
















































• .::II 

'lJYI't1 2 

11 (]1!tll~l ~~r"l"ntJ\ll u.J1ui:ij~ii~\l1ii ElLtld 

1. U'f'H.I1n1Y1'lJv\lLtm 

2. L'1!:ElEl\l~ElmLL'1:; LmL'1n~"1.ItJ.JLLfitHh" i) 1 '\.L'ffUU~rm1n1Y1 , 
3. nTJLLI!-l-r\lft"1.lEl"~1"El1fi~6 

4. LfI~tJ"L "J~ltJ ih~H)fLLUUVllIUUtlUL.Jl~ih"~l ~~"m"JtJ.J (Multi-Filter Rotating • 
Shadowband Radiometer: MFRSR) 

.. A 

5. fll111~m"1f"LLff" (Optical Depth) 

6. n1"J'Il"Jl';] fftJUn1"JLLlhL tl~ rJU'lJ €I" ~~"Jl fllunTm vriuu lJ tln~ (Normalized 

Diffuse Ratio Variability Test) 
, , 

.A. -6" tI d A ... 

7. 1lm1:;v\llUULl~"L~tl (Langley Analysis)LL~:;ffllm"Jl1LntlJ"lIEl.J 

8. nl"JiLfI"J1::"'mJUn~ntJ~ (Regression Analysis) 
A .... d.d .... 

9. .J1 U 1';] rJ'YH n ~1".ll El.J 

1 U~'HJ1n1~i1f)\lran1 

U"J"JUln1Y1 (Atmosphere) ~E) mn11'1~tJci"JtJu ") ~JL"J1LL~::~,r1l"'EllL'1ni"Lllii~u~u;tui.u 
~ , 

';)un,n::~lJ~ff.J ff'lll writJ.J,~h ~"LiJufl1U(:.Jffll"1lE)\lLLn~liil\l ') "Jll1~\lLmr1 ~"J::L'VI~,;]ln~uJ11 U 
'II , 

lLVI~"liil" ")LL~::,;)lnn1"Jm rJJ1"1.1tJ"Vl"1f~"w mn1Y1~LaJ iiLm.t1 El~~l m "J1L1~nl1 mn11'1LL";\l ~lU 
el1mYl~3jLtJJ1tlumj~lmd1l1rJni1 mn1fl,ru LtJJ11uunmn11'1iimj"l::Vli1\lftJ~~:: 0-4 "1.Itl\l 

'II ~ 

E)lm1'1~\lVlll'll LLIiiLm.hLilufl1'\.L(:.J ~11 ~lrlruri\l"lJ El" Enn1f'1 l ~"l1:: 1.ElJ1 LiJU~lL VI'Il"lJ E)\lnl"JLnmJu v , 

~11 V'll ~ YllLL~U LL~::vhftl\l ~"LiJ'\.L~lU ~iifl1111~1Y)ru~ e.Jn1"l~TJ"iii<il'lJ tJ\l~"iiiil <illJU Lan .ffu . ~ 

LL'Ilml1\lnU LLliilu"1n ') .ffu~luLiJufll'\.LL'ilTlqJ"lJEI\l~"LL1<il~E1l1"1.1tJ\l1~n~.Jiu ~"tf"Vllntllmfl~ 
~Eli1l hn L 1l~ m .. mtl~\l1l1n';]'\un ~ Wl1 11 Ll 1111.111""1.1 Eh'l un V1 nlf'1ih::a..., (:oj ~n 1::l1Uvl tJ~" ii.:ni ~ • 
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mnt],YhllKd1~tJ1ln!lnTH:u:ti'l'Vh~1.J") L"liU UJ6JJ Yn~ r-JU L1JU<t1U U11!'J1mwffud~ntJ'nn!l 
~lll'V'l Ell nl~1ULL 1.J L UEl.J :ijln n:IJl ~ vl nlf'1 v ci~ UllL U U LL~::: i:i nl1~ 'ilfll E.J fl11:IJ1 f1ULL ~"a~ 

• 'II 'U 

L ~El.J:lJTillnm1LU~E.JU~mu::"ll f1"ti'11 m:nnl~ 1'1;J'~.J§YlTI'\AI~Yll.Jllijf'll~'ilf"ll fl"vrU~l hm 
'II 

~~111'il~L Yltl1 (Stratosphere) dJUU11E.Jlmwffu~~Er'illniu 1 'In 1 'V'l~L YlE.J1 

'i1vU~1.Ji:iEHll,\·w~hh:::lJ1Ul. -60 v.Jf'I1L'll'm6jjE.J~ 1vE.J~ m::wil.JU11!'J1nlf'liu~wn l'il~L Yltl1LL~::: 
• 'II 

L:IJ l<n~L YlE.J1 L1tJn'.h ~'il111'i1'V'lfl~ (Stratopause) U11!'J1nlf'1iudiifllmf'ltJ1::::lJlrn1e)tJ~:: 
15 - 20 "IJfJ.JU11tJ1mf'l'lt~3J~ ~'il~lU"IJv.JLLIi~~1utJ1::nfJU~~n"IJEI.,1vlmf'lL"liuL~tnnu.ffu 
1 Yl11'V'l~L Yl [J1 LLtiii:itJ1:IJlrnLLIi~~lmh:::nvu ~mH.nnn-)l l~LLri .n~L ~E)'f1.'ilEJ vn '1.'ll'~ mln L'll'~ 

"l.IEJ.,1'1.Ut'il1L~U m1umt.:lJflufJn'1.<n1il tv t'll'~ LL~::i:irht.~::fJ v\l v til u.ffud~m.t,r1-J3J1n ~u~::ml.,1 
• 'II \ 

. .J' .J' ~ 111 •• 1 "'.1 
L'V\~lU~ fJ tJ"l.I\I,m~lnm11::LU'il"llEl.,1 11L"lJl L Y'I LL~::m1'Y1'il~ fJ.J1::LU'illJ1:IJ1U1. 

'II 'II 

L:IJ l'lJ'ln Yltl1(Mesosphere) LlJUU1'HJ1 nlT'1.ff\l, ~ ~ v:ijln U11~J1nlf'1.ffu~'i1111'il ~L ~ E.J1 

fJrn~nii"l.lfJ.J81nlf'li·\.t.'d'~'il~.Jm:IJflll:IJ~.J:ijlmh::mrn -50 fJ..JrnL<n~L<rrm~ ii.JtJ1::mUl. -100 
• 'II 'II 

8.,1~lL<n~L5flm~ ~fll1:IJ~.J~ln~1 hnlh:::1l1ru 80 nt~L:IJ'il1 ~.,1LUWlv[J~fJ1::~il.,1 
'II 

U11E.Jlnl T'liUL:IJ 1'lJ' ~L ~ tl1LL~::1J11E.Jlnl~ iUL'Yl EJ 1hJ ~L ~ tl1L1E.Jn1J1 L 1 ru1e) tI tii Eld -)1 L:IJ 1"lJ'V'l a ~ 
(Mesopause) ~lulh::n fJU"lJ el" LLn~l ui'uil'rr.JfI..J LUUL dfJ L~ tJlnuiii'il~lWlJ a.,1 LLn~fl..J~ LLtiiii 

m3Jlru"IJ EJ.,1 Ll 1i~~"mtJ1:::n vlJ"l.I vol alnlf'l ~'il~.,1m3J fl11:IJ ~ol 1J11E.Jl mf'liu d~ollJ L~ tlUlhl~~l n ~u 
'II • 

~::eJv.JLL~::'1.mh 
L 'Yl vi1:IJ~L~uf (Thermosphere) :lJ1tl vlnlf'llui'uL 'YHli1'V'l~L Yl E.Jfhjl~Eltil u~mu::"lJa\l 

'II 

LL Ii ~LL~ a til \I, ~rllU::"IJ fJ..J l.h::~ '1. vl vh L li fJ .,1~1 n El:: 'i1 El JJ"IJ fJ ol LI, Ii ~'1. U 1 'il1 L :ij\l,LL~:: El El nonL ~ u 1 U 
'II , 

1111 £n nl wff\l, 1J '\.I, l~11J 1-.:1 ~fl ~\I,&Wil1 n 'ill \I fll flciUJ L -rlu 1 \I ~h~ niLL~ ::U'il n 711 L lJ \I, '1.mHlu 

LVI Uvi'UL 'YIErfL 'V'l ~L ~ E.Jf,r~ LtJ~ 1::£.I::~\llh::1l1ru 500 nhLJJ'i11 lJJ L~ntl"IJEl.,1 fJlmf'l El civil\lln ~nu 
'II • 'II 

mn:ijU hi ~lJJ11rl~\I"JjU11U 1:IJL~n tl~~ l~ 1 U1Jl.,1T1f\ll:IJL~ntl~.,1 LfI~ a '\.I, ~ dJULffU'il1.J m~ldE:n~ 
q • 

~ ~~-W~a'Yln-Vl~"IJ v\l LL 1.,11 'It'JJrll\l t~n L11 L1t1 nu 11tJ1nlf'1l wff'll. ~ el::'il tlJJ"'1fl l:IJL~n tl"IJtloltllnlf'lii 
• • 

LL u11 'It'3J~::~fllII~'\.I, '1.1J~a1mfl.n-)1 "Lan l"lJ~L YlE.J1" (Exosphere) Ulolflf.,1 L11L1E.Jn1J11t11n1f'1~ . ~ 

1::i1J~nl3J~..:J 80-400 nLm3J!jJ"jil "ltl1al'll.mwv{" (Ionosphere) LUvol'l1mLn~l'll.1J11EJln1f'1"ffwd' 
'II 

ii~m'\.l,::llJm.h:::ij 1 vlYh~"iitJ"j:: Lrmu1 'll.n11~::l'1 fJUfI ~UlmJ ~lVi11Jnl'd"~af.ll11 'YI1flJJ'll.lfl3J Lriv • • 
3Jtl\llm.J~11\11 UlL 'll. 1~.,1~:: hlii"IJau L"llCil"lJfl.,11fJ E.Jtii fJ1::Vi-)lol1J11 rnmf'l LLfI:: fJ1mf'l~LLu-n'il ~ol~ol;fiu 

'\I 

ltJmmf'l~\lUl.J LLaril.ffU,U11£.11n1f'1~L11~m~Til::iifl'nJJ~\ll:JJLnu 100 nlm:U'i11 LLI1i~"j::tJ::~\I 
'\I 'U 

400 iil"HJJm n rJ.,1ii aU111Tl"lHl.,1 rlln1f1fJ ciJJlnVl El~v:: Ef11.,1LL1 \I L ;t1Ci1YllU 1,..; 'i111 d1 tI JJLLfI:: tn'll. 
• 'II 

fJlmf'lLfI~au, ~iltlol lJJL~ntl"IJEl.JmmmmLL1.,1l ,xmh.,1"lJ vol1tln~.,1'il'illn~ n El.,1l11JnW1U i\lttu 
• 'II 'II 

riolln~~u,~1 h nn ri\lii nl1nCil YlU"ll rJ\J fJlnl f'I;)J1n L 11 L1r.J nti'l'" un"ll fl.,1 fllnl~~n IIIYlU ~ol:IJl'd'-)l 
"f11l:uiutJln1f'1" (Air Pressure) T111:IJi'\.l,Ellnlf'1iiA1LLtJ1~UIll1\1nU "f111:IJW\.l,lLLUU"llElole:nmfl" . . 
(Air Density) i.J111VltJ1::ntlU 2 iJ\lfl111J~"'tt),lmf'l~.JT1113J~'\.I, ltLti. '\.I,"IJ tl\l Ell nlf'1nih 1Jln 

'II 
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1.2 i)" R't1 cn: ml1J'ri 3.h.l~ 1I1 m hi YI" ri 
'j,Hlmnmlnff~h~ i) ~~ L1Itl.El~~tb::nElu'VI ~ nihnm rn.fl~~LL~l rJ~iiEl~~lh::n tllJ~'U. Ii) 

~~iitl13Jl m~'U.lLtl1;t tl.El rlnu ffrll'U. ~ Ll~::1.1 fill El~ ,ilh:: n ElU ~ml.1.h;iLI.,riT;)::i)'~h," 1 ,"mil ~tI\I 
~ ~ 

L~mrEl tI Ll~n ~\lf..I"md::'YllJ'ii El fffll'W El1nl,mfil::fliJ enm,'IL 1I'U.5'U.m n 'I1\1tt 
~ 

2.2.1 lmI, (HzO) iilfhnrn. a - 4% l'U.U1dtllnlf'! ;t'U.EJrinlJ"lh\lLlfilILW:: 
~ 

ffmu~ lmi'l1l ULL nffL1ElUnd::~ n L "lim~ tl1nU lLrlfffnfu ElU hlEl Eln 1'1f~ ~\I iifl rn.ff3Ju~l U nTl , 
<iI<iIn~Wr\l~~'U.~·nl1~~LL~tlEln~ln lfiln 'U.tlmnm.t'U.L~ almr,nk'U.~ll.ilt.l.Gl::aa~th 'VI1El "LaJ'lJ" ii 
~ 

fl111J ffl1J11r1 L tl.nT'Jff::l1 El'U.LLff~ El111~ tJ LL~::LL~1~~~U ~11 L 1~lh l~~u~l hn l:lJftlu 'VI'1El'VI 'U.l1 

IijU Lll'U.lt1 

2.2.2 lElL'lj'U. (03) Ln~lijlnmd~mln6JiLIijUll@1n~lLil'\.\El::@1El3JL~rn (0) Li'iEl\l 

~J1nnl1~~n ~'U.1\1~5i.i@111111El Li.i@11t.1.uddrnn1wff'U.ff@1111mffLYJ tlf LL~111aJ~lnu LLnffEl an6JiL~u 
'II 

.. '" d ofl" d "'1 '" .. , 1 'f .., ofl ~ Eln'YlWI . .j,\I mnmu'\.\llnff'lj\l3J 3JLi.infil"llEl\lElEln'ljL'iJ'U 3 El::@1El3J L1t1nll " El L'lj'U" ff::ff1JVl1LuWlftl. , 
lJl~ blL WffUffVl1lLVIffL YJ tlf<fl\lEl rjvll\l,nn~'Ut111Gln~1::tI::fll11J ff\ltl1::3Jlm 10 - 60 nlm3JVl1 

J 'II ~ 

1EJ 1'1f'\.\iitl1:: ltJ"l1t.J.1 'UnTm1El\l1\1~5GlVldl111m~Vl3jl~fil.J3J1'Yh 5t.J.Vl11tl~El~\lii.:nilj] LL~L ~El\llijln 
LLnfflEll'lj'U.L UW~M-!1la11~n1 tI 'VIlniiLlnffla l'ljt.J.Lnlj],ru ~1::~1J~,lwff'\.\ l'Yld 1 'Wffl. YJ tJ'Hf (armn~,ru 
'iJ1 mfl~El.J tI'U~ LLi.i:: h\l\l1U) n'iJ::'l'illidl~ 3Ji.ifl11::LL~::nl fl1IJ . .JLoV3J-nmJ El\l 0 3 ~VI i.i.J L'iltl En~ ii 
El::VlEl3J"llEh1ff115'U.L-n11u ~::1unlUGf3J~Gld::'VIil~ 0 3 , Oz 'l'illiLfl'i1 Oz mnitu'VI'1Elo3 i.iVlfil.J , 

2.2.3LLrlffl U 1V11L~t.J.l<i1 El Eln 1'1f~ (N02) Lumlnfftl1::1.11'Y1L~rnnUmlff~iitl~m[J1 
H\ltiL1uniltlEln l'lj~"lltl\ll u llj]wi)'\.I, (NOx) I.LnHL VI~l'd'~::Ln~,r\'\'lrim;fm 'Wa.\lflm~n 1 'VI~iimu.\U1iJ 
'\J "\I • '\I 

ff\l lV1t1aanl'lj~"lltl.JLLnHlulV1cH'iJuih.f\l'VIaJ'iI 7 1t11~LLri NzO NO NOz N20 S NZ0 3 N20 4 LLiiI:: 
~ ~ 

N03 LL~iirV:hJ~ NO LLiiI:: NOz ~LiJUff11aJiilVll!:l'YI1\1Enmf'f~~lTl'Y N02LihtLLnffL1m.f.n1::';)n ffaJ1~ 
ffTH1Eln l'lj!1i'"lm~l 'U.l'i11L~u1Jl\1"l1U~ 

n) un~1'U.'il1n~Elnl'lj~ (NO) L tJuLLn~l:lJiiff Uiil::n~'U.';)::'l'iluljmmnuLLiiff 
~Eln6JiI.'iJULtI~ ~ uLiJU L tl.lIj]1L'iJ'U.LVI El u n L'lj~ 

"ll) LLnHlu IV1·H~t.J.1V1 tltln 1'lj~ (NOz) L U'U.LLnffihrlV11fil LLn3JLL'iI\I~iin ~'\.\u '\.\ , 
fl~lmLn rlfliiltl1tl. LLnHl U l'i11L'iJU L~ a Eln l'lj~iiI::~l tlJl1~~LLiiI ::mil 'UEllmf'!L'liL'~ t1~ 3 lUL 'Yil,x '\.\ 

~ 

nl1~rllaJ1drl iiI::~;nmhL'li~'l'i11~dJu'lim'VIVl"lJEl~m1Ln'il~Un1~ 1~mLnffLutVl1LIijULlj]tlElnL'lj~ , 
'iJ::lhtlDn1rnnUiiI::tltJ.J,l'IL U1J1"Julmf>'lL~LiJ'\.\m~ l'\.l,Vl1n (HN03 ) ~.JL U'U.rll1~riEl1,xL nVl~Und'il 
LLntftltln 1'lj~'lIEl\llut~1Lliju,;)::r1ntl~ u t1~1 n tllU 'W1~U::LL~:: h~~1tl.ElVlHl'VIn113J L "ri'\.\ 11~~luN~'iI 

~ , 
LfI~t)\l1"1f ih~n'YI1Elitn i LLfil:: h~~IUEl 'ilfflV1n11aJ!1ll\1 Ii) nnffL U tIj]1L"ilUEl Eln l'lj~~::iHhrl Vllii1 LLfil~ , 
ih 1,xth~n ;fi~LLnHtt"il::li1t1~n1mnu 1Ell'ljulUEl1 mf'fl~JI [J LLfil::niillmuun1V11 'U.Vl1n~ij'l'YIfn'il 
n"imu "liUL~ UlnUL ULIil1V1~LiJUHI1VlM- '\.I,rJn'iJln\tl u LIil1L';)'U.tl€J n L'lj<ll u\! n 11 'Yl1Jl'Y1a-1Tl ru1. UnT'1 

'" 
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~U111ti\ltll1~n '~UElrJ ~\l ~\l~1n1~Lb~f\l~"lI El\l~1\lEl1Yi~ rr~~n~\l1J1 rk\lv.1nuuyful~ntfu llti'fu 

~~n1::'Y1U~1n ~l'l~l.h::n ElU llh..:l Ii) 1 wi\.!. U11 U1 n1'f1"l1 El\ll~ n L "li\.!. n11n1::L~.J L,. rr~ (Rayleigh 

Scattering) n11~~n~U"lIEl.J ls16O'U (Ozone Absorption) n1'J~~n~\'!'"lIEl\l'mt1 (Water Vapor 
~ ~ 

Absorption) m'J~~n~U"llil\lnna'lul~jL~u'~Elsn'6O'll1 (Nitrogendioxide Absorption) LL~::n11 
~ 

iU~~L'ctEl.J1l1n~::El S\l ~ElrJ (Aerosol Extinction) a'11J11mLllmL~..:lfl1111 "l1vrUTIl~<il']a'l1n1j (1) 
~ 

T = Tr + 'rozone + l' HzO+ 'rN + 'ra (1) 

1 Ti1f11111~nL:n-\lLL~']"lIEl\l~::ilEl\l~il rJ 1 u"lil\lLLa'\l~m 11 El'] L ~'I-\.1l::1h::111rn 0.1 ~1VtjUl\'!' ~ 
li El']yh la'D~ilIl11D1']111n~::Sj~1f11111~nL ~\l LLa'\l"ll El\l~::E1 El\l~ il m ri1nu 0.05 Vt1m!€l rJnl1,x'l-\. ~1U 
liil.JYh~f:l13Jlil11l1l::SjTi1f11111~m~,] LLa'\l"ll il\l~::E1 El']~ il m ri1nu 0.5 Vt1ila'\lni1,rU 1Il1rJ~Ti1f11111 

'IJ 

~nL~']U~\l"llEl\l~:;ilS\l~il [J\fUfllj1~::3JTi1 '3.1 Ln'l-\.Vtrt,] ~1f11111~m ~\! Lba'\!"lI il\l il\l~Dj::n ilU1ll1\l Ii)~Sj 
f11111 '1~ilm1'il~n~U-r\l~~1\l EI1Yi'il tJ1 'I-\."lil\! f11111iJ11f1 ~\.!.1ll1\l ~ <il\l111Y-1D1::n E1U 6 

'U 

'" I 

b: 
w 

0.15 

". Rayleigh 

..... 
'- '. 

