬁuﬂumemwummamwmwaﬁﬁﬁwmam@giuwamzmn 2-3 mlJ 5\‘1

Y
Jd o

va1ega  Awdveams Iiwadsioen lulindosynine 0.1 Hz Daviane nladsad (kHz) Taoil

o @ d' d' a Y Y 1
ﬂWQQLﬂﬂﬂﬂNﬂﬂqﬂuﬂﬂﬂ’ﬂ 10 W

A A 4 Y v 1 J . v o . o
1n5040 laa1s Usznoudiedlasaases (Laser Transmitter) 18sf33U (Receiver) Q1
L4 1 [} 1 I'd a [} ana Y] 4 ]
iesgnildseesn liandrldesawes lhinaduasnseinuesndszneuaise luusseims

~ a 1Y) 9 9 4 A d v o = [V
U,a$Llﬁ\i‘ﬂﬂigH]\1ﬂallll']Qﬂi']‘llﬁjllﬂ'lﬂﬂaaﬁiﬂﬁﬂiﬁﬁu (Telescope) ‘V]LﬂU@ni‘U Iﬂﬂllfnﬁi]ﬂ'n@

v H
A A

o Y a o . . { 1 o J o o [
Lﬂ?@ﬂll@ﬂﬂWiﬁLﬂﬂﬁuWﬁJﬂl@ﬁﬂWﬁﬁﬂ!ﬂ@] (Field of View) ﬁu@mmmu Ulﬁﬂ'liﬁ'lﬂi'ﬂﬂ'li@]i?fﬂilﬂ

"PS. Argall and R.J. Sica (2003) LIDAR/Atmospheric Sounding Introduction, The Elsevier
Science Ltd., p. 1169.



STUDY OF LIDAR RATIO EFFECT ON AEROSOL AND CLOUD BACKSCATTERING COEFFICIENTS IN THAILAND USING MIE SCATTERING LIDAR

Az003900080NMIUUNNNITNTZITINAVVOIAININUTTEINMT0I9IN Tuanatazoyn1n lag
v 4
dyanunnavudaiaitai ldawsomdasidiuvesduilszansnnizfanduueazoos

1 A A J =& v 1A o . . o Y
'ﬁf]ﬂ@]@Illlaf!am'ﬂQllﬂﬁ‘ﬂﬂ'ﬂufﬂ?ﬂauﬂ'lﬂuq Llagﬂ']ﬁ']ﬂﬂ']ﬂjwa'lllﬁlc]f%u (Depolarlzatlon) 1/1'1{114

a v 4

ladoyanedumsuInuIIUUIAYeIaz009aDY LA BIAUTZNOUVDIAZ0DIADY
P lq ¥ ° { o Yy SR A i
aumslaasiduaumsnlgmsvauIdasunialaalteszuulaasFanarsang
a 4 4‘ A a a AAarAa 4 o’ql.; 9 a
WITNaeS vounTeslouazlSuaurissainand aums laasnalddsznoudlensnsziag

o [

{ Yo (% 4
Hﬂﬂ’]Wﬂﬁ$ﬂ@ULLUUﬁﬁ1N1§ﬂ GlGIfﬂ'IU'Jmﬂ')'lﬂJl,Lﬁﬁ"UfNﬁiyﬂlu']mﬁ']ﬁiﬂi$ﬂﬂhlﬁﬂ'ﬁlﬂc] Iﬂﬂ
o A o JIIA o [ o v 1 dw o ddy
5]114'31411/‘]@@uﬂ']ﬂllﬂﬂﬂ@ﬁ]'IU'Juwaﬁ"ﬂ’i)@ﬂll'Iﬁ]’]ﬂﬂ')'lﬂ@]f]&ﬁl%@iWﬁﬁHUl'ﬁN Gluﬂimu%

1 =K A J = . A o J ! ' = %
ﬂa’]'JﬂQL‘Wﬂ\?ﬁgﬂﬂllaQWiLL‘]J‘]JLLﬂULﬂﬂ'J (Coaxial) 1/]a’]ml“]fﬂigﬂﬁQﬂﬂﬂhl‘ll'ﬂgﬁlULLﬂULﬂﬂ?ﬂUﬁUTN
o 9 1 o A IS v o o Y I Ay A a a d?
VBINITAIUNA Iﬂfli“lﬂ!fﬁﬁ\?ﬂ"l!l!ﬂllﬁ\ﬂﬂﬂ!!llllWﬁﬁ Vnﬁlﬂﬁ']‘lJ']ﬁﬂW?ﬂ']WﬁfW]Lﬂﬂﬂ']iﬂﬁ&ﬂ\ﬁlu

d' 9 a (% d' Aa 8 o
mﬂL’JﬁTVIGlGHGl‘L!ﬂﬁmu%NULﬂLL’dzﬂﬁﬂﬂlﬂ\i!!ﬁﬂﬂﬂﬁgﬁ]\i aanmlseney 2.2

Scatterers
]
F F
r=Fange fup = ric r.::‘own = pfe
CGround
b 4

Y

'rrora.i' =" up + 'rdown = 2ric

r={Tiotar . c1 2

Y
% %

AMlsznew 2.2 uHuAEAINs T UIUM TR donTuRUnavesdyainauasin
N P.S. Argall and R.J. Sica (2003) LIDAR/Atmospheric Sounding Introduction,

The Elsevier Science Ltd., p. 1169.

8

A.R. Biral (2003). Analysis of The 2002 Malargue LIDAR Data through Fernald’s Method,
Research Report, UNICAMP. Brazil.



STUDY OF LIDAR RATIO EFFECT ON AEROSOL AND CLOUD BACKSCATTERING COEFFICIENTS IN THAILAND USING MIE SCATTERING LIDAR

v p, Wudyananaesniasseon iy uag Pz) Wudyapunizitnduiia’ld o214

ct A 2
P(z) =P,k — B(2)T* (2) (2-1)
2z

A a A

A A a4 A g do o = a
“lwnu k 79 ﬂizﬁmmwmmmimmmﬂuﬂmwmm ct ﬁmﬂmszﬂzmﬂumsmumq

PRI, s a o oA o 2 A
ﬂl@ﬁlﬁl%@iwaﬁﬁluﬂiimmﬂ (Llﬂﬂmﬂ‘i 2 memimumwmwaﬁw‘lﬂuazﬂau) Alz nayy

Y [l 4
AU (Solid Angle) YoM sTuTWdyameluiuin A vesndesIninisad duinlumsss

Jd o J A o v o o o A v d
LALED T ﬁﬁ'ﬁ]@ﬂvlﬂ ISYSNN z G],U‘Uf!'5fJ'lﬂ']ﬁ“l/l‘ﬂ’]ﬂ'lﬁ'JﬂﬁllWu“ﬁiﬂﬂ@i\iﬂﬂﬂ@’]ﬂwaﬁ@@ﬂqﬂ!!ag

9
a v v v v o 1 Y a I 1 a 9
AUNWNAAVIINIIAUVIIANIHUAVDINM AU WA 2 L‘i/ﬂ"llmﬂﬁmuvnﬂﬂigﬂzﬂw z

4
v W [

' Y ' S A J a 2 9 A
JUUHUAAY 10 ns Wﬁ\ﬁnﬂﬂaﬂﬂla!,“])'@iwaﬁﬂ®ﬂ1ﬂ3$8$ﬂ1\1ﬂ7\|ﬁﬁmU‘Vn\'isllullﬂ‘]_luﬂﬂﬁﬁ']ﬂ@ 1.5

4 1
m Nou B(z) A5z ANTMINTLIINAVIFIUT AT (Volume Backscattering Coefficient) a4

[ [

J v a A a o A o 1 = 1 < -1 -1
3J‘W°L!TJﬂ‘U”]JﬁllTm}l"lﬁﬂuﬂﬂi3!5]Qﬂﬂ‘ULlI’E]fﬂllﬂ\‘lWTuﬂ’ﬂiJ‘WuY’Uﬂ\‘]‘Uiiﬁﬂﬂ"lﬁ MU0 u m' st

d' o d' a (% 421 (% dl A dl =
WU INABUNNTLRINAVUVUN VY NVOUATBINDNTIVTIN I U Lazimow T(z) WYY

] 4 ] { a

AanuenNsa lumsrnly (Transmissibility) #3auslnmesveamsmiulyla lumsi Iiaewau
1 dy a 9 dy o w d'

maduyssemanniiuau 1l 1dsceenie z Tuaums @-1) meutisnthideasaitesninlnaou

Y

Aungeen lluaznduinnszeema z  Taslndmenvyeansanneu (Attenuation) HINLAA
L] o a J ad

aglumentens InuFeadnal (Negative Exponential) 914N UBYLND3-1tauiiisn (Bouguer -

Lambert Law) Hufe

4

T2 = '@ = exp(-JaE)d) (2-2)
0

as = =2 A a
Tuinll T(z) ¥u18DIANANFIUES (Optical Depth) VOIUITIEIMANAOAANNGI z  UASIFTHN
4 4
olz) ’nauﬂszammiaﬂwaumsﬁu (Linear Attenuation Coefficient) w?aﬁuﬂszammmmﬁ

v

Augarlsning (Volume Extinction Coefficient) ¥9IUITOIMANANNGITENINO Dz X

10



STUDY OF LIDAR RATIO EFFECT ON AEROSOL AND CLOUD BACKSCATTERING COEFFICIENTS IN THAILAND USING MIE SCATTERING LIDAR

v
=

1 I -1 £ o a A naj a A
WU U m Gﬁﬁﬁuﬂizﬁ"ﬂ‘ﬁui’mﬂTﬁQ’ﬂlu?iWﬂhlﬂsllﬁlx‘luﬁ’\im@\ﬁﬂﬂﬂ\‘iﬂﬁﬂi%!ﬁ]ﬁlmgf‘ﬂﬁﬂﬂﬂau

dyc:s’ ~ o Ao J A 9 1
I@ﬂﬁilﬂ'l'i (2-2) mﬂumammmmmwmmumﬁ81mﬂwﬂaumﬂﬂimm

{ 1 v o Q’j o Y A
auns (2-1) ﬁﬁaTﬂLﬂ@ﬁJﬁLﬂUﬂTﬂﬁﬁﬁ ﬂQuuﬁ)']fﬂLLﬁﬂQﬁNﬂ'ﬁiUW]@ﬁJ"U@Q UIULLNLTN

[

We'e (Range Corrected Signal) 130 tyimmﬁm’wﬂﬂal%ﬁﬁﬁﬂ (Range Normalized Signal) Aail

z

X(z) = P@)*z2 =  CPB@ exp(-2[al)d) (2-3)
0

v Y

Aa Ao I o o
wanaudFaide X ) Wuileaddunau

[

nu 2 dawls B (2) uaz L (2) Tae

a(A,z) = GE (MN_(2+ OIOGE(K Z')N (z Z')dZ’)
5 m m a D) a 5

0 (2-4)
¥ Zo?(x)Ni(z)

ae

o0
prho = BN 9+ [0l LN (22ha) @)

0

v Y
Tund c’y‘ ADNIARAVINNITNTZIA (Scattering Cross Section) 1182 N, ADANUHUIMUUYDI

4
Swaueyma E B 1Az A ug@aInizuIumMIauga mMinsziienautaznsganauauiiay

dm5U m uaz a udedTuaNALAZAZEOIADIANAIAY | HEAAINITAANAUAIIAIGANIUNY i

s Y
%

Tagduilsz@ninedosvesazostassuaatlugilvesmsouininaoavinavesoymn z'

(N



STUDY OF LIDAR RATIO EFFECT ON AEROSOL AND CLOUD BACKSCATTERING COEFFICIENTS IN THAILAND USING MIE SCATTERING LIDAR

9
NANGUEMINTZIWEWA dunsouannnuduiuies o waz B Al

s =1 = — g (2-6)

3 [} g o ° o v o A Y v yv ] 1 1 1
Tag s dhivufuanuge dwivazossassanuduiusindeiuidainnwe udedels

[

[~ a o J Y]
AauA873v0 1N 03517ad (Fernald’s Method)’ 1@ tauoanudunus

S, = %, @ (2-7)
B, @

=) dyl [ 1 J . . £ d? o a
Iﬂﬂ!ﬁt’lﬂ Sa mmmmm"lamisumasamaaa (Aerosol Lidar Ratio) c]fwuﬂugﬂl,mmmwuﬂ
d! o Iy 1 a o oa/l dy d'
RN EAINI5 L3N] Gﬁaﬂmuﬂiwum@giuwm 10 sr < Sa <100 sr  MNUUITTINANTLD1A (Clean

. 1 1 Y1 o v o { . 1 1
Air) 9211 S, aglndnmidinadiga UITEIMANLNAN1IZ (Polluted Air) LA S, UINNI40 st

[ d
2.2.2 oasaulas (Lidar Ratio)"
7 v 7
sasaulamsAedandiuszninedulsz@nimsdugavesazessaseiudullszdns

Y 9
%

a [ =& a a qs: A A 9 ~ =R 1 dl
NITNITSLINNAUVVDIASDDINADY °]NﬂiMWﬁ!L%QLLﬁ\‘]‘VNﬁ’é)\?“l/ll,ﬂﬂ’]"ll’é)ﬁuellu UAIANUYTINAUUDN
F4

HaNanNNIENY ﬁ%ﬁﬁ}ﬂlﬂ UASNITLUINHIIUDIVUINUDINSDDINDY IﬂﬂWﬂﬁﬂiiMﬁﬁﬁﬁTﬂ@ﬁ]

(Y Y 4 a Y] 1 I
113JGI$€°1L‘1]1!°LAﬂL°IjEN§]1ﬂGl,H‘UiifJ'IfHﬁa8@@\‘1a’é]EJ“HEHﬂ’Ha'IfJGI)”L!ﬂllaggﬂu‘ﬂ‘ﬂ’ﬂgﬂu@ﬂ%‘llﬂu

4 =& 1 v dyd v A o 1 @ 1
’E)\iﬂ’lli$ﬂ’é]‘UNﬁ3JNﬁ'lu (Mixed Component) S§AANULANA NN UUNAVATUHNHA NN LD

[

4 [~P= 1 [ o A A VK] 1 ~ [ Y= %
’E]\'iﬂ’lligﬂ’é)‘]JﬂﬂJsUu']ﬂ?l’1.]5'I\Wn\‘lﬂuﬂ\‘i‘ﬂufﬂﬁJ]l’Jﬂ’JEJﬂWiLL%ﬂLL"INﬂ'ILﬂaﬂﬂlﬂﬁiﬁﬂllagﬂ']ﬂﬂﬂ"ln'lﬁ

° A.R. Biral (2003). Analysis of The 2002 Malargue LIDAR Data through Fernald’s Method,

Research Report, UNICAMP. Brazil
" J. Ackermann (1998) The Extinction-to-Backscatter Ratio of Tropospheric Aerosol: A Numerical

Study, J. of Atmospheric and Oceanic Technology, 15, pp. 1043-1050.

12



STUDY OF LIDAR RATIO EFFECT ON AEROSOL AND CLOUD BACKSCATTERING COEFFICIENTS IN THAILAND USING MIE SCATTERING LIDAR

a

% J IA A =
vl uaresnllszneuvesazpedansuNyUan M sasunlainsuanuasvuiaLaz vl

o v

] v Y Y
wnaiilesnnmsulasunlasvesanududuing msizanududuinsulsamanugaves

H P4
=\

& v P o ¥ A ¢

FUU3501MALNE 1an (Planetary Boundary Layer: PBL) Mtiindu aatiulunmsiadiomnsoslaais
A A a dy v o a @ 1w '

igﬂﬂllﬂﬂllﬂulﬂfJ'J‘V]11ﬂ’]iLﬂafJ“LlLlf]J'CN6]]@\‘1ﬂ')']llGIfu’ﬁ?JW1/]‘ﬁ9’]'lll1/]'NL@HT@\?ﬂTﬁ')ﬂﬂ'I@@]T]ﬁ'Juula

P = ] v @ A W
asnansilasumlainelanNudunus runy

4 o [ 4 o w 1 1 a 4
Lﬁi’)Qfﬂ']ﬂ’é)@]ﬁ'lﬁ’(]uulﬂﬂWﬁflﬂ'ﬂiJﬁ'lﬂiy]@@ﬂ']T]Jﬁgll'lmﬂ'lW']ﬁ']iJm@isUﬂﬁagﬂﬂﬁﬁ@ﬂiu

[

=2 A = o ' s Yy Yy A A '
UITTYINA ﬁ]\‘]?Jﬂ?ﬁf”fﬂ‘HTﬂﬂai’)\‘l‘ﬁ']ﬂTE'J@]iWﬁTHUlﬁﬂ']iﬁanJLl‘]J‘]Jﬂ'JﬂﬂUIﬂﬂi“]ﬂﬂi’i)\ill'ﬂ ALANE N

9
4

IR o Ao o @ a A o [
ﬂsUuﬂ‘]_lﬂ'ﬁﬂﬁgﬂ\l']mﬂ1ﬁﬂﬁﬂWﬂﬁﬂUUﬁl3mﬂﬂ1ﬂ’]i?ﬂ

J

duld useeelsiausasiaiulaais

3 Y ' Y A Y A g a A a
LLﬁzLﬂHﬂJ@Nﬁ’dﬂ@u‘ViUWWﬂ"lulﬂ Gﬂllﬁﬂ?“h!%‘ﬂLﬂuﬂiﬂﬂ]@ﬂﬂiﬁﬂTﬂWﬁ Iﬂﬂ@?%lﬁ@ﬂ%ﬂﬂﬂl@ﬂﬁgﬂﬂd

9
v A

Y H
aoouuureyluiiesdu lanndnvazgilszmeveamasiiiinmsia dail

u A dy = = v A :’ 9 1
UITOIMAMHeNUNIY Nazessanenanne ’E)“Léﬂ1ﬂﬁ$a18u1ulﬂ ’t’)l;!ﬂ1ﬂulllfﬂ$’fﬂﬂ

Y

W1 taguun (Water Soluble, Insoluble and Soot Particles)

" yssemAtiouriayns Jazoesasonanne aenga oynaazatwiila
A o ~ v A A Sy
" yssemiamilesneilanzia Jazeosasenande ndengia oyninazaletilla
LAz
" 5591NIAtioNIanI e Haze0sn0snanne oyn1ALINIINBYAUOYNIA
Y
o 9
azawin'lé
[~ a { ) ] a 5 ] 1
Tuanuduasadinslasunilaivo 1009900011 VAL 00I00IFUANII OATIAIUNT
4 d‘ [ [ ] Y o 0911 [ 1 4
NANUD909A TN UNUANA AU IaTanu'ld auTumInidasidiu laas vo1azo0d
M IR = a A Y a o
aoelusu Ins Inaes vl ums AN UFITLUDUALMTAUAUIFIAUAY

9
1Y ara 4 a A a
MuranmMINNHNand Uszansnmmsduga (Extinction Efficiency) o, , (r, m, A) tag

Ext, I

Y32 ANTAINMTATLININGY (Backscatter Efficiency) o (r, m, A) gwnsofmiuialdaw

Back, i

aA . A A v A A v A w J
NYYHU (Mie Theory) tN® ADIANVDIDYNIA m, AOAFHNYeIeIAlTENoUUeIaz0IaDyY

13



STUDY OF LIDAR RATIO EFFECT ON AEROSOL AND CLOUD BACKSCATTERING COEFFICIENTS IN THAILAND USING MIE SCATTERING LIDAR

i1 9
a . v @ (% 1 I Y
FUA 1 LLAS kﬁ@ ﬂ']’]llff]')ﬂau"ll@\ulﬁﬁﬁﬂﬂigﬂﬂ ﬂQHUﬂ'lﬁﬁ']ﬂﬁﬁ'lﬁjullaﬂ']ﬁﬂ']fJﬂ’li

Y
o a o v v 1 4
AUUUNTITBIG ﬂuﬂﬂllﬁﬁgi’)\‘]ﬂﬂﬁgﬂ@Uﬂlﬂﬁﬁ%ﬂ@\iﬁ@ﬂ%giﬁj

M™M=

> 2

jQExt,i(r,mi,X)nr ni(r)dr

s = =0 (2-8)
[ (r, mi,K)nrzni(r)dr

0

Back, i

™M=

1

i

! o 4 a A
Tﬂﬂﬁ M ﬁf] UIUVDID9AYTENDUVDIALDDIADY ni(r) ﬁ'ﬁ]ﬂﬁN']mﬂTilﬁlﬂllﬁNl"]N Lognormal

v
[ ]

1 J A = =
VoUNazoInlZNoUYIaL009aveNusAl r iAo

=t (2-9)

v L]

o @ 1 Jd o o a g = {
Gl')'t’]EJ'NﬂWﬁﬂ"I“L!']m’t’)G]31ﬁ3u1ﬁ915ﬁ1ﬁiﬂﬁ$ﬂ@\1aﬂﬂﬂilﬂmﬁuﬂﬂﬂﬁﬂi&’ﬂﬂﬂﬁﬂﬂﬂuﬂ']ﬂ
:’ 9y 1 g} 1 9 [ A A
azaeila eumaluazaieti uazwi ldwadenmilsznon 2.3(a) MN1We1IAAY 532 nm
A o o ¢ Aa 1 s ~ Sy v oA
HAZANUBUAUNNT 90% 'V]llWﬁG]'t’]@Qﬂﬂi%ﬂﬂﬂ@ﬂﬂ']ﬂﬂﬁ%ﬁ']ﬂ“"lllﬂ HAZAINNITNITUNIATU
@ o Yo a A t:y a A a o 9y = 9y
WﬂLW‘VI"IGh/iﬂ?l&ﬂiuﬂigﬁﬂ‘ﬁﬂWWﬂWiﬁuﬁ;ﬂllﬁgﬂigﬁﬂﬁﬂ']‘Wﬂ']iﬂﬁglﬂ\iﬂﬁllulﬂ Iﬂﬂuﬂ’]ii“ﬁﬂ’]ilmﬂ
1 4 ¥ A 9 9 o qIy 2 A o o o
LL%\‘]GUU"Iﬂ"lli’]\‘1!L@]ﬁ3@\1ﬂﬂ53ﬂi’]iJleﬂllL]JLﬂEJ'J“U’t’)Qﬂ'JfJVI151Whlﬂﬂ"liﬁuq@!m$ﬂ']§ﬂi&’mﬂﬂﬁ‘ﬂﬁ’]ﬁﬁ‘ﬂ
Ao A @ 05/1 4 @ 1Y
UMANUTAUANNUYDING 3 03Alsznousmnunuaaaaalumwilsznou 2.3  (b) 910
[ 9 9 1 dldl 9 [ :ll a [ Qy ~ Ad'
ﬂ']qxiﬁ!ﬂsl]@\‘]Lﬁlﬂﬂ\?Llﬁﬂ\iﬁju‘ﬂ!ﬂfJ'Jle’t’)\‘iﬂﬁﬂ"U't’]\TVNﬂ']iﬂimﬂ\?ﬂaﬂllagﬂTiﬁuq@Wﬂ'JnJﬂTJﬂau

= 1

iAW o 1 <] Y '
532 nm ANINEYMANLSANTZHI9 0.1 - 0.6 Um  lasdasidiulamsnaesaiidiuves

[

v
sunnsaveudu lAsmsauganusunniaveudu IAImsnszRnay

14



STUDY OF LIDAR RATIO EFFECT ON AEROSOL AND CLOUD BACKSCATTERING COEFFICIENTS IN THAILAND USING MIE SCATTERING LIDAR

r in pm =
b7 i :I'.{:j_E PR .:I.'-O_l. T .:I.'.ﬂﬁ L ..1.'.01 103 E
b (a Water Soluble | =
= i Raat . i
‘f‘ ====-= Insoluble - !E:'
i o
0107 i o
E e
g %
= o u
-8 |-~ ~n,

— 10 (b) —— Extinction |
L, ] -—— Backscatter [ g
7] L
E ] | =
S B T
o 1071 10 ﬂ
- -

. - 3
i j [ [~

P T il N A ' N Y
107 107 10° 10!
rin um

9
@ 1 d o o 4 @ a
nnlsznou 2.3 ﬂﬁ‘Vﬂ’E]G]i1ﬁ3uulﬁﬂﬁﬁ1ﬂiﬂﬂﬂﬂﬂ§$ﬂ@ﬂﬂ]@ﬂﬂgﬂﬂﬂﬁﬂﬂ‘ﬂﬂﬁ'm%uﬂ (a) MILANL
a @ ay g J { 1 @
UYDIVUA (b) ﬂTﬁﬂi$m\1ﬂﬁﬂllﬁ$ﬂﬁﬁuq€ﬂﬁlﬂuW’d'ﬁ’JiJ"U’E)\‘lfNﬂ‘]Jizﬂf)UﬁLLGlﬂﬁNﬂu
131: J. Ackermann (1998) The Extinction-to-Backscatter Ratio of Tropospheric Aerosol: A Numerical

Study, J. of Atmospheric and Oceanic Technology, 15, p. 1045.

[ a dy = v 1 =1 = 9 [ Aa v dyd o
ﬂWﬁ'Jﬂag’E]ENﬁ@ﬂﬂﬁL'JmWU'V]'J‘]J“L!‘ll'J'I‘ﬁii?JﬂTl/]q@l,l,aglﬂﬂ']"’ll'ﬁlﬂﬂﬂﬁ']u'ﬁ]ﬂuﬂﬁ"llﬂu111'1
1 o a dy = 1 091’ Aa dy a (A 9
ﬂanmwwmﬁmaz’ama’aﬂmnmwuwaﬂmmu a$'E'J@\‘1a@ﬂﬂﬁlﬂmwuﬂﬂﬂﬂﬂigﬂ@‘ﬂﬂﬁﬂ
4 Qg.ll A Aou A A A zi?l dy o o 4 o [ va A
@Qﬂﬂigﬂﬂﬂﬂﬁﬁ'lﬂﬁfuﬂﬂiﬁﬂlﬂaULWM"UUGIHJ?]'J'INGD'HETNW‘WT} AINTUANUALBILTILAY
ﬁy o o ZA o A 1w 1 J a 1 o
AIMUBUTAUNNINNINUA ﬂ'li!fllafJ‘LlUJJaQﬂ']'E]@Iﬁ'lﬁ'J“L!h],aﬂ?iLﬂﬂ@lWNﬂQTMLLﬂﬂﬂ'N“UEN%'IH’JU
o 1 L. . o 09.1} =KX o g 9 a Ay A Y o
DATITIUNITINEY (Mlxmg Ratios) ?N“L!“L!le"I]']L‘]JH@]’E’]QW"l]']iﬂﬂWﬁfJ‘V]ﬂ’J'N"U'E]Qﬂ']ﬁi’l?JﬂlfN"lﬂU'JU

o 1 A J Y Y A A % 1 J dyd 1 (Y
’E]G]i'lﬁ’)uﬂ'lilﬂﬁll‘ﬂL‘]Ju]lﬂ‘lﬂﬂ’JEJN’E]‘L!U],GU"U?JUL‘UWV]’NNQTJN8@]51ﬁ’3uﬂ13Nﬁulﬂﬁ'lullﬂuﬂ'lﬂ‘ﬂ 1

9 Y
Y ' ) o o 1 o g
Taglioasdrumanaudmsveymaazainirla symaliazaeh vazwiniu g, W

15



STUDY OF LIDAR RATIO EFFECT ON AEROSOL AND CLOUD BACKSCATTERING COEFFICIENTS IN THAILAND USING MIE SCATTERING LIDAR

uag W, MUAIAY 8aIaIUMINAN L, (GUIEHI190.1-1 Tura 0.1 uel [, 150584396 x 10°
-5 1 -6 A ' a 1 ~ [

—6x 10" Tur196 x 107 tag W, 1515%9190.9-0 TagdSunauuiigsn 0.9 uazessassly

VSNUANLDI (Urban) 7 N1l52no1 2.4 uaaidaiiaiulamsimas S uagmsuesnIngl S

o o § v o J { y

AMTVANUFUTUING () 0% 50% 90% 1ag 9% NAWEIINAY 355 nm 532 nm LAy 1064
1 cf// A = S A dy v o

nm WU 3 Anwemnaumslasuuilasves s amnngananuyuduing 0% lasmwie

a 1 H o a { 1T W ] 4 1 H @ 4 S

Ysmanninfgeihldnanmsdesuunuinvesadasidiu lassnnaundsveuiufuings

[~ A 1 v A W (] a . A 2K o Y a -Qy

Wuraiiodnnmariiny ludIugauAf (Imaginary  Part)  NRAIZRM Inamsduga

A T G v = Yy Aa A

iesaneymatialtl dmsui 1064  nm wansznufieranaunulaaelsuaeyniaily
o & 4 s Sy o o o v o o

azarihiige manldsunilasvesesniszneuin azareihliunuindragydivsons

= o 1 s A Yy A o v 1 A
nasunlasaiidiulanisi 1064 nm vazhlinansznudesi 355 nm  dwisaudouny
] Y
1AsgIu s wesdanaiulamisiuindmiuusazanuenautazANUFUF NI SIAANA

E) a H 4 [ ) P 1
Aszney 2.5 IduvoUIIAMTAANEIA (Error Bars) 2 s NANNFUFURNT NUUUOULAAID

A @ 1 4 a A = 1A 1 @
ﬂ']SL‘]JﬁEJ‘LJL!,‘]Ja\‘]GlJi’Ni’]G]i']ﬁ’)uul’c’lﬂ15SmiJﬁllllG]jjTL!1/]llﬂﬁLﬂﬁﬂuuﬂﬁﬂﬂl@ﬁﬂ'muﬁﬂﬁnﬂﬂ‘L!"U’t’N W,

b, uas L,

16



STUDY OF LIDAR RATIO EFFECT ON AEROSOL AND CLOUD BACKSCATTERING COEFFICIENTS IN THAILAND USING MIE SCATTERING LIDAR

Mixing Ratio Soot { },13}

0.0 0.5 0.0 0.5 0.0 0.8
| I : Tl T P
=¥z : " k‘i =50% - =00 ! |
&5& nm: &, -Eg nin o, {‘,Eg nm o)
4" ER ‘f‘ : ;'lrlj' cr‘l?.l 4
RS - o @
G e O
2 N - 2
b . :tb JJ‘
_oz . a[lf=sen T i=00%
5 és nm o/ '.3% nm % g ggn ¢

i

.

a
5
Mixing Ratio Water Insoluble (F2) =+ 10

Mixing Ratio Water Insoluble (Mz) = 1073

1.0 0.5 1.0 0.5 1.0 0.5
Mixing Ratio Water Soluble {}_11)

[ ]| Continental Clean
<> Continental Average
A Continental Polluted
() Urban

amiszneud 2.4 mswdsuntlaswessasidinlamsisna 1danmsasidinlamiinde S A

ANWETINAL 355 nm 532 nm LAY 1064 nm UAZANNSUFUINE 0% 50% 1AL 90% iduge iduilse

waziduiunanamsifouuuan S maau Aud 1agNIDINAWS IR taziinouas (Contour) 1 st
Walsasdrumsnauvesazeniauin 4 uuuuaasedanyal 11sedalsing lunm

‘ﬁll”l: J. Ackermann (1998) The Extinction-to-Backscatter Ratio of Tropospheric Aerosol: A Numerical

Study, J. of Atmospheric and Oceanic Technology, 15, p. 1046.

17



STUDY OF LIDAR RATIO EFFECT ON AEROSOL AND CLOUD BACKSCATTERING COEFFICIENTS IN THAILAND USING MIE SCATTERING LIDAR

Relative Humidity in Percent

0 20 40 60 80 100

L S ?;aa

| Continental Aerosol {i i
—f8— 355 nm 3

71 ¥ 532 nm 70
» -49-- 1064 nm 5
wm ra]
o o
e ey
O 80 1 L 80 O
= '
-+ ]
© o
o i
F-| e
(v} o
7 50 - 50 o
= o L

40 - 40

R G | R N PR

Relative Humidity in Percent

Y v o ¢ ] { o o ¢ o . 2 ]
ﬂ"l“lNl]iZﬂ’O‘Uﬁ 2.5 mmauwumzmwmm%ufmwmmmemmau"lamsﬁmmﬂnﬂﬁumm
o w a A a9 sy Auvg o w1 A A, v '
M5 VazeevaoaUTUNUNI L’ﬁuiﬂﬂ‘ﬂvlﬂ!,ﬂuWﬁﬂ1§ﬂ§$%18@1§ﬂiuﬂ1aﬁ 1 S T]ﬂ’lU’Jfl‘l]lﬂ Laga
= Ao a = I ~ v
EUE]‘]JI,"’IJG]EUE]\‘IﬂﬁﬁJENL‘U‘L!‘V]ﬂ1u3mﬂuﬁull¢l§1uﬂlﬁl\‘]ﬂﬁlﬂﬂEJHLLTJEN‘U’OQ’EN?HJ?Zﬂﬂ‘]JT]LLG]ﬂGINﬂu
17: J. Ackermann (1998) The Extinction-to-Backscatter Ratio of Tropospheric Aerosol: A Numerical

Study, J. of Atmospheric and Oceanic Technology, 15, p. 1047.

=

= s a 2yl g P = Yo
madasuudasvesesndsznovnazareiirldniussnlseneuasinldsunaniznu
dy [ [} o d' OBJJ a) =1 [ dy [ [ L4
NMAANVFUFUNANT Tagn15lasunasnavuaved S tag s MNIUNVANUFUTUNNTS 0%
a [~ { { g} { n
wnsawmiowdumsnlasunlasvesesndszneunazaieitld msnlasuulasues S uag s

[] v 9
1090InM sy £ Teosduna 1ALNN1SaAv0ImIAT IR IIMNIdIUIT BT aIUQANAR LAz

18



STUDY OF LIDAR RATIO EFFECT ON AEROSOL AND CLOUD BACKSCATTERING COEFFICIENTS IN THAILAND USING MIE SCATTERING LIDAR

d' [} dd' ld? d' d? ) Y Qy Q' dgl
@ouved n( llgsalinlvgduiesnnms Induveseyma lddrumnmsduganuiy
Y A dyc:s’ @ o @ Aa = 1A 1 Y

ArgnansznuveIMstaouilituvian d1msu f NUATIANNE IUDY 95% WUNUANULUANATNUDEY

4 v
=}

J AA N A dgl @ 1 S A R
FEUINW S N 355 nm LAY 532 nm N fﬂquwu”hJ a@mmu"lamimmuﬂ 532 nm LlgaAaY

H yz: A [] Y a 4 a [ H 4
‘ﬁ 355 nm ﬂ1§ﬁﬂﬁ\1ﬁlﬂﬂﬁ]1ﬂﬂ1§LWMﬂfJ'NiJ']ﬂ"U@QﬁhﬂiZﬁﬂ‘ﬁﬂWiﬂﬁgﬁNﬂﬁ‘Uﬁ 355 nm L“Ij'EN“I]']ﬂ

4 gl 9 ) [ zgl 9 A
ﬂ’]ﬁiﬂﬁu%@\‘lﬂuﬂ'\ﬂﬁgﬁﬂﬂi«!'ﬂﬂ A1HIU L < 95% D1ITAAVIINITAUGANIYNITINUAIINYGID

Q

A [ ] ] P A9 VoA 2
ﬂamﬂuNaﬂﬁwmm@mm’m“lamw 1064 nm UAIUBINIIN 2 ANVYIIAAU NS

3 ~

A ~ 9 o Y J vAa A = a ara 4 oy Y I3
Lﬂaﬂuuﬂamqwm S Py fTHGI,TT‘WiTU'NﬁlIU@]!,GINLﬂiJLLﬁ&%\W‘Iﬁﬂﬁﬂl@ﬁ@léﬂ'lﬂa$a'lfJU'I]1ﬂL‘1Ju

=D.

o ' 4 ' ' J v { o v
‘Haﬂcl?iiyL‘Viﬁ’ﬂNaﬂiz‘ﬂmﬁ@Qi]1ﬂlﬂlw1llazﬂuﬂ1ﬂhlua$awu1 ﬂ’J']aJlljJHHUQUﬁﬂ']uam]lﬂ

' F4 v
Aa K

ANMNIMNAAUUANA O UTAIAAAIAY FAUNVAIY N1 355 nm INdevoannu luuuusuan + 1%
= t:' A A v 1 ] = d' A A o
D91 14% 1532 nm NAdeveInny liudueun £ 1% 99 = 9% tazi 1064 nm UNTeUo9

anuluniueuan + 5% a9 + 11%

T @ 1 J v = o o 1 9 4 A 9
ﬂ?ﬁﬂiwﬂﬂ!ﬂ1@@]51ﬁ3u1ﬂ915uﬂ'3111ﬂ'J"IiJﬁ"IﬂiylﬁﬂﬂTiLLﬂf‘ﬁJﬂTillﬂﬂ"I§LLﬂ$ﬂ1§ﬁ1Jﬂu

4 I3 (% 1 S A
ﬁgﬂﬂﬂﬂ@ﬂiuﬂiiSTﬂT?f Ackermann llﬂllf’fﬂ\iﬂTiﬂTUQmE]GIiTﬁ?uhlﬁﬂWiTlﬂ?]"lllﬁl"l?]ﬂ?lusll’ﬂﬂ

Y
[ o a 1w 1 4
Nd:YAG mmuazamaaﬂmnmﬁuw"iﬂ nia agnsiansiy IﬂﬁlWU’JW@@]ﬁTﬁ’Jullaﬂﬁ

v o J

° o a {2 oA 4 f o [ a
mmuazaaaaa&miL’JmﬁLﬂuwﬁﬂﬁmmuﬁumummﬁ?uﬁuwm 910 40 - 80 sr FIHIVUIIN
1T W 1 g 1 ~ A ~ A
mmmammau‘lamiagizmw 15 - 30 st NANNYIIAAU 355 Uag 532 nm N 1064 nm UM
1 a o 1 o ldg} @ dy v o d
TENIN25 - 50 sr 63’06\1ﬂ@EﬁJiL’Jil!‘iflgLﬁﬂiTﬂ@ﬂiTﬁ')ullﬁﬂ"lihl‘lJélluﬂ‘Uﬂ’ﬂiJﬁlfuﬁiJWVI‘ﬁ@EJN

AUFAUAZUAITLHIN 42 - 48 sr N 355 nm UAZTEHIN 17 - 25 N1 532 nm uag 1064 nm 1A

P4 Y 9
JAR o A v W

< a o o ' o
LLﬁﬂQg@iL@M]1W5ﬂﬁ (Empirical Formula) m@a@@lim’m‘lamimmunummasuﬁuwm \‘]ﬁ

A J i1
s(h = Zaij (2-10)

=1

9 4
{ ! o J

3 A " w , ¢ § o o : P 2
Tudil s AvAdasiau lamsmasnvuiuaNusUduIng (0 FaTns Iauuiag (Vertical

[

a 4 o 1 ] {
Profile) ¥4 f #1149 1ndoyaisalosoun (Radiosonde) Hlvardasraiulamsimaonilanin

19



STUDY OF LIDAR RATIO EFFECT ON AEROSOL AND CLOUD BACKSCATTERING COEFFICIENTS IN THAILAND USING MIE SCATTERING LIDAR

[ [

o o J A A 1 A 1 a
ANUTUNUD UIWﬁqwa!Luﬁﬂﬂﬂlﬂ\‘]f mmazmmEJTmauuaztmaz%u@mmazﬂmaﬂEJGlu‘Vm

9
v = [

7 v J
URUA daiu a Aeduilszd@ns Ind Tudea uaz j Aedaunwnavesdulszanfogszning s

[

J
=

d%l U 1 Jo Y o A .. . U a ~ Y [
- 10 YunugUs19vesilsnduduiutia (Original Function) Iaeduiszaninivlaugaininisig
9 [y 9 9 a [ [ ) § o Y
2.1 waglauaaamsnlssumsuranmsdsunslidulsaIna Tudisaduar S Amualass
A ) [ a dy = =& 1 9 Y '
waaslunmilsgneun 25 dmsvazeetacsuInaununIl Fawuindulasiiuegnielu
[ { o [y 1 J o [ o w
YO UAVDIAUTOUVUIIAS FIUUDINMIAUIUAOAT AU Taas HuIMInsz1eoynIuiiag

] o a a L4
Tuaums (2-8) aNuuUUdUNINIFIAUAMTNT

Y
o [ Aa . 9
ﬁmmazamaaﬂmnmﬁuﬂﬁﬂ Salemink Llagﬂm$ll 11@3']8\111“7']5!!,1]5{5]1%"1]@\1
@ 1 Jd o dy v o VA 9 J 1 9 @ A

’E)G]i']ﬁ?uUlﬂﬂ']iﬂ‘i.lﬂ')']ﬁJG]SUﬁMWVl‘ﬁ mew”lmzwan 20-70 sr l‘lﬁJﬁi‘]ﬂﬂﬁﬂ\TﬂUﬂ"m Ackermann
Bldy 19 12 ' ' =2 =2 9 1
u,ﬁm"hu UaAvyavod Takamura LI AU hlﬁJLW]ﬂ@]N‘ﬂ"lﬂNﬁﬂ"liﬂﬂB']GUi’]Q Ackermann 9343791
Y c; (] 1 1 o 1 dy [ 1) a’d' 9 d' a 4
”l,ﬂmmﬂmﬂizmm 20 sr IﬂfJﬂTIiJllllL!JJL!EJ']GIJ'E]\‘]ﬂ']ﬂ')']iJﬂfUﬁiJWVl‘ﬁT]hlﬂ%']ﬂlﬂiﬂﬂulaiﬂiulﬁﬂi

a J v A [ A oA 1
(Hygrometer) ﬂlﬂﬂ!iﬂiﬂ“ﬂ@u@ i’]']ﬂll"I‘D']ﬂﬁ']Wii{]WﬁﬂLﬂﬂ?ﬂﬂﬂ??h%ﬂ”%?ﬂﬂﬂﬁ@?‘ﬂ@ﬂﬁﬁNﬁ@f)

A A o Y1 a a
IATONUD “I/Iﬂ“lri?ﬂ fqammia

"H. Salemink, P. Schotanus and J. B. Bergwerff (1984) Quantitative Lidar at 532 nm for Vertical
Extinction Profiles in the Lidar Solution, Appl. Phys., 34B, pp. 187-189.
"> T. Takamura, Y. Sasano and T. Hayasaka (1994) Tropospheric Aerosol Optical Properties Derived

from Lidar, Sun Photometer and Optical Particle Counter Measurements, Appl. Opt., 33, pp.7132-
7140.

20



STUDY OF LIDAR RATIO EFFECT ON AEROSOL AND CLOUD BACKSCATTERING COEFFICIENTS IN THAILAND USING MIE SCATTERING LIDAR

@ a =§’o o o w @ 1 4
1IN 2.1 ﬁllﬂiZﬁ"ﬂ‘ﬁﬁ']‘ﬁ'i‘1Jﬂ15ﬂiZfl]"lﬂ@lgﬂiMﬂTﬁQﬂl@Q@ﬁiTﬁﬁuqﬁﬂ'ﬁ

a [ a 45 G}
mmazamaaﬂ“luuinmaﬂymzquﬂszmmmuwumﬂ

Order ANEINAY

Coefficient 355 nm 532 nm 1064 nm
a, 4252x 10 4.531x 10 4.093 x 10
a, 4400 x 10" 2.628x 10" 7.091x 10
a -7.877x 10° -3.085x 10° 2.006 x 10°
a, 1.395x 10° 1.334x 10" 1.767 x 10°
a 7.881x 10° -2.356x 10" -0.6958 x 10”
a, -1.472x 107 1.412x 10" 2242x 107
a, 8.581x 10" 0 -2.708 x 10”

-13 -11

a, 1.350 x 10 0 1.149 x 10
a, -2.899x 10" 0 0
a,, -3.411x10"° 0 0

kY Y aa Y dou ¢ . 13
2.23 MsupaxmMs lamsaedsuuunniuveanlasiian (Fernald’s Inversion Method)
9 4 al 4 I~ (] A T 2 A
ﬂ']il,l,ﬂf,ﬂlﬂWihla@ﬂi (2-3) 'E]'I"l]ﬁiJiJ@]’J'ILW\IﬂWIE]i C sumiz‘um’ﬂummmmmmﬂ%maa
~ P 1 1 1 [ 1 = = 1 9 [
W8N 2 LL“V‘IﬂLGI'E]iT]]l?JTﬁTUﬂ'I (Unknown Factor) 19N1530ATH U “If\‘lul,iJﬁ'liJ'liﬂLLﬂﬂﬂJuWWﬂ?Jﬂaﬂ
- M YY Y 1 & A 9 . o & = g ya o v <
ﬂm@mﬁm“l@m"lwmimﬁumgmwmww ﬂ\‘luuﬁ]\‘l]lﬂllﬂ'liW@l“IJ'lﬂWiLl,ﬂﬁiJﬂ'liulﬂ@lﬁ’ﬁ)ﬂ
4

o v ad @ K% Y a v o J k A A 1
#MSUITMIuUUNNAvYeuasITas IAUAMIAUNARNNFURUT Bz = oz WeNasann

Y
lutinszuaumsmsganauues Al

BN Reagan, M. P. McCormick and J. D. Spinhirne (1989) LIDAR Sensing of Aerosols and Clouds
in The Troposphere and Stratosphere. Proceeding of the IEEE, 77(3), pp. 433-445.