~ 0.10 

..... '. ...., 
aerosol, '.,,=0.5 I'm 

(3 
;:: 
[l. 

o 

" ....... 

aerosol, '.,,=0.2 I'm 

0.05 

0.00 l1.....l._ccul.U.~~"""'bL..-..J......J.......u...:==""'=""""""""-'-.l......J 
400 500 600 700 800 900 

WAVELENGTH, nrn 

111Y-1D'J::nilU 6 LL~Il1\lTi1f11111~m~,] LLa'\I(Optical Depth) "lI El\lEl\l~Dj::nilu1ll1\l Ii)~tlcilu,f'l-\. 
'U 

U'J'J£J1n1'f1"l1El\l 1~n'il111f11111 mlf1~ulU".ril'] 400 - 900 nm ~bfl~e:J.J MFR-7 l~ 'Ill 

d 
'Yl111 : Alexandrov Mikhail D.; et al.; (2002).Remote Sensing of Atmospheric Aerosols and 

Trace Gases by Means of Multifilter Rotating Shadowband Radiometer, Part I: Retrieval 

Algorithm. Journal of the Atmospheric Sciences. 59: 525. 

1 
Tanre, D., Kaufman, Y. J., Herman, M., et ai, (1997). Remotesensing of aerosol 

properties over oceans using theMODISIEOS spectral radiances. Journal of Geophysical 

Research, 102, pp. 16,971-16,988 
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~~ ~~ ~A 
Lr = 0.0085691\, (1 + 0.0113 1\, +0.00013 1\, ) (10) 

fl113Jrnlf1~'U.l\.lIV\'l,brJ Ilm 

fl113JCii\.tU11rJ1m~ rn 1l~rr~~-J~el1Lfltl~1thh.J ~.j~l~ffhnl[J3j 
1 • 

Ti1LU~U1.h::3J!ru 1008.8 mb 

L iitl..l1l1 mhfl113J~n L:rr..:J LLa'-J"lJ tl.j ttl t'llmL~::filf1113J~n L:rr-J LLff.J"lJ tl-J i.mr,~ fl113J [J11Tl~U 
415 nm 3jfiTlrtlrJ3J1n~-J~~ft-J ~-Jll::LV;ui.~,;)lnl1l'Vnh::ntlu~ 6 ril1V\1~ 

= (11 ) 

LL~::.y\fl113J mlf1~'U. 870 nm ~lTl113J~m:rr\l bLff-J"lJ tl\l ttl t'll'U. filf1113J~m:rr.J LLff.J"lJtl\lLmll 

LL~::~lTl113J~n L:rr\l LLff-J"lJ tJ-J L U 1~1L,;)u L~HJ tJtln L&Jl''fi iifilttf) rJ3J1n~-J~ Iilft-J( c;l\l1l1'V'lth::n f)lJ~6) 
ril1V\1~ 

= (12) 

Tm = (13) 

= Lam - InC (14) 

1llnm11Lfl11::'VI1~rJEllirJllilLfl11::,{LLlJlJLLiiI-JLmr m3Jff3Jm1~ (5) thUll In I nlJ m 3J1 

LijrJuml~flll3Ji3J\~''U.1fLLum~U(m\l hltlnl'V1u~l'" In I LilmLnuy UGl:: m Lil'\.l,LLn1.l. x lUff1l1~~ 

Y1f)-JYlT~t 1.11" -:u::L~n11y.J L~U~,,)-J~3jflll3Ji'\.l,L tJm~lJ tlil rJ"lJ1.l.11il"lJ f).Jfl113Jiud~h.tfilf11l3J ~m-n\l 

LLff,nt.J'VI3JIi1~u.J11.hJ1uL'nrJlJYhil"lJf)\lLfI~tl.Jih) LL~::-:U~~lillLnu y ~E1Yh In 10 ~-JfllV'lth::nf)lJ 8 • 



- __ .. IOe .. "" .............. 
..... + .... -- ... ......... .-

-~.~ ........ a. ........... ........ "'-

-115 
500 
61 ~ 
Or;.. 
8]0 

... 

Air Mass 

-"'--e ..... _,,-

........ --
.~ - ... -

4.0 

11l'V'n.h::n~lJ 8 LLRtfi .. .m11Wflll:IJi:IJviU1h::'VI1'h'l In f111:IJL,r:IJ'lJ~..'I.:r~ff~LUntfi.:r3J 

(Spectral Irradiance) nlJ:lJl~mmf1 
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. .. 
'YI:1Jl : MFR-7 Rotating Shadowband Radiometer Installation and User Guide Version 

2.10.(2000) p.7. 

8 n'l~~t~~I~~tttJtJlll?UHH.I (Regression Analysis)1 

nTJ"1 Lfl11::,{ LLUlJ tltfirm u dJuRn~.y;l,n unl':i~m~lLLiil::tfi11~ R~Uflll3Ji3J"q'uf1::WJ1..'l 

il LLU1~..'ILL~ 2 il LLlh:ilu 1u nl'l1lfl11::,{ m1tltfitl~ [Jij'VIiillU"llittfi ;tumlnuKm~rn::'lJ ~..'Ii'JLLU1 
'II 

'il13J1U LL lJU f111:IJ i:IJvrufLL~::m 1rll'VI'U.'il!il1 Lb Uj ~..'I n111 Lfl11::'" LL lJ U tltfitl ~ [Jb ij~ L ~u (Linear 
'II 

regression Analysis) LiI'U.m11Lml::~LLUUtltfitl El U~!ill LLUj~'m lwqj dJ'U.ilLLUjLij~m3Jlrn ~~ 
LUUfll1:IJi:IJvruTI-u ll\li'mU1 (x,y) 1 'U.jUbLlJlJ'lJB~fll1:IJ Ll:IJviwlI1::'VI11.,'l 1i11 Lll.h x flU y 'l1~LL 'YI'\..l.~lEJ 

'II 

R:lJn11'Y11.,'lflru.tfif11Rtfif.y;djuLLUlJR:lJn11L~..'IL~'\..l. (Linear Equation) i\lR:lJn11~ (15) LL~:: 
lllV-lUj::nBlJ 9 

. .. um m 

b 

y = mx + b (15) 

'" fill 

1 
Jerry Hester.(2000). Regression Analysis and Excel. Physics Laboratory Clemson 

University. 
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y = mx +b 

• 
slope:;; m 

y • 
y-int;;;: b 

x 

. 
li:JJ1 : Jerry Hester.(2000). Regression Analysis and Excel. Physics Laboratory, Clemson 

University 

11,j,m11Lfl11:::lfLLU1Jtl~tlam-B-3Li"" 1J::L1J""nTilb-namr~:nnilLLlh~'YhnTl~n'M'l (x,y) :JJ1 
'1/ 

lLfl11::lfVilf1111J i1Jvi""tf ~~3Jl1tlUan LL""11 ,r3J"1Ia-\lfl113Ji3J,;rmf[~ [J lin'nWL~"'tifl1-3 LL~::nTiVil 
Til L~Wil1-3~~~ L'i~n ~ eJ L 1\""~1LL 'YlW'1I eJ-311hL1J1Jfll11J i3J';ni"1l el-1 ~1 LLlh (x,y) 

• '1/ 

Li""~"',j"-3~~~L'iifl1Jdh Vi [J-3Li\u~ [J1~-3 ttl"" ~1J anfl113JU 1 L ~aiia"1l a..l,] El3J i:1rit.i.1:JJ111~ L 1\"" 
, '1/ 

m1yh:a\lLff"" ~::mi[JVi~nm11ir.Ji:1113J"lJa-31::[J:::'Vi1-3n1 ~\I~e:J-3 ~lmi""n1TWii-3'Yln ')~ifI"lJa-3'li mJ~ 
., '1/ 

(x,y) l~~fh'll'mJri~if1 L11L1[Jnl1i3Jlh::~'Yllfmdvlifl~""h (R2) m11h:::JJ1rnfil'~':f-3nil!.~~r1L'iifl"lJe:J-3 
• • 

-n El3Ji:1 L ~d1::1vr~1 nm11h'::an rnfilfl113JfI i:11~LfI~ Ell!."lJ tJ\I-na3Ji:11,xL Vi ~ tJ,xa [J~Gfifl lil.Jtf""L~ m;j r.m 
'1/ ~, 

m1W"lJ tJ\lYJ-3 nil!. Lffun11 y.I~::r-.il"" 1u1 ""1J1L1 rn~~ttil-3 ')"ll El-3,] a 1Jf1 lif1 tl1J:::~~ r-.ilWil~"ll El-3-n El3J i:11.11\1 
.. cu .. '\.I 

~~ m1u1:::3J1rnTi11if1 [J1TIril~..lL'iEl-3'll'El[JriL'iifl~::1~Lil!.n11wr-.il",,1ul mJ1L1 rn';)mh.J ')"11 El-3-lle:J3Ji:1 , , , ~ 

El£i1.J111JL1[JU LLt1::: lmrL~ [J.Jfl113J1l1-3 Vi ~nm"',j""lJ e:J.J1TIril~.JL'iEl.J,r a [J~ L'iifl~ lil-3n tilL,x,] mJ~...r.JVi3JifI 

G(x) = A + BX 

SSR 

TSS 

• '1/ 

(16) 

(17) 

L~a TSS (Total Sum of Squares) ~Hnl1J"1Ia.Jr.Ji:1!ii1-3"',j":::Vii1.JFh Yi rilJ Y [Jnril~-\lL'ie:J-3 

(18) 
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SSR (Regression Sum of Squares)iiamrn~"1JEh1~iil~1.Jj:;'VI'h'" YXi flU Y t1nrh;"'Gnl,] 

SSR =: ICYxj - y)Z (19) 

(20) 

,;)::L~l-\,'~11 R2 ~aiVl~ll-\,"1Jtl,1t-JGljl~,t']'VIlJVltlnrh~.Ji.la']~L~UlnU'h y "1Ja.JLil-\,~l~,nn 
• ,.... 2 

n1j u1ULLUUrlVlflEHJ LL~:; 0 <R < 1 

,;)lni.llJm1~ (16) "iJ:;L~ 

TSS =: SSR + RRE 

TSS-SSE 
= 

TSS 
(21) 

.:.,. d 2 
l-\,UYnJ R = 

ilJU1:; ~11 {nT~71~ a-lt '\. "iJlillt,h~'iLLH~']¥111lJ LL U1 H\I, ~l n~:%'\.tn 1J711LLlh y n r.l~ L dEl']lJl"iJl m11 

LLUj X flVlL t1ltLUE]"rL.jjU~ 'I. i1 u ~"iJljmlm1U1::m rn,h¥111lH 'VIlJl:;i.lll~"iJ:;'lb Lu1 il1ij¥1TUJ 

\ilL~aiiamn'V\1mram~m1Vl 'h~filulm'i:;)::ml1u"1l1']1:;'VI11.J 0 ii.J 1 lunjut~f11 R2 iif11L-lll 
'IJ 

1mi' 1 LLH~,]ililLLU1 X ijill1rr~1!IC1iEl'illLLUj y mh.JlJln 'VImtlTll1~.rh Hlln11n111h:;mmf11 

:;):;iifll111"hL~allln lunjut~fil R2 iif11L'lil'1.mi' 0 LLH~h'lil i1LLU1 X ii511TI'YiGl~Eli1LLUj y 
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9 

L~aiJ 'l"L~'1. 2541 Jacovides LL~:::f1rn:::~vi'l'hnTll'il,rmJ~nT'l~'ilYlaU"IJa.:mTmH1"~El.:J 
"U 

'il'l.J Elll1 'il VL 'VIUEliUU"f'HJlml'!"IJ El.J1.n El,n€lLliu&f l'ilmfl~El.J U-cor Spectroradiometerr\fl113.J tJ'll 

fI~ulu 300 - 1100 nm l'\.1,"1h.J1.~'h)'\.l,Y-If]'MJllf1JJUY-I.I'!. 2538 LL~:::'VIlf1113.J~m:n.JLLa--.1"IJEl-.1~:::Ela.J 
~ EHJ ~ lI.l'il'H1lul'ilEl an ~on!illEllonu u~:::lmi'11wffuu1"HnnlY1 L ~u~,;)11rnlT1l11JfflloWlI.TI"IJ a.JTll11J 
":::!,t::& odd I .co. d.",.", .:!III 

~m"ll-.1 LL~-.1'Ylll ~ ~'il a1J ~Jlll:::'YlI" aln1 Y1 nl1n1:::L,;).J ua--.1"IJ tl.J tlll.Jllf1'YlJJ"IJU l'ill~n LLm:n11'il'ilmm 
• "U 

1.:Ja"lltl.:JLLn ~~1-.1 '1LlI.U 1 'an nil'! LL~::: 1<1lyhm1'V11fl1 5" ~'il1tl1J'Wl11iiL 'il uf 'I"IU11~L3j u-J Lm liutfijfil 

T11111~m 'i"LL~"]' lI.l'il1L,;)u ''ilu an lon~ff.J ~.:JLuuiJru'VII.y;Yh l"'Ln'illl~~'M'Yll.:Jtl1n11'! 
"U " 

luu'I"I.I'!. 2545 Alexandrov LL~:::flrn::: rhn111Lml:::~,rtlJJ~~1~,;)lmfl1El.:JMFRSR ~ 
'II 

Big Bend National Park 12L l'ln-nff(Texas) l'il tl l"1i1n-i Lfl11:::~LLUU LL~.JL~ 61Jl LmtllJL YitJunmh~ 
1<1l1l1nm1LLU ~~~"IJ tl.J Lfl1El.:J Brewer Spectrometer Y-IU111l1nnTll Lfl11:::"'LLUlJLL~.JL~ m~HJ mit! 

,ruJJ~"IJ tl.:J LTI~ tl-.1 MFRSR T1111J'VIlI.l LL ti U"II tl-.1' U 1 'il'n ';)u l'il a tln Lon!ilLL~:: ~:::tl tl" fI tl tJ ihh~ 'il1iln'il 
'II 

~.:Ja-'ill'\'hn1J 3 DU 1U"lJrn:::~'llmJfI,;)lmfl1tl\l Brewer Spectrometer iifilf1l11Jflfll'ilLTI~ElU 
'II • "U 

U1:::mrn ± 0.5 DU 

'1.uU'l"l.Y1. 2548 UIt1~JJ1111~cl' ll11Ll1-J LLfI:::La-1JJ i'Ul'lfUlti Jllf11"llI-Wantf m\l.::: • 
1'Y1 mm ~Cirf 1J'VI11'Y1 til ~ tJ~lfIthn1 l~.yh n11oW'UJUI UU1J~If1 El-J ~1'V1-rU"lU 1 rnfilT1111JL"Ii JJ1 {J ffm~ 

~ 

'il11 1 l1m~'il~ij ~fln1:::'Y1U~a ~l'V1'!t.:JJJU'Mcl' 1uu1L 1 nu.h:::L 'Y1~1 'YlmLumh~ eW~l\lmhl'w1lT'H\l.lnTl • 
ff\l ~T\'\' ~\la'1. UU11tn nil'! ~lh:::nall<1l1 tJiuu11tnn11'!L 'VIum1J'JJ .ffUU11tlln1l'!lttiLJJ'JJ LL~::: 
~u~11~n l'iltJ ~1i'tI~vi''YhnTlfil1.nrnfiliJJ1h:::a'YIfnI1~\I ~IU f"~ml'il11b lmfl'il Liia.J1l1n 

"U • 

la 1 'llll.1'il tJ ali'l tJ,ru1J~m1l1ru.l v lonll.1l1n'ill1L TI U JJ TOMS/EP fil ff1J'lh::: ti'YI1inI1a-:::l1' al-t f" (fm~ 
'II • 

I~l'n 111tlLr.Hl"lltl"u1"HJ1nlI'!LL~::yfuth hn l'il tl ill ~ tl'lltl1J flfllY-1th V'il11 L TI [J :lJGMS-5 LU~::: 
'Il 

UlJU~If1 a\lnl1ff"~lU1.J ~ UVSPEC LL~:::fiIU1rn.~·hi:Ulh:::~'Y1fnT'.i'il'iln~'U.1,,;a~'il"JI' 1 ta LfI'il 
'II q 

L iia\l~lnt-1'U,~:::e:J a\ll'il [J mf1 v'll aJJ ~ tll'!'U,l it! 1l1nJ'urrli tl~,,'<;il'hm"JL mtlm ri tJUfilf1l111L'll1J 
• 'II "U 

1\1~m'l'il11Ll1mt'i<il~f11Ul ru. L~~lmL1JU~1'Hl\lnuYh.yjt<;i1l1nnTJ1'ilJlIT1~U~l\, rn a-mii.l'il 4 
~ 

LLvI" L~LLri a-rnuL:ntJ\l1~1i ~rnUaUfI"Jl"llfni.i, ~rnitUTl1U~1J LL~:::ffnlii.~.:J"lJ~l lcilEJli-UtllliilU 
q D 'II 

W.Y1. 2545 Y-I Ul1filftl1:IJL,j 1Jf,,~a~ 'il11 1 l1m~~11 tJ,Tl1:u" LU~ tJ ct1 m~ au.yj ¢ill\, 1 rn. l~1l1n 
q 

LLlJU~liiltl"iifiIU'iln~1.J,;)lnm11~ l'iltJiifiliJJU1:::ti't1tnl"JctI<iltill.hl (R2) UEl tlnl1 26 

1l1.U'l"l.~.2550 ~dja.:Jtlm (Pune) 1l1.U1:::I.'Yl~EiUL~[J Meena Ut'i::f1rn:: L~~n1ilfJ'ilmiil~ 
"U 'II 

5:1~~Iiie:Jn11L tJ~ EJULLU iil·nn1J1 rn.ct1l.:J ')1 U lJ11t11n1 f1 L'il EJ'Yl1nl"JL t1'1EJtJL riUlJ-ll tllliil lU l<i1~L1lul'il 
'II 

tltln Lonctf , la l'1lu LLfI:::lmrl~l~~lmfl1El\l ~Lun 1'il1fl L'il Elf(Spectrometer)rlu'li aJJ ~~lnml LVi tl1J 
'II 

l'il mft~a.J ~LtJn l'il1iiL'ilElf1''ilfil t U l'il1L,;)lI. l'iltl tlnL"1l'il1<;i 2-10 DU fflU'ill1 L TItlJJ1'ilfh t U l'il1L1lll. 

l'iltl an lon<il1vi'L'I,hnu 6-22 DU lLfl:::~lnm1~n 'Ml'l"lUll '1. U"ril.J'VI UTltlU~m~ flU '1"1 [l1i1l1f11J~.J 

Liii u uiin U 1 tJ U ';)::: Y-I1Jtl1111 rn.n n f4l ,"1 'il1L ~ '" l~ v un Lon<J; LLiil::: 1 al -nl\,1I1 n n 11 t u'lil-.1 n lll 'VIlI.11 
• ". 'II 
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hnJ Luvn:: 1 '\.I"lh"L~ mnr'\.l, 11fl ~-~n11f1~'<iJ::ihJ~m m:!Xel tI~ti~ LL~:: lw·lh"L~'\.I,"lJ el"l'\.I,L~ III n'\.l,'<iJ::~ • 
u~mmLLntit '\.I, 1~1L-;)'\.I, 1~el8nt"TI'1iLL~:: 1a l"TIu~lnw,ill wlh.nil ~\ll~m.ht1.hna~11"TIJ,"lJa\l 

PM/AM lWrll\lr]~'VI'\.I,11-;)::~"lmnn':h 3.8 ''\.l,"lIm::~eJml~l'i1."lJB.JPM/AM lwrll.Jr]lir1t1'U.,ztl[Jnil 
~ ~ 

1.25 L iitl.J":illn 1 '1.u;)~'VI'\..I.11'rl1.Jl~'\..I.":il::ml'\..l.1'\..l.n11'rl1.Jn~l-;6'\..1. 
~ 

LL~::: l'\..1.iJL~tJ1n'\..l.\i' i'YItn Lfl1elfh LL~::f1m::: t~rhm1'Y1~~a.J~11-;)1~nT~m:::":illrJ'ill"1Hlil 
LLnti1. '\..I.1~1L -;)'\..I.1.~ aan t"TI~ 1~ lIL -nia ~~~lJ ~l~l\lln n111~~1 tlLfI'4t1.J t~ ~nfLLlJU11~1'\..1. (Raman 

~ 

Udar) ~-iI~~i-il~nlf1i"nlV-l~mf f1m:::l'Y1t11~1~~f ~rni'YIm5m~tJ\ll'V13J 'I"llJl11:::lJlJ1.~mfLLuu 
11 :lJl'-l. it til llTHll il~'V\l U~:Ul ill'll tI\lun tit '\..1.1 'iI 1 L":il'-l. t~ a an 1"TI~1ti\ rn.h:::m m 1~ Wl"::: rJ::'Y11.J 

1h::::Ulm12n1~L:U~1 ":illn-;)~~~ti\i.JLfI~a\lija ~\I'-I.lrJiJtI"nl~ i\l~~ hr'YI~~a.JvrflJ'-I.l . ~ 

1u1LLn1:lJ f11Ufl:U LL~::i Lfl11 ::~-n a ~ ~~1 W11.~":illmfl~ a .J1.~ Iin1LLlJ m 1 rJ~lf .yj~W1i\l m .yjL~ tJ'l i1'-1. . ~ 

'I"lUl11:::Ull l.~mfUlJll L 1Ef~~~t~1UnTJ~~'-I. l\i'til3Jl11J1 ,r~1T;)1ti\-na3J 1i1 L vi m'hmiLfl11::rfm1 
'Ii 

LU~ t1'-1.LL u~.J a ill 'VInn'll a\lll11£jl m~.ff'-l.~l.J t~ 
• 'Ii 

'i'-l.iJ'Vi.~. 2552 '-I.lrJiih~uTI "nilwnf tll-;)11rfU1::-.51til"lJll"1l"1~1"lJli'YlrJl~1~~1 
~ 

~.JLLlWl~ eJ:lJ li~m~nm1,..r~ul1fim1~11":ill~LLn til U 1~1L":ilu 1.~ aan lsn~1 '\.I,lJ11tnm~ 1~ [Ju1:::rJn~ , 
~1 crmu1:::ti\lflL ~ Elu1::rJmfifinl1LLllU'I"l1 tiff'l"ll '-I.m1L flui1t1 ril\1Un~t '\.I, l<il1L -;)'1.1, t~ atln tsn~1t1.L'll<il 

• • 
Lii a.Ju~:::lb lul il UnT~<il11:;)i~mmillfll1~ L-n 3J-nU'll a.J LLntiL '1.1, 1~1L:;)ul<il a8n 1'llWli.UaJrnarJ11"l1 

iln tilU~irU 'YllnI1~m~nd 'I'hnT'rW~Ul eJun1mLlllJ'ill tI rh.J LL lJlJ 'I"ll ~~'I"l l ~ m nlJi18 rh\l LLna-:.J , • 

lu lmL":ilul.~E1Elnlsn<illulfnrnm~LiJu~hLU~ tI 1 il1aJ\I lWl t1'1'hm1LmrJlJL fi rJlJr.l~~1.~num1 
m1-;)1~ 1~ rJlnnl1L fi lIlJL 'I'hiTI1'llL~mJtnf'111u~LL1i1:::iTIilL~n 1 'Yl'!<ilil rJ tlt.lm-m MultiRAE IR hw • 
1 -n'Vl~nn11'Yll.:l tii)~ t-test fh:::ilJwnm ~tl~ '\J, 1mw::95mJn1nr~~lJll'Vil ~ff'Vi.yj L 'VI3JI::~uJ~l~ 

q 

vr~'U. TlfuL vi El h1.\l.nl1tnu!ill El rh,J LLn~1. uLmL":ilU 1.~ a tI n lsn~t.l1::n alJil maJm lJ1mfU~iln Lsncur 

~L~ti (mixcellulose - MCE) ldtIYhm"lLnlJ!illElri1-i1U~llhtul~f111::'V\1~utin<iltiI11.ulm~~1~ 
~ 

,nnm1W1~ ~ll<ii'l mt1nkumaJl<il1 1 0 ii1i1~~<il1 LL~llh LtJl~nl1~~n~l.I,LL~,Jil mfl~a.:l rJ1 a-L un 
~ ~ ~ 

l<il1 1 y.jL<iljjL~ Elf~f1l111rJllfl~ULL~.J 540 l.I,11aJL3J~1 ~ Yi [JlJnlJ~11L'1::~1 rJlIl<i11!IU LL~::~hul rn.'V1l 

f1l1aJL -n1l-nWlJ el,J LLn~1. U l<il1L~)'\J, 1.~ a an l"1f~ UlJ11rJl m~ r.l ~m"lU 1 mJn1rnLLlJlJ'Vi1 ti'11'1"llt.1 Lnu , 
Cf11El cil.:lll~::~·n"l~m3J1 illfll1llL -n1l-llU'll El,JlLn til.l.I, 1~1L":ilU l<il a an lsn~il rJlnnl1~-wlUlul,r'U. 'lu 

3J'VIli'YlrJl~[J11"nilntilu~irwrn 'I"llJl1i1filf111m-n3J-nl.l,mi1u'rll.J 0.0089 - 0.1099 ~~L~:U Ll~::ij 
:.J • ~ 

filLU~ m 'Yilnll 0.0543 -w~ l~3J l~£j~fil~.:lti~.yjcrhLl'VIli,J tnm1f1m::l'Ylflll.1,l~~h)<iltil'Vln113J "la.J3J1 
'Ii • • 

fi tlGillL 'Vl'l-i-illIULtlLn El~ (iJ El1l'J11"1) mtl tI1m1~1":il'YIlnl lW:::lJ~l1 ill t.I 1:; <il'l'11.J L -ll13J 'VIl1'Yl [J1~ rJ . ~ 

IJUUB'YlEl,JUEln ~,J~h LL 'VI'I-i.:l.yj<il11:;)i~LtJwihLL'Vl'l-i,J~~fi1lrmml.l,il1mfl~ a'U. .yj~~ El~ L 1 ~1 ill 'l~ijm1 
~ 

t.I~ tI [J lLn~l 'U.l<il1L":ilU I.~ fI tin l"1f'1l tI tl nm'Yll-i1li fila LifEJ'll fI\l11J J"iffl113J ~ -n:u-n U"lJ a \llLn ~1 '1.1, l<il1L"u 

lW1E1anlsn~~'hn11<il11"1<ilijfil~lnil Lnill'l1~m<ilHluril'V1U~ ~\lri1'V1UWll1~ 0.32 5jfl~ni'lI ... 



I 
.ct 

U'Yl'Yl 3 
~ -r ~ ~H) 1.1 n ~ n! bb ~ ~,rlMpl f) '" n1 ~~1 b ih~\J 1 '" 1 ~ tJ 

q q 

'tnn nl1~111~1"lJlli1rn.l'YnJ1 ~ ru,::1'Yl tJlf'11 ~~f ,J'vn ~-1n1n!aJ~11'Y1 tJl ~tJ hli'1J~113J • 
113Jij tl 1 Unl1tlUL~11::~L~~tl-1 L 1~ltlii L ~ tlfLL1JlJ~ 3JULLrllJ L-11~ij~ ~1 tJi1 n1tl-1 MFR-7 111 n . , 
lh::L'Ylf'l&UU ~-1LL<iiiJ 'YLf'I. 2540 l~tJ~~~-1 ru, ~mii~11,)'r~n11LL~i'-1fflWkUlJ11tJln1f'1 81L11tl ... . 
f'l1W1h-1 ')-1Wr~~hn1tJ (1r 0' 21" N , 99 0 49' 35" E) ~-1111'Yllh::ntllJ 10 , 

111'Yllh::ntllJ 10 LL~~-1L~~tl-1L1~ltliiL~tlfLLlJlJMFR-7 ru, ~mii~11,;)1~n11LL~i'-1fflWkU 
lJ11tJln1f'1 81 LI1tlf'l1W1 h-1 ,r-1~1~~hn1tJ • 

fi3J1 : Dennis G. Dye. (2007). Jamstec Frontier Research Syestemfor Global Change 

Ecosystem Change Research Program Yokohama, Japan.p.21 
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'OlurMMM//:dllll UL~ lSSl 't1.fJL't1.U(! ~~'t1.~8~m~l1~l.ll!IT.1~~~Itt.L'~UJ~ 'N~!A~LUrt~LrtM~ 

rt~L~Urt't1.8~'::~mrt~l.t't1..!l 
'" '" ~ 

'I1.G~1 G~~~tL't1.I.1.~LUL8!!~ 't1.G~' fl~ t.~'t1.~'tl.'t1.I.1.~LULG i'-t l.~ 't1.l.t-J ~,tAG!!-1.1. 1 L'fJ~1UGG'I1.1::~rtM.t.rt 

rtt:1L'G IT.L'tjl.'I1./}' L'~ J't1.~l.LtrtU't1.G~' L'~re~ l.~ ~'t1.G ~'L'Lt:1U~1'L'~re~1 tL 't1.1.1.~11 
• 't1.11l.fJ'I1.11't1.8~m~ ~M~Ul.reU~'I1.~ 

~ ~ 

!!~'t1.G~1 fl~ t~Ul€>'t1.~\!i'-t l.~fJ U V~U '::.t.flret:1~Ufll1 ~1't1.~.t.UrtMl.l.1.rtUL&~,tA 't1.J:::t:1'1't1.G,F~ ~t C-11~' 

Ul€>'t1.1-::l!Jre~.t.rt rtt:1\;+n~'t1.IJ' rt ~L~~'t1.G~' L'~ rt ~LLtRl1M t1.8~' ~" L'~ rt~, 't1.~ ~11 , ,. , 
~ 

't1.11l.Rrt1't1.8~' 8 ~~f'~ 't1.8k~l.UL8 !!~'t1.8 ~'f1~ t.¥tL~1113 

t1.8~::~~LULG rt~l.LtHl1M 'I1.81!J'L'Lt:1UL'L1.!l't1.MLLtrtU't1.I3~' L'U'lUl€>'1L'l!Jre~, 't1.G~~l1 .... Ii'" P/J ...... ~'-:: ~ ,.. 

G~ ~LU~l1 £ 't1.m~~UG8L'!1" Gn\{t,'C-r.l~1U8G't1.1-::~rt~~rtrt~::~11 ~tC-fJ~'Ul€>'t1.1::l€>re~~re 
h ~ 

1l~C-G IT.t:1 M.~U~rtLI!J f1~ L't:1 11"'11.11 ~ fl'::&r.l ~JT.l M ~1-Itt.L'~L'G IT.f1~ t¥fJ~118LUL8(!LtMl.LtM 
h ~ ~ 

1l~~U\{t,LJ.2l€>G't1.l.~::t:1111l,t~U.t.~RU1't1.L~M&LG 8 ~l1l'1oJT.l M~1-\il.L'~L'G IT.[U Ir1. t 't1.t¥JM&LG ~U.t.M,t~'t1. 
h 

~ 1-\{t, L' ~ L' Mn re ll. L'G!:! 18 Lt, l.~ \;+ 't1. L')t L'!t !1'1I11' 11 &Un. 11 ~,tl€> Il 1 t:11~ OIt m LIl::.t. f1 L' l.U:: fJ::,t 't1. iJ' , ,. 
h 

~Lt:1.t.U~L'UG Lt'L~::t::!1111 ~JT.1ML'8!:!' 8Lt'L~ L'.t.l L~~~8U"L~ Ut:11 ~,t,tt.f!8 U"L~ fJ ~L't1.ll.~~~GU"l.~\;+'t1.~ , ,. 
~ 

't1.l.t-J tl~~1. L'~ 8!!-\iI., nUUL&'t1.L[1I:m ~ l.fJ'::M~~\il.L'~ 't1.tfe L'rl & 113 U" L9 Ltt 't1.1:11 Llr.1't1.»~~ G L'!t'l1.1fJ\! ,. , .. no 
L'~1l11 Lr-fe"\! C-f!I1Lt~ 't1.iJ'~t't1.G~~ 't1.~'t1.t.¥l n.Lt~'t1.r,PL'L~U't1.81!J~'t1.~ Ul€>'t1..!-::l€>1J ~L'LU.LI't't1.1'8~~~ 

t.LfJ LIT.' UUL'1JI1Lt~ 't1.iJ 1 G'!; Ir1.1't1.G l€>~ 't1.~ fJl!IT.l ~ ~.!-\{t,L'~C-G IT. f1\.(, t~fJ ~lIJU 1::,tf1(!U ~ (3 .. 9£ 

,6t 066' N .. ~l ,0 oIt) fJ~IT.l~~1-I.1.L'~ L'tlL~~IJGU"L9 ~l.ULfJttn.'t1.1-'t1.t~L'~t-J",tLU 
'" ~ 

~1-&t..t.I!J1JLIJM m L -Cl:lV'J t'G~~' UL~~~~n.~t:1re(3 ~l.'J:1.::m'C-8,l1.t.fJ ~'~fJ~~'t1.LL'LRU~ 
flo 

~ It (!fun!. ru .. !. n. U H. LU ~ 
.,. :> 

R ~ t:.. 'l1. L 1,''l1. 'l1.1 L ~ ~ L U 'l1. (! ~ 'l1. u;. I"b "=" l>;;7 0 ...." .,. 

h 

L't1.I't'1rtt:1n.L,tU o I I ~ 
,. , 

't1.iJ1[Ulr1.t't1.t.¥l~LU'aU~ flU\.~U'::tf1t'GIT.I.'L~'t1.8~8!}\{t,mLU''t1.t~Gt'~DLIJf!L'~ (:3 .. S£ ,6t 0 66' N 

.. ~l ,0 oIt) 11~JT.l~~1-\{t,L'~ L'.t.l L~~k\(3Lt'L~ ~LLlLI1.t..t.n.'t1.g;.'t1.1~L'![1".t.LU~1-&t,t~nLIJf!­

tl!J(!'t1.Lf'::,t11 ~.t.l~.t.U't1.~~'t1.~~f1~Lflu.~l.ltt.re }l€>f!L~Lf1u.~::m~ ~U~M:Lll.~~LLt-

'11. L 1,''l1. 'l1.1 L ~ Lt'l1. L U ~ "0' 0 f' 

6l 
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l~rJ"lholn~l~~m~l~tl ifllmlu,l'\.t~ 22-26 L~flmJn1l~:IJ V-U1. 2546 ~ollil'\.t 
'\I 

"li1ol'l ~'Vl,"11 ~n tllnl~'Vl 'U, l1i Ifi L iifl-J,;)lnih~:IJ :lJ11.UJ ~::l'U,tl tl marJ-J L Wilel'l"rlfi ~·h'U, 1~ tI'Yhnl1 
'\I • 

lLfl1l::~itl:IJ~mJ1mJ l'ntlu\'U,"li1-Jlil:-JlL~L'Jfll 07.00 - 12.00 "". "li1-Jthl'l~-JLL~L'JGll 12.01-
'\I 

18.00 'U,. LL~::~-J1'U, '1'\.t"li'Hlw~ 1,3,4,5,7 L&ifl""L:IJ~ll'l'U, V'l.ff. 2546 ~ollilwrl1-JfJ~ftlwYlajmn1ff 
'\I 

ft)'U,EltJ511:1J1n~1.'l~ 1~mhn111Lml:;~-llfl:IJGllm[JuLfirJtJl'\.t"li1.:JLil~-JLL~L1~1 07.00 - 12.00 '\.t. 
• '\I 

"li1.JlhEl~olLL~L1~1 12.01-18.00 'U,. UGl::~-J1'U. 1l:U 10 1'U, 1~I'lYhnl11~oi1mfl~tl-J MFR-7 ~-J 
nl::u1'U,n111~"lJtl-JLfI~B-Jije)'d'"<iI:;.yhl~Th mh-J~ ElL ~fl.J 1~ Eln11Lflt fl'U, ~"lJ tlol LLrlU l-Jl'Vl ttol1tlU '1 on 

L1fllumm11 10 l'U,lfi Llfl:::'l'U. 1 ""lfi 1.'ll:1J11mfi~n1::u';mnl11~1f'U.l~:IJ1nnl1 4 flfol 1~1'l 
LL(lUL-Jl"<i1::LfI~ fl'U. ~mlultl:IJ11~ l'l-nl:IJ:U1::'Vl11.J 0-80 Elol~l -ll fl:UGlyjl~LL1.'l~.Jn.Jtl'i:Ul ru.1.J~~~n 

• '\I 

• .d I .J',J.J d, A 0 ~ ... t'. . .r:! d 

n1::'Yl U Ifi fl'Vl'U,.JV. 'U.1 [J 'V'l 'U. 'YI 'Yl fI 11:IJ 1'l11 fI ~ 'U. 6 fll'Y1 n 61'U, 1 'Yl UGl:: 'Yllnl1 L nlJ"lJ eJ:U ~ ~ ol LL ~ L 1:IJ:U 
• ) '\I 

LL1.'l.J eJli\~~,;)'U,~l.Jtllr1~ 6Ii1n~'U, ~.J aj-ll fl:U Gltl1::3J1 ru. 670 -llBlI~ 1 iii [In.ff'U,1iI fl'U,~.Jd 
'\I '\I 

1.1 -lltl:IJ~~u~l~"<iIlmfl~fl.J MFR-7 "<iI!:uwnn'1W.itlLLUU"llfl.JlvlGf .txt 1""n11 
'\I '\I 

lt1,jeJlIi.UnlLTl11:::~'VllTh~lLLtl1~L~ U1-ll tl.JJ'U. ~fl.:r,il~ 1 im.il"" 1tlUUU"lJtl.J 11.11 LLn 1:IJ Microsoft 
'\I '\I '\I 

Excel L ~ mb-ll tl:u~~l~:IJ11 LTl1l::V.L 'U,.ff'U,liIfl'U,n~ ~hJ 
'\I 

1.2 ,rtl:u~~l~,;)lmTl~m MFR-7 LilwllflllG1~~IiIEl~.y\l~,;)ln"lieJ.JinmJ1ru.yj1u 
.... '\J QI ..... 

Tl11:IJL,j:IJLL1.'l.J~.J 7 "lifl.Jirunnru. 1~[J-lleJlIGl~1~,;)lmfl~tl.J'l'U.LL~~:::l'U,ntl1::3J1ru. 670 -llflllfl llfi[J 
QJ' ... cu .. 

tl1::n tlU~1[JTl El ~:UU"lJ tl.Jnl1LL~1.J ;LLUU,.r-JV.lI ~ m1U~1-J ;LLUUlL 'V'li LLfl:;nl1LL~1.J ~LLUU 1fi1ol"lJ El.J 

Ifil.Jtllr1li1~ LL~::Th 1 Tll"llU"lJ tl.:l:IJ:IJ L"lliilf '1 '\.t"li1olL lfllyjl~ l~ ~.:IU1.J"li1.Jl.l Gll"lJ fl.Jnl11i111';)1~Ell"<i1aj • 
~ I ...... .,:I 0. 6'-=- I Q;,.O Ci." A d.A, 4-00 0..; t..:t .... ,::t 

L:IJ'lJU.Jnl1Ll.m.J1.'l,;)ln~1.J tll'YlIiIU'YI1.'lEl.J~.:I:U1U.JlillLTl1tl.:l "ll.:l:U~ fllil flm'Wn,;)1~ 1iI.J'U, 'U.,;).J1iI El.J :Un11 

~,;)11ru.l'VllLU'V'll:::"1i tl:u~~L~,;)lmfl~El.Jl~ 1 'U.1.'l1l1W~"; tl.Jvh hi 1.:1 L 'Yil«'U. Lvi m.tl ltl'VllTilf11l:u~n 
'\I 

L JE.J LL1.'l.J"lJ fl.:l fl:: El tl.J ~ tl [J 'in :Un111 L fl1l :::~LLUU LLfl.J LGl m "" .ff'U.~ flWn iii 11.1 

A tf~ ~ ...... 4 
2 "1 Lfl'il:::l'I'U fUJa'Yl L(ij'ijl nLfl"Hl\l MFR-7 

" 
2.1n11~"<iIl1ml1.'l111'V'l";a.:loWl1tli.:l"lJa.J-lltl:UGl,;)lmTlitJ.J MFR-71'U,nl1~"<iIl1ru.1L~an 

'\I 

1'U, yj"<il::'Yilnl1~n~1']1 L il'U,oi tJ.:I~"<iI11ru.11'U. ~ iii a:u~"lJ tl.J 1.'ll1l'V'l 'Yi tl.J oWl1 1.1103 .y\1.'l~ 1~ £JU1-lltl:u Gl 
'\I • '\I 

1 'U,"li1.JTl11:IJ £Jl1Tl ~'U,nl1.:1:U1L ijrJ'U,n'nvl flll:U t1:U~'U.lh::,,,1103fl1l:U L "li:u1.J~"lJ a.:lnl"m~f.:l ;lil103 

alillil~nu"li1ol L 1Gll~lol il"lJ eJoll" ~-Jn11'1..jyjloi~::ii ~n~rn::L iJ'U,n11'\"htl1::'JT~Tl~l.y\ ,h'U,L 'VlulL il'U, J '\I v 

n"nvl~lTl.Jl1£Jul~n,;)liIliln L wff'U.oi'U,~i [J~::L~ flnl'U, ~~Yla.:lYh 1tli.:lYlN~ L ~ m.t1,reJ:IJ~.y\Llflm'Yil 
• ~ • '\I 

n11'IWI1.'lflUtl1UTilY1L 'Vl:lJ1::1.'l:IJ"lJ fl.J1~ ii~1.J mYi iii rJ~ tJ Ltl1~ tlnl11LTl11::v.1 'U,.Jl 'U.l~ tJfI.f.:ld'~i tlL4I 
'\I 

ifilL ,"'U,n111 iii El1,ntl1Lm1:U Microsoft Excel 
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2.2'YWI ~tl1JnT'HLlhL U~ VU"lJ eJ \le1G"111 ~lUm1LL ".dLLlJlJUn ~ b rteJ \I~ln n11Vl~11rn1"JJ mJ~ 
'II 