21



STUDY OF LIDAR RATIO EFFECT ON AEROSOL AND CLOUD BACKSCATTERING COEFFICIENTS IN THAILAND USING MIE SCATTERING LIDAR

z

X(z) =  Cca®@® exp(-2Ja@)d) 2-11)
0
nioeulugil

z 4 !

In X(z) = InC +klna(z) - 2Ja(z)dz )} (2-11a)
0

I

dln X(z) _ L da (z) 20 (2-12)

dz o(z) dz

[
~ o

A q 9 ¥ < 7 A 9 ' o

LW@iWﬂWiLlﬂﬁMﬂTiuﬁhyﬁm G]flﬂl!‘]Ji’]\1%3]“Llﬂ')ﬁ/li']‘]_l?ﬂ B ag o Wnl,muwuﬂumammﬁ
~ 1 o ' a .. . A d " oa A

(219459N NN UK U “ﬂ’JTiJﬁ:[\i’Jﬂi]ﬁ” (Critical Height: ZC) mﬂumwmau%mamw (Boundary

1 A o ¥ 5’ a d
Condition Value) ¥335maudaumsuuunnduil wani Klet)'” ldiausnnugeingaldiiu

o 1A A = 1 14 ~ J
ﬂWlLﬁHQVIQ’QNTﬂﬂiHUﬁEﬂmﬁ NIAANNLIININ mmmmwllﬂaqmmmaw (Klett’s Far-End

Y v
a o

Solution) TasAadnazessassdrumINegru oA luf Tamasusng Auiuiinuge

ke

9
J o W

a 1 1 { J
Anga Z, a1 B uaz o vesazeosavelinlszunagud auiulumsuduuuilnagaveunani

[ o k4
dmiuz<z, w14

B Xl/k(z)
Ota(z) +0Lm(z) = T (2-13)
X (ZC) l/k

z
-|‘E Jpx (Z’)dZ'
oz ) k

c z

[

H 1 9
Tagh m ez a udasTuanauazazeosassnud vy dedngylumsudaumsuuninennedi

[

A s ' q Y. I xy A s wa
kK NAUNUTNUA B uay ol Lﬂﬁ'ﬂﬂi“ﬁkL‘lJU‘W\‘lﬂGlfu"'U’E]\‘]ﬂ’JNJEITJ?"Iaullﬁﬂlﬂl‘;ﬁﬂilm$ﬁuﬂﬁﬂlﬂﬂ

“J.D. Klett (1985) Lidar Inversion with Variable Backscatter/Extinction Ratios, Applied Optics, 24,
pp. 1638-1643.

22



STUDY OF LIDAR RATIO EFFECT ON AEROSOL AND CLOUD BACKSCATTERING COEFFICIENTS IN THAILAND USING MIE SCATTERING LIDAR

A2009a98 1aen2 1UA1TE1IN 0.67-1 A mSuraNNeaauLaainauua1d k=1 F9lunos

gnABIIn

2 . Jq Ya Y 1w a
nuvedleTentuy (Tokibe tazaae ) lTaldsmsudaunmsmiadulssansog

a @ o J v o
NIZIINAVYDIALDOIA0LUUNNHUYBUN DS AR muaums

B.+ B2 = o X(Z)C(Z)ZC "
B,(z,)+ cﬁm(zc) +28, _[X(z YC(z')dz

de  C() =exp[2(Sa—Sm)TBm(z')dZ']

a o 1 - = o 1 4
Tagldauudgiuves 3 aulsluaums 2-14) laun B,(z.) = 0 (m'sr’) dasraulassuns
[~ 1 o = [ d‘w Y v o 4
azep9a0y S, 1uAIAdd = 30 st uaz B, () mnmafeudyanuiialanyTng lvdves
Turana (Molecular Profile) My Tutaa lutanavod NASA 1/ 1976 MIauuaI s UAIAIAD

@ va A J 1 1T W Y {
ﬁﬂﬂﬂél’t)\‘iﬂllﬁTiJ°]J@]LGINﬂTﬂﬂ?Wﬂlﬂ\iﬂ\?ﬂﬂi%ﬂﬂUﬂlﬂﬂﬂHﬂWﬂ (LU ﬂTﬂ"]ﬂﬁ‘Viﬂ!‘ﬁ) ﬂTW‘]J§$ﬂ’O‘1Jﬁ§N
Y

MILINLIIVIAYBIOYNIATAIAIAINADANAY falumsasunlasuesnt S Jsiiaeginig

nJaﬂuuﬂawmﬂ’mmmuu'umaai‘hmumgmﬂazamaaﬂ

2.2.4 87518 3UAINaN 1515% (Depolarization Ratio)'
Tumsiaaa Inarlsssuvesussormaaie laans amnsoin lFuaasnnuuanaig

' R, < J Y v
53W'J'NW\IffﬁﬂUJu5U’t’]\HWaﬂllagﬂlﬂ\ulmqmﬂﬂuqiuﬂiﬁfl’]ﬂﬂlﬂllﬂ Lla$ﬁ1N1531%1uﬂ1§1lﬁﬂ\3ﬂ')’]l|

K. Iokibe, Y. Toyota, O. Wada and R. Koga (2005) A scheme to Classify Clouds with the

Depolarization Ratio and Backscattering Coefficient Measured by Lidar, Memoirs of the Faculty of
Engineering, Okayama University, 39, pp. 93-101.

" URL:http://lidar.ssec.wisc.edu/papers/pp_thes/node20.htm., Accessed August 24, 2006.

23



STUDY OF LIDAR RATIO EFFECT ON AEROSOL AND CLOUD BACKSCATTERING COEFFICIENTS IN THAILAND USING MIE SCATTERING LIDAR

1 a 1 Yy a ~ I Y A [ 1 =
HANANUDIDUNTIABUAA N Ulﬂﬂ']ﬂ ﬂiiJ'lil!ﬂLLﬂ'@l\‘]ﬂ’J']iJLﬂHIWﬁ']llﬁLG]fGIf‘L! 19 amm’;wﬂwm

T3 1511
PJ_

o) = (2-15)
P,

c!'dy A Y o a v Ao ya & [ !5
lufil P, uaz P, Ao aAnuduvesdyananszinenauiia lanidudaaa Ivar lsdaminuas
o w ~ v 4 o oA 1 Y A 4
numudrnuisunuunu Inat lssvesdaaa Inar lssnldeeeen i deyarand Tnarlss
A g 0 s a o g a9 o o q Y
LGINLau"uﬂﬂ’mmmsa‘5°Vlﬂi3LiNﬂam”m’mgﬂ1ﬂmdﬂammﬂuiwm‘limmmumwuﬂ VIﬂ‘Vi 8 =0

- Aagq YA A 9 AA g
'E)‘léﬂ'lﬂ“lﬂﬁ'li]']iﬂﬁﬂﬂ@]11’711ﬂ1W1J5$ﬂ@1JT]51\11/15\1ﬂ@3JUl@ﬁluﬂim‘lﬂlﬂu WNYINeN  1uon (Fog)

4
1

Y
o <3 T W ] @ a =
WA (Cloud Droplets) tagroatiu@ans awasdiud Inar lssuves luananTgnsin
1 & 4 = . F) =y 1 &
liflugudmarzuouloTansod) (Anisotropy) voseIMe  dreyumaiianyug luilunsanay
] = Zl < S Aa A 1 A o Aa Y] 9 A
(15U WANUIMAUS 1N HIeeYMAHY) WIodyaIuMINTZIINaUUTZNoUAIIMINTZIDY
=l A o 3 9 4 S A
mMaudyanainauunazdsznouaigesnlszneuvesns Inat lsdalidowuy (0 < O < 1)
dl g} < [ g} [V 1 ~ 1Y a 9
asilasuudasamiualiluienaainsanadvesdnsiaiud Inar IsFurady #a

a = o Y v [] = Y= Q' dzl Y dy (Y 1 =
"U’ENfﬂiﬂﬁ2!,%Q‘i/]ﬂﬁﬂ!VHGI,WE]G]§1ﬁJUQIWﬁ1Ul§L“BG]5u3JﬂTLW3JGIJu ﬂ1ﬂ1u3ﬂﬂﬂ’31’e’]@iWﬁ?HﬂTWﬁTqi

Y :l < I o 1 :l < :l
L“HGHHGIJ@\1Wﬁﬂu']!!fllQﬂllllﬁnfﬁﬂﬁﬂlﬂ@]ﬂ?’]ull@ﬂ@"I\TGU@\?H']!!GUQLLazu']ll@Q{

Y] Y

av A
2.3 N HIVYNNYIVD

7

Y v
Tutln.f. 2002 Motoaki tazame”  lddunaazessassludsuIng Inameosns 1o

1Y 1Y . ~ 4 =} 4 4 ] = @
(Shapotou) 94113@ Ningxia Tutlszimadudiensldiniesdilass naziiiesanlulidoyaneny
MILINUIVUIAVBI0YNIA JUT 1Az AmAsiiinmBIFeuvetoynia Tumsmadadiula

= an v v ' 9 ¥ 1 o A & 1 Y a Ao Yo w '
A3 %QulﬂﬁﬁJiJG]ﬂ']ﬂQﬁ’J @G]i1ﬁ’3ullﬁ91§1ﬂl1/]1ﬂﬂ 35 sr G]f\‘il‘]JuﬂTt’]N’t’NﬂiJﬂGlGIiﬁTHS‘]_IE’JLlﬂWﬂPJ

Q Q

Y o 1 4 4 = @ Y =
Lla3‘1"])”8]@31@"311!Ilﬂﬂﬁsll’t]\ﬂmﬁﬂmlﬂﬁcluﬂiiEﬂﬂTf”ﬁJf"l"lﬂWlfJWﬂﬂU 8T /3 NNNAITNGN

"y, Motoaki, Z. Jixia, M. Kohei, I. Toshikazu, A. Tetsuo and L. Lichou (2002) Observation of

Troposheric Aerosol by Using a Mie Lidar: Observation at Arid Region in China, J. of the
Communications Research Laboratory, 49(2), pp. 233-242.

24



STUDY OF LIDAR RATIO EFFECT ON AEROSOL AND CLOUD BACKSCATTERING COEFFICIENTS IN THAILAND USING MIE SCATTERING LIDAR

1uila.a. 2004 Tatarov tazame” ldAnu STz UVV0WaT U laasd T vazevIa0y

Y v
uamamiu%’uiwsiwmﬂfﬁ (Tropospheric Aerosols and Clouds) ﬁgﬁm‘wﬁf]m (Tsukuba) 1szine

D.

1 9 4 4 [ [ . .
tyﬂ.uﬂ3ﬂm?aa”lami!,!,uummaﬂmﬂﬂmmmuqa (High-Spectral Resolution LIDAR : HSRL)
A v 1 Y1 o ] 4 ] ] o [ o [
Nﬁfﬂi’Ji]fJWiJ’J'Ihlﬂﬂ'lfJﬁlﬁ'lﬁ’Jullﬁﬂ'liﬂQTLHVN 10 — 30 sr AHIVNNLDE 30 — 60 sr d1HITU
[ERRNGRE leﬁauﬁauﬁwmu - FUAY 2003 uazﬁawuﬂmzamaaaﬁ’ﬂymzmaﬂauﬁm
o 1 g ' ' o o Aa o 1 g
amm’m"lami@gizmn 10 — 20 sr Lag3EHNIN 30 — 40 sr ﬁWﬂangﬂﬂﬁﬁﬂﬂﬂNﬁﬂng%\lL‘]J“Ll
3 T W 1 Jo d? [ AW 1
NINaAY ﬁ’JlI‘VN’]JiWﬂ;]’Nﬂ'l’E]@]iK‘f’JullﬁﬂWﬁEJ\‘]"’Uuﬂ‘]Ji;]ﬂﬂWa IﬂﬂiuﬂﬂﬂuTJﬂmJﬂ'l@ﬁi'lﬁ’JuUlﬁ
<Y ' = 8 o d Ao ' s £ Yy Aq
ATTUBYNIN ~'=umz‘wmmmaﬂu11,1,611Wﬂmmwmullammmclun@,wun %aﬂeuwuwuiuﬂﬂ.ﬂ.
19 o =2 o A o 9 o 1w 1 s A
1998 Ackermann ‘1/]']ﬂWSﬁﬂH'ILL‘U‘]JﬂWH’JmLGHQGI’JLaﬂl"I]“Ll‘lﬂZj:@iﬂWIJ’Jﬂ!ﬂTE)@iWﬁ’JHUlQQWHQQfJ

1 4
dmisvazeosassluuinaiianmuanalsiuie unanunIl viayns taznzansie lag

Y Y 1 dy v o J 1 a I 9 dy 9 o
G]f]ﬁ]@i;llaﬂ1ﬂ31u%uauWﬂﬁm@ﬁl!ﬁa$U5L'Jﬁ!!ﬂumﬂuﬁﬁlﬂ@\j@usluﬂTiﬂ']ujm

ST . 20 Yo & g
aou (A.7. 2005) Mitev uazaaz” ladunnazeetasslusuussemealunsdiniay
o a s % 1 A Yy ) 7 A
W‘L!']'J'WﬂIN']“L!L]Ji3L‘I/lﬁﬁ')@]!ﬁ]f@ﬁLLﬁ“L!ﬂGlHGH'N!ﬂ@u‘HuT]ﬂiJ 2001 IﬂﬂiﬂihlaﬂTﬁ‘Vlﬂ'J']ﬁJﬂ"l'Jﬂﬁu 532
1 (% 9 @ a 4 Y o o a & a v 9 am
nm 3'JiJﬂ‘]_Iﬂ1§1ﬂ§Nﬁﬂ1§3ﬂﬂJ@Q!iﬂI@%@Uﬂ IﬂElllﬂﬂ"IU'JmﬁﬁJﬂizﬁVI‘ﬁﬂ"lﬁﬂim%ﬁﬂﬁ‘ﬂﬂlﬂ’)‘ﬁ
o Jd v I Al o 1 J. 1 Y 1w
WALV BT AR (Fernald’s Inversion Method) Lmzfmmmaﬁmmu”lamiﬁmmmmmu 50

ST mmgmm@miﬁﬂm@um Ackermann

“B. Tatarov, N. Sugimoto, I. Matsui and A. Shimizu (2004) Systematic Observations of Lidar Ratio

for Tropospheric Aerosols and Clouds by High-Spectral Resolution Lidar Over Tsukuba, Japan,
Proceeding of the 22" International Laser Radar conference, , (ILRC 2004), 12-16 July 2004, Italy.

" J. Ackermann (1998) The Extinction-to-Backscatter Ratio of Tropospheric Aerosol: A Numerical
Study, J. of Atmospheric and Oceanic Technology, 15, pp. 1043-1050.
vy, Mitev, R. Matthey, M. Frioud, M.K. Srivastava, S. Eckhardt, and A. Stohl (2005) Backscatter

Lidar Observation of the Aerosol Stratification in the Lower Troposphere During Winter Bise: A Case
Study, Meteorologische Zeitschrift, 14(5), pp. 663-669.

25



STUDY OF LIDAR RATIO EFFECT ON AEROSOL AND CLOUD BACKSCATTERING COEFFICIENTS IN THAILAND USING MIE SCATTERING LIDAR

9
Tuila.¢1. 2008 Chiang tazaaz” TARIUIUMIAIOATIAIUTENINMIAUFANUMTNTLID
9 o v ¥ s A = . T T A
naveIfen1sinalelants o 1i099d (Chung-li) Tuya9ia.a. 2002-2004 wuIAURdY
Y v
sa1aulansvesarentaneiunad (Background Aerosol) 19171 47 15 sr vz Nazeedane
"o A o 1 J = =KX A . =
puuduiinundedasidaulans 44 £ 19 sruazlinuaniFauds (Optical Depth) 0.53 £0.49 7

AMNYIAAY 532 nm

C- W Chiang, S.K. Das and J.- B. Nee (2008) An Iterative Calculation to Derive Extinction-to

Backscatter Ratio Based on Lidar Measurements, J. of Quantitative Spectroscopy & Radiative
Transfer, 109, pp.1187-1195.

26



STUDY OF LIDAR RATIO EFFECT ON AEROSOL AND CLOUD BACKSCATTERING COEFFICIENTS IN THAILAND USING MIE SCATTERING LIDAR

\l

UNN 3

AaA o a a v
IFAUHUNITIVY

d' A a v
3.1 !ﬂiﬂx‘mi’)ﬂlumi’mﬂ

a d
3.1.1 130 Jea@UA (Radiosonde)
isalesoua ilugamsesioasetuluuusseimaiszdunuga 20 - 30 km Aae

A a4 A o o s A a & o Y
uaaqu mimu’aummmaﬂiwa"l‘l/\lauumwm’qmw{]u ANUTU LLASAITUAUUITYITNIA LA

19 [ [

~ dy Y Y Y o
’dwauaﬂaummﬁmuuuwuiaﬂ% Iﬂﬂﬂ?TNgﬁﬂJ@QUﬂﬁQUVIﬁWUllﬂﬁ]"lﬂﬂ']ﬁﬂlflfﬁﬁﬂﬂ”ﬁ

~ J . A 9 e
Lﬂaauuﬂawmqmwwamﬁ ¢19 (Thermodynamics) Y5901 1% GPS (Global Positioning Systems)
a s @ ' ' 9 < J < . @
130 TosouANVIBNUUNI Ha1waIUNIN FIFUIFDTN151NU152q (Capacitance Sensor)1un133a
zil [ [ 4 dld? Y] A 3’ ad A ad <3 4 A A
ﬂ'J']lIG]fuﬁlIW‘Vl'ﬁIﬂﬂ@]5\‘]'V]Glluﬂ‘].lﬂ']ﬁ@jﬂﬂﬁuu"lcluﬁ'lﬁllﬂﬂLﬁﬂ@]ﬁﬂﬂlﬂHLWUL%ﬂﬁ Lﬂﬁ’t’)x‘]u@gﬂ

v o9 y A o Y @ Ty A a d Y A g o 1 o w
W@TI?JUI,’JLW@ﬂUﬂ']ﬁi‘]Jwa\T\ﬂuﬁ]']ﬂuWﬁQﬁ‘U@Qﬂ')\‘l’f’]’]‘ﬂ@]ﬂ Llagisﬂllﬂ@]lﬂﬂilﬂu@]'Jﬂ’]f]ﬂ’]ﬁ\?

Tiusalowous

Temperatura
transdusces
¥

Wire {fls)
Aarlenna

d' d’ a o
Asznoun 3.1 1n50usa looua

- URL:http://www.aero.org/publications/crosslink/summer2000/02.html., Accessed September14, 2010.

27



STUDY OF LIDAR RATIO EFFECT ON AEROSOL AND CLOUD BACKSCATTERING COEFFICIENTS IN THAILAND USING MIE SCATTERING LIDAR

v [l Y ] v
15a logouddstoyamidrsudyanaianiiinu Taniiolszuatoyade 11 Tasial

v A

119N 404 MHz %50 1680 MHZ mM3dszunanaansonanuiaeanasdnualngan

g v & & s

dy a = < 1 < 9 A o v = 1
InyYsyaq ‘1/]\1‘L!l,i?’II’E]"NFJHNJGUU'IﬂmﬂNWﬂ‘]Jig‘JJm!ﬂa’ENJ,ﬂ'Ui’f)\‘IL‘VHGNMHTﬂHﬂLU'I WATAINAD

U

Y Pz 3 9 Ay =
ﬂﬁWﬂWWLLa$1%ﬂ§$ISWH1UﬂWiLﬂ‘lJ"’U’E]iJa‘VWI’ENﬂﬁﬁﬂH1

U

¢ =
3.1.2 TamsmsnszRauuudl
d' = ~ 9 Aav dya d' 4 a = . .
w3eslenlslsenouanidten ﬂ’é]l,ﬂi’t’)\ih],aﬂﬁﬂﬁﬂﬁ%!ﬁﬂ\ulfﬂ‘ﬂu (Mie Scattering LIDAR)
AAey o [ 1 [
G]NL‘IJL! NIES Compact Mie Scattering Lidar N V\IQﬂGb’uGU’ENﬂﬁ’JﬂLL‘U“]JﬂTWZﬂhliL“ﬁGIm (Dual -
. . o Y v o o a A [ Y o A A v
Polarization) ‘VI"IGIWﬁ13J"Iiﬂ’Jﬂﬁ’ﬂmﬂizlﬁlﬂﬂhlulﬂuﬂiﬂﬂallllﬂ UHUAUATOINDLLTAIAN

mwsznew 3.2 uaz lael Inses19vsaunazaIuaInInilszne 3.3

Receiver ©
telescope
Beam
expander ¢
. laser

Field stop —
Lens
Photomultiplier
tube 2 (PMT2) e[ ] Polarizer
Interference filter
Interference
-

: Photomultiplier
filter tube 1 (PMT 1)

o A 4 a =
nnlsznou 3.2 LLWHW\?!ﬂﬁﬂ\illaﬂ'lﬁﬂ15ﬂ§$L%\1!L1J1J3J

31 : NIE Compact Mie Scattering LIDAR (532 nm, dual polarization). User manual, 2001.

% URL:http://www.webmet.com/met_monitoring/912.html., Accessed September 14, 2010.

28



STUDY OF LIDAR RATIO EFFECT ON AEROSOL AND CLOUD BACKSCATTERING COEFFICIENTS IN THAILAND USING MIE SCATTERING LIDAR

Transmaotter mirrar

; Beam expander
Trigger / f
detector g
\Elmu Md:¥AG laser
Polarizer
PMT 1
PMT
power
supply
] PMT \_/'
Receiver adjuster
lelescope [} A

mirror Interference filter

PMT 2

1 1 | A 4 a =
nsznou 3.3 IﬂiﬂiNLmﬂ%ﬁ’\lu"llﬂﬂmﬁﬂﬂllﬁﬂ']iﬂ'liﬂizﬁlxumﬂil

31 : NIE Compact Mie Scattering LIDAR (532 nm, dual polarization). User manual, 2001.

e

s @ (%
TagszuulaasilFlinuanyae (Specification) fail

~ Y A 4 a =
I NN 3.1 ﬂmaﬂymzﬂmmsm"lamimiﬂi:mgmw

anHULIANZ Mie Lidar
Laser Flashlamp pumped Nd:YAG laser
Output Power 532 nm 30mJ/pulse (1064 nm 20 mJ/pulse)
Repetition Rate 10 pps ( Maximum 20 pps)
Telescope Schmidt Cassegrain
Diameter 20 cm
Field of View 1 mrad
Detector Photomultiplier Tube (532 nm dual polarization)
Data acquisition Digital Oscilloscope

29



STUDY OF LIDAR RATIO EFFECT ON AEROSOL AND CLOUD BACKSCATTERING COEFFICIENTS IN THAILAND USING MIE SCATTERING LIDAR

7 s A

A A g v Hq Y o a
Lﬂiﬂdh@ﬂﬂﬁxﬂ@ﬂﬂ’sﬂﬁa@ﬂ Nd: YAG laser ﬂﬁlﬁwaﬁmlcﬁﬂﬁﬂ')quﬂ'nﬂau 532 nm (1]

= A oA a [ L] A o g @ =~ o 9y
M3 9NOUAD 1064 nm) ﬂﬂﬂ'l\‘ﬁl@\?ﬂ'li’)ﬂ@gluuu?ﬂﬁ fl'llﬂlclfﬂiN'm’f)@ﬂhlﬂﬁa\i%'lﬂuﬂ'liﬂﬂﬁ

[

3 o Y o o a A VY v S a o
Lﬂuawmmumﬂmmmﬂmum (Beam Expander) HAINTLLINN Uqﬂﬂﬂﬂﬂaﬂﬁiﬂiﬂiiﬁu%hﬂ@

. . [ { o o v Y
UATBINTU (Schmidt Cassegrain Telescope) YU1A 20 cm gumveImsaunansulsu laaiems

U5u%09 (Aperture) NogluszunTnliavesndosInsnssmilaoUndly 1 mrad nas1dsuay

Y A J

gnih lmiudvuiunazyeludsInar lsiwed (Polarizer) tuuUTHN 1iousnesnvesInar s

4

@ 091‘ Y] 14 v A v A Y v A
FUHUUIVUTUUASUUHIONIR N 'Jﬂ@ﬂﬂﬂﬁ$ﬂ'E]‘]JIWﬁ'IhlilclfG]fuﬂllfJﬂﬂuuﬂ'JEJW@E]@TWT@]?Jﬁ@Wﬁ1EJ

1903 (Photomultiplier, PMT) 2 11096 117839 PMT UAIn509M5unsnaen (Interference Filters)

Y
= A

~ [ [ d‘ a Jd 1 Y o A A
NNIDITITNUHAN (Background) Luﬂﬁ%WﬂL!ﬁﬁ'ﬁ]’]ﬂ@lﬂ@@ﬂqﬂ HAZABIUINUISUUNUNITAIUAY
o A Y o o A Y 1
299318 TWlfhgandloulmu PMT dyarafioansin PMT 1 uag PMT 2 92197¢ ch 11182 ch 2
a ana o w I Y] I
voseoada laa Inluuuadnoamuardy (PMT1:chtiu Iwar I uuuiviny PMT2:ch2 iy

v :1‘ { o { . 1 Y o
Twa lsiFuuuidenin) vaeNdaa1wuNoona1n (Trigger  Detector) 3ZADITINU chd V03

=X 9

a ana Y] a o 4 9 [
podada laa lnduuuadnea TunnUeyadneeasalad Induaziinmsmasnssunuuaaina

U

v A Yy A % = Y A A Jo A s
mauﬁawmm"lﬂmﬂiz‘umau‘wmmmazmmamm‘lﬂumimﬂ@uwamaimmmﬂieﬂami

9 9
v A %

a A Ao Y av
NITNISLAVVY ‘Vlslélfcluﬂﬁ’Jﬁ]ElﬂNuuﬁﬂQﬂ\‘lﬂ"IWﬂizﬂm_l 34

A 4 a ~AA Y o @ 09.1} 1A
nilsenev 3.4 lﬂiﬂ\?llaf’nﬁﬂ'ﬁﬂﬁZLﬂQLLUUNﬂi%SlUﬂWﬁﬂﬂaﬂ\‘] o ﬂﬁ]ﬂ'llu aNegn

[

o a [ [ =S = 9 = A o ~ o [ [ o
DIUNDNNY 71]\1Wjﬂl&ﬂ53'IGIfﬁlJ'IG]Nfﬂﬂlﬂﬁ]WﬂﬁﬂWu’JﬂﬂV]@'llﬂ@ﬂiﬁ1ji\1 %QW?@QI"U“U

30



STUDY OF LIDAR RATIO EFFECT ON AEROSOL AND CLOUD BACKSCATTERING COEFFICIENTS IN THAILAND USING MIE SCATTERING LIDAR

an v Y A 4 naj A Y o [ = 1 =1 @
’J‘ﬁﬂ?i’)@]ﬂ?ﬂlﬂi@ﬂqa@l'lﬁ AunITeeliiimsia s ‘L!'I‘V]Gl,u‘ﬂﬂc] I 15 UIN nyaIa 10
= A o A 1 J = v KX 9 9y A J
UIN Iﬂfﬁ/]ﬂ“] 5 UINNBUNITIAUNITYUVADALALLDT 1 UIN LLE]%‘U‘H‘V]WUE]Hﬂl“llﬂi!ﬂ@ﬂ‘i/‘lf]tﬂ@i

% [ J % 1 4 { o [ v

AMENEI 10M3IA 5 Wi @ IldanTug) c‘?umaz”lwaﬂizﬂauﬁaﬂ%’auﬂamﬁﬂmmumi’m 5
= v XK 9 = = 09./}
UIN ‘]J“IJ‘VIﬂ"U’E]i;I,a“I]']ﬂﬂ’JHJQQO - 24 km IﬂﬂIﬂiLLﬂﬁNﬂJ@\iﬂ?ﬁ’)ﬂNﬂWimaEJ4 ATINTNANNUG

J % a J { g { 1 [
noutiuiinasluneuiumes JoyaMnusiuswiinnugaiuananiunn 6 m 521 4000 Yoya

Tuuaazroadaynas (Channel)

3.2 35MInaaos

(Y] 4
3.2.1 M3AOAT 1M Ian13 YD Iz 0D IaREIAZINN
= v A o o 2 v P 7 A A o o oeAny A
AnwdoyaiiimsiauazinudoyaTus Iduuifevesnnuiuduimsn ldnnnTos
A 4 AAav o A o @ @ o [ " ! " g
150 Tosoua & 4011398 dunofId1 159 3ardag Tune (17°0° 217 N, 99° 49" 35" E) 591 14 Ju

1 a 1 o 4 a J
FENIIUADUNBIOU — TQUIBW W.A. 2546 191101 112 yAdoya (Dataset) tilo91niivoyaan Ing

o oA L4 1

J A f @ o o {1 o 1 J
ll‘vdauu’mwmmm%uauwmm1&51@?{%113@%@1;%’1@?(@5&1 LWNT%@@ﬂTﬁﬂTuJﬂ!W"IﬂTIWi

9
=}

¢ 2 Y ! R 4 S Ao ! s
TWanuawesdasidiulassmashanuennau 532 nm  Welidsliglassade lifidoyalns

Y

4 A [ ] A o @ [ @ 4
TWdunrasvesnnusuduinsniimsnaassluiutaznanfernumsiadoyadioniodla
4 a = 09.11 dl o ~ o v v v o a Y] Y] =
A13MINTLWUVY MINSuNoATd1 159 Taniag 1utio Hayd unoNu1e TANIAUATINFAN (15°
r.n oan! n a/ogj I(lrhl\lo' A (% 1 ul =R lll o d‘w
13" 0" N, 102°30" 0" E) a9siumsn1Ing Inauuiauedonsidiv laa1s9e19 vy gunog
) 9 o 4 A o a a o ] Y 4
i ldm Ing Iduuneesduilsz@ninsnizitanduveaz 00900098 19gNADUAZ AN T
[ o 9 3 = Y aa @ [V 1 s a dg} 1
uaaziiu g lulssiauusansduautazItanenanisnuveIdns1au laas ninaduao
[ a & a Y] 9 o 1 a o dy& = o 4
AulszANTMINTZINAUVDIAZDDIADBUNY AIUNAHAAINA1IIUIIeHIWMTH Tns Ila
HUIAIUDI9AT 1L laAIs Ay LazIAUNAIA AT 1A IU 1aA1s UDIaZ 0090 08LAZIINATDN
AMNGIFIMTUAIINOIAAU 532 nm 1UFINA1NRINMTIAMMUDUYDI Ackermann RI8AUNTT

2-10) Tuuna 2 Tagl¥Tasunsy MatLab t1ag Excel $ai

31



STUDY OF LIDAR RATIO EFFECT ON AEROSOL AND CLOUD BACKSCATTERING COEFFICIENTS IN THAILAND USING MIE SCATTERING LIDAR

S® = iajfj'1 (3-1)

i=1

v Y 9
n =

T W 1 4 H { [ 4 [ ) 4
Tunil s Ava1dasaIulaasinasveIare03a0sNVUAUANVFUTUANT () a, Mo

J

1% a Q( a = A o 09./} [ a a( 9 o Aa A o [
ﬁuﬂizﬁmTwaTumaa Uag j Aot UIUTIHNAYEIT T2 aNG Iﬂﬂi%’ﬁhﬂﬁ%ﬁﬂ‘ﬁﬁ'lﬁiﬂﬂ’ﬂu

EJTJﬂﬁ“L! 532 nm 91NA1TN 2.1

o Y o 1 o s A A o o e ' o s A Iy '
Glu"llL!GIuu'lﬂ'IIW5ll“l/\lﬁ!L‘Ll'Zlﬂ\i"U'E’]Qﬂ'J']ll°])"Llﬁ3JW°VI‘ﬁ1]']‘H"lﬂWTWﬁ]lV\IaLLU'JﬂQﬂJ'EN@WD"Wﬁ'JUUla
4 A 1 <3 4 o’qszl 1 = o 1 4
ANTIRNAINDU Wﬁ@@]ﬂiWNﬂl@ﬂTWiqwaﬂﬂffi’]\‘ll!a$ﬁ1ﬂ'llﬂaﬂ"ll@\1'E]@]ﬁ'lﬁ'lullaﬂ'li@]a@ﬂﬂ'ﬂﬂqxi

o ] 1 ] H o Y] 4 9 4 A g
NNAWNUY 0.5 - 4 km mmgmazmqwmﬁmmim Lﬁ'ﬁ]\‘ﬁ]']ﬂ"ll'é]ﬁ;llﬁTWﬂ“V‘lal,l,u'JﬂQGUENﬂ'J'I?JGdHU

v
[} U

v o Ja Y 1 ] o ] 4 4 a
duimsnszauANUgIaNe ldasenufiszauanugeiinodeyadianioslaniiminizivg

v =K 9

@ 1w a Y 4 o a
LL‘]J‘]JfI Tﬂﬂﬂ"li’)ﬂﬂ'] ﬂlufg"lmﬂ']iﬂizlﬂdﬂﬁﬂﬁjﬂﬂlﬂgﬂﬂl‘lﬁﬂﬁﬂ"liﬂﬁzli]ﬂuﬂ“]_lgﬂﬂu%ﬂell@Mﬁﬂ"lﬂ

1 [ 3 4 o J a [ | S A o o Jdo
FNANWGI 0 - 24 km a1 1 Tns Ilduuinawesdanidiu laasmasduiusiudoya
4 @ a o LA 9 = o ! s !
nnnsedlamsnmnsz@awuuil 3udenldaundsvesdandinlamsvesazesslusieszey
= 4 [ 1 A dy a 1 1 A
AN Ins Inailos 5@ a1 (Lower Troposphere) 0.5 - 4 km M iloNUAY YoWAAZHIWIATN
F4

o I a 4 a 4 A a o J a 4
WWﬂWﬁLﬂU%@NvaﬁﬂﬂﬁﬂI@“ﬁ@u@ L!agﬂlﬂi']gﬁNﬁﬂigﬂﬂUV]Lﬂﬂﬁuﬂ1ﬂWﬁﬂ15ﬂ1u’Jmﬂ1W1§1N!@@ﬁ

4 4 ' v A o
Yosazeodaos laglddoyaninniodlanms u seszauanugindoandoaiy

(Y] d
3.2.2 MIANHINANITZNUUIdATIEIU a6

dulsz@nsmInsziRanduvesazeessans B, (2)

1]
A

[ 1 d 1Y a z:( a [y
ofAnyINanszNUve0aTdIU lamsaodulszAnTmIinszRanduvetazeodany 9
¢ =
MMIMUIVNTNUTEANTNTIINAVUDIAZ009a0Y (Aerosol Backscattering Coefficient) ﬁ'am‘ﬁ
an Y = 4 do o
Fmsuduuui Inagave unanyinazilosian (Klett — Fernald’s Far-End Method) @1A10¢9
§ a a Ao 4 J a = o =
0.5 - 4 km wilouau TaslddeyadunialdlanaioslansmanszRwnull a dunoas
d1159 sandag Tuie uazdunenue Taniaunssvdu lusrwarilndifesiunaninins

A

[y 4 4 A dy [y [y PR 4 4 A [ 1 4
aﬂTWi”l“l/\lmmmwmﬂmmmﬁuvmﬁ%u Llﬁgglalﬁlﬂll”ﬁI‘Wﬁl‘h\laLLUU@QWJ@Q@@?Wﬁ?HULaWTTUQQ

32



STUDY OF LIDAR RATIO EFFECT ON AEROSOL AND CLOUD BACKSCATTERING COEFFICIENTS IN THAILAND USING MIE SCATTERING LIDAR

~ 9 v 9 2 J [ = Y] 1 4 A 1 Y]

ﬁ$@@\1ﬂ€lﬂ‘ﬂﬁ'l]lﬂ§]']ﬂﬁflell'€l 3.2.1 G]f\‘ilﬂuﬂ'llﬂafJ"U’EN’E'J@]‘i'lﬁ"]uUlaﬂ'I‘iﬁll@\‘]ag@@\‘m@ﬂﬂ!ﬂuﬂ']ﬂ\‘i@n
) a d A = ~ 9 A =

NNANNFI 0.5-4 km G1‘L!ﬂ']'§E“]']‘Ll']ihl L!@Z'Jlﬂﬁ'Igﬁlﬂ‘ﬁﬂﬂl‘ﬂﬂﬂwﬁi]'lﬂﬂi'mmUlﬂlW@ﬂﬂH']Wﬁﬂi%ﬂ“U

[ 1 1 v A a @ 1
"U@x‘l’t’)ﬁiWﬁ’Jullaﬂ1ﬁﬂﬂﬁ3Jﬂi$ﬁ‘Vl‘ﬁﬂﬁﬂi%Lﬁ]QﬂaUﬂJ@Qagﬁ]@Qﬁﬁ]ﬂﬂﬂqﬂ

9 v AaA o a a 4 A v o Jd 1 o a Ao
ﬁ'l“lrii‘U’J%ﬂWLUUﬂ'ﬁ’JLﬂﬁZﬂ"lﬂJ}’OHﬁ IFUNMITHINNUTUNUIIEHIN ﬂJﬂJWmLLﬁIL%QWﬁﬂ

(Range Corrected Signal: X (z)) ﬁﬂﬂﬂh’cjﬁ (2) Nniulan uauns (2-3)

X(z) = P(z)*z2 (3-2)

9
[ o %

a'lanne $29 6 m Imstiufindaug 0-24 km 110991Na2 004

[

Tao P(z) Aodaaanszinenaui

Y 4
A A v o o

] 1 a 1 { J
ﬂ@ElflﬂQTNWHTLLuuGlUUﬁiEJ"Iﬂ"If’TGB?N 2-3 ﬂIﬁ!N@]iL!iﬂ!WﬁﬂWUﬂu N Uﬂ%ﬂaﬂ iyﬂlu"lﬂr!hlﬁﬂ1§

4 Y
[} 9 [}

A @ A o <3| o A A o Y 3
NNAVNIMINUANNANNFUWUD 15 km %zumﬂmﬂu UYTUNUN Qﬂﬂ?ﬁuﬂiﬁlﬂu R

=D.

d' T A 9 ) v 9 [y dlw SId' [ d'
Qﬂﬁ‘UﬂTLlL‘L!ﬂﬂﬂTﬂﬂWiL!WiﬂﬁiUV]ﬂﬁ‘ﬁT Iﬂﬁllﬂiﬂﬁﬂﬁ%ﬂﬂ@ﬂiﬂﬂﬁ UIUN ﬂnl)ﬂ‘lflﬂ’NiJﬁ:[Q@]N‘]ﬂ

=p- 2

|<; 1 d' I Y o d' dl Y A [ [ d‘ [ a
2gNINI L‘W’E)Gl‘ﬂllﬂﬁiyiyﬂmmﬁEJVIGlﬂaLﬂENﬂUﬁiyiyﬂﬂWlﬂmJiﬂl BIINNITNITLIINVINAS DD

asguaz luanaomeluuaas WasvaIANgI

o [y a Q'{ a [ 9 ad Y J v J
AUIUTUUTEANTMINTLINAVVDIAL 00900 Ba (z) AWITUVUNNAUN BT AR Lag

Y = 7 . ]
mmmmuw“lﬂaqmmmamw (Klett’s Far-End Solution) 310@UN1T (2-14) IﬂEJ‘V]"U’E]?J“asU’EN

[ []

[ { 9 z a 1w a @ 4
i‘gﬂﬁmﬁ ﬂllﬂnﬂ“] FINANUG 6 m %x‘l@lQﬁhh@]j'll!?'lﬁﬂgﬂﬁmﬂﬁﬂizmQﬂﬁﬂlﬁﬁ]ﬂﬁﬂﬂﬁ%@ﬂﬂ

9
v @

1w a o o Y v { A 9 ng 1 @ a o
aaﬂmmumaﬂluwmmmqa 6 m muumwu@glwmu,ﬂiﬁgﬁmmmmmﬁmmmmmwaa

H Y
o

[ IY) [ Yy 1 a o [
AN 6 m IFUNU 1AZINMITIAN IRTOYAVI X(2) YNIFNNFIANUFI 6 m ATUTUToU

4
=

aums (2-14) ladluaums 3-2) dail

B+ B = o .
Z, '
5.6 + 2sa;[6 X(z;) C(z;)]

33



STUDY OF LIDAR RATIO EFFECT ON AEROSOL AND CLOUD BACKSCATTERING COEFFICIENTS IN THAILAND USING MIE SCATTERING LIDAR

ile C(z) =exp[2(S,-S,)P.(z.—2)] Taslim waza wuedluanaLazZaz00900Y
o o Ada a A1l A a A A
auday  lunsaiiaanugadInga  Z, = 15 km lagauu@nnusnuiimesuanaeinia
o A -1 1 vq 9
nazls1AInNazeotaneliufe B,(z.) = 0 m s wazlumsdszumsves p 181
a YA o I a =] ~ 1
aunagulniidinedinasannuge (muanuiuese B imsnldsunlasmunnugs ud

d' = yaA v o'/ A dl [
rienwazaINIls g Iniisinsdinaeanug) dufe B2 =B _(z) ooy

AUMS (2-3) AUMI(2-6) Hazaums 2-7) faz 1@
ln[Bm-l-Ba(z)] -2SaBaz = InX(z) + ZSmBmz (3-3)

1 4 [l [l
109NN MIAIANNAFIUNNNANNGINTA Z.=15km § B,(z.) = 0 (m 'sr) uag B,@

= B (z0) AniuINaNM3 (3-3) ald
lan -ZSmBm z, = InX(z) (3-4)

2
[ Y

o 1 1 I~ -1 -1 8Tc 9y
Aniudnsaduma g vl m s s = |— s yoe Iuanaoima Tagld
3

quMT (3-4) WunHun 19 1151054 Mathematica TUmsfuInKg

. . o ’TT DY
i1 B wiody m s ! s = [—J st X(Z) wazamsasiaiulaasves
3

[ 4
azeoany (S) N1 ldluide 3.2.1 unuasluagums 3-2) azlamduilsz@nsmsnszRenay

V99003800 B, (z) HszAUANNGIAN 9

<3 1 1 o a QOJ a [ v 4
‘Wﬁ’t’)@lﬂiﬁ/‘l3$‘H’J'I\‘lﬂTﬁll‘]J33ﬁ‘ﬂ‘ﬁﬂi$HNﬂﬁﬂﬂl@ﬂ@%@@ﬁﬁ@ﬂﬂﬂﬂ’ﬂhgﬂ Lﬁ@t’ﬂ?ﬂ‘ﬂlﬁﬂ‘ﬂ

1 ~ o Y d' Y 1 4 ~ 1 [ 3 =
ﬂ'ﬂlll,l,@]ﬂGI'N"U’ENWﬁ“I/]ﬂ']“Ll’JmU],ﬂl,ll’t’)G]flfﬂTé]GIiWﬁ’JuUlaﬂWﬁﬂl@\‘lﬁ$@@\‘lﬁ@8ﬂLmﬂ@]'Nﬂ“L! VIMNUUIN

34



STUDY OF LIDAR RATIO EFFECT ON AEROSOL AND CLOUD BACKSCATTERING COEFFICIENTS IN THAILAND USING MIE SCATTERING LIDAR

a P ANy Y o oA A VoA Y A ¥y v Yy a
3!?]5']3“”Naall@\‘]ﬂ'i'W\IV]]lﬂWﬁﬂﬂJﬂﬂﬂﬁ?ﬂﬁﬂﬂﬂ?'luu'll%ﬂﬂ@ﬂl@\?ﬂ']ﬂul@llw@%Zulﬂ!ﬂu"ll@y.a@']\‘i@\‘i

Tuanudug aInemaas ussemeae 1)