~1l1'V'l-n El\lvhLirEl\l~u 'V'llJl11 W'lh\llu~ri1nT'J~nBl ~lU 1'V1 qjlUU 1u~", El\lvh lui\1ln EllJ~\l1ULL~ 
lJ1\1 ~1 uii bll'dJU1\1 ~\lri1 m 1<?l~,yf]1I~ ElElmJ1\1~lU 1. Un11<?l~,y r:J1I ~ ~lU ~ ii LlI'dJlIl1J~U·ml1LL~1\1f{ 

'II 'II 

"lJ El\l~l\1fl1-Yl 1116 n em~lij:::lb,y Elll~ 1I11LYl11:::~'V11~1 f11111~m"1l\l LLG{\I"lJ f]\I~:::f] r:J\I ~r:J V '1.~ ..n1TIn11 
'II 

'Yl~ ~EllJ n11Lt U1lU~ VWlJ r:J\l5~11 ~lUnl"m 'V'liLLlJlJun~ ~\lti 
2 .2.1 th"JJflll~ lU~1U"lJ El\lYll111L-n1l"lJ El\lm1lL~1\1f{LLlJlJ bL 'V'li lL1II:::Y111~H "JJlI"1Jfl·ml"~· 

'IJ 

LL~f\l~lLlJlJ~'Ylfi1. '\.I, "1t1\1f11111 mlY1~Unl1\1 1. '\.I,'Yln"1h\l1.1~1111'V11 er~11~1U"lJ r:J\ln11LL 'V'li"Il El\li'\lf{~1\1 
~ ; 

.. .. ~ .r 
Ell'Yl~V ~1~G{lIn11(1)~\lU 

[Diffuse 

[Total 
(1 ) 

nl1~1T<\l ~r:J lJ n11 LL 1hL U ~ V '\.I,"1J El\l er ~ 11 ~1 U nTHl VdLL lJ lJ U n ~Iij::: ii f11111 '1. 1~ fl n11 

L U~ V'\.I,I.LU1II\I b ~mrfl v~\ll '\.I,~1U"1J El\l1\1~LL l"liLL~:::i'\I~m\l"1J El\l~l\1 r:J1Yl ~ £f ~nBrn:::Vl Lf1B8n El ri1\1Wct\l 

"lJEl\l~1UU1:::n EllJ"lJfl\l1\1~~1\1 EllYlG"lm U"1f1\1G{.nll"l'" El\lVh lui\1 fi El 1\1~~1\1 mYl'il Ef~G"ln1l1ffvrul~n 
'II 

:u :::iiYl113JG{~1 LG{lI El~ ~ El~ L 1~1 <?l\l,x mllil11 ~1'\.1,n11LL l"li~\I G{11111tl 1. ,r'VI1nT'nU~ tlUL\. U~\I~ tl~u n ~ 
hi' 1~vG{lm1rl'VI151f111~lUn11LL 'V'liLLlJlJlln~'1.fi1 ~\I Gilln11 (2) 

(2) 

~.Jlu.J1'\.1,livYlr.J-dWjitl 1.i~h b == -0.5 ~'tfi1,nn ~1fI1"1JEl\lii~1ij1n~n11Lbt-J1\1~LLlJlJ LL 'Vd~ 
'IJ 'II 

L ~ tl1-nf].JnlJ 1" 't"llIil"1J El\l 1111 l"llU 'Yl"1JEl\lG"l1\1 El1Yl~ 6 ff'l Vl'llJ TIEl \I vh lu"i\I • 
tt1Ti1~'t~''\.I,'Yln"1h\lLl~lmLiiEmmll'lLL~V1\1Y11111illYrWlh:::'V\')l\1BVl11~lU 

~ 

nl1LLY'I1L Yi tllJtl lJL 1 ~1 LL~ :::nl1 LL l.hL U~ VU"lJ El\lB VI 11 ~1 '\.I,nl1 LL 'V'liUUUUn~ L ti VlJ nu L 1~1 L ~ El 

lLfl11:::~'li Elll ~ 1. Wlh\lL 1~1~ii LlI'dJmU~U\lnl1LL~i'\I ~"1J El\l 1111\1 El1-Yl1il Ef c;l1il-llElll ~~1U ~ ii LlI'JJ 1I1U'iI 
'II 'II 

U\ln11LL~1\1~El Eln ~\I Lilu"JJ Elll~ 1. wlh"~ ii ~nBrn:::"1J El"n11l'l,rU~ \I L~mrEl vi.a.i L~ VU l'i1 vi mJN~ 
'II 'II 

ttl1111LYl11:::~~El\lii-nElll~i.a.i~lnl1 120 -llElll~ L ~tJ 1. "'~~m11L"11:::~L ~ElnEl'1.~LL~T\.'b"JJElll~~ 
'11'11'11 

LVI ~ El1l11Lfl11:::~'VI1Ti1 ~1" ')~ f] 'til 

'VI1Til111~ Ell nlf1~ i1lYrwITnu m1LL~1\1~LLlJlJ 'il1\1"1J El\l1il1.J Ell-Yllfl Efrilfl n r;f\lUlnnlJY1u l~n 

-1.6364 
m ::: 1.0 I [cos z +0.50572(96.07995 - z) ] (3) 
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"" d'.... d' 3 Wl"i1 L~"i1::::VliI t13Ji;HL1J1HLa\lLiUI ... 
Lritll.r;1-llmJ~ lU-nl\1~~fll'Vfnf)\lWl hH\I (Clear Sky) lbtlTlh'llmJm~~l,fumlL~"Sl::~ 

~ ~ 

~ .d ~ .0. d d A ~ 
LL1JUlLfh'lLGHJ L 'W tlVll~11~Glm"/5\1 LL~\I"lJ El\l~::m)\lGl El tI'Yl~11~ml~GlU 870 nm UGl::~11~ Glm"/5\1 bLGi\l 

"lJEl\lI.ULmL~U I.~BBn 1.'ll~LbGl::"lJf)\I~::m)\lmHJ~~11~tI11~~U 415 nm i\ld . . 
3.1V11fil~11:lJ~m.:n\lLLGi,,'j"lJEI,,'jt'l::Btl\l~m.rYi~11~ml~~U 870 nm l~E.ltb~~nT') 

.A fI II A...c:IIA tt rr . 
n1"S~~l'YlBWll B\I Bouguer-Lambert :lJ11L~11::VI~1 L111ilL~"S1::'VILL1J1JLb1il,,'jLliHJ (Langley AnalysIs) 

1~mb-lltl~iillulu~rilnl"S?im~1:lJ1L:nr.mndlyJ~11~ii~vruTI~1~~~m"S "S::Vlil\1 In I n1J m t~L1't,.; 
~ 

In I dJULLnU y LLiil:: m Lthmnu x(ml.~diu 2.5) lUGifllW~-nB\lWl hJi\l~~11~ml~~U 870 nm 

bLiil::rl1n11D11Jn11'V'l LffU~d\l It?l [Jlj~11 m5'U,L UUiillJ "lJU1~"lJtl\lfll1~iu ~1.~LUUfh"11:lJ~m 'i\lLLGi\l 
., 

Yl\lVl:lJt?l (r) LLiil::~~i~Lmu y ~Bfil In 10 Iill:lJ"S::U1JGi:lJn11L'i\lLffU • 
In (I) ::: - f m + In (10) (4) 

n1"SLLr.l1\1ff"lJ tl\llill\1 E11l1 Iil£f~~ niil,,'j :lJ1~\lUlnnlJ L~~tl\l MFR-7 ~ 'U, 1.r;11m.Jiiln"S::'YlU~ln 
thUD1::n El1J~l\1 '] 1 wiu 1J"S"S mm~"lJ El\l liiln L -n'U, nldnd::L~\lL "SrJ~ nldfilfiln~U"lJ B\I hJ l'llu n1"S 

~ 

~filn ~U"lJ El\l I.mtl m"St?lfilnthl."ll tl\ll. U lmL~u I.fil B Eln I.'ll~ LLi.~::md~Ufffil"lJ El\l ~::El B\ltUlrJ L 'iiB\I~l mil 
~ ~ . 
~11~~m:a\l LLff\l"lJ El\llel L'D"U ~lfll1:lJ~m :a\lLL~\I"llel\ll.mr,LL1il::~1"11:lJ~m:a\l LL~\I"ll B\l1. '\.L lfilwilu lfil 

mln'1.'ll~ ~fll1~tI11"~U 870 nm n~l.,xmJ~ln~\li~~\I i\l,fu~ln~:lJmd~ (12) l'\.LU'Yl~ 2 ~::'tr;1 

::: (5) 

(6) 

(7) 

LihJUn'nyJfll1:lJ~:lJvrUTI m:lJ~:lJm"S~ (7) Lt?l[JnT'nb~l In 10 ~1.~~lnnldLii[Jun·nyJm:lJ 

~~n1"S~ (4) :lJ11il1J~lmh Inl Lb1il::iil1J~lrJfil T,m ~~11:lJ[Jl1~~U 870 nm lU'Yln-nl\1n1ill~::I.'fi' 
• 

(Inlo - Inl - T,m) lUYtn-nl\1LltnLUttLLnU y bL1il:: m Li1mmu x "lJU1~"llB\lfll1:lJiu~'1.'fi'Luufil • 
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3.2 Vll filTlll :IJ~m ~~ llff~'lJ a~~:: EH)~ ~ a mL~::filTlT1:IJ~m ~~LI,Gf ~'lJ a~ '1 \t l~~L'il'U. '1~ 

aan '1'il~~Tl'n:IJ tJllTl~'U. 415 nm '111 tJ1TIllTl~1::~LLUU lLCl~ LCl £f rl1nl~l LTl11::Vl1 'U.LL u1JL~hnnu 
a.; .... .d . .d . ~.<:::II d d ,gI1.d A-

Vll'lJ a'Yl 3.1 LLo/lL l\,a~,nnmTlllmml"Jj~Uff.J11:IJ'YlTlll:IJ rJllTlCl'U. 415 nm :lJTllTll1:IJ Cl m"Jj~ LLGf~"l/a,J 

Lal')f'U. LLCl::filTlll:IJ~m~.J LLGf.J"l/ a.JLm.ht!atJ:IJ1n~~ct1~ii'.J em:IJ~ n~11l-rl,'u:!Kl,raYi 7U'Yl~ 2ct1~,f'U. 
'illn'illnff:IJm~ (11) ll\,U'Yl~ 2 'il::L~ 

t = (8) 

(9) 

q 
~ I I I 

fia 5fil~1~1\t"l/a~m~~'U.Gfo/lLua-:!';nnCl::aa~Clal'JilTl11:IJtJ11Tl~\t 415 nm 
q ... , . 

L flI'JUnUm1~'U.GffilL ua.J'illnCl:::aa.JCla I'JTl113J I'Jl1Tl~'U. 870 nm 
q - ::: ' . 

fil~l\,\t qta fiEi filTl113J~m~~Llff.J"l/El.JCl::aEl~ClEll'JilTl113JtJT1Tl~l\, 415 nm 

rl1V1l\,filli(Tm - t rm)870 d:J'U. i870m LLCl:: (im - t rm)41S Lill\, T 41Sm ';):::"'11ff:IJm1 (10) 

(10) 

rhm~lLTl11::~-llmJCl hHJElli tJllilLml::~uuuLlCl.JLCl um:IJ Gf:IJn11 (10) 
'II 

,ja:IJClGfnl'W'I'1a-J~lhH-J~Tl11:IJtJ11Tl~\t 415 nm 'Yln'lh.JL1Cll~iirh m LaJLn'U. 

LfiltJnl1lb 

2.51u1u~ 
'II q 

rhm~~mYl:IJ1LiitJ\tn~lWTl11:IJi:IJ,;r'U,'IT ~::w;h~ T 41Sm - q(i870m) nu m Lfilmil'I''t'U.filL,.;' m 

LU'U.LLn'U. x Lm:: i 41Sm - q(i 870m) LiI\tLLn'U.y LlCl::r'hm1u1'un11w U%''U.fil~~ LfilI'JTl11:IJi'U"l! a~ 

mlw~'1'11fiEl Tll1:IJ~nL~,JLLGf-J "1lEl~LLiiff'1'U.Lfil~LIil'U.'1filaanL')f~ LLCl::lilfil~filLLnu y fiEl InC41s1filtJ'Y11 
q 

nl~t11'u rh q Yi'l.,n 'U.LLIiiCl::1'U. ~l''hnl1~nMl~ltJnl11lilLTl11::~LLUUtlo/l tl aul Vli.~fil i:IJ t11::~'Yl1f 
m1!i1fil~uh(R2)~iifil'1aJumJnil 0.7 l'iia.JIillmh-lla:IJCllVtthihh::L 'Yl\'1L 'YlI'JU'W.fL 2546 u~'1aJii 

'II 

LLliilillnm1~n1Yl"ll a.J 1 a.IDtln'IYrn L1El.J1.J h'ilULLCl::Tlill:: 'Wul1Cl::a a.JCl amh'U. 'l.VI TIl ill El.f'l1~1 h~ 
q ~ 

Iil, Gf L'lJ'Ylmil'U.Cl::aa.JCla I'Jtl~::ln'Ylr:J\t~'U. (Soil Dust) ~ii"1lUlfilCl::LfhJfil:IJln ~.J~'U.nl~lLfl11:::"'Tlf-3d' 
q q 

r-n~m~anlifil q i~lLIii 1.00,1.05,1.10, ... 
'II 

1 
S.Ruangrungrote, A Intasorn and A Chabangbon, (2008). Retrieval of 

Instantaneous Aerosol Optical Depths From MFR-7 and Mie Lidar dataset at Sukhothai 

Province, Thailand. Proe of Int Symp. On Geosei. Res. and Environ. of Asian Terranes: 

GREAT 2008 (special Issue of Bulletin of Earth Sciences of Thailand). Bangkok, 

Thailand ,pp.543-548. 
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3.3 nTJv\1i'h~11aJ'VI'll.1LL li'll."]jEl~-:ill'll.1U laJbtm~ L U 1'111l '<\I'll. L'i1 El Eln L5Jl'111 UlJ"'.l"'.l~nmili , 
'VI1L~~ln~aJnl1~ (11) l'i1t1 2 Harolsd S. Johnston and Richard Graham L~l'hn11v\1i'h 

I I 'Ii • .... a ~ a -a..... , a .d 

1l1~'11'i1"1Jl1~'i1'i1mnn1~11aJrnl~~U 'il~W~l 190 ~ 700 nm "1JEl~ N02 N20 N20 4 lYH)i'1m~n 'I) 

El~fltl1::neJlJ"1J El~ nl1l n'i1t1 iJ n1 Ul'Y\l Jl~ii1::'VI11J"1J El-1llnft"El El n-nL~UnlJ lLn~LU 1'111L '<\IU liLn'11,;)ln 

nl "'.ln1::: rilu 1'11 U LL ~J LL~ :;v\1 ~1~11;U 'VI U1 LL li 'll.'lJ El J-:ill 'll.1U laJ li:l n i:I'lJ El ~ L U 1'111l '<\IU l'i1 El El n l'Il'i11 'U. 
, q 

. .,. 
L;UEl n 

n = 

~El -.51'U.l'U.laJli:lni:l l'll.V\lilt11;uLi:ln~/'ill11JL5JlU~LaJ'il1 
q q 

LiJ'U.~1~11;U~ n L ~~U~~"]j ElJ lLn ft"L 'U.l'il1L ~'ll. L'ilEl El n l'Il~ (N02) 

(J ~ El 1l1~~'i1"]j'11J'i1'i1nthl."1J ElJmm rn l'U.lml~'ll. L'i1EleJnL'Il~~~11aJml~~'U. 
'I) 

(11) 

415nm ij~lLl'hnlJ 6.03 X 10 -19 lwVl'lilti m"'.l1~l5Jl'U.~L;U(ll1/1aJL~n~ 
q 

4 nl~VI'fhtl~3J1ml"TI3I1'l"iil" llOHHln 1'lj~1"~H)aln'1Ia\l'U~1'rnn1~,.f\lVl3Jl9l m 11m:: 

tlPl1.lm::wit\l (Instantaneous total atmospheric column nitrogendioxide) 

'<\Iln~aJm1li (10) ~:::L~'U.Lrilll~lm1nv\1~11N "]jrn:;L(II"llrn:::'V\"tt\li.riI~lnft"aJm1 

T415rn-q(TS70m)- lnC415 

m 
(12) 

1il~~'U.l ~ElY1';J11rn1~lmm rnt 'U.l(111L~'ll. L(II ElEln L'Il~~\I'VIaJ'il rn "lJrn::: l(11"lJrn:::'VIi1\1 1 'U. 

Vt'l.btl DU~Jfil'll.lrn~1'IN1U'nmh\lL1~lLiJ'll. 'IN "]jrn::l'il"lJrn:::'VIi1\1LLG1::Ul~l'IN ~L'iii.tlfil'"'1rn'\.'11 
q 

i'htl~aJ1 rn l 'U.l(ll1L,;)'U. 1'11 eleJ n L'Il~~J'VI aJ'il rn "]j rn:: L'il"lJ rn:; 'VI i1,\1 l'U. 'VIli 1 rJ DU l'il tlnl1'V111v1'1 [J 

2.687 x 10
16 ~\lLiJ'U.~1~LriI';J1nLtI~tI'U.maJ1rnLU1'il1L~U L'il ElElnl'Il'il1 'll.Vlli'1v 1:IJLG1n~v1Elm11\1 , 

L5Jl'll.~LaJ'il1LiJ'U.'V\"\.b[J DU l(11t1~ 1 DU Ll'hnlJ 2.687 x 10161;uli:lni:l'iiEl(lll"Jl\1L5Jl'll.~LaJ'il"J lijrm 
• 

n11vJYll1:IJff:IJvi'll. TInlJ'1i'1~ L'1 sn v11\16)"lJ El~1'U. ~:: L~t11:IJlrn i. 'll.l(111L ';J'U.L'il El El n L5Jl'il1 'U.lJ1"Hnnlili 

~ 1..4 1 . 'Yl \I 'VI ;u 'il rn "lJ rn:: 'il"lJ rn::VI 'll.\I 'U. 'Y\ mn J L1 in 
• 

2 
Harolsd S. Johnston and Richard Graham (1974). Photochemistry of NOx and 

HNOx Compounds. The Journal of Physical Chemistry. 105 (9), pp.1415-1423 
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i" 

'HllUL" :: '1 'n 'VI '"1 d 

L ~ rJ'tI.n11~ LL~<i1\1 ~ iilnT'H t11rJ UL fi tim! 811 iii fll11J ~11-W'tl. ,h:::Vdl \I Wl1 1J~n L i\\I LL~\I"lJ 8\1 
OJ 

iiI::;tl El\l ~ 8 rJ~fll11J m1fl~'tI. 870 nm 1 'tI."lhWnl "lil\1ihmLiiI::,.r\l1't1. 1 W'lh\l Cj<i1'V1't1.11 (22 - 26 
OJ 

l1n11fl1J YO'!. 2546 )UiiI::"li1\1l:l<i11mt (1, 3 , 4 , 5 ,7 L1J~l rJ'tI. 'Vi. ~. 2546) LLiiI::L ii rJ'tI.n11~ 
OJ 

LL~<i1\1 ~Hl nl1L t11t1U L fi tlU-ll m.liilYll111 ff1J-WWIT1::W)1\1 fll16J ~ n L ii\l LL~..:J"lJ tl\l iii::; 1) eJ\liiI eJ tI~Yl111J rll1 
'II 

fl~U 415 nm 1't1."li1\1L"lh "1il\1UlrlLLtl::rY\ll'tl. 1't1."1i1\1l:l~'VI'tI.11 bbiil:::"1il\1l:l~1ml, 
OJ OJ 

L ii rJun11~ LL~~-J ~·ltlnl1L 1firJU L fi rJU-ll tl6J iii Yl1111 ~6Jw'tl.lh::'VI';il\lfll111~n L iI\I LL~\I"lJ eJ\lL U 
OJ 

hn L··mi.~ElEln'6J1~i.wrll\1Lil "1il-JtllrlLLiiI:::rr..:Jl'tl. lU"1il\1Cj~VlUl1 LLiiI:::"1il-Jtl~1eJ'tI. bLiiI::Liitl'tl.n11~ 
OJ OJ 