3.23 mﬁgmwﬁé’nvmmmazamaammzmm

A a d'o < 9 = I a dy a A [ Y-
Lu’e)amwmmwmmsmmauﬂamﬂymmﬂumnmwumﬂwaguaﬂmmmmm (Rural
4 v 4
[} 9 S 1

o A = o I s A ao Y A R = 9 1
Area) ﬂ\‘]‘HU"U’E]?Jﬁ‘VI“]f'JﬂlﬁﬁuﬂTﬁﬁﬂBTﬂﬁiTﬁﬂuqaﬂ"IilﬁlaElsllNTu'JilﬁlﬁlﬁﬁiJLljiﬂ!EN"qulNllﬂLLﬂ

u

MINIAOATIAIUA TNAT IS FUNUAAINTUINUIIVUIA (Size Distribution) YDIAZ003008 1A

(4

v
I¥anuduiusasaums (2-15) ioaums (3-5) fil

5 - (3-5)
P,

d.dy A 9 o a v Ao VA & o a’usj
Tufil P, uag P, Ae anudvvesdaananszmanauiia landudyara Tnar lsdasminuas
o w ~ v o Y s 1 £ N Y
i mudrnuisunuunu Inat lssvesdanns Twan lssnlaseeen i dalaundyaimn
1 A ] ~ o w =) 4 1w 1
FOIN 2 LAZYDIN 1 AU uamlﬂuﬂiwmmmwaGl,ugﬂl,m‘uiws”lwammqwmmemwmu

alwanlsssu Tasudanaauriade 2.2.4

35



STUDY OF LIDAR RATIO EFFECT ON AEROSOL AND CLOUD BACKSCATTERING COEFFICIENTS IN THAILAND USING MIE SCATTERING LIDAR

UNN 4

a d
HWNANTINAAIUATNIFIUAIICHU

4.1 #an1inaaoy
o vV o | d 33
4.1.1 wamsannamonsiavlamsvesazessasslutuussemeavesilszmalne
9 a dy [ v ¢ ad P a 4 @ [
Mndoyavesguugll ANNFUdUINNS MNVTasATousA lowaua 391 14 JU 58119
ARUINBIOY — AQUIBY 2546 TUADTINNIAU 112 gadoya (Dataset) & d0111390 dunoAs
4
d1159 Yandagludie vazldaums 2-10) muandudulsz@nsdmsunmanszageyniuiiaa
Y ! J dy a2 (v 4 o [ A
Yo39AT1aIU lamsvosazootassluiuniddenisie 2.1 Tananmsduaaaaasduaised
4.1 - 43 nazaneail Idshimiaidasidiulanisvesazessasanaouaziliounsindg

Mnlsenou 4.1

1 H a P o a 4 9 ] a 4 [ v J o 1
MIN 4.1 ﬂ’]!,ﬂafJ"UfJ\‘l‘W’]i'lll!;@]’i)ﬁﬁﬂ'lﬂ'ﬁjmi'lgﬁ Ulﬂllﬂ uUNHY ﬂ')’]?J"dIfuﬁﬂJW‘Wﬁ ’E]G]i'lﬁ')l!ula

a3 wagdasidiulansvesazeosane 3ndoyann Iuh 20 - 24 1eY 2546 390 5 TU

oo
Aunde
e e -
il hry) | Qomol anwru | oanaadlams | dandadlams
(K) fFung (S) sr YD3a700990Y (S,) sr
00.00 288.194 56.945 58.608 50.230 & 1.954
03.00 | 288.853 |  52.281 57.576 49.198 & 1.692
06.00 289.662 53.176 57.774 49.396  1.231
09.00 | 291.215 |  41.271 55.073 46.695 1 2.651
20

12.00 290.655 46.630 56.278 47.900 £ 2.547

120.8.
15.00 290.316 51.406 57.369 48.991 = 1.913
18.00 | 289.411 |  57.687 58.770 50.392 £2.639
21.00 289.486 56.391 58.652 50.275 £ 3.808

' a o | d (%
aundgdanadlamsvesazeosans (S) maeaiu | 43.675 £ 2.048

36



STUDY OF LIDAR RATIO EFFECT ON AEROSOL AND CLOUD BACKSCATTERING COEFFICIENTS IN THAILAND USING MIE SCATTERING LIDAR

1 1 § a P o a 4 1 a g [y v J
M1 4.1 (D) ﬂﬂﬂa85116QWT?TNL@]@?%VHﬂﬁDLﬂﬁT%W llg]}l,l,ﬂ Uy ﬂ’JﬁJ%uﬁiJ‘W‘Vl‘ﬁ

@ 1 J [ 1 o a o {
’t’)@]ﬁ"lﬁ?u]lﬁﬂ']i uazamwmﬂamsmma:amaaﬂ %"Iﬂsng}’t]iJ”ﬁﬂ‘]J’JUﬁ 20 - 24 IUBIYU 2546

39 5
mide

Jun e qaumgil | aowiu | sandalams dasaulams
o) X) Fuins (S) sr VY999200380¢ (S,) sr

00.00 288.787 54.160 58.030 49.653 1 3.530

03.00 | 289.277 53.302 57.801 49.423 +3.397

06.00 290.026 46.193 56.131 47.753 £ 3.756

09.00 N/A N/A N/A N/A

2 1200 | 291.175 35.711 53.757 45379 1 3.435

e 1500 | 290017 | 50276 57.061 48.684 £ 5.118

18.00 | 289.199 55.963 58.453 50.076 = 3.865

21.00 289.051 53.703 57.868 49.491 t 4.148

minaesnanlamivesazesans (S,) MaRAM | 42.557 1 3.406

00.00 | 289.217 49.692 56.937 48.559 1 4.387

03.00 288.283 52.905 57.814 49.437 £ 5.063

06.00 289.009 48.687 56.787 48.410 £ 4.615

09.00 | 289.989 45.748 56.054 47.676 & 3.069

. 12.00 290.883 49.517 56.895 48.517 = 3.051

e 1500 | 289.624 67.116 61.287 52.909 £ 4.491

18.00 288.944 76.798 64.433 56.055 1 4.089

21.00 | 288.610 86.284 69.315 60.937 £ 5.859

Aundedandndlanivesazessas (5) naenti |  45.833 + 3.847

37



STUDY OF LIDAR RATIO EFFECT ON AEROSOL AND CLOUD BACKSCATTERING COEFFICIENTS IN THAILAND USING MIE SCATTERING LIDAR

1 1 § a P o a 4 1 a g [y v J
M1 4.1 (D) ﬂﬂﬂa8‘1]’8]QW"IﬁTiJMﬂTﬁVHﬂﬁTJLﬂﬁT%W ulg]ll,l,ﬂ Uy ﬂ’JﬁJ%uﬁiJ‘W‘Vl‘ﬁ

@ 1 J [ 1 o a o {
amwmu”lami uazammm”lamsmmazamaaﬂ %"IﬂGIQJ}’E]iJ”ﬁﬂ‘]J’J“LAﬁ 20 - 24 IUBIYU 2546

3 5
Minae

e na -

um ) gamgi | anudu | eanaalams dasaulans
K) Fuins (S) sr VY999200380¢ (S,) sr

00.00 | 288.345 77.438 64.408 56.031 £3.316
03.00 288.892 66.959 60.880 52.502 + 1.497
06.00 | 289.727 65.572 60.808 52.430 £2.957
09.00 | 291.195 57.243 58.670 50.293 £ 1.568
» 12.00 290.149 65.031 60.455 52.078 = 1.872
e 1500 | 289.569 67.013 61.014 52.636 £2.296
18.00 288.293 77.549 64.097 55.719 * 2.402
21.00 | 289.939 74.337 63.021 54.643 £2.261
Anaesnalamivesazesans (S,) mavAdM | 47.370 £ 2.019
00.00 288.159 66.431 60.986 52.608 = 3.155
03.00 | 288.666 55.868 58.363 49.985 £ 2.851
06.00 288.451 50.036 57.168 48.791 = 4.276
09.00 | 289.657 38.294 54.357 45.979 £ 3.176
* 12.00 290.799 51.583 57.409 49.031 t 1.658
T | moass | sea1s 59.105 50.728 + 1.934
18.00 | 288.090 67.763 61.478 53.101 £3.337
21.00 288.819 63.224 60.031 51.653 = 1.928
mnaesnanlamivesazenians (S,) MavAYYM |  44.653 T 2.480

38



STUDY OF LIDAR RATIO EFFECT ON AEROSOL AND CLOUD BACKSCATTERING COEFFICIENTS IN THAILAND USING MIE SCATTERING LIDAR

v Jd o 1

] H a P o a 4 1 a g [
TN 4.2 ﬂ"lmaEJ“'U’EN‘WTﬁmﬁﬂiﬁ‘l/lTﬂﬁDLﬂﬁ%W ulg]}l,l,ﬂ UNYY ﬂ?TﬂJ%UﬁM‘W‘ﬂ‘ﬁ amm’m"la

4 @ 1 J A o A @
A9 Lmz’ammmhlamisumazamaaﬂ ‘Nﬂsﬁjﬂﬁgﬁﬂﬂﬂuﬂ 28 - 31 NYENIAN 2546 59U 4 IU

g
Aunde

. 138 .

un hr | 20mad anwsu | oanaadlams | dandaulams
(K) Juims (S) sr V99az009008 (S,) sr
0000 | 289.979 | 51.120 57.306 48.929 % 1.702
03.00 290.111 55.023 58.190 49.813 & 1.462
06.00 | 290.632 | 58.114 58.861 50.483 £2.473
09.00 289.820 70.616 62.088 53.710 X 2.766
28 1200 | 289236 | 74710 65.730 57.353 £ 8.181
n.A. 13.00 | 290.730 | 67751 61.874 53.497 1 4.484
15.00 291.364 59.783 59.262 50.884 £ 2.128
1800 | 290292 | 62933 59.964 51.586 £ 1.811
21.00 289.9056 73.384 63.233 54.856 T 4.012
v 2 o 1 d o
Aundsdnsaulamsvesazensase () Aaeady | 47111 F2.902
0000 | 289.001 | 72.260 63.772 55.394 +2.721
03.00 289.138 71.804 62.634 54256 1 3.388
07.00 | 291.028 |  65.092 60.994 52.616 £ 4.029
09.00 291.326 55.970 58.379 50.001 £ 1.438
29
1200 | 290771 |  63.867 60.237 51.859 £2.365
WA,
15.00 290.912 69.059 61.679 53.301 X 2.766
1800 | 289.998 | 72518 63.077 54.699 t 4.238
2100 | 289.590 | 74.184 63.594 55.216 - 4.085
v a2 o | d £

Aundgdanaidlamsvesazeosaon (S) maeaiu | 47.483 £2.781

39



STUDY OF LIDAR RATIO EFFECT ON AEROSOL AND CLOUD BACKSCATTERING COEFFICIENTS IN THAILAND USING MIE SCATTERING LIDAR

Y
a A v o J

1 1 § a P o a 4 1
M1 4.2 (D) ﬂﬂﬂa85116QWT?TNL@]@?%VHﬂﬁDLﬂﬁT%W llg]}l,l,ﬂ AUNYY ANUFUTUNND

EY

[ 1 4 [ 1 4 A o A
@@]T]ﬁ')uulﬁﬂﬂli Llﬁgﬂﬁ51?{31!11?3@'156]]@\1?3%@@\3?3@3] mﬂeﬁlayjaﬂuau‘n 28 - 31 NENIAN 2546

59U 4 U
o
AUNAE
3al >
o AN a A v} v d v} v d
IUN qnmgu ANNTU ammm"lami ammm"lami
(hr) o o
(K) mJ‘INTIﬁ'J (S) sr VYDA 00IADE (Sa) Sr
00.00 289.215 75.847 63.738 55.361 £3.130
03.00 288.673 75.611 63.509 55.131 X 2.564
04.00 289.270 77.488 64.281 55.903 +3.103
06.00 289.428 75.381 63.302 54.92471t 2.064
30 09.00 289.843 74.747 62.999 54.622 £ 1.591
.. 12.00 287.794 84.475 67.432 59.055 +4.056
16.00 288.848 84.978 68.586 60.209 1 5.924
18.00 289.285 87.629 68.786 60.409 1+ 2.605
21.00 288.245 84.644 67.794 59.416 T 4.231
U d' (Y] U d [y}
ﬂ1!%%18]?)615111’314‘1@ﬂ]i‘lli’)ﬂﬁzi’)ﬂd’di’)ﬂ (Sa) a9 IU 51.503 i 2.927
00.00 287.929 91.514 72.362 63.985 1 5.231
03.00 287.611 90.880 71.177 62.799 X 3.545
06.00 288.431 83.068 66.409 58.031 £ 2.627
09.00 288.688 81.302 65.500 57.123 £2.296
31
12.00 288.831 97.062 77.057 68.679 + 4.618
N.f.
15.00 288.573 89.003 69.617 61.239 = 2.631
18.00 288.835 82.579 66.237 57.860 1+ 3.048
21.00 288.039 88.215 69.419 61.042 = 3.429
v d' (v} v d (v
mmaﬂaﬂsmm‘lamimmazamma (Sa) AN I 54.529 i 3.047

40



STUDY OF LIDAR RATIO EFFECT ON AEROSOL AND CLOUD BACKSCATTERING COEFFICIENTS IN THAILAND USING MIE SCATTERING LIDAR

Y
a A v o d

] H a P o a 4 1 [ 1
M1I N 4.3 ﬂ"lmaEJ“'U’EN‘WTﬁmﬁﬂiﬁ‘l/lTﬂﬁDLﬂﬁ%W ulg]}l,l,ﬂ AUNYY ANUFUTNUNND amm’m"la

EY

o Y] 1 4 a o ! a o
A9 uazamwmu"lamimmaz@ma@ﬂ mn%’ayjmmuﬁ 1-5uQuI8U 2546 334 5 U

e
ARl
o 4 na .
il hry | Qomal anuru | dandadlams | dandadlams
(K) N (S) sr Y23a700990Y (S,) sr
00.00 288.233 86.837 68.383 60.005 £ 2.882
03.00 288.080 84.532 67.272 58.895 £3.178
06.00 288.524 79.456 64.622 56.245 1 1.635
09.00 289.001 80.045 65.307 56.930 = 3.593
1

- 12.00 288.192 84.400 66.892 58.515 £ 2.056

1.
15.00 288.475 89.582 70.792 62.414 1 5.418
18.00 288.134 92.733 73.151 64.773 £ 5.152
21.00 287.751 90.068 70.516 62.138 £ 3.321

U d' [y | J (Y
aundeonsarvlamsvesazensans (S,) naoa 53.324 1 3.026
00.00 287.068 91.404 71.494 63.117 £3.332
03.00 287.861 88.720 70.014 61.637 £ 4.947
06.00 288.053 88.126 69.105 60.728 £ 2.652
09.00 288.971 86.589 68.181 59.803 £ 2.561
2

- 12.00 288.469 94.591 74.072 65.694 1 3.033

1.
15.00 288.302 89.803 70.275 61.898 1 3.083
18.00 288.097 91.933 72.395 64.017 £ 4.718
21.00 288.060 93.133 73.115 64.737 £ 4.194

U d' [y U d (Y]
aunaaonsavlamsvesazensans (S, naeniu 55.737 £ 3.169

41



STUDY OF LIDAR RATIO EFFECT ON AEROSOL AND CLOUD BACKSCATTERING COEFFICIENTS IN THAILAND USING MIE SCATTERING LIDAR

Y
) A [ [

1 1 § a P o a 4 1 4
M1 4.3 (D) ﬂTlﬁla85116QWT?TNM@?%VHﬂﬁ’JLﬂﬁT%W llg]}l,l,ﬂ AUNYY ANUFUTUNND

EY

'
~ a

[V 1 J [ 1 4 a o
i’)@]ﬁ"lﬁ?lu]lﬁﬂ']i uazamwmu'lamsmma:aamaﬂ %"Iﬂsng}’t]iJ”ﬁﬂ‘]J’J“LW] 1-5UU18U 2546

Q

59U 59U
o
AR
[ U d (v} U d
r na R E onsraulams ons1aulans
N qaunigh | ANuTY
(hr) o w S) V9992009008 (S,)
(K) Furing
Sr ST
00.00 288.003 89.307 71.494 63.117 +3.332
03.00 | 288.085 84.392 70.014 61.637 + 4.947
06.00 288.192 84.725 69.105 60.728 1 2.652
09.00 | 288.736 86.279 68.181 59.803 + 2.561
3
- 12.00 288.606 93.592 74.072 65.694 T 3.033
1.9
15.00 | 288.700 84.844 70.275 61.898 + 3.083
18.00 288.277 90.027 72.395 64.017 £ 4.718
21.00 | 287.585 88.426 73.115 64.737 + 4.194
v d' [y ] d U
aumdssnsarulamsvesazessans (S,) nasn i 54.161 * 3.414
00.00 287.371 86.635 70.102 61.725 £ 3.801
03.00 | 287.907 86.311 67.027 58.650 1 2.899
07.00 | 289.005 86.959 67.175 58.797 +2.497
09.00 288.386 86.840 68.532 60.154 1+ 4.340
4
R 12.00 | 288.641 81.106 73.625 65.248 + 4.405
1.9
15.00 287.845 90.876 67.500 59.123 +3.938
18.00 | 287.810 90.448 70.566 62.189 + 3.836
21.00 288.179 78.236 69.938 61.560 £ 5.008
v d' (Y] | d [y
aundeonsiaavlamsvesazensans (S,) naoa 53.656 T 4.110

42



STUDY OF LIDAR RATIO EFFECT ON AEROSOL AND CLOUD BACKSCATTERING COEFFICIENTS IN THAILAND USING MIE SCATTERING LIDAR

Y
) A [ [

1 1 § a P o a 4 1 4
M1 4.3 (D) ﬂTlﬁla85116QWT?TNM@?%VHﬂﬁ’JLﬂﬁT%W llg]}l,l,ﬂ AUNYY ANUFUTUNND

EY

'
~ a

[V 1 J [ 1 4 a o
i’)@]ﬁ"lﬁ?lu]lﬁﬂ']i uazamwmu'lamsmma:aamaﬂ %"Iﬂsng}’t]iJ”ﬁﬂ‘]J’J“LW] 1-5UU18U 2546

Q

55U
oA
ARl
5 i - e dandalans dandlans
N QMHAN | ANNVY
(hr) o o ) Y9992009008 (S,)
(K) UNNS
Sr N g
00.00 288.044 79.644 65.170 56.793 £ 3.430
03.00 288.222 77.058 64.988 56.610 £ 5.125
04.00 288.038 76.839 64.882 56.505 X 4.963
06.00 288.281 72.508 63.985 55.607 £ 6.105
5
- 09.00 288.071 72.938 62.759 54.382 +2.754
1.
12.00 289.106 78.042 64.683 56.306 £ 3.478
15.00 288.826 86.350 68.159 59.782 +3.148
18.00 288.355 76.165 63.610 55.232 £2.268
U d' U U d U
aunaonsaIvlamsvosazendans (S, naen iy 50.135 * 3.475

Yy Y

o o 1 A o 1 4 Y o
VNﬁiﬂﬂﬂTSﬂTH'Jmﬂ']lﬂﬁEl't’)ﬁiWﬁﬁullﬁﬂWiﬂJ@Qﬁgﬂﬂﬁﬁﬂﬂi'nJ 14 U mmmmmg%u

ﬂiWWLLﬁﬂ\iNﬁllﬁlﬁﬂﬂWWﬂizﬂ@U 4.1

43



STUDY OF LIDAR RATIO EFFECT ON AEROSOL AND CLOUD BACKSCATTERING COEFFICIENTS IN THAILAND USING MIE SCATTERING LIDAR

J

aeIvUvNa

]

eI 1IN

U

003098 (sr)

60
55
35
50 o _ _ _
Average Sa = 49.409
45 43|
s= 40
35
30 T T T T T T T T T T T T
2 b b 2 R e c e c = = = = =
2 3 3 2 3 = = = = = = = = =
S & & & 3 8 a =2 =

1 { o 1 4 ) @ Y 1 a
ﬂW‘I‘]Ji%ﬂ’é)’U 4.1 ?ﬂmaEJ’E)GIiWﬁ’JuUlaﬂ'Ii"U’ENﬁ%’t’)’é]ﬂﬁ’é]fli']ﬂ’lui’lll 14 U izmmﬁaumymu — UL N.71.2546



STUDY OF LIDAR RATIO EFFECT ON AEROSOL AND CLOUD BACKSCATTERING COEFFICIENTS IN THAILAND USING MIE SCATTERING LIDAR

[ J [y} a c§ a %
4.1.2 wamz‘nuﬁumam1dau"lamwiaauﬂim‘nﬁmsnszmaﬂaummazamaaﬂ Ba (z)

a

nnaeandulasivesazessansioTuisiuiauinndoyady o ao1iiite suness
d1159 Yandaglusie Idinmeardasidiulaasvesazessasemis (S) wiouandeauy
WIATY U (Standard  Deviation) 011579 42.557 £3.406 st 0455737 £3.169 st taziinn
[ 1 4 dl a 1w 1 d' 1
oaT1d U lansunsazendnoomasgniininy 49.409 st llunualuguns (3-3) wenmen
B, @ =B_(z) Nanugadnga dwalumsiei 4.2 udnahai ldunuadluaums G-2)
d’ o 1 % a Q‘{ a % d‘ (% 1 9
teMuInFuszAnTnInTzinduvesazeeany B, (2) NszAUANNIAN q Taely

9 a Ao 9 A 4 a ~ ~ o v 9 o A
GlJi’]iJ”’ﬁﬂUﬂﬂﬂulﬂiﬂﬂlﬂﬁﬂﬂulaﬂﬁﬂﬁﬂizmﬂu‘]ﬂﬁ\l ] @.ﬁﬁﬁTIﬁQ %.’QIGU‘V]?J (“]Zﬂﬂl’é]i;ljﬁ’ﬁl!‘i/] 14

J o a (% @ v A v d
UNTIAN 2547 59 24 1Q) nazduneninie TanTauaswdu (gadoyaiui 14 nuAIUD

F4 9
9 v A a

T e e o 4 A o4 44
2548 593 24 198) FudlusranarnlndiResdumnalullle Weaiiwsiimessunmelteaas
(Y] [] 4 H [ [
AMNTOLTAINANTZNDVDIBATIEIU laasvosazotnosNlsIngaonuanyuz YDA 00ADY
og; 9 1 1 [} 9y a a o [} 1 = (% (%
Tuvuussermalaun ardayarauuisanido vazdasidiud Inar lsisdu awwaaclu
A
nnilsenoun 4.2 - 4.7

{ 1 a 4 a
Gﬂﬁ"l\iﬁ 4.4 MNTTIUNDTVDIATODINDY DU ﬂ'JTqu\T'Jﬂi]@]IﬂEJGl%

@ 1 J § a
@9]ﬁ'lﬁ']u]lﬂﬂ'ﬁm@ﬂﬂgﬂﬂqa@ﬂlﬂaﬂQﬂ‘ﬁ =49.409 sr

AYBINIADS B ANNGIINGA
3al
o1 sty X(z.) B, @)
(m”) (m’'sr’)
03.00 5337x 10" 2.047x10°
14 1.0, 2547
17.00 4522 % 10" 2.167x10°
(g Tuvie)
22.00 2738 x 10" 2.139x 10"
06.00 3.817x10" 2.158x 10"
14 N.N. 2548
. 17.00 3.668 x 10" 2.156x 10°
(uﬂi’ﬁ“b’ﬁll”l)
22.00 5301 x 10" 2.176x10°

* LST —> Local Standard Time

45



STUDY OF LIDAR RATIO EFFECT ON AEROSOL AND CLOUD BACKSCATTERING COEFFICIENTS IN THAILAND USING MIE SCATTERING LIDAR

Height (km)

Height (km)

Height (km)

—

0.5 \

0.1 0.8 15 22 29 36 43 50 57 64 71 7.8 85 9.2 9.9

Range Corrected Signal x 10*? (m?)