LL~~\I~iilm1LmrJUL firJU'll eJ1Jiilfll111 il1 wwrh::VI 11 \I mm ill L U 1~1L~'tI. L~ EleJn i.6J1vf~iilEl~rf.Jfl fJ;6J,x 
OJ 

h""ni1 tI Dut'tl."lil\1 L"ll1 "li1.JtllmLiiI::-#.J1't1. 1 'tI."1il\1Cj<i1V1't1.11 LLiiI::"1il..:Jtl~1m.t. ~lmfwUl'll fJl1ii1~i.~m 
'\I 'II OJ 

1 bml::V;LLiiI::~1t1t:.1ii11 wffwilauil~LtI 
~ 



I 
dI 

UYl'YI 4 

~~nl'dfilU 1 nuhi1 LLU'd~ L~ rn-n a..J flU ~::a a..J ~a m via 1,n \.I.nT.i'W1Jl'dtll.1Th 1 \.I.1<il'dL 1JU l<il­

aanL'II'il1uu'd'drnnll'1 Lvlml TilT111aJ~m.:n..JLL~..J"1IEJ..J~:::aEJ..J'HltJ (Aerosol Optical Depth}~flllaJ 
rnlfl~U 415 nm LLGi:: 870 nm Tilfl111J~mi1..JLL~..J"1I€J..Jlul<ilL1Jul'i1eJ€JnL'll~~flllaJrJl1fl~U 415 

nm LLiX::fl11aJ'VI "ILL U \.1."11 a..J:ijlu lU 1aJ L~niX 1 U L<il'dL ';)U l<il a an 1'll'1i1 UU'd'drJ1 nll'1vll [J1TIl Lfl'dl::~ LLUU • 
.. .1 .... , ..,.,.f 

LLiX..Jl~[J(Langley Analysis) u'dlnLl~Gi'il..J<il€J LuU 

1.1Lm<il..Jtill El tll..J-n EJ1J~~U~L~,;)lnm'dl<il~1 mfl~a..J MFR-7 LU 'Wl::-ll aaJGi~L~[Jl-nEl..JflU 
~ ~ ...... .f... 1 

,nUl,;)rJU<il"LL~<il\l Um'dl..J 1 

<ill'dl..J 1 ilE1til..J-llElaJGi~u~l~,nnm'dl<il~lmfl~a..J MFR-71'U.l'U.~ 22 aJn'dlfl1J 2546 
~ 

Time cos Z PAR 415 nm 870 nm 415 nm 870 nm 

(HH:MM) Total Diffuse Diffuse DirNorm DirNorm 

06:58 0.01141 3.5609 0.0274 0.0032 0.0274 0.001 

06:59 0.01457 3.9163 0.0274 0.0044 0.0274 0.001 

07:00 0.01781 4.3901 0.0274 0.0044 0.0274 0.001 

07:01 0.02113 4.8639 0.0274 0.0057 0.0274 0.001 

12:00 0.79143 335.5992 0.4645 0.0779 1.1146 0.9174 

12:02 0.79195 335.5992 0.4816 0.08 1.1086 0.9148 

12:04 0.79295 339.2711 0.4986 0.0817 1.1166 0.9091 

18:04 0.01824 4.3901 0.0274 0.0095 0.0274 0.001 

18:05 0.01498 4.0347 0.0274 0.007 0.0274 0.001 

18:06 0.01181 3.7978 0.0274 0.007 0.0274 0.001 
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1.2 ~~nT'J~\l11rul~nl'Y'l";v-Jvh hJ'i-J"lJv-JiJmJi;;r'illmTl~eJ.,1MFR-7 
'IJ 

n11'W"iJl1ruliJ eJ 3Jril ~nl'Y'll1 tl.,1~lLd eJ-J <;iu 'Y'l1J':i1 1 U'1h.,11 U ~~13Jl1r1U 1m ~nM1 t<;i 
'IJ 

~tl'ljtl3J~lU1U~ 22-26 L~tlU3Jmlfl3J 'Y'l.~. 2546 LUU"1h.:Jf]Cil'VIU11~ijeJ1n1~'VIU11L~tl-J"iJ1nih~3J 
'IJ 'IJ 

m~3JCil::1ummLQtJ-Jl'VI{ttl~Cil~·hu LUl::lwrll-J1U~ 1 ,3.4.5,7 L~tlUL3JBltJ'U. 'Y'l.~. 2546 d1wlh.:Jf]Cil 
, 'IJ 

f tlU 'V'llJil Lri ElUliJ El3J~Y;t~:Ulmfl~tl-J MFR-7 mL ii rmn11vlfl113J i3J~U'Ih::'VIil-Jfl113J LiJ3J"lJ El-J 
'IJ 

m1LL~~-J~f.J;~.J'VI3JCil1 U"1h-Jfl113J tJ11T1~'U.n11-J"lJEl-JCill.J tll't1Cil rfnlJ'Yln"lil-J L lrill"lJ El-JJ-J 10 1U , 
t~~i1li.JIll'Y'llh::ntllJ 11-20 ~-J ~lulmllL~ tln~"iJl1rul1u~ij5nMru:::n11vlLUumlvl11h:::'1T.,1T1~1 

., 'IJ 

LLi1l:: tll'V'llJn11Ciln"lJ El-J L aun11vl LL~Cil-Jil ~nl'Y'lrl El.J iAh dfEl-J <;iu~lul 'VI qj L1J'U.1U ~'t1 El.J ~111..1i.Jdi tllJ 

-N 
< 
E 
~ 
Q) 
(.) 

c: 
<II 

"C 
E .... 

450 
400 
350 
300 
250 
200 
150 
100 

50 
o +----~~----~----------~------~~ 
4:48 9:36 14:24 19:12 

Time (LST) 

Ill'Y'llh::n EllJ 11 n·nvlLL~Cil.,1f1113J i3J~'U.'lh:::'VI l1-JTll1 m "1l3J"lJtl.,1nl1LL~~.,1 ;f.J;J-J'VI3JCil~l-J 
, , 

A':-... I Lot .cI ~ .... A 

Ell'Yl~WnlJ'Yln"]jl-JL1i1l1"lJEl-J1U'Yl 22 3Jn11f13J 'Y'l.iII. 2546 (LST TIEl L1i1l1111<i11;J1U"lJtl-J'YlEl-JrlU) , .. 
450 
400 

c::; 350 
< 
E 

~ 
Q) 
(.) 

c:: 
<II 

"C 
<II .... .... 

300 
250 
200 
150 
100 

50 
o +---~~--~------.----~.------~~ 
4:48 9:36 14:24 19:12 

Time (LST) 

Ill'vnh:::nmJ 12 n·nvlLLL'f<il-JTl113Ji3J~ 'U,lh:::'VI11.Jfl113JL iJlI"lJ El-Jnl1LL~~.J;1-J;rt.:J'VI3JCil Cill-J 



N 
< 
E 

~ 
Q) 
0 
c: 
,~ 
'tl 
ca ... 
-= 

-N 
< 
E -:: -Q) 
0 
c: 
ca 
"C 
co .... 
-= 

450 
400 
350 
300 
250 
200 
150 
100 

50 
0 
4:48 

450 
400 
350 
300 
250 
200 
150 
100 
50 
0 
4:48 

7:12 9:36 

9:36 

12:00 14:24 

Time (LST) 

14:24 

Time (LST) 

16:48 19:12 

19:12 

.",........ I Q.' oiI:II a 
Ell't1'i1tJn1J~n"1f1-JL1~1"1.1El~l\1.'t1 25 a.Jn'nmJ VU1. 2546 (LST flt! n~l1Jl'i1"J!l'U."1.IEl~ 

,,; t!~ii\l.) 

38 



39 

450 

N 400 
< 

350 E 

~ 300 
Q) 250 (.) 
c 

200 «I 

"0 
150 «I 

"-
..!:: 

100 

50 

0 

4:48 7:12 9:36 12:00 14:24 16:48 19:12 

Time (LST) 

111 v-nJ 1::: n EllJ 15 n11y.jLli.'f~hwnlaJ im'i\.tlI1:::'r'lil\I ,1'n ~H -llaJ"lI EJ\I m 1LL~f\l ~f\l~h.f\l'r'l aJ~~l\1 
A 06"...... C&,.oo d ~ '1.1 ~ 

m'Y1~tJmJ~n"In\ll1~l"1JEJ\ll'\..t'Y1 26 aJn".llT1:lJ VoI.fl. 2546 (LST Tlu L1~lm~1~lW1JEJ\I'YIEl\lr1'\..t) 

450 

400 

N 
< 

350 

E 300 -~ 250 
Q) 
(.) 200 c 

.!!! 150 '"C 
«I 
"- 100 "-

SO 

0 

4:48 7:12 9:36 12:00 14:24 16:48 19:12 

Time (LST) 
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450 

400 -N 350 
< 
E 300 

~ 250 
OJ 
(J 200 c 
~ 

"0 150 
~ ... 100 ... 

50 

0 

4:48 7:12 9:36 12:00 14:24 16:48 19:12 

Time (LST) 

nl~1.h:;m),1J 17 mlvlLL~~lJTll1~~il1.~"l\,fd:;v.'h~fll1m"JJ~"lJa':InT'HL~i'\J~1~~,r"]'VI2J'il'il1\I . . 
A .... "V I ..... -=t A ... p. 

tI1'Yl'il tlnU~n"l11~ nal'1J a\JTl,U'l 3 L2JMl tll\, ~. ~'L 2546 (LST fl tl nal m'ild~Il\,'1J tl\l'Yl fJ.,] ell\,) 

450 

400 -N 350 < 
E 300 
~ 250 
Q) 
C,) 200 c 
ca 150 

"0 
ca 100 ... 
l-

SO 

0 

4:48 7:12 9:36 12:00 14:24 16:48 19:12 

Time (LST) 

111'Yil.h::n au 18 n"nvlLLff'il\Jfll11J ~1Jvrl-l.fd:;V.l1"fll11J L -tl3J"lJ €hmldLL~i'"ti1"ti~'Ylfi'ill" alYi~ rJ 
~ . . 

nU~n'1h"L1al"lJfl"lWn 4 L1JMlr.JtI. ~.V1. 2546 (LST ~fl L1allJl'il1~1l\,"lla,,'t'ia"til\,) 
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450 

400 

N 350 < 
E 300 -~ 250 
C1J 
0 200 c: 
co 

"'C 150 
co .... 100 .... 

50 

0 

4:48 7:12 9:36 12:00 14:24 16:48 19:12 

Time (LST) 

111V1u1::ntlU 19 n"Jl'v.J LL~~h'lTll111ill'w\.\.n1:;'V\':h-lTll1:JJL -ll1l".tJ El-ln1"JLLr.J1-l~1-l~~.J'VI3JCilCill" 
A t"...... I (L,r .d ~..... ~ 

mYlCilrmU~mn"L1~l".tJtl"l'U.Yl 5 L3J~1£.1'\.l, VI.~. 2546 (LST TlEl Llfnm~1~1'U.".tJEl"Yle.hHm) 

450 

400 

N 350 
< 
E 300 -~ 250 
C1J 
0 200 c: 
.~ 150 "0 
co .... 100 .= 

50 

0 

4:48 7:12 9:36 12:00 14:24 16:48 19:12 

Time (LST) 
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'It 1-ii' enJ ~ ~1~ an 'Yhnl'n~~11ru.l!ilfil ~l '1-1. ~j:h:IJ6JJ :lJ1U filD.J n11Ll~1.J ~hJ El.J fill.:J tnfifil tf El Eln 
'1/ 

n€l '1-1. ri~:;'It 1-ii' €l:IJ ~~ L VIti €l~.:J L tlWrll.J~ iji m~ru.:;r1 El.JV1111h.J :lJ11 Lfl11:;~ 'I'll fi1f111:IJ~ n L~.J lL~.J"ll8.J 
'1/ 

~:;B8.J~ ElrJ lfi1 [J 1-nlTIn11'Ylfil ~tJUn11LL'I..hLiJ~[.IWll El.:lelm1 ~l'1-1.nl'HLVdLLuuiJn~fill:IJrin ~ll1 'l-l.U'Yl~ 
3 lfi1 [Jtbfi1~i.~~lnn11~1'1-1. 1 ru.l'1-1.~:IJ n11~ (1) l'ln-nl.:J L 1 (;I1:IJ1 b~ rmn11v-l Lb~fiI.Jfll1:IJ i:lJ1.~wIT • 
1:;'1'111.:1 5 fil11ffl'1-1.n11LL Yf'5L fi [J1JflU L 1~lU~:;'lt1Th~i.~~1 n ~:lJn11ri (2) 1 'l-l.l'ln-n1.J L 1~1:IJ1 Lii [.1'1-1. • 
n'nv-lfll1:IJ i:lJ1.~''I-I.lh::::'I'I11.:ln11LLiJ 1L 1l~ tJ'I-I."ll 8.:1 el fil11 ~1 'l-l.n11U v·r;j LL U uiJ n ~ L.yj tJU n'l.Jl1 ~1 L ~ 8 

1 Lfl11 ::::~,r tJ:IJ ~ 1 '1-1. -n1.:1 L 1 ~1~nlaJ6JJaJ1U fiI U.:J n11lL~ r~~"ll €l.J (jJ 1.:1 81 i1 fil6~.:J L Uu,r 8aJ ~ 1 U-nl.:J~ ij 
'1/ '1/ 