1 .

05 T T T T T
0 0.05 0.1 0.15 0.2 0.25 0.3
Depolarization Ratio
=

2 -
1.5 4 — — — —Sa=35.000 sr

14 Sa =49.409 sr
0.5 : : :
1.00E-07 1.00E-06 1.00E-05 1.00E-04 1.00E-03

Aerosol Backscattering Coefficient (m™sr™)

awilszneu 4.2 Tns lWduuidevesdyanaudidaide sasiaiud Iwar lsedu () uay

4 H
FuilszaninsznnNauveIaL 00300y ﬁa (2) JUN 14 UNTIAY 2547

1381 03.00 1. & SUNDATA1 159 39K Iag Tuiio

46



STUDY OF LIDAR RATIO EFFECT ON AEROSOL AND CLOUD BACKSCATTERING COEFFICIENTS IN THAILAND USING MIE SCATTERING LIDAR

0-5 T T T T T T T T T T T T T T
0.1 08 15 22 29 36 43 50 57 64 71 78 85 9.2 9.9

Range Corrected Signal x 10*? (m?)

Height (km)
N

0.5 \ \ \ \ \
0 0.05 0.1 0.15 0.2 0.25 0.3

Depolarization Ratio

’é\
< 251 = ———
5 2]
T 15 ~— —— Sa=35000sr
Sa=49.409 st
1 m
0-5 T T T
1.00E-07 1.00E-06 1.00E-05 1.00E-04 1.00E-03

Aerosol Backscattering Coefficient (m™sr™)

awilszneu 4.3 Tns lWduuidevesdyanaudidaids sasiaiud Iwan lsedu () uay

4 1
FuilszaninszlnnNauveIaL 00300y ﬁa (2) JUN 14 UNTIAY 2547

1981 17.00 1. & SuneId1 159 39niag Tviio

47



STUDY OF LIDAR RATIO EFFECT ON AEROSOL AND CLOUD BACKSCATTERING COEFFICIENTS IN THAILAND USING MIE SCATTERING LIDAR

0.5

0.1 0.8 15 22 29 36 43 50 57 64 7.1 7.8 85 9.2 9.9

Range Corrected Signal x 10'2 (m?

B
=
=
(@]
©
T

0-5 T T T T T

0 0.05 0.1 0.15 0.2 0.25 0.3
Depolarization Ratio
€
=
=
(=2]
‘©
T
————5a=35.00sr
Sa =49.409 sr
0.5 1 T T T
1.00E-07 1.00E-06 1.00E-05 1.00E-04 1.00E-03

Aerosol Backscattering Coefficient (m*sr™)

awilsznow 4.4 Ins llduuiasvesdyanandiFaide dasiaud Inanlsadu (O) uay

4 v
FuilszaniniznInNauVeIaL 00300y Ba (2) N 14 UNIAN 2547

1381 22.00 . & 8UNBATA1 134 39nIAg Tvsie

48



STUDY OF LIDAR RATIO EFFECT ON AEROSOL AND CLOUD BACKSCATTERING COEFFICIENTS IN THAILAND USING MIE SCATTERING LIDAR

4.0
3.5
- 3.0
£ 25 —_—
N
E’ 2.0
2 15
1.0 A
0-5 T T T T T T T T T T T T T T
0.1 0.8 15 2.2 29 3.6 43 50 57 6.4 7.1 7.8 85 9.2 9.9
Range Corrected signal x 10" (m?)
€
<
=
(@]
‘©
T
0.5 \ \ \ \ \
0 0.05 0.1 0.15 0.2 0.25 0.3
Depolarization Ratio
4.0 -
3.5
R ——
fé\ 2.5 A
=
- 2.0
=
=
£ 151 — — ——Sa=35.000 sr
1.0 A X Sa =49.409 sr
0.5 T \\\ T
1.00E-07 1.00E-06 1.00E-05 1.00E-04 1.00E-03

Aerosol Backscattering Coefficient (m'lsr'l)

awilsznow 4.5 Tns lduuiasvesdyanandiFaide sasaudInanlsadu (O) uay

4
a o

@ a a @ { @ J
dunlszandnizinanauvesazeeiany B, (z) il 14 nuANTUT 2548

1281 06.00 Y. 8 SUNDNUIY IIHIAUATIIBAN

49



STUDY OF LIDAR RATIO EFFECT ON AEROSOL AND CLOUD BACKSCATTERING COEFFICIENTS IN THAILAND USING MIE SCATTERING LIDAR

4.0
3.5
3.0 A
2.5 A

2.0 A

Height (km)

1.5

1.0 -

0.5 ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘
0.1 0.8 15 22 29 36 43 50 57 64 71 7.8 85 9.2 9.9

Range Corrected Signal x 10** (m?)

4.0

3.5
3.0
2.5 4
2.0

Height (km)

1.5 ~
1.0 -

0-5 T T T T T
0 0.05 0.1 0.15 0.2 0.25 0.3

Depolarization Ratio

4.0

3.5 A
3.0 A

2.5 4

2.0 4

1.5

Height (km)

— — — —Sa =235.000 sr
Sa =49.409 sr

1.0 A

0.5 \ \
1.00E-07 1.00E-06 1.00E-05 1.00E-04 1.00E-03

Aerosol Backscattering Coefficient (m'lsr'l)

amwilsznow 4.6 Tns llduuiasvesdyanandiFaide dasaud Inanlsadu (O) uay
¢ a %

a a @ { [ 4
ulszanBnIzinnADYeInze0dany B, (z) Ui 14 quaniug 2548

1281 17.00 Y. 8 SUNBNUIY IIHIAUATIIBAN

50



STUDY OF LIDAR RATIO EFFECT ON AEROSOL AND CLOUD BACKSCATTERING COEFFICIENTS IN THAILAND USING MIE SCATTERING LIDAR

4.0
3.5 1
3.0 A
2.5 4
2.0 1
1.5 A
1.0 1
0.5

Height (km)

0.1 08 15 22 29 36 43 50 57 64 7.1 7.8 85 9.2 9.9

Range Corrected Signal x 10™ (m?)

IS
S
=
2
o)
T
0.5 T T T T T
0 0.05 0.1 0.15 0.2 0.25 0.3
Depolarization Ratio
€
S
=
=y
% — — — —Sa=35.000 sr
Sa = 49.409 sr
_________ :_';___‘_%—
1.00E-07 1.00E-06 1.00E-05 1.00E-04 1.00E-03

Aerosol Backscattering Coefficient (m™sr™)

awilsznow 4.7 Tns lduuiasvesdyanandiFaids sasiaudInanlsadu (O) uay
4

@ a a @ { @ J
dunlszandnizinanauvesazeeiasy B, (z) il 14 nuANTUT 2548

1281 22.00 Y. 8 SUNDNUIY TIHIAUATIIBAN

51



STUDY OF LIDAR RATIO EFFECT ON AEROSOL AND CLOUD BACKSCATTERING COEFFICIENTS IN THAILAND USING MIE SCATTERING LIDAR

4.2 ﬂ1‘§%!ﬂ§1$ﬁlﬂﬁﬂ1iﬂﬂﬁ®ﬂ

o a a 4 a (g 1
421 MINHAMIAIUIALALINTIZHYOYAALIINIATOUTA loFOUANINUTLHIUADY
WY — UQUIBU 2546 B @010 Sunead113e saniag Tuwe nunasasidiulassves

H 9 ' H . . ] 1
Az099a081RAY () NTOUANTEAVUNINTF I (Standard Deviation) 9811499 42.557 £ 3.406 sr

S 1w 1

J { a 1w y
5\1 55.737 £ 3.169 sr Lm$3Jﬂ"l’f)@]iTﬁ’Juulﬁﬂ"lileﬂ\iﬂ$’€)ﬂﬂﬂﬂﬂ!ﬂaﬁlq‘VI‘ﬁmTﬂU 49.409 sr ﬁﬂ’J"IiJ

d' d! Y [ d' Y a o d‘ 1 Y 9 v 9 9 1
g13IAaU 532 nm G]Nﬁﬂﬂﬂa’ﬂﬁﬂ‘UWﬂ“V]llﬂiﬂﬂﬂu’Ji]ElﬂﬂﬂTJll’Jﬂﬂu‘l/mﬂu‘l/i’J"llﬂ 2.3 ”lmmmmlm

Yy 9
v AN Yq Y

. = Y1 o 1 I 1 @ 1 o S A 1 =
Mitev tazanedalanonsidiulanisuaingduninu 50 sr nsdiuTnaa1andyd neilla 1y
A A an = o < 9 o XY 1 A A A 9
Lﬂi’f)\ﬁJ@LLﬁ%’J‘ﬁﬂ'lﬁL@EJ’Jﬂ‘L!Gl‘L!ﬂ'l'ilﬂﬂsll’f)uvﬁﬂﬂﬂmgﬁﬂi]ﬂ drunsausnulsammwoutiiulu

= = A = [ = 1 = . 1
o1y w LBNYNA f‘TTﬁ']‘iﬂ!ij}ﬂiZ"m%Hﬁ]u ¥291A.9. 2002-2004 1w Chiang agnte WUIN

v
=l =S (% 1

[ 4 Y {2 9 (] 1
azeosavsuuuduiiaundeoasidiulans 44 + 19 s Tasldsrnarnnudeyasglusiln

D.

F
IS Av A

= 9 awv : 1< o ] 4 Ao I [
Glﬂé)!’ﬂfl\iﬂll\?']u?ﬂﬂ Gd]ﬁﬂf’)!’ﬂuﬂ’]i?juﬂuﬂ')’]lluu%@ﬁ@m@ﬁWfTI/]ﬂ’]uﬂmUlﬁjﬂ']ﬂﬁ']uﬂﬂﬂulﬂu@ﬂ'ma

a 1 X

4 1w 1 4 A o 1

422 Lﬁ@ﬁl%}ﬂ"lﬂ@51@")1&1&@15%@\1’@3@@\1&@ﬂlﬂﬁﬂq%‘ﬁ!fﬂ']ﬂ‘ﬂ 49.409 sr °lum:immmm

o a a v i a d [ 1 P
AuszansmInszNNaLV09IaL009a0Y Ba(z) Lﬁ’t’]’)!ﬂiT%‘ViNﬁﬂi%ﬁﬂﬂlﬂﬂ@ﬁi?ﬁﬂuqﬁﬂ'ﬁﬂ

9 v

ﬂ§1ﬂ§]ﬂﬂﬂmﬂﬂym$ﬂlﬂQﬁ%@@\‘lﬂﬂﬁliu%u‘ﬂiiEﬂﬂTﬁIﬂﬂL‘WiJmaJ ﬂTﬁﬂJuﬂJUTﬂ!LLﬁ}LGH\‘IWﬁEI uae
Y] 1 = o R A [ a 4 v A A 9 4
oasdud Inar lsdudidodlumnimesvaninerdos nazudanalugUuuyTns 1d

" e Yy A Ao Yy A s a A o ~ o
ﬂ’quwmm‘mﬁm Iﬂﬂi%ﬂ]@“ﬂ@ﬂﬂ ﬂllﬂiﬂﬂmiﬂﬂam‘imiﬂ‘iz!ﬁNLL‘U‘mJ o @1Lﬂ@ﬂiﬁ11§\1

U

[} 9 v A

o u 0) o a U o
ndng luie (YAUBUAIUN 14 UNIIAW 2547 53U 24 "I,‘Na) HAZBUNDNWNIY I IAUATTIFTIN

q Q U

atoyaTUN 14 nuAiuT 2548 59u 24 TWd)

U Q

a

a [ 4 A [ Aa o 1 v W 1
nInmInasananyae Ins lWanuinsuesdyanaudFangs X (z) Saunusasidiud In
v 9 o A o < o a o
a1 lsuvesdoyadunoaidilse lummisznon 4.2 - 4.4 vzviudygIunszRNauveg
Y Y
[ a a <3 1
azoodaooluduIng Inailes (AonW1501ANEL 0.5 — 4 km iloNuaw) uaasliviudil
a 1 1 t:' ;; 1 a d! 1q Y Qs/l 1
YTuaz003a0s0g LY 8 NANVFIAINT 1.5 - 2 N lawnsdeeglagrumaia 3 $2anm
A ~ o A a A 9
A9 03.00 W. 17.00 Y. A 22.00 W. NUNUAABAULVITOIMANTNNUNA Tiwnun uaznesih

% 4 S

' ' o w o { o o [ Aa Ao [}
Toss(hifiman) awdre Teedggrauiialaudninnd s dudyanaudidnds Jaeglu

52



STUDY OF LIDAR RATIO EFFECT ON AEROSOL AND CLOUD BACKSCATTERING COEFFICIENTS IN THAILAND USING MIE SCATTERING LIDAR

[

UAVTZHAN 10 — 107 m’ AIMTVAZ009808  LAZUTHIUNVNNOYIZIAANTNILITINIGUI

v
[ v A

Aa Ao 1 1 % 1 y a 1 @ J
Wdygrumsudideideliaieglusuauiganit 10° m’  wazlenvanaiug o Tws g

1)

o—9

1 o ' = o ' 1 = < Y <
mamwmuﬂiwmhlixcwu (8) NUIALDOIADYTIUNINUUUIALAN mtﬂuazamaaﬂmmmaﬂ

% 1 a0 2 1

Y1 A I < ~ Y] A 9 c; A 9
N9 i]uuullﬂ’ﬂwgﬂiNl‘ﬂu‘ﬂiﬁﬂé’lllﬂi]33JﬂTE)@]iWﬁ’JuﬂIWﬁTlliLGIfGBULGNLﬁUGHN"Iﬂi]ullﬂ“"lﬂ

Y
[ Y

P @ 1w 1 v A o 1 a
Indqué Falaen lilazessassaziimdandiud Inat lswdudududinir 0.1 aaiuuinm

T W 1

lanfigasidiud Inar lnwduFadugs dusulunmisznou 4.2 nazs.3 Nlinoasiaiua In

[l b4 Y
a1 lsdugegalszuim 0.15 nazlidygriamdiFandengaiy udasusnuiuiiuaeg

[ 4
o o

osnnanuruuiuves luanaii ldinansnszdanigalumai Iddyanamsuiid

Y
m’ @ 118103.00 u. 1Az 17.00 u. Mimzaved wanaiihihldeynia

Q

=

1 [ % 1% 1 o a { 1
melumadivinavgjuag liiflunsenay Failuraldsasidud Inar lsadugFadun lalia
d' 9 o a oa/l 1 A
g9 Tuvmzidoyadunoiuie Tunmilsznou 4.5- 4.7 19 3 $291981A9 06.00 U. 17.00 U. LAY
= [ A =] 1 Y 1 (= o w
22.00 u. NunuanBUzuITIMANTwANN Twauiegiu wagnesih Tl lutiua) awdau

9
%

N

©

WUNNANHULMTLINUINIVDI0L 009008 NAA N U NA NS UN0AS a1 159 eI

U

b
=2

% = dg} 1 ] a
srauanugaueunaaadu lodlure 1.5-2.5 Alawas

1 o 1T W a = a [
N1511UT 8RB VANUUANAIVDIHAM IAIUIUATUUTZANTNILIVINAVVDIAL0DI0DY
d’ Y v ] 4 [ Y [ 1 d’

iolddasidiulanisvosazoosaeeiiny 35 st U 49.409 st WuWanINNT WU 3 Tu
= 9 [ o d' Sldy 1 @ ] " o a Q(
Asznou 4.2 - 4.7 Ianuaeaadsenu Iasnadiuiui latied lusuduvesaidulszdns

a (% q'/ d'd =2 (% 1 9 1 A ] ]
nIzenduuedazentaos lagia llalimsAnuinuedsniwuelualseimanoogsz g
[ - - -1 - ' ' 1 - -1 - % 9 9 <]
¥2910° — 10° m'st” Aumaazianni1 100 m'se Faenuuua lduvouduniin Iassun

] [ 1 Y 1 d’ a 9 A A []
10 UIVOAANUUANAIITE YAz 00a0staziua laa uaipNTaundunsaddeinds
az198n92131NYaNULIAUNTAIUVDIAT B 532AUANNGINE Tunaazsianar dasy Ty

Y1 A d‘ a a

AMMsznon 42 198103.00 u. dwsouen ldnTwanuTnannugelszm 1.7 flawas

1 v o Jdo

4 H
IﬂfJ‘W%13il!"l%TﬂﬂWﬁﬁJ‘]Ji%ﬁVl‘ﬁﬂi%LﬂQﬂﬁ‘Um@ﬁﬁz@ﬂﬂﬁ@ﬂﬁﬁﬂWq’ﬁﬁﬁqu‘ﬁﬂ’]Jﬂi"I'I/\Iﬁﬂlﬂﬂmufg{!f]N

g 9

v 9
= =

=% 1 =) ) =2 = =} =\
Wae X (2 Tugd 4.1 dqunnuganimilennusnm 2.5 Alawasyu 'l luiazeosans niel

d‘ U 4 1 % a Q( )
azevdaootiosun Wihlddyauiinduunilewinazessassivsuazaiduilszaningziag

53



STUDY OF LIDAR RATIO EFFECT ON AEROSOL AND CLOUD BACKSCATTERING COEFFICIENTS IN THAILAND USING MIE SCATTERING LIDAR

o A o Yy o 3 4 o ! ] Y
ﬂmJLu@amﬂazamaﬂﬂwmmm"l@mﬂyngﬂummumisumum"lﬂumﬂ’n Iﬂﬂﬂ%!ﬁl"iu]lﬂ
o a £ g 1 A 12 1
GIW’]L%u%WﬂﬂWﬁWﬂ’]im’]ﬂ’]WﬂiZﬂ@U 44 179122.00 W. “]NL‘]JUGH’NL'JQ'W]thilLll“]Jﬂ‘i'lﬂQ@QIﬂﬂ
=) 4 [ a QOJ a [ Q’J’ 9 = (]
Wﬁ]']im']IWiUlV\Iﬁsll@\iﬁiJﬂigﬁﬂ‘ﬁﬂﬁ&ﬂﬂﬂa‘]_l"ll@\iag'ﬂ’t’)\iﬁ@fJﬁ]']ﬂ‘VlQﬁ@ﬁlﬁﬂﬂﬁ'l“l/‘l"lﬂﬂi']ﬂ;]@ﬂ'lﬁ

1 [ a [ a Q( a [ 4
WQLQUUTLﬁﬁﬂigﬂUﬂUTNQQ 1.SﬂIaLM@]iLLﬁﬂflﬁNﬂigﬁﬂ“ﬁﬂﬁglfﬂﬂﬂaﬂﬂlﬁ)ﬁagﬂﬂﬁa@ﬂ Lﬁ@\‘l“lﬂﬂ
MITUNIUFUNY

= Q’J) A A ] a 4 A J 9 oa.zl ~ oa.zl <3 Y] A

’E)ﬂmmaWinimmﬂyngum’dmmmffmumﬂummq“amﬁawuu ﬁ]glﬁuulﬂ’ﬂ‘ﬂ
o a ~ oa.zl AA o 1 a 9 U % o [~ a 9
’En!,ﬂ'E]W11']3]1@81/]9]\‘1"’1]'E]\‘lﬁ'ﬂ']u’J"I]‘(’J'E)Qiﬂﬂﬂ’)ma'E]ll5’(’)1]ﬂ']8115MHﬁWﬂgﬁa\Hﬂuﬂil’JmﬂQWQ

A o ~ o AAa v 1 A ' @ ' 4 o '
"llmgﬂf]'“ﬂﬁ]ﬁﬁﬁ'liiﬂ ﬁﬂ1u’]ﬂﬂ@glu°§u%uﬂ@g@1ﬁﬂ ‘HNi]WﬂﬂuUﬂaNﬂJ’éN’mm’eJ‘]Jﬁﬂg’Jﬂu

Y
v KX A

o o Ao a = LY a I 1 o
Vl'lfni'Jﬂ‘i/l@']!,ﬂi’]Wll1EliJﬂ'lﬁ!N']lliiJuGlullﬁijiﬂéjlﬁﬂﬁlﬂu%ﬂﬂﬂ ANUHUHINUASDDINDY

e
=S).