~ n~rn:;"ll 8.:1 n11v-lifu~.:I L~ mX8 tl1aJ b1tlU LL~:;'Yh n11i (jJ-ll tJ:IJ ~ ~1U ~ ii LaJ'JJaJ1U fiI U-J n11LLt-li'>1 ~8 8 n 
'1/ 

~~~i.~~lnn111LfI"jl::::~-llElaJ~~.J 10 1'1-1.i.~~~CilMI1~iJ1::::n€lU 21-30 'V'Iu';hlU~ 25 aJn11TlaJ 
'II 

2546 nTll1aJiaJwwIT"ll€l>15'il11~1'1-1.n11Ll~iL fi [JUtlUL 1 ~1(jJtm-n1.Jn~1.:1 ']5jin~ru.:; lvr>1L 1'laJln 

LL~fiI.J11ijn11Ltl~tlULLiJ~.J~.JLL~::lU~ 7 UJ~l[J'I-I. ~.~. 2546 ~.Jn~n~ru.:;dJUn11v-l1iJ1::::'J.J>1Tli1ri 
'1/ '1/ 

~U~filfiln"ll tJ>1n11v-ll U-n1 >1 lh tJ L \iEl.J~l nn LaJ6JJaJ1UfilU.:Jn11LLr.J1.:Jff"ll tJ>1fi1l.J tJ1fiIil6~.:Il11n11!il1il,r8aJfI 
• '1/ 

t'l-l.-nl.Jlh [J El Eln 

12 

0 
:;:: 0.8 
III 
~ 
CI) 0.6 
I/) 
:::I 
:;; 0.4 
0 

0.2 

0 

4:48 

~ ... • 
11 
i 

\ 

7:12 9:36 12:00 14:24 

TIME (LST) 

r 
i 

J 

16:48 19:12 

f11'V'lth::::n €lU 21 m1v-lLL~fiI.JTll1aJ iaJWUli"l::::Vlll>1 5 ml~lum1lL ~i(Liuff'ih)L Yi tJunuL l~lLLfI:; 

n11LLihL iJ~ [J'U.'ll 8.J el m1~lUn11LL l"dLLuuiJn~(L iU~L 'Yl1)L.yj [.IUnUL 1~1"ll tJ.Jlu ri22aJn11TlaJ . . 
'V'l. K 2546 .yj5jn11ifilffl'U. Yin LaJ6JJ aJlu(jJ1T.Jn11Ll~1.J~ El.:Jfill.J tJ1Y1fi1EJ mJn 



1.2 

1 

0 0.8 -:;::; 
CIS 
0:: 
Q) 0.6 
III 
::::J := 

0.4 C 

0.2 

0 

4:48 7:12 9:36 12:00 14:24 16:48 19:12 

TIME (LST) 

fl1Y'lU1::n tl1J 22 n11vlLL~<il~flTl3J im·~'uf1:::'VI'h~5ml a')Un11LLY'l1(L~\.j,i~4h)L -n[J'Un'UL ') iinLLm: 

n11LL1.bL U~ [JU"lJ tl~ 5 ~11 ~')um1LL Y'l1u'U'Uu n~(L~u~h rn)L i1 tJ1Jnu L ') ~T'lJ tl~lU ~233Jm1Tl3J 
, , 

.A~ IV 1,:::I,c::I .... I Q,.; &I A >6' 
Y'l.K 2546 'Yl3Jnl1~<il~')U't13JL3JEJJm'U<il'U~n11LUn~~"lJEh'j~')~m't1<il[JfHJn 
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o 
~ 0.8 
0:: 
~ 0.6 

!E c 0.4 

0.2 

o ~-----.------~------,------,---
4:48 7:12 9:36 12:00 14:24 

Time (LST) 
16:48 19:12 

fllY'lU1:::nmJ 23 n11vl LL~<il~Tl,)13Ji3J-wui1::'VI11~ 5 m1 ~')um1lL Y'l1(L~U~~h)L i1[Jun'U L ,)~1 LL~:: 

nTmu·nu~ [JU"lJ tl~ t11i111 ~')um1LL Y.dLL'U'Uun~(Liu~L '(11)l i1 [J'Un'UL 1~1"lJ tl~lU ~2411n11Tl3J 
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;; 
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0.2 
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4:48 7:12 9:36 12:00 14:24 16:48 19:12 

Time (lST) 

111'W lh::ntllJ 24 n·nv-lbb~~·h'l~111Ji3Jvrui1::VI'h-J e11i11l ~lunTm '\AIi( biu~~h)b Yi tllJrllJL l~l bL~:: 

n11LLthL U~ tlU"1l tl-J f11i11l,hUn11LL '\AI'hLlJlJlln~(L~'U,~L rl1)L fi tlunm 1~1"1l tl-J1U ~251Jn11Tl1J 
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CD 
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::J 0.4 
!t: 
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0.2 
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4:48 7:12 9:36 12:00 

Time (lST) 

14:24 16:48 19:12 

fll'\A1U1::ntllJ 25 n1lvl bL~71-J~113Ji3Jvruf1::wjl-Je1ml ~lUn11LL '\Ali (Liu~~l)b fi tllJnlJL 1L'1l bL~:; 

n11lLU1Ltl~ tI'U."1l tl--1f11i11l ~lUn11bb '\AIilLulJ1Jn~(L~U~b TIl)L Yi rJlJrlUb li,'ll"ll tl-J1U ~261Jn11Tl3J . . 
'\AI. ill. 2546 fi iinl1~71~1'U. Yiii b3J6.IJ3JllJ71U-Jn11bbr.l1-J;"1l tl-J711-Jm-n1il tf tl tln 
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4:48 7:12 9:36 12:00 14:24 16:48 19:12 

Time (LST) 

fl1 Vi t11::n EllJ 26 ml~ Lb~~-\!f1"11 ~i~-WU1i1::'Voil-\! tl Cil11,hunl1lL 'Vi1(L~Uff.q'il)l ti EJlJnlJL "1~lLL~:: 

n11LLtl1LtI~ U W1I El\! tlCil11 ~"1Un11lL Vi1LllJlJtln ~(l a\-l.~l111)L fi uunlJ l "1liil"1J EJ\!lU ~ 1 l~H1UU 
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:; 1 lIS 
0:: 

CD 0.8 
VI 
:::I 

l2:: 0.6 
i5 

0.4 
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0 

4:48 7:12 9:36 12:00 14:24 16:48 19:12 

Time (LST) 

fll'Vi Ih::n E1U 27 n11~ LL~Cil\!f1"113J~3J-WU1i1:::V!il\! elml ~"1Un11lL'Vi1(LiU~~1}L YlEJlJnlJL "1~1 LL~:: 

n11Lbtl'HtI~ UWll El-J5Cil11 ~"1Um1LL 'Vi1LllJutln~(l~U~L 'Yll)L ti U1Jflm"1liil"1JEl-\!lU~ 3 L3JH1EJU 

'Vi. V'I. 2546 ~rJnl1<?l~~"1U ri ih3J'JJ 3J1lJCil1J\ln11LLt-i1-J ~ El.JWI"1-J Ell't; CilrJ eHm 
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0:: 
(I) 0.8 
(/) 
:::l 0.6 ;: 
0 0.4 

0.2 

0 

4:48 7:12 9:36 12:00 14:24 16:48 19:12 

Time (LST) 

1l1'WU1::ntlU 28 n11Yl LL~~\lfll111 ill~tl.1f".i::~ iT;] tl'fi11 fhtl.n1".iLL 'Wi(L itl.~lQh)L fi rJunUL 1~1 LL~:; 

n1".iLLU1Lli~ t1t1."lJ El\l5~11,htl.nl1LL 'WiLL uuun~ (Litl.ffL 1'I1 )L'YhJUnUL1~l"lJ eNlt1. ~ 4 L1I1oJltJ'I-I. 
..::t,.:::t ~,~,:::t Q../ IVa .A C' 

~. r1. 2546 1'I11n11fil'fi ~1t1. 'r13JL3J~ lI11J~U·.ml".iLLm\l~"lJ El\llill\1El1'Yl1il [.I El Eln 
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1.2 
0 
~ 1 III 
0:: 
(I) 0.8 
(/) 

:::l ;: 0.6 
0 

0.4 

0.2 

0 

4:48 7:12 9:36 12:00 14:24 16:48 19:12 

Time (LST) 

111~lh:;nElu 29 n11Yl LL~Iil\lfll111ill~'I-I.1f".i:;'VI';h,,51il11 ~1'1-1.nl1LL 'Wi(Li'l-l.~~l)L fi[.lUnUll~lLL~: 

n11LLU1L U~ rJ'U,"lJ El" tllil11 ~l'1-1.n1".iLL y.duUUUn~(Li'l-l.~L 1'I1)L fi t1UnUL l~l"lJtl\llt1. ~ 5 L3J1oJl [.It\, 
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1.4 

0 1.2 .. 
l\J 1 
0:: 
Q) 0.8 
<II 
:l 0.6 := 
0 0.4 

0.2 

0 

4:48 7:12 9:36 12:00 14:24 16:48 19:12 

Time (LST) 

1l111l1.h·::n B lJ 30 nl1y.j bU'fCj)~f1'111.11.hJ'vi-"l.1h::Ylll~ SWIll ~hltmlbL 1Il1 (b l'f\1,~'lh)l;; tlU flU b '1 ~nm'l:: 

mlbbihL tl~ tI'\.I,"lIB~rr'll11~'1ltm·m viiLbuutln&i (Li'\.l,~L 'I'11)L ;;tlUflm '1~1"l1 B~llt ~ 7 L3J~l tilt 

A ~~ ~ 

2. H iil n 1 "j'U fl "j1 ::::'Vi 11 r:laJ GUt'lJ 'lJ U I:hH iUI 
<U 

L~8'i,rtlm~ 1 U'h~~~1l111l~E1~vh 1tl1\1 
"1/ 

..... 0 ... I::" A ~ 
(Clear Sky) Lb~lltl"l1tl3J~LYl~1'\.1,U3J11Lml::Y1 

"1/ , ,. 
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LLUUU~\lb~ U bY; f1Y11f1113J~m:n\l LL~\I"lIEl\l~::E1B.J~t)tJ;;f1113J tJl'1f1~lt 870 nm bL~::~nl3J~nL :a\lLL~\I 

"lIEI~Llt1mL'~u LWI E1tln 1"1l'lfbl~::"lIEI~iil::tl E1~~ tJ tI~f1113Jtn'1f1~lt 415 nm 'lIl3J.,Tlt'll tlwr1mhl111:u,u'l'1 

~ 3 1Cj)tl1'll~iilm"iilfl"il::~'ll~d 
2.1 ~iilmll·nfilf1113J~mibLL~~"lJEI~~::Eltl~~E1t1~f1113JtI11f1~lt 870 nm'll13J~mh'111 

1 Uil'li tl~ 3.1 1'l1 m.b ~3Jnl1ml~'lI'I'1 E1'\.1,"lJ 8\1 Bouguer-Lambert 3J1ibfll1::~~1 t1ilf':i Lfll1:~LLUlJ 

bbiil\lL~U (Langley Analysis ) ~'\.b,r 83Jiil'l'1n'lil\1 L1iill1 W1lt~Yilnl"i~mfl3Jl Liitlltn11y.j 
"1/ ~ 

f1113J~3J-W'U.:r5'1l13J~3JnTl(4)htU'Yl~ 3 l::vdl\1 In I nlJ 3JliilEl1m~(m) (m 1~iLnu 2.5) L~E11Y11iTil 

In 10 ~Lll'U."iI'lI~'lIumt y mm::1J1J~:umlL:a\lLilt 1'll~iil'll\l1l111ltl"i::nElu 31-40 , 
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Air mass (m) 
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c: -0.1 

0 
2.5 3 

...... 
-0.2 00 

c: -0.3 

-0.4 

-0.5 Y = -0.1588x + 0.1112 

-0.6 R2 = 0.8689 

-0.7 

n1v.11h::::nElu 31 nn,..hLff~-\lflll:JJ~:JJ-W'\.tTId::::VI'hJ In I (f1'11:JJL"ll:JJ1-\1~~d.J"lJEJ.J~'1-\1E11i1~rJ~~n~.J 
~1nnuvr'\.tll,qn) ~f1'11:JJm'1f1~U 870 nm nu m (:JJ'1I,qElln1~)"lJEI.Jiu~ 22 :JJmlfUJ v.I.~. 
2546 hHJThi:JJlh:;~1'I;fn1d~~~'\.th(R2)L'Yhnu O.869lL~::::'<iJ~~~UUlLnU y ~dJ'\.t~h In lo~.Jii • 
Tl1L'Yhnu 0.111 
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0.2 
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Air mass (m) 

E 0 +-------~~-=---r------~------~--------._----~ 
c: 
o -0.1 
..... 
00 -0.2 

c: -0.3 

-0.4 

-0.5 

-0.6 

-0.7 

0.5 

y = -0.1789x + 0.1283 
R2 = 0.8495 

2 2.5 

nlv.11h·::::nEJu 32 mlylLLff~.JfI'111lill-w'\.tTId::::V\il.J In I (f1111lL,y1l1.J~~1';)"lJ E1.J~l.Jtni1~ rJ~~n~.J 
~lntlu~tl.l~n) ~fI'11:JJmlfl~U 870 nm nu m (1l1fWln1~)"lJeJ.;)i'\.l,~ 23 llmlf1l1 v.I."'. 

2546 t~[JThi:JJtb:;~1'I;fn1d~~~'\.th(R2)L·t'hnu 0.850LL~::::'<iJ~i1~UULLn'\.l, y ~LtJUTll In lo~.Jii 
• 

Tlll'Yhnu 0.128 
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0.5 

y = -0.2223x + 0.1502 
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-r-~--~r- .. _-----'" 

2 2.5 3 

fllvnJ'l::nau 33 n1ly.jLl~~-Jflll:l.l~:IJ-Wu1f1::v.rh\l In I (flll:1Jl-llaJl.Jff~1.J"lJe:.h'~1.JmYi~6~~n~\I 
QlnnU'\~"u1an) ~flll:JJ[Jl1fl~U 870 nm nu m (:JJ1ammf'f)"lJfJ.J1u~ 24 :un11fl:U VU'I. 

25461~[JTh~:JJ'l.h::ff'YltnT'l~~ffUh(R2)L'Yhnu 0.955LLa::';J~i~uULLnU y ~Luu~h In lo~.J 
• 

ijTill'Yhnu 0.150 
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c 

~--- ---.---- ----,-_.-----, 
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c -0.4 

-0.5 
-0.6 
-0.7 

y = -0.2071x + 0.0594 
W = 0.3545 

2 2.5 3 

fllVollh::nfJu 34 n·ny.jLl~~-Jfl1l:ui:JJ-wu,n::v.il.J In I (fll1:JJL,r:JJ1-Jff~1\1"lJfJ.J~1.J fJl'Yi~tf~~n~.J 
Qlntlui4'u1an) ~fl1l:JJm1fl~u 870 nm flU m (lJ1aEl1m\'!)"lJfJ\llU~ 25 lIn1lfl:JJ Vol.\'!. 

25461~rJTil~1I1.h::ff'YltnTJ~~~uh(R2)l'Yhnu O.355Lla::';J~~~UULLnU y ~LuuTil In lo~\lij , 
TllL'I'ilnu 0.059 
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2.5 3 -

n1~1.h::nmJ 35 n11~Ll~~\lfl113Ji3J~,"n1::V\i1\l In I (fll1m,y3J1\l~~1\l"1JtI\l~1\lf)1Y1~EJ~~ni\l 
u1mllJyf'"t~n) ~fl113Jrnlfl~," 870 nm nlJ m (3Jl~f)1mfl)"1JtI\ll,"~ 26 lJn11fl:IJ Vi.fl. 

25461~Ul'hi:IJ1.b::~'Yltm1~~~,"hJ(R2)L'Yi1nlJ 0.90OLL~::"~~~lJ,"un," y ~dJ,"fil In lo'l1\lii 
~ 

1'l1L'YhnlJ 0.096 
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R2 = 0.9571 
-0.7 

nlVil.h::nalJ 36 mly.JbL~l/l\lfll1:IJi3J'\4-Wlh::wj1\l In I (1'111m'1i:IJ1\l~~1\l"1Ja\l~1\lf)1Y1~rJ~~ni\l 
ulnnlJY1uhm) ~1'111:IJU11fl~," 870 nm nlJ m (3Jl~tl1mil1)"1Jt)\ll'U,~ 1 L:lJ1ilU'U. Vi.fl. 2546 

1I/lul'hi:IJtl1::~'Ylfm1~~~'U.1"(R2)L'YhnlJ 0.957LLfl::"~~l/llJ,"LLn'U. y rhu'U.l'h In lo~.Jiil'll , 
L'Yi1nlJ 0.149 



0.3 

0.2 

0.1 - 0 E 
s::: 

0 -0.1 .... 
~ -0.2 

s::: -0.3 

-0.4 

-0.5 

-0.6 

-0.7 

1 

y = -0. 1502x - 0.0391 
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2.5 3 

111'V'I1.h::nElu 37 ndl'VhL~~h'fnlllillvi\t.n1::'Vlil" In I (TlllllL-lllJf"~'ild""lJ€l"'ill" El1ii'il6~'iln~" 
Qlnnuv1'1-1.1fln) ~Tl111lrnlTl~'lt. 870 nm nu m (lJ1flEl1m~)"lJ8,,1'lt.~ 3 LlJ'BlrJ'lt. 'V'l.~. 2546 

lV1mhimh::~'YI1fnldiV1R'I-I.h(R2)Ll'hnu 0.962LLfl::~V1tfl'ilUmLn'lt. y ~LiJ'I-I.fh In lo~"ij,>h , 
Ll'hnu 0.039 
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-0.3 
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-0.7 

Air mass (m) 

.5 1 

y = -0.2094x - 0.0267 
W = 0.9023 

1.5 2 2.5 3 

111'V'l1.i1::nElU 38 nl1v-1u~'iI"f1111lillvimh::'W:h" In I (f11'lllL-ll1l1"~'ill""lJtl"'il1"e:nfi'il6~'iln~" 
Q'lnnurl'lt.lfln) ~f111:k1rn1f1~'U. 870 nm nlJ m (1l1fle:nm~)"lJEl,,1'1-1.~ 4 L:kI'M'lrJ'U. 'V'l.~. 2546 

lV1[Jfhi3Jl.h::~'YI1fn'l'~iV1R'U.'l1l(R2)L'Yhnu 0.902Ufl::-;)'ili'illJ'U.Ltn'l-l. y ~LU'lt.fh In lotA"~fh , 
Lyi1nu 0.027 
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-0.2 "-e 
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-0.4 

-0.5 Y == -0.3864x + 0.0854 
-0.6 R2 == 0.9262 ....... v. 

-0.7 " '"' 
f11VilJ:i::ntlU 39 nd1'YhL~~-J~11lJilJvr\l,fid::'V\'hJ In I (~11~L".lilJ'~·-J;~1-J1JEl\l~l-.le:J1ti!ilrJ~!iln~\I 

U1mll.lvr\l,1~n) ~~11~tJ11~~\I, 870 nm nl.l m (~1~mn1Y'!)1Jeh'l1\1,~ 5 L~M1£J" Vi.Y'!. 2546 

1~£JThimh::ff'Ylinl1~~ff\l,'l~(R2)LYhnu 0.926LL~::'il~~~u\l,un\l, y ~LtJmh In lo~-.l~fl1 
• 

LyilnlJ 0.085 
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"- -0.2 
00 - -0.3 
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-0.4 

-0.5 

-0.6 

-0.7 

Air mass (m) 

y = -0.2856x + 0.0131 
R2 = 0.873 

2 2.5 3 

f11Vith::nmJ 40 mlv.1LU'f~-.lfl113Ji3J~ltfi"i::'Hil\1 In I (Fl113JL"1hl-r\lR~d-.l"1JtI\I~1\1mfl!il6~~n~\I 
U1mllJvr"l~n) ~~113J£J11~~" 870 nm nlJ m (~1~mn1Y'!)"1Jtl.:rr"~ 7 L~MltJ" Vi.fl. 2546 

1~mhilJu'l::ff'Yl1fm1G1~~\I, h(R2)l yi1nu 0.873LL~::1l~~~1J"LLn" y ~LiI\I,fl1 In lo~\lihi1 
• 

lyi1nu 0.013 
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~ln[rlwtl"l::mJU 34 1ll.1'\.t~ 25 aJn"llTUJ 2546 'V'lUil,r~aJiill'\.t'h:nilLLiil::iBaJiil\,""1l1" 
'II 'II 

th£J~fl11aJLL(flnlih,n)ll.mn.yhl~Yil~aJtl"l::~'Y1tm"l~~~'\.thiiTh~lnll 0.5 L\i~.J~lnm"liiL1J'lJU'il 
1T-Jm"lLL~-r.J~"lJ~-J~1-J~TYtlilrJ~"-':):::L~'\.t'tililln1l1wtl"l:::nElU~ 14 LLiil::: 24 Lt!iil\iEl.JliIln,ru1Jiil~~'il~" 

'II 

rJ.Jiji mJiil~ L VI~ ~ 1Jln nl1 120 i mJiil~.Ji.~iil ~.JtbJ.J11 Lfl"ll::~ ~fJi. tl ~ iil-,:)l nnl"lL:n £Jt.l.n"llv! 
'II 'II 

fl111J~1Jvrll.nmmnJnTJ~ (7)1ll.1J'Y1~ 31'il £Jiim"lVllYilfl111J~m~.JLL~.J"lJ~.JL "lrJ~lill1J~aJm"l (6) ~ 
miTJ1'\.tu'Y1~ 3 L~ElP ~fJ Yilfl111J~,",,1J"l"l£J1mTU\l.~tJ ill :;)'illlil~.J~illLI1~T11~lh..1 ~"Vlllil~1"llTI£J 

~ . 
ijTilLU~tJth:::1Jlrn 1008.8 mb LLiil:"Th Po ~a fht1111J~,"Unmnl~~"l::~1JJ1'Y1::Liil ijYilfl.J~ 
L'I'i1nu 1013.25 mb ~iil~i.i,n nm1f11U1 rnYilt1111J~m ~.JLL~.J"lJfJ.J L 1 rJ~ m1J ~1Jm"l (6) ~fll11J 
£Jl1t1~'\.t 415 nm ~ El 0.308 LLiil:::~t1111J rJl1t1~U 870 nm ~ El 0.015 i.JJ ULri mii tlUn11v-l 

t111aJ;m~"UTI1:::'Vdl.J(ln I - In 10 - T,m ) nu 1J1iilElln1fl (m) "lJU1'il"lJ~"t111J.Jiu~i.~LiluYilfll11J 

~nL:S"LL~""lJf).Jiil::uEl"iilEltJ (La) ~fll1aJtJl1t1~U 870 nm LLiil::::;)'ilimLn'U y ~mh InC t'i1~iili.J • 
fll'V'llh:::n au 41-50 
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E 0.6 
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0.5 
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a 0.4 

.s 0.3 

0.2 
c --- 0.1 

.. --..-........... . 7---............ . 
~~ ... ~_,...e~"""'""- y = 0.1438x + 2E-05 

R2::; 0.B446 

0 ----=------.-----~l---~._____-~-

-0.1 0.5 1.5 2 2.5 3 

-0.2 Air mass (m) 

tJ11t1~U 870 nm "il1nt111J.Ji,""lJEl·m"llv!f111mfaJV~-"I.TI1::Vlil.J (In I - In 10 - l,m )nu m 

(J.J1iilEllnlT'1)"lJEl,,-ru~ 22 1Jn"llflaJ 'V'l.fl. 25461~!JTilt1111J~nL:S.JLL~.J"lJEl.Jiil::ElEl.Jiilm.J (la) 
. .. 

'Y1 

Tl111J[Jl1fl~U 870 nm iiYilLYilnu 0.144 iiYiltl-rULYi[JU"lJEl"LTl~El"iiEl (C) Lrhnu 0.999 lLiil::: 

iiTiliJ.Jtl"l::R'YItn11<1i'il ~U h (R2)L rilnu 0.845 













, , 
I d A ,c.:I d Q..O , 

tqn:n,,'J 2 LL~~,,'J~~"lJa,,'Jmflllll~m"lh'HLiH'1Ja,,'J~::atJ,,'Ji;UlU (La) 'YIflllllrJllfll:lU, 870 nm nUfl1 

tli'u L Yi rJU"lJ Ehnfl~ eJ,,'Jii a (C)lL~::~h«1ltl1::~'YIim1rq)~ ~u, h (R2) 1 w15'1 \I 1U, ~ 22 - 26 

lln11Tl1l LL~::l'U.ri 1 , 3 ,4, 5,7 L1lHlrJ'U, 'v'U1, 2546 
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, 
.... '" lU,Yl ,htli'uvn rJU"lJ a,,'JLfI~eJ.:Ji'i a ff1ltl1::~'YI Ifm "jrq)~ ~'U. h(R2) 

(2546) (C) 

"lil\lth [J 

221l.f1. 0.144 0.120 0.176 0.999 1.000 1.000 0.845 0.965 0.978 

231l.f1. 0.164 0.117 0.208 0.999 1.000 1.000 0.826 0.907 0.966 

241l.f1. 0.207 0.202 0.227 0.999 1.000 0.999 0.949 0.824 0.508 

251l.f1. 0.192 0.573 0.103 0.999 1.000 1.000 0.321 0.461 0.778 

261l.f1. 0.121 0.135 0.111 0.999 0.999 1.000 0.877 0.791 0.861 

1 L1l.rJ. 0.289 0.258 0.372 0.999 0.999 1.000 0.953 0.977 0.938 

3 L1l.rJ. 0.135 0.135 0.145 0.999 0.999 0.999 0.953 0.946 0.969 

4 UJ.r.J. 0.194 0.194 0.242 0.999 1.000 0.999 0.888 0.844 0.982 

5 UJ.r.J. 0.371 0.374 0.441 0.999 1.000 1.000 0.921 0.968 0.984 

7 L1l.rJ. 0,271 0.271 0.999 0.999 0.861 0.861 

~a~t~l'lUl1-lleJlI~1 'U."lil\1L~E1'U.lIn"jlflll 2546 iiflll1l~m lla,,'JL vnl::djm:n VUn1'1y.j Tl 1111 
~ 

ill~U,lh::~il.:JflTlll L-llll"lJa.J n11ur-li'.J ff1.:Jffrf.:J~ 1l~ 1 U,"lil.:Jflll1l ml Tl ~ 'l-ml1,,'J"lJ El.J ~l.JElli1'iltJnu 
Ylmil,,'JL 1 ~1 lrqf n"jll~htl"j::'J.l.JfI'hy(ii:a~!jJ nUEl rJ Ll~"lT all~ 1 U,L~ ElU,LlI1Yl mtii f11111 ll.ilii m lim L l'l11:: 

, ,. 'III '\I 

"lim .. m lu lU ~ 2 LL~::6 lll1Yl rJu, 2546 Lrim ij r.Ju,n11vJfl113Ji1l~U-IT1::~il\1 f11111L -n3J"lJEJ.Jm1LL~i'.Jff 
11 

i'.J~rf.J"'lI~ 1 u"lil.Jflll1l rn1f1~unil\1"lJ El.J~l.J El1i1 ~ tJn\J'YIn"lil.J L 1 L'l111ii n11y.j"jlh::'JJ.Jfl11~'ViU,;)~ 
• '\I • 

'iln'll8\1n'ny.j1l1n m:aih3J'JJ1l1u!jJU\lnTmr-li',,'J~'ilL'l 8!jJJ\llU ~.J lliirq)!jJ-n alia 1 u lui.Jn~11~.:J 
~ 
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2.2r-l ~ nT)'VI1~lf111:JJ~n L ~~ LLff~"lJ €l~~:: El El\l~ El tI LL~::Thfl11 :JJ~n L ~\I LLff.J"lJ El\ll U hrn -;)u L!il­

€lEln~'lf'ilY\f111:JJ m1f1~U 415 nm ~1t1iTIiLfl11:;~mJUlL~~ LfHJL 'JiUL~ tl1nu'1h.Jfl11:JJ tlTJfI~U 870 

nm l!il tiL U!il ElULL1mb'1lEl:JJ ~"'n'1h~ L 1 ~11 W1U Y\Yi1nl1~m~1 :JJ1L ~ tlUn1TWfl11:JJ ~:JJvrU-fi!ill:JJ 
'\I q 

~:JJm1 (4)LUU,.,Y\ 3 1:;vl':h.J In I flU mL~ElL'VIi.~~l In 10 ~LtJWil!il~!ilLLnU Y !ill:JJd::UU~:JJm1L~~ 
q 

... 1 'VI'" ~ U .. L~U !iltl L!ilr-l~!il\l111l'l 1::nt:JU,., 51-60 

2 
Y = -0.6917x + 0.9718 

R2 = 0.9225 

- 1.5 
E 
c 

lO 
0.5 Air mass (m) ..... 

~ - 0 c 
-0.5 0.5 3 

-1 

-1.5 

111WU1::nElU 51 n11l"lLL~!il\lfl11:JJi:JJvrun1::'VIi1\1 In I (fl11:JJL..u:JJr\l~!il1.J"lJ E1\1!il1~tJli1!il6y\qJni\l 
ulnnuyful~n)Y\f111:JJ tl11f1~U415 nm flU m {:JJ 1 (;1 mn1f'1)"lJ E1,rruY\ 22 :JJn11f1:JJ l'l.I'I. 2546 

~.JiiTiI In 10 L'yhnu 0.972 LL~::iiTi1i:JJ1h::~,.,!nT.ii!il~uh(R2)L·ti1nu 0.923 
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2 
Y == -0.7117)( + 1.0013 

1.5 RZ = 0.9472 

E 
1 

c 0.5 
&l) Air mass (m) ..... 
'I:t 0 -
c 0.5 1 3 

-0.5 

-1 

-1.5 

fllyuh::nau 52 n11~LL~~h'f1116JifiJ~wtf1"::ydTJ In I (f1116JL,yU1~~C1I1".J"lJa.J<ill.Jall1~Hr~C1In~.J 
illnnUvruhm)~f1116Jtll1f1~U415 nm flU m (6J1GWlm~)"lJa.J1u~ 23 6Jn1"lT16J yt~. 2546 

~.:Jiifilln 10 L'Yilnu 1.001 u~::iifilff6Jlh::~'YlifmwlC11~'u,l1J(R2)L"'hfhJ 0.947 

2 

1.5 

1 

E 0.5 
c: 

10 .... 0 :!.. 

.E -0.5 

-1 

-1.5 

Airmass (m) 

0.5 1 2.5 

y == -O.7906x + 1.025 

R2 == 0.9783 

3 

fllWlh::n au 53 n1"ly.j LL~~h'T1116J i3J~Ulh::vdl-J In I (fl11m'; :lJ1-J ~m.J"lJ a-J<ill.J all1C11 J~C1In:.:J 
U1nn1Jvrul~n)~f111:IJm1f1~U415 nm nu m (6Jl~alm~)"1Ja.Jluri 24 6Jn11f16J W.~. 2546 

~.:Jiifil In 10 L'YilnlJ 1.025 LL~::iifi1imh::a'r1tm"~<iI~uh(R2)L'YilrllJ 0.978 



-E 
c 

10 .... 
~ 

.!: 

2 

1.5 

1 

0.5 

a 
-0.5 

-1 

-1.5 

Air mass (m) 

0.5 

y::: -0.718x + 0,7314 
W = 0.7888 

2.5 3 
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111Yll.l".i!;n t)lJ 54 n11''r'hui'il~fll12JR2JWU1h:::'V\':h~ In I (fll11ll,j1l1-\1aVl".l~"lIeJ-\I'ill..1B1Y1Vl uYiVln~..1 
UlnnlJ~'\.4L~n)fifll12J[Jllfl~U415 nm nlJ m (1I1~mm~)tJEI-\ll'\.4~ 25 2Jn".llflll Yl.~. 2546 

~.Jiifil In 10 lyhnlJ 0.731 LL~!;aJfilim.h::~Y\im".l'll'il~'\.I,h(R2)L'(llnlJ 0.789 

2 

1.5 

-E 1 
c 
10 0,5 .... 
::=!. 

.5 ° 
-0.5 

-1 

-1.5 

0,5 1 

Air mass (m) 

1,5 

y = -O,6422x + 0.9434 
R2 = 0,962 

111Yll.l".l::;ntllJ 55 n".llv-hlGi'il-\lfll11li2JviUTI".l!;'V\il.J In I (fll12JL,j2J1\1a'il".l"'lleJ.J'ill\1mfi'ilEf~'ilni\l 
UlnnlJ~ul~n)~fll12JtJ11fl~U415 nm nlJ m (2J1GH:nm~)tJEI~1U~ 26 lIn".llfl3J Yl.~. 2546 

~\lij~l In 10 L 'YllnlJ 0.943 LL~:::aJ~lilll.l".l::;~'Yl~m1'll'ilff'\.4h(R2)L rhnlJ 0.962 



2 

1.5 

1 

E 
c: 0.5 
10 .... 
::!. 0 
E 

-0.5 

-1 

-1.5 

Ai r mass (m) 

0.5 2 

'. 

2.5 

y = -11405x + 1.0442 
R2::: 0.9459 

3 
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ll1vuh:::nElu 56 nl1vJbLt:fIil.,'lf111:IJi:IJYlUlh::vI11.,'1 In I (f111:IJL-ll:IJ~.,'I~1il1.,'1"l1fl.,'llill\1EJ1Yililtrr\(fJni\l 
u.lnnu~'\..bhm)~f111:IJtnlf1~'\..b415 nm nu m (:lJl~enmff)"lIEl.,'ll'\.l,~ 1 L:IJ'l!tlIJU YOU/(. 2546 

~.,'Iii~h In 10 Lri1nu 1.044 bL~:::iifil~:IJ1h::ffl'l~m1ililffUh(R2}l'Yhntl 0.946 

llTY-Ilh:::nElu 57 n".nvJLLt:fIil\lTll1:IJi:IJ~Ulh:::vrhil In I (f111:IJL'1i:IJ1.,'1(i(fJ1.,'1"l1El\llill\1mYililrfYl(fJni\l 

u.lnnuvru1~n)~f111:IJtnlTl~U415 nm flU m (:lJl~Ellmff)"lIEl.J1U~ 3 L:lJ1Y1IJU YH1. 2546 

~.Jihh In 10 lrhnu 0.829 LL~:;iifi1i:lJ1J1::ffl'ltm1~liliuh(R2)L"'hnu 0.948 
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n11V11 ~lTl11lJ~m 15>1LLa--J'lJ ~>1Gl::fHl-Jl.H) tJ(q1:a)~ TlTllJ rJl'JTl ~ 'U. 415 nm rluTh t11U L fi t1U'lJ B-J 

LTl~El>13jEl (C)LLGl::ThilJtl1::;'YIRnl1i~ii'U.l'oij (R2) lmh-Jl'U.~ 22 - 26 lJn11Tl:IJ LLGl::l'U.~ 1 , 3 

,4, 5,7 LlJ'M-lrJ'U. '\"I.~. 25461~tllirL1GllL~tJ.J~n>1 (12.00) L1J'U.L1GllLLti>11::Vlll>1'151>1LirlLLGl::,h>1 

til V'lJ~-J LL'ii Gl::l'U. 

1 W111>1 q~VI'U.l1iiTilTl11:IJ~m -n>1 Lla >1'lJ El-J Gl:: El 8-J Gl El t1(q1:a)~Tl1llJ rJ1'JTl ~'U. 415 nm mJ 
~ ~ 

1::Vlll-J 0.157 - 0.248 'h'U.l'U.'lh>1q~t8'U.iiTilmh::Vll1>1 0.162 - 0.482 LLGl::~h q ~1.~ElrJ 
~ ~ ~ 

1::Vlll>1 1.10 - 1.50 a-1t1~Glnl1~LTl11::lhf>1 10 l'U.'1:31.'U.Cfll11>1 3 • 

... • I I 
u, A "'" d ~ ~ _ ,d 

~Cfl11 a-'JU'lJ ~·Jnl1a-'U.a~ a-'Yl1l'lJ B>1 Gl::€J €J>1Gl El rJ'YITl'Jl:IJ tI11Tl Gl'U. 415 nmL'Yl rJunUGl::ml-J Gl cltl'Yl 
1 1 

Tl11lJtll'JTl~'U. 870 nm (q) lLGl::Tili:IJtl1::a-'YIRn11i~iiuh (R2) l'U.'lh:J1'U.~ 22 - 26 
, .... .. 

lJmlTllJ LLGl::'J'U.'Yl 1 , 3 ,4, 5 ,7 LlJ'M-lrJ'U. '\"I.A. 2546 

.... d 
'JU'Yl Til1.l1UL fi tJU'lJEl>1LTl~€J>13jB ilJtl1::~Ylin11i~~'U. h (R2) 

(2546) (C) 
:; .... 

'YI-J'JU "1i1-3tiltl 

22lJ.Tl. 0.187 0.144 0.264 0.999 0.999 1.000 0.702 0.844 0.881 

23lJ.Tl. 0.221 0.152 0.291 0.999 1.000 0.999 0.728 0.741 0.767 

24lJ.Tl. 0.248 0.252 0.261 0.999 0.999 0.999 0.843 0.824 0.508 

25:IJ.Tl. 0.230 0.252 0.128 0.999 1.000 0.999 0.634 0.461 0.778 

26lJ.Tl. 0.157 0.630 0.133 0.999 1.000 1.000 0.806 0.791 0.860 

1 LlJ.t1. 0.376 0.202 0.539 0.999 0.999 1.000 0.814 0.792 0.834 

3 L:IJ.rJ. 0.162 0.141 0.181 0.999 0.999 0.999 0.754 0.788 0.813 

4 LlJ.tI. 0.233 0.148 0.315 0.999 0.999 1.000 0.714 0.682 0.773 

5 L:IJ.t1. 0.482 0.311 0.617 0.999 1.000 0.999 0.625 0.351 0.766 

7 LlJ.t1. 0.325 0.325 0.999 0.999 0.963 0.963 
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~~nTrV\1f1l1:k1~m:n\lLL~\l"lJEh'li.ul(jl1L~ULlfiElElnL6]f~!fil:k1!;nJnl1~ (11 )~mhlLl1 U1J'r1~ 3 

" ~ ~ 1 fill :kI VI 'U. 1 LL U U"lJ E1"] ~ 1 U 1 U 1 :kI L ~ n f1" U 1 'il 1 b ~ U L!fi EI EI n i. "11 !fi1 U 1J 11 til n 1 f'1 l ri EI 1 (j ~ EI 
1 

n1J"lh\lrjlfiVlUl1~Yilf111:k1~m:n\lbb~\l"lJEI\lLU1(jl1L~ui.lfiElElnL"1I~mh::wj1\l 0.177 - 0.234 L~~h 
~ ~ 

fll1:k1'V1U1LLti.U"lJEI\l~lU1UhlL~n~i.ul'il1b~ULtflEltmL6]flfi1uuntJ1nlf'1E1rh::wj1\l 2.935 x 10 17 -
1 ~ 

3.267 x 10 17 lm~nfl/(jll11\lb"1lU~L:kI(jl1'V1~E1mj1::W;h\l 9.001 - 15.10 DU 1mh\liu~ 1 ,3,4, 
q '\I 

5 ,7 L3J1Y1t1U '\Al.f'!. 2546 ~\ltfl1\ln1J"1fl\lrjlfi1E1U"lJEI\l~\l'VIitfl~1-nrltl~Yi1f1111J~m:n\lbb~"]"lJEI\l 
~ q 

i. U 1(jl·H~ui.lfiElEln L'll"~mh::'VI11\l 0.300 - 0.897 ~1f1111J'VIU1LLUU"lJEI"]~lU1U 1m~n~" U 1~1b~u 
'\I 1 

.., .., ~ ,. 17 18 1 A'" 
LlfiElEln L6]f~ LUU":idmn1f'!EltId::'VI11\l 4.975 x 10 -1.488 x 10 m~nMm11\lL"JjU(jlL1J~1 'VI1E1 

'\I , 

E1~1::'VI11\l 18.51 - 55.36 DU LriEl 1 DU L'Yi1n1J 2.687 x 10
16 l1JL~n~/m11\lLonu~L3J(jl11~tI 

'\I q 

1 
Harolsd S. Johnston and Richard Graham (1974). Photochemistry of NOx and 

HNOx Compounds. The Journal of Physical Chemistry. 105 (9), pp.1415-1423 
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Wl111.:J 4 LL~Cil.:J t:-l~"ll EI,H,i1f111:JJ~m -n.:J U~.:J"ll EI.:J L U lW11LIilu LCil EHm Lsnlif erN) ~fll1:JJ tnl~~ u415 nm 

Yi1~11:JJ"'U 1 LL U U"ll EI.:Jm:JJ1 rn L U lCil'U IilU LCilEl Eln LsnIifWl~ ElCilrr.:JYl El ~:JJu1 U WI,b ~ 1:JJL~n~fWl111.:J , 
Lsnu&'iL:JJmLLIil::",Ulr.1 DU.\U'rl1.:J1u~ 22 - 26 :JJn11Yl:JJ LL~::l'j,i,~ 1 , 3 ,4, 5 , 7 L:lJ~lr.1U 

y.j.~. 2546 

.... d d A 

1WI'I Yl11mmL"lf.:JLL~.:J"llEl.:J 

(2546) L ulW11LIil'j,i, LCilEl Eln Lsn!il ('t N) 
.; 
Y1 415 nm 

22:JJ.fl. 0.197 0.156 0.227 

23:JJ.fl. 0.182 0.147 0.217 

24:JJ.Yl. 0.234 0.210 0.276 

25:JJ.Yl. 0.179 0.130 0.194 

26:JJ.fl. 0.177 0.156 0.187 

1 LlI.r.I. 0.449 0.402 0.625 

3 LlI.r.I. 0.300 0.246 0.353 

4 LlI. £1. 0.565 0.402 0.675 

5 L:JJ.r.I. 0.773 0.697 0.869 

7 LlI.~. 0.897 0.897 

Yll1:JJW\.t 1 LL U U"ll€J\lm:!J1 m 

L u LWl1L';JU LCil ElEln Lsn~WI~ElCil 
f, ...... 171 
't1\lflEl~lIU (x 10 mliln~f • 

Wll11\lL snu&'i LlIWl1) 

~ "" 't1\l1U 

3.267 2.587 3.765 

3.018 2.438 3.598 

3.881 3.483 4.577 

2.968 2.156 3.217 

2.935 2.587 3.101 

7.446 6.670 10.364 

4.975 4.080 5.854 

9.370 6.670 11.19 

12.81 11.56 14.41 

14.88 14.88 

fl11:JJ"'U1LbUU"llEl\lmmrn 

LU lWl1LIilU LCil El Eln lsn!il Cil~ ElCil 

9.001 6.300 12.40 

11.20 8.700 14.01 

15.10 14.30 17.03 

11.10 8.020 12.30 

10.90 8.020 12.50 

27.71 24.81 38.57 

18.51 15.18 21.79 

34.87 24.81 41.66 

47.67 43.01 53.63 

55.36 55.36 
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(Instantaneous total atmospheric column nitrogendioxide) 

r..t~-:UlnnT'.i~llUtt~lttmllV;l'liEl~ 4 lttU'YI~ 3 L~~~~~IllYltl".l::nElU 71 - 72 ~LL~~~ 

t1'1mmL ttl~".lL-:utt L~ElEIn L"1l'~1 ttU".l".l£nnli'1,t~~ll~ ru. "1J ru.:: 1~"1Jru.::Vlit~"1lEl~Lb~i:1::1ttl~u'l'hnl'J 
LmtJUL.yhJU~f!~Lffi tt,h~rJ~~ttl1LiJttLl~1 5 ltt ~E11W~ 22 - 26 lln".llf111 LL~:: 1 wrll~rJ~fEltt 

~ ~ 

51tt~E11ttltt~1 , 3 .4, 5 ,7 LllM'ltJtt Yl.i'1. 2546 

-::J 80 
0 ->- 70 
.:!:! 

CJ) 
- 22/1/2003 

c 60 
<11 
0 

- 23/1/2003 .. 
... 50 

0 -- - 24/1/2003 :. 
z --
CJ) 40 
::::I - 25/1/2003 
0 30 ell 
C 

26/1/2003 
m .. 20 c 
m .. 

10 CJ) 
c 

0 

4:48 7:12 9:36 12:00 14:24 16:48 19:12 

Time (LST) 

!llYltl".l::nElU 71 Ll~~{Jn".l1v-lnntJULi1tJUfll111ffm~'ttfimmmLttl~".lL~ttL~EltlnL"1l'~1'\! 