U
A (Y % IS 3 A ] 1 Ao d? [ [} <
Luﬂﬁ%’]ﬂﬂ’]i!ﬂ’]m@ﬂlliNuiuaﬂﬂmglﬂuluﬂﬂi'ﬂmﬂ'J’nJﬂG]V]'Jul‘]_lﬁ't’]ﬂmuq‘lﬁifﬂﬂﬂlﬁﬂﬂ'mlﬂu

a Y 1 2K o Y v a A
VIIUNINUASHUULUY i]\Tﬂﬂlslﬁﬁg'l’]@\iﬁﬂﬂﬂ§$ﬂ']EJG]'JL‘]JU(Ijﬁquuqﬂllagqu‘wu@ﬂ'ﬂuizﬁﬂu

A =2 a 1 dl a d' o A o =) 1
DU 2.5 ﬂIﬁLNﬂiiuUNﬂf’N!’mW 611mzmﬂimmazamaawmmaﬁiﬁﬂimmmwmuuu

Y
A A > o ]

wneglunFnamileNuauszauANgIRIN 2 Alawasaan tazdidunamuilsnuaz oo

v 4
~

asgduvnuazya vy (Wswna1das1dIud Inan lsaduiiqe) madulugiana
:1’ 1 = a o a dyd! a S Y
UsLIUAUA 04.00 1. DI 15.00 . & UTNUSUNDNWIGH FID19UATIEH IANNAVDINTIH
I . . d' a o o o T A Y A Q' o
137%937@ (Biomass Burning) tH8991n73 30515881 uvesri lsusnuladifessuhauas
< Qy 1 @ ] [ LY a & a @
svaumszaluunaz Julugegguun drumduilsza@ninszimanduvedazosiassnasa

E4
%

9 [l
neiuvesnaesdunelinegluduauiaeandesiu Inlududuves 10" m'sr'

54



STUDY OF LIDAR RATIO EFFECT ON AEROSOL AND CLOUD BACKSCATTERING COEFFICIENTS IN THAILAND USING MIE SCATTERING LIDAR

UNAN 5

azUnazenilsiawa

5.1 aglwamnaasy

9!
(%

a 4
"lﬂﬂwaﬂ']ﬁ‘ﬂﬂaﬂﬁ!m%ﬂ']iﬂ!ﬂﬁ'lgﬂNﬁﬂWiﬂ@a'ﬁNiu‘UWﬂ 4 ﬁ']ll'liﬂffﬁﬂll \1

d9yY

o a a 4 a o a
5.1.1 Waﬂ"liﬂTLl’JiLll,Lag'Jlﬂi'wW"U’E)N”ﬁﬂUﬂ?ﬂlﬂ?@ﬂliﬂi@%’@i&ﬂiﬂﬂ?%ﬂ']iﬂ]’t’]ﬂ Ackermann

o 1 o 1 4 4 a 1w { 4
1/1111?1’61%15014mmmmau'lamsmmazamaaElmﬁﬂqwﬁmm‘u 49.409 sr ﬁmmanﬂﬁu 532

A A
aouiennly

[

4 o A A 1 g o o Ao
nm Cﬁﬂlﬂumaﬁgalﬂw'wUilﬂmﬂﬁglwﬁqﬂﬂ ﬂﬂ')’]iﬂu@]'ﬂuﬁ’]ﬁ%iueuu@u aina

(=} 4 4 [} [} 1 4
Uszinalneluiinseaiionansotasasidiulaasvesazeosansld lasase nsedazld

A A A 3 9 A A 9y (% S Y a v 9 o w 1 Y Y A a
Lﬂﬁ@\jll@'t’]ulﬂﬂell’t’]llﬁ1/]llﬂ')’]lllﬂfnsl]@Qmﬂﬂﬁ?uﬂﬁﬂﬂqg@%w%ﬂlﬁ, VYUDINA L FU ﬂ’]ﬁlﬁlﬂﬂﬁﬂ\uﬁﬂiﬂ

u

a I Aa <3 1< Ty A a ' [ A
URDIIFULES (Photoradiometer) ﬂ%mwﬁ'ayjammmqﬁﬂNammﬂ"lﬁ'“lmmﬂmnummwwaz

=< a g 9

a d 4 1 3 ff a 4
mmmﬁuuawnmmu Llﬁgmu@@uﬂ']ﬁ’)!ﬂi']%ﬁ%@ﬁgﬁi'Jllf]QﬁﬂJﬂTiﬂTQﬂm@ﬁWﬁﬁiﬂﬂuﬂﬂQN

D)

e

9

[ 9 [ YY) 9 a d‘d v Aad v A R Y
ANUFUFOU AIHUNNUDUAAUNINUINAVITNITAATIY mmmmw%‘lmm YU G]NGlT‘iWﬂ

R

9
Y] Aaov Y] ] 1 a a 4 ) a 4
’ﬁ"ﬁ)ﬂﬂé}’f)\‘]ﬂUQTH’J%ﬂIUiﬁﬂUﬁTﬂﬁ%Q%ﬂuligfinmﬂuﬂfﬂi3&?1313‘W!LE‘I%ﬂTiﬂTu’Jm‘V]Nﬂm@ﬁTﬁﬁiﬁ
o Y v o o =2 a J . .
ﬁﬂﬂiﬂu"lllﬂalﬂflﬂulluﬁwnﬂﬁaﬂﬁT‘ViiUﬂTiﬁﬂHTJ'ﬂEl"lﬁ"lﬁ@i‘ﬂﬁiﬁﬂﬂTﬁ (Atmosperic Science) Tu

RG]

% {1 1 a 4 va A 1 v 1
5.1.2 @]’JLL“IJ3ﬁuT’duGli]551’E]fﬂi’JLﬂ51314ﬂﬂ!ﬁﬂﬂm%ﬂllﬁﬁlﬂ\iagﬂﬂﬂﬂﬂEllligfllﬂ amwmu"la

a Jd

~ < a s o o Ay v Ya
A7 'Vlﬁ'"liﬂﬁﬂﬂTL!'Jil!Ulﬂ"l]Tﬂmﬂuaﬂﬂﬂlﬂﬂiﬂﬂliﬂiﬂ‘ﬂfﬂuﬂ Wu')ﬂﬂ‘iJﬂTi‘LﬂWE‘I'VI“@?Jﬂ"]f’JLﬂiT%W
[ a o A 9 A 4 a & 9 1T o A
ﬁigiy'lmﬂ5$HNﬂa‘]J!le@\ﬁ]'lﬂa3@@\1668@’38%}5@\11@1@13ﬂ']iﬂi%ﬁ]\‘illﬂﬂil"lﬁulﬂuﬂ quilszans

Yy Aa Ao [ 1

NIZININAVUDIAZ0OADY AIUGNUAYULATINGTY tazoas1dIud Inan lsadu msnsu
' s A Y o AN ] a o

ﬂ']l,!,fwLLiWNNﬂﬁlugﬂLmUIW‘quﬁLLL!’)ﬂQﬂl@ﬁ@?!kﬂ‘i%ﬂﬁ'mu‘ﬂﬂﬁf‘THJ'Iﬁﬂ’JLﬂiW%ﬁﬂ']iLli]ﬂLliN
mmwmuﬁu (Density Distribution) (a2 N154ANUIIVUIA (Size Distribution) ﬂl@ﬂﬁ%@ﬂ\iaﬂﬂll@g{

P4 4
i’)iJ’ﬁ\‘]LLEJﬂﬂ’J'lmmﬂ@N"UEN!?J"JJ’E]E]ﬂ%Wﬂﬂ%@@Qﬂ@ﬂqﬁ}%ﬂLﬂUﬁu T@ﬂ"lmmﬁaﬁ”lﬁwamiﬁmm

55



STUDY OF LIDAR RATIO EFFECT ON AEROSOL AND CLOUD BACKSCATTERING COEFFICIENTS IN THAILAND USING MIE SCATTERING LIDAR

Ay Y a A Y v o o 1 A o a o
‘VlvlﬂaElﬂil11u%ﬁ%13ﬂﬁ@ﬂﬂaaﬁﬂumﬁm@’J Gﬁjﬂﬂuﬂuﬂ15ﬂﬁgujaWﬁﬂ']'ﬁ?iﬂﬁ'lgﬁag'ff]@\?ﬂ@ﬂ

9 ] ] d' A
uazmm“lﬂamqmwaﬂa

5.2 MsanUsiana
T o A & a o o 13 a Ao I Y1 1
Mdulszansnszlanduvetazevsavstulndulsuansiuia v ldauiuas

1 9 d‘ ~ 9 o 9 [ AI A A 9 [ =&
ADUVNWNYIN m’ENmﬂu’dumi1/11%ﬂ13ﬂ1u3mGl’é)mﬂimwnu‘ﬂiau“] ‘V]Lﬂfl'lﬂlﬁ]ﬁﬂa’lﬂ@n!!,ﬂicﬂﬁ

Vg

ad A 9 I 1 @ 09./} % [V 1 =1 ~ 1 1 (] [ Y]
'U'NTﬁla@ﬂigmﬂUﬂTﬂﬂﬂjﬂ\iﬂuﬂ Iﬂﬂ@]']LHJﬁﬂ\1ﬂa’]juﬂfﬂfﬁﬂGﬂgﬂTﬂW!LuuﬂulsﬁuﬂULWi'lg@g
4

Y 9
= = [

pils e YU DU AUTANIINIENNITUAIV0IAZ009000 FITUNDFTA YUIA LAZAIY

9 P

MUYz oAy luLaazUTNY Lazazoodapylinznguazasedlog luTUUITeINIA

H 4
a814 laiuwdueu Inmsudsduamunaazaaiun (Spatial and Temporal Variation) AU

= T A A Y =K =2 (% A g o a
NITANHIAINIIG NINYIUDI ﬂ%ﬂu’ﬂ’]ﬁﬁﬂ‘ﬂ'ﬂuaﬂymgmlﬂUﬂ1§W1u1ﬂ HAZNATTUINTINTIY

1 :j ' ] ] 4 o a L&Y =
MUY ’l’]EJ'Nllﬁﬂﬁ']iJﬂ'J']iJu']!“dlf@ﬁ@ﬂJﬂ\iNaﬂTﬁﬂ']u'Jﬁ!ng'Jmﬁ']g‘WEl\iﬁ']iJ"liﬂLﬁfJ‘]JmENhlaﬂ']ﬂ

[ [ 1 [y d' o 9 = a = 9 a
?UAU (Order) "U’t’Nﬂ151J?N¢IQL!,‘]JTVI?HN’J'E1![1@ﬂ?ﬂﬂ?iﬁﬂ‘hﬂlﬁlﬂﬂi]HQLLﬁ%%WﬂL@ﬂﬁTS@'N@QGIH

[

awv 1 A’f Y] @ ara d Aa A
jj‘]JLL“]J‘]Jx‘ﬂlJ’J‘ﬂfJﬂJ?NGlN‘]Ji%L‘V]ﬁ i’JZJVN’t’)"IﬁfJﬂ’NiJiLLﬁ%ﬂﬁﬂfﬂi“l/lNV\IﬁﬂﬁL“BQLLﬁQﬁLﬂﬂ’JGIBJ}ENﬂ‘U 9

9
v v

wlsnvusuaaauianamenFaaannlszneumissuieaiy

Q

56



STUDY OF LIDAR RATIO EFFECT ON AEROSOL AND CLOUD BACKSCATTERING COEFFICIENTS IN THAILAND USING MIE SCATTERING LIDAR

UIIIUNIN

A.R. Biral (2003). Analysis of The 2002 Malargue LIDAR Data through Fernald’s Method,
Research Report, UNICAMP. Brazil.

B. Tatarov, N. Sugimoto, I. Matsui and A. Shimizu (2004) Systematic Observations of Lidar
Ratio for Tropospheric Aerosols and Clouds by High-Spectral Resolution Lidar Over
Tsukuba, Japan, Proceeding of the 22" International Laser Radar conference, (ILRC
2004), 12-16 July 2004, Italy.

C.- W. Chiang, S.K. Das and J.- B. Nee (2008) An Iterative Calculation to Derive Extinction-
to Backscatter Ratio Based on Lidar Measurements, J. of Quantitative Spectroscopy &
Radiative Transfer, 109, pp.1187-1195.

F. G. Fernald (1984) Analysis of Atmospheric Lidar Observations: Some Comments, Applied
Optics, 23, pp. 652-653.

H. Salemink, P. Schotanus and J. B. Bergwerff (1984) Quantitative Lidar at 532 nm for
Vertical Extinction Profiles in the Lidar Solution, Appl. Phys., 34B, pp. 187-189.

J. A. Reagan, M. P. McCormick and J. D. Spinhirne (1989) LIDAR Sensing of Aerosols and
Clouds in The Troposphere and Stratosphere. Proceeding of the IEEE, 77(3), pp. 433-

445.

J. Ackermann (1998) The Extinction-to-Backscatter Ratio of Tropospheric Aerosol: A
Numerical Study, J. of Atmospheric and Oceanic Technology, 15, pp. 1043-1050.

J. D. Klett (1985) Lidar Inversion with Variable Backscatter/Extinction Ratios, Applied
Optics, 24, pp. 1638-1643.

57



STUDY OF LIDAR RATIO EFFECT ON AEROSOL AND CLOUD BACKSCATTERING COEFFICIENTS IN THAILAND USING MIE SCATTERING LIDAR

UIIUYNIN (D)

K. Iokibe, Y. Toyota, O. Wada and R. Koga (2005) A scheme to Classify Clouds with the
Depolarization Ratio and Backscattering Coefficient Measured by Lidar, Memoirs of

the Faculty of Engineering, Okayama University, 39, pp. 93-101.

L. de Schoulepnikoff, V. Mitev, B. Calpini and H. Van den Bergh (1998) Tropospheric air
pollution monitoring, lidar, Encyclopedia of Environmental Analysis and
Remediation, John Wiley & Sons Inc, ISBN 0-471-11708-8, p. 4873.

N. Sugimoto (2001) NIE Compact Mie Scattering LIDAR (532 nm, dual polarization), User

Manual, National Institute of Environmental Studies of Japan, Japan.

P.S. Argall and R.J. Sica (2003) LIDAR/Atmospheric Sounding Introduction, The Elsevier
Science Ltd., p. 1169.

S. Ruangrungrote, A. Intasorn and A. Chabangbon (2007) Observation of Tropospheric
Aerosol Using Mie Scattering LIDAR at Srisamrong, Sukhothai Province, Naresuan

University Science Journal, 4(1), pp. 25-30.

S. Ruangrungrote and A. Intasorn (2007) Mie Scattering Lidar for the Study of Aerosols
Vertical Profiles in Thailand, Research Report, Srinakharinwirot University, Bangkok,
Thailand.

T. Takamura, Y. Sasano and T. Hayasaka (1994) Tropospheric Aerosol Optical Properties
Derived from Lidar, Sun Photometer and Optical Particle Counter Measurements, Appl.

Opt., 33, pp.7132-7140.

URL:http://www.webmet.com/met _monitoring/912.html., Accessed September 14, 2010.

58



STUDY OF LIDAR RATIO EFFECT ON AEROSOL AND CLOUD BACKSCATTERING COEFFICIENTS IN THAILAND USING MIE SCATTERING LIDAR

UIIUYNIN (D)

URL:http://lidar.ssec.wisc.edu/papers/pp_thes/node20.htm., Accessed August 24, 2006.

URL:http://www.aero.org/publications/crosslink/summer2000/02.html., Accessed
September14, 2010.

V. Mitev, R. Matthey, M. Frioud, M.K. Srivastava, S. Eckhardt, and A. Stohl (2005)
Backscatter Lidar Observation of the Aerosol Stratification in the Lower Troposphere

During Winter Bise: A Case Study, Meteorologische Zeitschrift, 14(5), pp. 663-669.
Y. Motoaki, Z. Jixia, M. Kohei, 1. Toshikazu, A. Tetsuo and L. Lichou (2002) Observation of

Troposheric Aerosol by Using a Mie Lidar: Observation at Arid Region in China, J. of
the Communications Research Laboratory, 49(2), pp. 233-242.

59



STUDY OF LIDAR RATIO EFFECT ON AEROSOL AND CLOUD BACKSCATTERING COEFFICIENTS IN THAILAND USING MIE SCATTERING LIDAR

91 Jan o Jd A 1 4
Q%?ﬂﬁ”lﬁ@]ﬁ"l’ﬂ”liﬂﬁiﬁﬂ‘]&lm lﬁ’ﬁ]\ﬁq\‘liﬁzﬂu

uag

4 Jd a

iﬂ\‘lﬁ”lﬁ'@i”lﬁ]"liﬁlﬂijﬁﬁl DUNAT

60



STUDY OF LIDAR RATIO EFFECT ON AEROSOL AND CLOUD BACKSCATTERING COEFFICIENTS IN THAILAND USING MIE SCATTERING LIDAR

o
?ja-aqa

AUAWIIBINT

#anwol Sasislsad (Ms Sirluk RUANGRUNGROTE)
8719138 (WOHANAN 2539 — NWeN8Y 2551)
HT0ManTNTtazdl 8 (@naw 2551 — Jagiiu)
MAATARNE  AININmIAs  NINNEBATUATUNTI L3

qﬂqu’?ﬂ 23 UMW) NN 10110

INIénWTi 0-2664-1000 fa 8553 N3R5 0-2664-1000 o 8551

E-mail

szafnIsAne

INVIRNBS

AMNLBYITIY

D WENIBIDN

9NIVY

sirilukr@swu.ac.th
2536  Bachelor of Science in Physics
Srinakharinwirot University, Bangkok, Thailand
2542  Certificate of Attendance 36" Culham Plasma Physics
Summer School UKAEA, St Edmund Hall, Oxford University,
United Kingdom
2544 Master of Philosophy in Physics
University of Warwick, Coventry, United Kingdom
Large Amplitude Electron Oscillations in A Warm Plasma.
Plasma Physics, Nonlinearity, Hamiltonian and Classical Mechanics, Chaos,
Geophysics, Atmospheric Science, Computational Physics and Science Education
81BN Institute of Physics, United Kingdom
am“‘ﬁmﬂ%a“ﬂ’lUmiﬁ'@uuﬁ"m%wa1613§LLa$adﬁﬂiizﬁuq@uﬁﬂm

wiAdUsznelng: aran

Tﬂi\‘lﬂ’ﬁ%ﬁﬂ d121 d0M1WA N zgLIAN

1. Developing

System Based on Teaching Feedback | n13@nmN wnilasins 2545-2547

Evaluation Form.

the Academic Evaluation

e t§ v
2. ﬂ']iﬁﬂ‘]:ﬂNﬂﬁ&lﬂ‘ﬂ'ﬁﬂi:ﬁﬂ?%ﬂﬁﬁ%ﬂugﬁla\‘]

ﬁﬁngmmiﬁﬂmumﬁ’wﬁmawﬁﬂm

- _ S| msfinm OERttertd 2548-2549
FAIRATANEI(LHNY U) AZINUIATRAT
URIINDNALFAIUATHNTI L3Rl
3. Mie Scattering Lidar for the Study of . e
Geophysics i lasinis 2550 - 2551

Aerosols Vertical Profiles in Thailand

61



STUDY OF LIDAR RATIO EFFECT ON AEROSOL AND CLOUD BACKSCATTERING COEFFICIENTS IN THAILAND USING MIE SCATTERING LIDAR

‘[ﬂi\‘lﬂ’ﬁ%%‘ﬂ @121 d@01WA N zgLAN

4. NIANEIAIAINNANLTILRIVDINGDDINDY
wazlulaTlannseanaau i ITUUITINNA FUNAY 2552—
AaN81IAA% 415 wiluwas o sunees | CeOPIYSICS | swivlasins _

R WAL 2553

fla dwdaglavie droietessflefinad

VTR

5. Study of Lidar Ratio Effect on Aerosol and funau 2553 —

Cloud Backscattering Coefficients in | Geophysics | et Tassmy _
RINAN 2554
Thailand Using Mie Scattering Lidar

6. Retrieval Algorithm of Spectral Dependence
of Aerosol Optical Depth in Climate Studies Eﬁ“%”

. §.0.-8.0.53 funaw 2553 —
at Srisamrong District of Sukhothai | Geophysics ( )

mnilasanis qumﬁuﬁ 2554

Province  Using  Multi-Filter ~ Rotating (N.81.53-N.W.54)

Shadowband Radiometer (MFR-7)

a1 tandrsidsznaunisdan:
1. 18N&1IUITNBUNNIFOUITT 21 533 UITUATWAIY
(S09NFINUANNTEN LazmIlTwaTI)

2. wenansdsznaumssawizn Wa 100 Aansnaly
(Gossutavasassuazneilulauing)
l@NENIUTENALNNIRAUITT Wa 371 MB18INYBEATUARNS 1
lnaNsUIEnauMIRaUITY War 372 MB8INquaRIUNENS 2
lanaTUsznaunIRanIT) W 312 NaFaas 2
wiseNandwaauiiosdu (ISBN 978-974-258-396-5)

lenaIUsznaunIRanIT) W 211 NAFNEAS (ATINAY)

© N o 9 W

lN&IUIENaUNMIRaWITY Ma 302 MIEINOEIRIVINDMEas 2

aa &
NRITRANNN
Scientific Journals:

1. S. Ruangrungrote, E. Erbim, and A. Intasorn, Quantitative Elemental Analysis of Smoke Samples Using
Wavelength Dispersive X-RAY Fluorescence Spectrometer. KMITL International Science Journal, Vol. 6(1),
2006, pp. 106-112. (Impact Factor 0.023, TCI 2006)

2. S. Ruangrungrote, A. Intasorn and A. Chabangbon, Observation of Tropospheric Aerosol Using Mie
Scattering LIDAR at Srisamrong, Sukhothai Province. Naresuan University Science Journal, Vol. 4(1), 2007,

pp. 25-30. (Impact Factor 0.024, TCI 2006)

62



STUDY OF LIDAR RATIO EFFECT ON AEROSOL AND CLOUD BACKSCATTERING COEFFICIENTS IN THAILAND USING MIE SCATTERING LIDAR

3. S. Ruangrungrote, A. Intasorn, J. Sindermsuk and M. Attasongkroah, The Feasibility of GasPak Envelope
Production for Anaerobic Bacterial Cultivation. Thammasat International Journal of Science and Technology.
Vol. 13(3), 2008. pp. 1-7. (Impact Factor 0.031, TCI 2006)

4. 8. Ruangrungrote and A. Intasorn, Physical Description of the Apparent Color of Glass Samples as an
Undergraduate. KMITL International Science Journal. Vol. 8(1), 2008, pp. 51-54. (Impact Factor 0.023, TCI
2006)

5. 8. Ruangrungrote, A. Intasorn and J. Sindermsuk, Gas Analyses of Anaerobic or Microaerophillic
Generating Systems Using Gas Chromatography. J. Met. Mater. Miner. Vol. 18(2), 2008, pp. 13-16. (Impact
Factor 0.102, TCI 2007)

6. S. Ruangrungrote, A. Intasorn, A. Rungjang and A. Chabangbon, Two Approaches of Tropospheric Aerosol
Volume Backscattering Coefficient Determination Using Mie Scattering LIDAR in Sukhothai. KMUTT
Research and Development J. 32, 2009, pp. 77-87. (Impact Factor 0.044, TCI 2008)

7. S. Ruangrungrote, A. Chitchaeng, A. Intasorn and A. Chabangbon, Clear Sky Fitting of Multifilter Rotating
Shadowband Radiometer Data for Aerosol Optical Depth Determinations. Naresuan University Science
Journal, Vol. 6(1), 2009, pp. 1-9. (Impact Factor 0.036, TCI 2008)

8. S. Ruangrungrote, W. Srisongpleay and A. Intasorn. Retrieval Algorithm of Total Atmospheric Column
Nitrogen Content Using Multi-Filter Rotating Shadowband Radiometer in Thailand. Khon Kaen University
Science Journal, Vol. 2(38), 2010, pp. 261-270. (Impact Factor 0.03, TCI 2010)

9. S.Ruangrungrote, S. Chanthrasre and A. Intasorn. Modelling of Aerosol Parameters Retrieval Algorithm based
on Mie Scattering Lidar: (APRA). KMITL Sci. Tech. Journal. Vol. 10(1), 2010, pp. 9-18. (Impact Factor 0.05, TCI
2010)

10. S. Ruangrungrote, P. Jaihom and A. Intasorn. Wavelength Dependence of Aerosol Optical Depth in 2003 at Sri
Samrong District of Sukhothai Province in Thailand. KMUTT Research and Development J. 33(2), 2011, pp. 57-
72. (Impact Factor 0.023, TCI 2010)

Conference Papers:

1. S. Ruangrungrote and K. Jaroensutasinee. Quantum Chaos of Excited Hydrogen Atoms in Strong
Magnetic Field. Poster presented in The 22nd Congress on Science and Technology of Thailand. Bangkok,
Thailand.1996.

2. S. Ruangrungrote, A. Intasorn, S. Taveeta and M. Hengwattana The Study of Quantitative X-RAY
Fluorescence Analysis under The Influence of Fraction Binder in Zircon Pellets., Proceedings of The
30th Congress on Science and Technology of Thailand. Bangkok, Thailand. 2004.

3. S. Ruangrungrote, A. Intasorn and S. Songsom, The Wavelength Dispersive X-RAY Fluorescence
Analysis in Thick Emulsion Paint Film Specimens. Proceedings of The 30m Congress on Science and
Technology of Thailand. Bangkok, Thailand. 2004.

4. 8. Ruangrungrote, A. Chabangbon and A. Intasorn, Troposphere Atmospheric Observation by Mie
Scattering Lidar at Srisamrong, Sukhothai Province. Proceedings of The 32"d Congress on Science and
Technology of Thailand. Bangkok, Thailand, 2006.

5. P. Khumkhom, S. Ruangrungrote and S. Angkaew, A Construction of Low Cost Electrospinning
Equipment. Proceedings of The 2nd International Conference on Advances in Petrochemicals and

Polymers (ICAPP 2007). Bangkok, Thailand, 2007.

63



STUDY OF LIDAR RATIO EFFECT ON AEROSOL AND CLOUD BACKSCATTERING COEFFICIENTS IN THAILAND USING MIE SCATTERING LIDAR

6. S. Ruangrungrote and A. Intasorn, Experimental Design of Project Task for Ungergraduate Students to
Elucidate Their Conceptual Physics Knowledge. Proceedings of ICASE Asian Symposium 2007.
Chonburi, Thailand, 2007.

7. S. Ruangrungrote and A. Intasorn, Problem-Based Learning for Graduate Student in Science Education
Program. Proceedings of ICASE Asian Symposium 2007. Chonburi, Thailand, 2007.

8. S. Ruangrungrote, A. Intasorn and A. Chabangbon, Retrieval of Instantaneous Aerosol Optical Depths
from MFR-7 and Mie Lidar dataset at Sukhothai Province, Thailand. Proceedings of International
Symposium on Geoscience Resources and Environments of Asian Terranes: GREAT 2008 (Special Issue
of Bulletin of Earth Sciences of Thailand). Bangkok, Thailand, 2008.

9. S. Ruangrungrote, A. Intasorn and A. Chabangbon, Tropospheric Aerosol Volume Backscattering
Coefficients Determination Using Mie Lidar at Phimai District, Thailand. Proceedings of International
Symposium on Geoscience Resources and Environments of Asian Terranes: GREAT 2008 (Special Issue
of Bulletin of Earth Sciences of Thailand). Bangkok, Thailand, 2008.

Reports:

1. S. Ruangrungrote, N. Phinichka, A. Intasorn, and O. Jeerapong, Developing the Academic Evaluation
System Based on Teaching Feedback Evaluation Form. Sponcered by Srinakharinwirot University, 2002-
2004. (Head of Project)

2. A Intasorn, D. Sakdee, S. Chainakul, S. Wongboonnak and S. Ruangrungrote, Learning-Process-
Effectiveness of Master of Education Program in Science Education (Program B). Sponcered by
Faculty of Science, Srinakharinwirot University, 2005-2006. (Co-Researcher)

3. S. Ruangrungrote and A. Intasorn, Mie Scattering Lidar for the Study of Aerosols Vertical Profiles in
Thailand. Sponcered by Srinakharinwirot University, 2007-2008. (Head of Project)

4. S. Ruangrungrote and A. Intasorn, Study of Total Column Atmospheric Aerosol and Nitrogen Optical
Depths at Wavelength of 415 nm Using Photoradiometer at Srisamrong District, Sukhothai Province.
Sponsored by Faculty of Science, Srinakharinwirot University, 2009-2010. (Head of Project)

5. S. Ruangrungrote and A. Intasorn, Retrieval Algorithm of Spectral Dependence of Aerosol Optical Depth in
Climate Studies at Srisamrong District of Sukhothai Province Using Multi-Filter Rotating Shadowband
Radiometer (MFR-7). Sponsored by Srinakharinwirot University, 2010-2011. (Co-Researcher for 1* half and
Head of Project for 2™ half)

6. S. Ruangrungrote and A. Intasorn, Study of Lidar Ratio Effect on Aerosol and Cloud Backscattering
Coefficients in Thailand Using Mie Scattering Lidar. Sponsored by Srinakharinwirot University, 2010-2011.

(Head of Project)

64



STUDY OF LIDAR RATIO EFFECT ON AEROSOL AND CLOUD BACKSCATTERING COEFFICIENTS IN THAILAND USING MIE SCATTERING LIDAR

Name : Arunee S. Intasorn (Associate Professor)
Present Position : Independent Scholar

Tel. Mobile: 06-0483382 Email : thiparun225@yahoo.com

225/145 Soi Sithichai Krungtep-Nontaburi Rd., Bangsue , Bangkok 10800 Thailand

Tel. (66) 0-2586-0307

Residence :

Education :
B.Sc (Physics) Chulalongkorn University, Bangkok Thailand (1972.)
M.Sc. (Physics) Chulalongkorn University (1976.)

Certificate in Neutron Physics , IAEA , (1987.)
M.S. (Physics) University of lllinois at Chicago, U.S.A. (1992.)

Acadamic Responsibility :

Lecturer Physics Department Khon Kaen University 1972 - 1979

Lecturer Physics Department Srinakharinwirot University 1979 - 1982

Assistance Professor Physics Department Srinakharinwirot University 1982 - 1986

Associate Professor

Physics Department Srinakharinwirot University 1986 — September 2010

Fellowships :
International Center of Theoretical Participant in Winter Colleges on Advances in Nuclear 1982
Physics (ICTP) Trieste , ltaly Data for Reactor Application (Jan-Mar)
IAEA Fellowship: Training in Nuclear Physics Work 1983
Sweden (9 months)
ICTP , ltaly Participant in Workshop on Application in Nuclear Data 1986
and Reactor Physics (Feb-Mar)
IAEA Fellowship: Training in Research Work (1987)
Argonne National Laboratory U.S.A. (15 months)
Teaching Assistantship: Graduate Student 1990-1992
University of lllinois at
Chicago , U.S.A.
ICTP, ltaly Workshop on Nuclear Reaction Data And Nuclear 1998
Reactors : Physics , Design and Safety (Feb-Mar)
Institute  of  Nuclear  Research|Training in the application of group theoretical methods in 1998
Debrecen , Hungary Nuclear Structure Studies (3 weeks)
Hokkaido University, Sapporo Theoretical Nuclear Physics Visitor in Cluster-Cluster 1999
Japan Interaction (3 weeks)
TASEAP Fellowship: University of Training in Materials Science 2000
New South Wales, Australia (March-May)
Maiori, Italy The 7th International Spring Seminar on Nuclear Physics 2001
(27-31 May)
Paris, France International Conference on Theoretical Physics 2002
(22-27 July)
CRN, Ministry of University Affairs, XIX Congress and General Assembly of the International 2002

65



STUDY OF LIDAR RATIO EFFECT ON AEROSOL AND CLOUD BACKSCATTERING COEFFICIENTS IN THAILAND USING MIE SCATTERING LIDAR

Thailand: Union of Crystallography (6-15 August)

IUCr,Geneva Switzerland

Experience :

Teaching : General Physics
Mathematics for Physicists
Quantum Mechanics
Nuclear Physics
Waves
Advanced Physics Laboratory
Basic Physics Laboratory
X-ray Crystallography

Research : Gamma-Rays Spectroscopy

Neutron-Activation Analysis

Threshold-Detector Technique

Monte Carlo Calculation

Theoretical Nuclear Physics:

Investigation of Nuclear Clusterization and Fission
X-rays Fluorescence Analysis

X-ray Diffraction Analysis

Spectral Analysis

Geophysics ( Atmospheric Science)

Administrative responsibilities :
Head of the Physics Department 1995 — 2000
Deputy Dean of Academic Affairs 2001 - 2005

Affilliation to academic Societies :

Member of Thai Institute of Physics.
Member of Nuclear Society of Thailand.

Member of Professional & Organizational Development Network of Thailand Higher Education (Thai COD Network)

Publication :
Books in Thai language :
1. Arunee Sangariyavanish, Introduction to Quantum Mechanics..
2. Arunee Sangariyavanish, Nuclear Physics.
3. Arunee Sangariyavanish, Quantum Mechanics.
4. Arunee Sangariyavanish, Mathematics for Physicists.

5. Arunee Intasorn, Nuclear Technology.

Scientific journals:
1. A.Sangariyavanish, THE DETERMINATION OF LOW CONCENTRATIONS OF URANIUM IN COAL FLY ASH BY
ITNAA, Srinakharinwirot University Science Journal, Vol. 1, No.2, Dec. 1985, p.98-102.

75-80

2. B. Ekstrom, B. Fogelberg, P.Hoff, E.Lund and A. Sangariyavanish, DECAY PROPERTIES OF
VALUE OF NEUTRON-RICH Zn AND Ga ISOTOPES, Physica Scripta, Vol.34, No.6A, December 1986, p.614-623.

Zn AND Qﬂ -

66



STUDY OF LIDAR RATIO EFFECT ON AEROSOL AND CLOUD BACKSCATTERING COEFFICIENTS IN THAILAND USING MIE SCATTERING LIDAR

3. K. Nittayasutti, A. Intasorn and V. Teeyasoontranont, MEASUREMENT OF 14 MeV NEUTRON SPECTRUM WITH
THRESHOLD DECTECTORS, Srinakharinwirot University Science Journal, Vol. 3, No.2, Dec. 1987, p.115-121.

4. A. Udomporn, A. Sangariyavanich and A. Intasorn , QUANTITATIVE ANALYSIS OF TETRAGONAL PHASE IN
BARIUM ZIRCONIA BY X-RAY DIFFRACTION, Srinakharinwirot University Science Journal, Vol. 13,No.1, Jan. 1997, p.10-16.

5. A. Intasorn, THE SEMIMICROSCOPIC ALGEBRAIC CLUSTER MODEL OF ATOMIC NUCLEI , Srinakharinwirot
University Science Journal, Vol.15, No.1, 1999, p.55.

6. A. Intasorn, N. Witit-anan and M. Haengwattana, COPPER THIN FILM THICKNESS MEASUREMENT USING X-
RAY DIFFRACTOMETER AND X-RAY FLUORESCENCE SPECTROMETER, Science International, Pakistan, Vol. 14(4), 2002,
p.279.

7. A. Intasorn and M. Haengwattana, Synthesis of Calibration Standard sets for Quantitative X-ray Fluorescence
Analysis in Slag, J.of KMITL, Vol.13, No.3, 2005, p.39-46.

8. S. Ruangrungrote, E. Erbim and A. Intasorn, QUANTITATIVE ELEMENTAL ANALYSIS OF SMOKE SAMPLES
USING WAVELENGTH DISPERSIVE X-RAY FLUORESCENCE SPECTROMETER, KMITL Sci. J. Vol. 6, No.1, 2006, p. 106-
112.

9. S. Ruangrungrote, A. Intasorn, and A. Chabangbon, OBSERVATION OF TROPOSPHERIC AEROSOL USING MIE
SCATTERING LIDAR AT SRISAMRONG, SUKHOTAHI PROVINCE, NU Science Journal, 2007,4(1), p. 25-30.

10. S. Ruangrungrote, A. Intasorn, J. Sindermsuk and M. Attasongkroah, THE FEASIBILITY OF GASPAK
ENVELPOE PRODUCTION FOR ANAEROBIC BACTERIA CULTIVATION, Thammasat International Journal of Science and
Technology, 2008, Vol.13, No. 3, p. 1-7.

11. A. Intasorn, S. Satthaphon and B. Silskulsuk, DESIGN AND CONSTRUCTION OF A TWO-DIRECTION
ROTATIONAL MOTION MEASUREMENT DEVICE, KMITL Science Journal, 2008, Vol.8, No.1, p. 19-23.

12. S. Ruangrungrote and A. Intasorn, PHYSICAL DESCRIPTION OF THE APPARENT COLOR OF GLASS
SAMPLES AS AN UNDERGRADUATE PROJECT, KMITL Science Journal, 2008, Vol.8, No.1, p. 51-54.

13. S. Ruangrungrote, A. Intasorn, A. Rungjang and A. Chabangbon, TWO APPROACHES OF TROPOSPHERIC
AEROSOL VOLUMN BACKSCATTERING COEFFICIENT DETERMINATION USING MIE SCATTERING LIDAR IN
SUKHOTHAI, KMUTT Research and Development J, 2009, Vol.32, No.1, p. 78-87.

14. S. Ruangrungrote, A. Chitchaeng, A. Intasorn and A. Chabangbon, CLEAR SKY FITTING OF MULTIFILTER
ROTATING SHADOWBAND RADIOMETER DATA FOR AEROSOL OPTICAL DEPTH DETERMINATIONS, Naresuan University
Science Journal, Vol. 6(1), 2009, p. 1-9.

15. S. Ruangrungrote, W. Srisongpleay and A. Intasorn. RETRIEVAL ALGORITHM OF TOTAL ATMOSPHERIC
COLUMN NITROGEN CONTENT USING MULTIFILTER ROTATING SHADOWBAND RADIOMETER IN THAILAND, Khon Kaen
University Science Journal, Vol. 2(38), 2010, p. 261-270.

16. S. Ruangrungrote, S. Chanthrasre and A. Intasorn. MODELLING OF AEROSOL PARAMETERS RETRIEVAL
ALGORITHM BASED ON MIE SCATTERING LIDAR: (APRA), KMITL Sci. Tech. Journal. Vol. 10(1), 2010, p. 9-18.

17. S. Ruangrungrote, P. Jaihom and A. Intasorn. WAVELENGTH DEPENDECE OF AEROSOL OPTICAL DEPTH IN
2003 AT SRI SAMRONG DISTRICT OF SUKHOTHAI PROVINCE IN THALILAND, KMUTT Research and Development J.
33(2), 2011, p. 57-72.

Conference papers :

1. E. Lund, K. Aleklette, B. Fogelberg and A. Sangariyavanish, TOTAL ,B—DECAY ENERGIES OF NEUTRON-RICH
ZINC ISOTOPES A=75-80, Proc. AUCO-7 conference Darmstadt, 3-7 September 1984, p.102-111.

2. A. Intasorn, K. Nittayasutti and V. Teeyasoontranont, MONTE CARLO CALCULATION OF PEAK EFFICIENCIES
OF HIGH PURITY GERMANIUM DETECTOR, Proc. ’I2th Conference on Science and Technology of Thailand, 20-22 Oct. 1986,
p.96-97.

67



STUDY OF LIDAR RATIO EFFECT ON AEROSOL AND CLOUD BACKSCATTERING COEFFICIENTS IN THAILAND USING MIE SCATTERING LIDAR

3. M. Hengwattana , S. Kweangsopa and A. Intasorn , A PROMPT GAMMA-RAY NEUTRON ACTIVATION ANALYSIS
FOR QUANTITATIVE POTASSIUM DETERMINATION, Proc. 23rd Conference on Science and Techology of Thailand, 1997,
p.1046.

4. J. Cseh, G. Levai, A. Intasorn, K. Kato, A. Lepine-szily, M.S. Hussein and R. Lichtenthaler, CLUSTERS,
SYMMETRIES, AND PREDICTIONS, Pro<:.7th Int. conf. on Clustering Aspects of Nuclear Structure and Dynamics, Rab, Croatia,
1999, p.89-93.

5. J. Cseh, A. Intasorn and K. Kato, ON THE SHELL MODEL CONNECTION OF THE CLUSTER MODEL, Abstract

for the meeting of the Japanese Physical Society, Program book p.19, 1999.

6. A. Intasorn, J. Cseh, G. Levai and K.Kato, ALGEBRAIC DESCRIPTION OF THE CORE-PLUS-ALPHA-PARTICLE
CLUSTER STATES OF THE “Ti NUCLEUS, Proc. of the 7th International Spring Seminar on Nuclear Physics, Maiori, Italy,
2001, p. 311-317.

7. A. Intasorn, N. Witit-anun, M. Haengwattana and C. Thawornthira, THE
FEASIBILITY SURVEY OF Cu THIN FILM THICKNESS MEASUREMENT BY X-RAY DIFFRACTION ANALYSIS, Proc. 27"
Conference on Science and Techology of Thailand, 2001, p. 297.

8. A. Intasorn, W. Sunghirun and M. Haeangwattana, QUANTITATIVE ANALYSIS OF TRACE ELEMENTS IN SOIL

USING WAVELENGTH-DISPERSIVE X-RAY FLUORESCENCE SPECTROMETER, Proc. 40" Kasetsart University Annual
Conference, Thailand, 2002, p.236-241.

9. S. Ruangrungrote, A. Intasorn, S. Taweeta, M. Hengwattana, THE STUDY OF QUANTITATIVE X-RAY
FLUORESCENCE ANALYSIS UNDER THE INFLUENCE OF FRACTION BINDER IN ZIRCON PELLETS, Proc. 30" Congress on
Science and Technology of Thailand, 2004, p. 148.

10. S. Ruangrungrote, A. Intasorn, and S. Songsom, THE WAVELENGTH DISPERSIVE X-RAY FLUORESCENCE
ANALYSIS IN THICK EMULSION PAINT FILM SPECIMENS, Proc. 30th Congress on Science and Technology of Thailand,
2004, p. 150.

11.  W. Keankeo, T. Chuaytukpuan, and A. Intasorn, THE IDENTIFICATION ON THE COMPONENTS OF CLAY
MINERALS IN CLAY SAMPLES UTILIZED FOR CONVENTIONAL CERAMICS WORKS BY X-RAY DIFFRACTION
TECHNIQUE, Proc. 30th Congress on Science and Technology of Thailand, 2004, p. 165.

12. S. Ruangrungrote, A. Chabangbon and A. Intasorn, TROPOSPHERE ATMOSPHERIC OBSERVATION BY MIE
SCATTERING LIDAR AT SRISAMRONG, SUKHOTHAI PROVINCE, Proc. 32nd Congress on Science and Technology of
Thailand, 2006, p. 311.

13. S. Ruangrungrote and A. Intasorn, PROBLEM-BASED LEARNING FOR GRADUATE STUDENTS IN SCIENCE
EDUCATION PROGRAM, ICASE Asian Symposium 2007, Thailand, p.106.

14. S. Ruangrungrote and A. Intasorn, EXPERIMENTAL DESIGN OF PROJECT TASK FOR UNDERGRADUATE
STUDENTS TO ELUCIDATE THEIR CONCEPTUAL PHYSICS KNOWLEDGE, ICASE Asian Symposium 2007, Thailand, p.112.

15. S. Ruangrungrote, A. Intasorn and A. Chabangbon, RETRIEVAL OF INSTANTANEOUS AEROSOL OPTICAL
DEPTHS FROM MFR-7 AND MIE LADAR DATASET AT SUKHOTHAI PROVINCE, THAILAND, Proc. of International Symposia
on Geoscience Resources and Environments of Asian Terranes, Bangkok, Thailand, 2008, p. 536.

16. S. Ruangrungrote, A. Intasorn and A. Chabangbon, TROPOSPHERIC AEROSOL VOLUMN BACKSCATTERING
COEFFICIENTS DETERMINATION USING MIE LIDAR AT PHIMAI DISTRICT, THAILAND, Proc. of International Symposia on

Geoscience Resources and Environments of Asian Terranes, Bangkok, Thailand, 2008, p. 543.

Reports:

1. A. Intasorn, V. Teeyasoontranont and S. Kwaengsobha, MULTIELEMENTAL ANALYSIS OF CHEMICAL
FERTILIZERS USING NON-DESTRUCTIVE 14 MeV NEUTRON ACTIVATIONS, Under Thai National Research Council
Programme (1987).

68



STUDY OF LIDAR RATIO EFFECT ON AEROSOL AND CLOUD BACKSCATTERING COEFFICIENTS IN THAILAND USING MIE SCATTERING LIDAR

2. L.R. Greenwood and A. Intasorn, NEUTRON SPECTRAL AND ANGULAR DISTRIBUTION MEASUREMENT FOR
113 AND 256 MeV PROTONS ON RANGE-THICK A1 AND U-238 TARGETS USING THE FOIL ACTIVATION TECHNIQUE,
ANL/NPBTS-TR-023 Engineering Physics Division, Argonne Nat.Lab, Argonne, IL.60439. Under Contract W-31-109-Eng-39.
Neutron Particle Beam Test Stand Program (July 1989).

3._A. Intasorn, INVESTIGATION OF NUCLEAR CLUSTERIZATION AND FISSION,

Under Srinakharinwirot University Research Program (2001).

4. A. Intasorn and M. Haengwattana, Cu THIN FILM THICKNESS MEASUREMENT BY X-RAY DIFFRACTION
TECHNIQUE, Under Srinakharinwirot University Research Program (2001).

5. A. Intasorn and M. Haengwattana, STUDY OF MATRIX EFFECT ON QUANTITATIVE X-RAY FLUORESCENCE
ANALYSIS IN SLAG, Under The National Metal and Materials Technology Center (MTEC) Research Program (2002).

6. A. Intasorn , T. Sukdee, S. Chainakule, S. Wongbunnuk and S. Ruangrungrote, LEARNING-PROCESS-
EFFECTIVENESS OF MASTER OF EDUCATION PROGRAM IN SCIENCE EDUCATION (PROGRAM B) Under Faculty of
Science, Srinakharinwirot University Research Program (2006 ).

7. S. Ruangrungrote and A Intasorn, MIE SCATTERING LIDAR FOR THE STUDY OF AEROSOLS VERTICAL
PROFILES IN THAILAND. Under Srinakharinwirot University Research Program (2008).

8. S. Ruangrungrote and A. Intasorn, STUDY OF TOTAL COLUMN ATMOSPHERIC AEROSOL AND NITROGEN
OPTICAL DEPTH AT WAVELENGTH OF 415 NM USING PHOTORADIOMETER AT SRISAMRONG DISTRICT, SUKHOTHAI
PROVINCE. Under Faculty of Science, Srinakharinwirot University Research Program (2009-2010).

9. S. Ruangrungrote and A. Intasorn, RETRIEVAL ALGORITHM OF SPECTRAL DEPENDENCE OF AEROSOL
OPTICAL DEPTH IN CLIMATE STUDIES AT SRISAMRONG DISTRICT OF SUKHOTHAI PROVINCE USING MULTI-FILTER
ROTATING SHADOWBAND RADIOMETER (MFR-7). Under Srinakharinwirot University Research Program (2010-2011).

10. S. Ruangrungrote and A. Intasorn, STUDY OF LIDAR RATIO EFFECT ON AEROSOL AND CLOUD
BACKSCATTERING COEFFICIENTS IN THAILAND. Under Srinakharinwirot University Research Program (2010-2011).

69