1J'ntJ1mi'1~~~1J~ m "1l~l~'llru.::~it~ '1fl\llttf\ 22 - 26 lln".llf111 Yl.i'1. 2546~\l~".i{Jnu'1fl\l 
rJ~~,\!11"1lEl\l')~~1~~ 1"11'1'1 tJ 
~ q 



- 200 :J 
0 

180 ~ 
~ 
11/ 
c 160 
CII 140 0 

N 

0 120 
Z 
11/ 100 
:::l 
0 80 
CII 
c 

60 co -c 
co 40 

+00 
11/ 
C 20 

0 

4:48 7:12 9:36 12:00 14:24 

Time (LST) 

16:48 19:12 

• 1/4/2003 

• 3/4/2003 

04/4/2003 

5/4/2003 

• 7/4/2003 
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:::. , d. cv~ .d .... 
'lJl'HJ1nl~'Yh1'"UJ'iI ru. "1Iru.:;~'iI"1Iru.:;'W\..l." "Ill.J1U'Yl 1 , 3 ,4, 5 ,7L:lJMltJU w.~. 2546 61r..1m~nu 

"Ii1"~'il1E1U"1I tl.J~~'VIi'ila' 1"1111 tJ 
~ , 

~~nl1Lii I:.IUn11vJ LLa''iI'' m1 m'HD~mJL ri l:.Iui f.l:IJ ~~11:IJ i:IJvru]h::'wh.J~11:IJ~m :a.JLLa''' 
~ 

"1If.l"~::ml"f1tltJ~fll1:IJmlfl~U 870 nmlu"Iil"L'1l'l "li"h'J1ilmL~:;rf"]lU Lw1i1"rj'il'VIU,11(22 ~ 26 
~ 

:tJmlfl:IJ YL~. 2546)LL~:;"Iil.,]CJ'il1tlU (1, 3 .4 , 5 ,7 L:tJM1I:.1U w.~. 2546 )'i~~i·mlW'l.h::ntlU 
'U 

73 lL~:;n11yJ LLa''iI''] ~mm1Lml:.lU L Yll:.lui mJ~ ~11 :tJi:U~UTI1::'VI'h~fl11:IJ~ m:a"] LLa'.:I"1I tl~~:;E1 f.l~~tl tJ~ 
~ 

fl11:IJtJ11fl~U 415 nm Lu"Ii1"Lil "lh~'l.hmL~:;rf"lu Lu"Ii1.:1CJ'iI'VIU11 LL~::"Iil~CJ'il1f.lU Li~~~.,] 
~ ~ 

1l1WD'J::nfJU 74 

n11vJ LLa''iI.J ~~nl1L ml:.lu L Yl tJuimJ~fll1:U i:U~UTI1:;wh~ ~11 :u~n L:a.J LLa'.J"1I tl.J L U hl'HllU 
~ 

L'iI-tltln L'lS'il1 u"Iil.JL '1l'1 "li1"Ul mL~::rf\llU L U"li1\l~'iI'VIU11 LL~:;"lil\lrj'il1f.lU L~~~i\l1l1Wlh::n tlU 
~ ~ 

75 LL~:;n11vJ LL a''iI " ~ 1.'1n11LmI:.lUL ri l:.Iui f.l:IJ 1.'1~113J«:IJ~UTI1:;'VIi1"m:lJ1 ru.' U 1'i11LllU L'ilfJfJn L'lS~ 
~ 

'iI~E1'i1~..1fltl~:u'U.1uVllbtJ DU lmh\lLil "Iil"]'l.hrJLL1.'1::rf"lU Lu"Iil"~'iI'VIU11 LL1.'1:;"li1"CJ'il1elU L~~~ 
'lJ 'lJ 
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f1113Jtll1f1~U 870 nm ~~tl~ti\ll," (L~W\.bL~U) "lil\1Lil (LiU"l!1Jv.I) LL~::"lil\11.htl (LiuLiirn) 
'II 

..... ..... .d 0- d '" ~..., ~ d Q..Jo I 

mnwnrnmWlnBl (a) "lJEl3J~"l!l\11Ul1 22 - 26 3Jn"o;i1f13J YU1. 2546'lJ"\lo/l1\1n1J"l!l\1tl~'VI,"11 
'II 'II , , 

~ ,~~ d ~ I ~ ~ ~ 

LLf:l:: (b) "lIEl1J~"1l1\11'\.m 1, 3 ,4 , 5 ,7 L3JB1[J'\.I, '\oIl.fI. 2546 ·]hWI1\1n1J"1l1\1tl~·H)U"lJEl\l~\I'VI1~ 
'II 'IJ 

~ 1"JJtitJ • 
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Jll'Vilh:ml'lJ 74 LL~~·m~'vhmr.JULfir.J1JTl1111~:IJ~'\.l,i'J::'VIil.JTl116J~m:n.JLLff.J'lIv.JCl:m).J~flLI~ . ~ ~ a ........ '-'ClA ..... a.,..o ~ I ~~ 

Tl1111 rJ1'lTl Cl'\.t 415 nm ~~fl~ Yl.J'l'\.l,(L~'\.t'\.l, 1 L.J'\.t) "jj'l.JL "jj1(L~'\,I,"jj6J'Vi )LL~:"jj1.J1Jl LI(LH1U 'lI LI'l) 
'IJ 

........ do.d .... t ..... d d cv. 
n1J1\1.Yl'Yllm'jrlm~1 (a) 'lIfl6J~"jj1.J1'\.l,'Y1 22 - 26 1Jn11Tl6J W.rI. 2546']l:.J~'J.JmJ"jj1.J'l~'Vm11 

'IJ 'IJ 

~ • ~ d ~ ~ j ~ ~ ~ 
m~:: (b) 'lItlll~"jj'l.J1\1.Yl 1, 3 • 4 , 5 ,7 LlIM1L1\1. 'Vi.rI. 2546 ']l:.J'il'J.JnU"ln.JfJ~~flWllfl.J'iiJ.J'VI1~ 

'IJ 'IJ 

~b"'!J , 
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lu 1~1L';m l~ mm l'lf~~ ~fl~i.JflfltrllU' U'VIU1 tJ DU ~~ fl~J'.Jll1.(Liu "hL~lI.) "1i1.J l -n1(uiU"ltllW) 
'II , , 

• I '" l1l=I ..... u ".:::II g. d ..... IV ~ 

LL~::"lt1.JUIt1 (L~'U.L"llrn)n1J1UYl'r11nT:iillnMl (a) "llflll~"l51.,'!1U'r1 22 - 26 lIn'l1flll '\AI.iII. 2546 
'II 

A ..... I .... I Q..o.:::i d oIL<o 

'If.,'!m.Jn1J"l51..1'l~'VIU11LL~:;(b) "llEl2J~"l51.,'!1U'r1 1, 3 , 4 , 5 ,7 L2JMlt1lt '\AI.iII. 2546 "l!.,'!!jl'l·ilnU 
'II 'II 

"1i1.Jrjlilfm.l."lJ t1.Ji.JWl ~ ~ 1"llYl tI 
'II • 



I ... 
lJ'Yl'Yl 5 

G1f ':)11 (!.J anT';)" 't1 ~HH) \J LL a g:; 'l1 elL G1f'lUHL 'Ug:; 
q 

lu,nTJlbi El1J~fll11J~ i1J"lJeElm1U~r-.1 Wn tI-.11il1 -.1 enTI'il £l~11il i.~1}lmfl~tI\I MFR-7 ru. eh LllEl 
'\J 

f'l1Lh h-.1 :ij-.1V111il~1"lI"'v~"li1-.1f1111Jmlf1~~ 870 nm ~LrI:; 415 nm L~1U~ 22 - 26 1Jn':ilf11J • 
.d (lJ. .., ., q....c4 ,J a,... 

'I"l,f'I. 2546 ~-.11il1-.1nU'151\1bjIilVlUl1LL~:::"lJEl1J'HU1WYl 1 , 3 ,4, 5, 7 L1J~ltJU 'I"l.f'I. 2546 ~-.11il1-.1nU 
'\J '\J 

'1i1-.1 bjlil~tlU"lJ El-.1:ij-.1 Vlllil ~ 1 "lJ'" [I ~-.11h:;n tlU~1 mnm ru."lJ El\lr-.1~J--.1V11J1il 
'\J • 

oIV A:::I. ..., iCIII 

1\1~LL'I"l1 U~::1-.1~'il':i-3 

m~1l11ru.1VllTil"lJ tl-.1~:::tltl-.1~tI v L ~tll,num1~1l11ru.1Ti1 ~ I ..... ~ At 6" 

'il-.1Uln1l1nm1LL~1-3 ~"1J El\llill\1 tlll'1'il V 

'1.u ImL1}u '1.liltleJn'1.~1il1~U11V1mf'l i.~LlTl ~1f1111J~mii-.1u~-3"lJEl\lSl:::tlEl\lrlEl[l (Aerosol Optical 

Depth) ~fll11J[Jl1f1~~ 415 Ll~::: 870 nm ~1f111;U~mii-1LL~-.1"lJtI-31.~lfi1Lllu'1.IilEltlnL~~~fll11J 
V11f1~U 415 nm LL~:;fll11JVI~lLLliW1JEl-1~1~1~11JL~n~LU1Ci11L,mL'ilmm'1.'1f1il1 UU11V1mf'l~';min-• 
iLml:;y{UUULL~-.1L~~(Langley Analysis) L~~~nTn1IilfHJ-1m1JUl'1~ 41Iil[l'l"lU'1l 

1.1l1nm':ilLfljl:::~iEl1JrI~1[JiiiLfl11:;~LLUmL1.NLrlrJtlil[JliLfI~El-1 MFR-7 ~Cili-1 ru. 
'\J 

ihLllElf'l1Lhh-.1 1l."h"'[J (17 0 0' 21" N, 99 0 49' 35" E) iiLLU11,r1J"1JEl-1mmru.i.ulfi11LlI~ • 
Llil Eltln 1.~CiI1 UU11mm flL u"lil-.1 rj'il'fmti;1\1wh 1 ~ "lil-1bjIilVlUl1 llil [J 1 Wrll-1bjIil1tl~ii~1 tl rh::Vl11-1 

'\J '\J '\J V v 

0.300 - 0.897 DU 1 Wz51\1bjCilVlUl1iiTilfHh::Vl11-30.177-0.234 DU L l'l11:: 'l Wz51-1rjCil1tlU I1JLrlnrl 
v v v • 

"lJtl\lLLni;1'1.~'il~ntl tln 1.~~'tilu~n1mnu ltll~u'l UU11mmf'lLnlilLUU L ulmLlIu1.filtI an 1.~Cil11il[Jii 

mm ru.fll11J L-n1JLLi;1-.1 LuwKl L j -1U~n1V1i\li;1;UnTJ 

NO + 0 3 ===> N02 + O2 

~-.1'til1 "'''lil-1rjCil1auiimmru. L U llil1LlI~hw an 1.~fil1~u11£J1mf'l~-.1n111 u'1il-.1rjCilVlUll ~-.1 v v v 

1.~~~'il1-.1nU-11ui:ij[l~ LiiEl\lUL li (Pune) 1 UU1::L l'1Y1SUL~[I 
v 
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2. \J1nnT'HmI'J1JL fitlUn~lWnT'm~~-J~~,rm.m 1 'U l'UL~tI1 fl'U l~t1~'l1~nl.1,r fJ:lJ&H'r-J1U'lh-J 
~ ~ 

L i1 LL~::"Ifl-Jlh v 'V'l1J':i1 1 wnl.Jli1 V"lJ El.J1'UL~ [nn u,';) dif>1113J'VI U 1 Lb ti u,"lJ El-J~h U,1'U lm~n ~ Lb ii ,,'1. U 1m 
• 

L,,'UL~ElEln'1.6JJ~mnni11'U"Ifl-JL·lh 1~tI'l:h-Jll1t1iiYi1tl~::mru. 12.40 - 53.63 DU LUl::1U"Ifl-JLilii 

Yili.h::3Jlru. 6.30 - 55.36 DU 1~mQ'JAI1::1u"If1-Jf)~~m.j,'oi)::'JAIuihJ13J1ru.Lbn~Lu,1~·H';)uL~ElElnL6JJ~ 
~ 

"Ifl..:Jlllt1~-Jmn l~t1iiYil u1::mru. 21.79 - 53.63 DU dtEl-J'oi)lniiflll:lJb,y3JLL~-J"..:JLriElLYitlUnU"Ifl" 
~ ~ 

rt~'VIU11'llEl-J1'UiJl~mnu ~-JiiYilYiEl'U,yl-J~-Jnil,yEl:lJ~lUtJ'JAI.l'1. 2550 ~biit:J-JULti (Pune) lu 
~ 'IJ 'IJ 'IJ 

lh::L'Yl~a'UL~t1 lGltl' Meena LL~::f>1ru.:: L~~m~nrt~mE1~iiml~eJm1LtJ~fJULLUE1"m3J1ru.~1-J 'J 

l'Uu11t11m~ ~1~LCIi'oi)lmf>14El-JuV-visible spectrometer iiYi1L'yi1nu 2-10 DU. LL~::,rEl3J~~'1.~ 
'IJ .. 

'l1n~11LYim,mhnu6-22 DU. LiieJ.JULU tJ1::bl1~aUL~t1(Pune 18° 31' N ,730 55' E) vl-Jmi 
'IJ 'IJ 

1 'U 1~3J"n1'lf~:: (Maharashtra) l11.J fi~<iI::1u<iln"lJEl-Jtl~::L l1l'1aUL~ fJ mj~l-J"lmSj El-JU El3JLU£J (l/3J 
u 'IJ' 

LU) tJ~::mru. 140 nlm3J<il1 iifl113J~.J"lJEl.J 559 UJ'il1"lm::~U1.rll1::W 
'IJ 

1 'U nl1~m~1'V11Yilf1113J'VI U 1 LL tiU'll t:J.J :il1'lJ. 1 'U 1:lJ LE1 n~ L U l<i11L" U l~ 8 Eln '1.'l1~1 'U • 
U1~mn1~1 ULLrlUl13J111 fI LElLiifJ iiLl~ EJ-J-J1'Ui'iltl"lJ El-J Meena lLiiI::fI ru.::L yh.!'U m,rfJ~.Jal-3 a-3 

'IJ 'IJ 

LmtlU L rilJUt.liiI~l~"lnnl~~n~ln1JYil~L~'oi)ln a'l.J.L~ fJ~-31 ~ ~ iiI~iiLL 'U11 U3JL~ Vln'ULL~-llB3J~~ 
'IJ 

il f>111 ::'VI1 U tJ 1:: b '11 ~L '11 rJ5hh ff-J nil'll El-3 ~i Lf>11l::'VI1~1 U U1:: L '11 ~a 'Ub ~ tI Ell'.\J L tJ 1,b!:.J iii ,,In.J1 'U 
'IJ 

.. ...t.. '0 VI' ... '" u'" .. .. !!'1 "'.. .J', .t lLml::'VIU3Jf>111:lJUmWl ~3Jmnun rJ1'.\J<iI El-3 11JLl1 f>1'Uf>1n111 Lf>11l::'VI L 'VIiiI::lBfJ~mn'll'Unll'U 

3. -llB3J~lu1'U~ 25 3Jn11f>13J 2546 iiYil~3Jtl1::ffl1in1~v1~ffUh~13J1n dir.J.JIinn-llEl:lJiiI 
'IJ ~ 

1 Wlfl-3L i1iifl113JLLliln~1-J1l1n-llEl3Jiillwlfl-Jll1 EJ L rtEl.J'oi)l m:h-J b il'V'luYi1f1113J~m -n-3 LLff-3'llEl.JiiI::ElEl-3 
'IJ 

~8EJmn nil"lh-311lt13J1n 1~ V"1il-J Li1iiYi1f1113J~m ~-3LL~-3'llEl-J~:: 8B-JiiI t:J ElL 'Yhnu 0.573 lu'llru.::~ 
'll'1-3U1 fJiiYi1 L'I'l1 nu 0.103 ti 1"::ff~tJL~';htJ~3J1 rnf>111 :lJ'VIUl LL 'Ii U'll 8-J iii::: t:J El-3~ El EJ 1 u,1'U ~ 25 • 
3J n~1f>13J 2546dii f>1113J LL<iI n ~1-3 n U3J1 n 1 ~ V"Ifl-J b'11'l t:J1'oi)'.\J:: ii nl1n 1::::-nl n '.\Jn113JU1.J tl cil-3'lJ t:J-3 

'1fl1U1'Ul U'lf3J'lf'ULLiiI:: iii:: t:J 8-3 iii 8 V Yi 8 fJ 'J,;)1-J'VI1 t1hJl u"1il-Jlll V LL~'oi)::::l ~ U Lc;\'oi)ln ~ ~nT1'V11f1113J'VIU1 
• 

LLti'U'lJt:J.JLulli1~L'.\JuL~El8nl6JJ~ bL~::lu1u~ 25 3Jn11f>13J 2546L3.iiif>11l3JLb<ilmh",;)ln1u5u,)mn 

umL~::~h R2 ~Lc;\iiiiYil 0.634 ~,nf'ULnL'VIIiI~Ln~ R2 ijYilut:JfJ1Un11'V1l Ta 'llEl-J 870 nm ~,nb';):: 
• 

m,;)lnm1iifl::::El El-J ~ 8 fJ l'U "1il"L -51 LLiiI::"Ifl-31.h tI~l\1nU3J1n 

, . 
Meena G. S., Jadhav D. B., Bhosale C. S. (2007) . Study of dIUrnal and 

seasonal variation of atmospheric N02 0 3 H20 and 04 at Pune , India. Remote sensing 

ground-based automatic UV I visible spectrometer' for the study of atmospheric trace 

gases.pp.271-287 
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'Lo 

ilijtt1lHHb"~ 

111 n nT'Hl1 lI. d ru. ~1 Y11"11 tJ" ~:: tJ tJ.J ~ tJ £J Lvi tJ 1,n lI. nT'JoW1l11 ru.l ~11 u, hl'H 1l u,l~ tJ tJ n L'D'<1l 

1u,u~n£Jl- Tnfl l~uri ~lf1dl3J~m:n·HL~.J"JJtJ.J~::tJtJ.J~tJ[J (Aerosol Optical Depth) ~f1dl3J£Jld 

f1~lI. 415 U~:: 870 nm ~1f1113J~m:n\lLL~\I"JJe:J.Jlll.l'il1L1lUl~tJEml<]J<1l~f1dl3JiJ11f1~U 415 nm 

LL~::f1dl3J~U1 LL 'Ii U"11 tJ.J,)Tl-l.1l1.13J L~n~ 1. U l!j)~L1lU L~ e:J vn '1.'D'~1 UU11£J1nlf1 1~£Ju.1ie:J 3J~f1dl3JL,r3J 
~ ~ 

"JJtJ.JTn1LL(:.j~.Jff"JJv.J'il1.JtJ1fi!j)~~1~L~1llmfl~tJ.J MFR-7 ru. ej1Lllvfl1fh h.J ~\I~l!j)~l"JJ'I'1£J~'1fl\1 
• 

.d d.... cu..¥ 
f1dl3J£Jllf1~U 870 nm LL~:: 415 nm 3J'lJm~umLU::~.Ju, 

1. Tn1oW1lTHl.l.ll1 v\lvh t tli\l t~ £J 1 mTInTrn~ ~vUfl11LtJ~ £JULLU ~\I'lJ tJ.J 5 !j)".n ffTU.fl11LL 'Vii 

LLuutln~hrli!j),r e:J3J~ 1 Uff1U, ~iiL3J'ilJ3J1ucnU\ln111cn~\lff"JJB.JLfI~e:J\le:J tJn'VI3J~ 1l::th 1 ,xitJ 3J ~~lil3J1 
~ ~ 

lLml::~'VI1~11fl1\l Gj1t~U11£Jlfl1f1ii~1~lif3Jtl·:i::i;~'Yl1ffl1~icni%ulu(R2) 1n~L~£J.J 1 3J1nifu~.Jthl'" 
'1.~~lf1dl3J~flL:n\lLL~.J'lJe:J.J~::tJtJ.J~e:J£J (Aerosol Optical Depth) rifl113JiJ11f1~U 415 LL~:: 870 nm 

filf1113J~ flL:n \I LL~\I'lJ e:J.J L U t 'il1L 1lU '1.~ tJ tJ n l'l1<1l~ f1113J £Jl1 fI ~U 415 nm LLi.'1:: f1113J~ Ul LL ti U'lJ tJ.J 

111Ulu,13JLi.'1n~ t U t'il1L 1lU '1.cn mm '1.'D'!j)1 UU1·Hnfl1 flrit~iifl113Jtil L ~e:Jn El 3J1nifULL1fl nl111 Ul U,r El3Ji.'1 . ~ 

Ue:J £J L n u'ltJ ii Ell1l till ,x"JJl cn f1113Jti1 L ~e:J n a ~.J,fu ~ \I '1.~ rll 'VI U~ 1 U\llU l,r £J itl iiii v 3J i.'1l u,nl1 
~ 

lLfl"n::~LL1fl~::"lJ!j)'1.aJua£Jwh 120 iEl3J~ . ~ 

2. n11thia3J~f1dl3JL i 3J'lJ v\ln11LL(:.jr\lff"JJ tJ\I!j)l\1 e:nfi'il ~~'\AIurhiinTHtlri £JULLU ~\I'il13J 
~ 

L d i.'113J1n iitrm~ru.::fI ~1 tl't1' tJ.Jvh ii L3JGJJUcnU.J LL~ Lrl m.b3J1'Yl~ ~tJunTH tl~ £JULLtl ~.J'lJ tJ.J el m1 ff1Ufl11 

LL 'ViiLLuutln~1LLi.'1::i~fflu~m~rh ii L3J'ilJUcnU\I tJtJ nn.J LLa,jil ,ytJmrYht13Jl1Lfl11::~1~~1 R2 umJ 
~ 

3J1n ') LL~ii,rul1LtJu,y tJ~~~'\.i.l~U hL 'Vi11::Lrl v lil 3J11 Lfl11::~ tJl1l'Viutl".nnnnl1clul.Jalil.Jfltrl tJ 

nUn11~'\AIulUn11th,jtJ3J~'lJEl\llU~ 25 3Jn~lf13J 2546 
~ 





Lt:-J?1':il tl"I::~l!/';jL'VI/"lfL (2549) . LElmfi"ILm'IJ lf1j,:ml"I: n-n7LfI~I::,{ Radiative forcing'iJln-llf)3Jr;Wl1 
u v 

,h':i'HJAeroso/s optical properties r~ EJLLDlJ'iilflf)"j::~iJl1i);nmh j.!j fm'fu fiw! :ffmJ::iuf) f) n 
'II 

6" .... A ,Q 0 Q...o,A .,Q. 6" Co iI..o' 

'tn.:tnfil 'YI'f'11UU'YI. (2542) . f1fln€JVlUllW}'I1l'Jl. n"I\lmv-l"i : inUWl'1l"11'Y1tn'f'l1~filj 1.IV\11'Y1rJ1'W 
• • • 

L'YIfllul~[hr)ul~ . 
• 

in rTulii" 1 "\Al!Lnfil. (2542) . m".if1n'1!flnT'JfI~fI""lJf),,1JN~'J"EJTPifl[n iiEJ,,~nniJufl::EJaJ 1 UDJillln1fiY • • 
"lJf)"l.h::mfi1~nu. imn\h~'UTImqjqjl:!Jv\lUru..nfil i.'n"lllYJ~mfuru.41fili'Ylrn5l'Jm'l1i'Ylrn5l'J 

?1~tllm 

~mm~~ 'IJ"j''JL ii.:t, L~1:!J i'U 'YIfQ 1 [J.(254B).LanlJl"ILLU'IJ 1f1j.:l.:llUi~ EJ :L1DIJ,)lflD"ff"m1mi'11i1 rn • 
fllfl'Jl3JL i3J1Jffm~Ij/".i1 ~ 'J TD! f1~ dnmm1::Y1IJ'iia N?M UJ"l/fJ.J3JU'1!fUl ~Uf)lffu".li€J3Jf1nlWthu 

• • 'II 

fI1'JLnU3J : ~a\ltlll~m"ji~rJYl~mf'IJ"I''Wlm~ [nfli'1l"lVJ~n ~ f1ru.::i'YI m'f'l1 ~filf 

1.Iv\limn5tJ~~tlln"I. 

L'(1.I1f1lJn"'11rlB.:IL ~tJli\lv\l(iH~ 1 "lItll'J .a-'IJ~'U,Lrltrl'U,Yl1 ~\lVllfl1.l 2552 ~lnhttp://www.info.ru.ac.th/ 
• 

province/sukhotai/general.htm 

~1~WIT "1l"~'U'YI{ (2552) . nTnV@JJln11rm11j/1?~iflUnW~UrIj/1'vU~~af)nL'11~1u1JnlnmffrIj/U 
'II 

1..i1::unr;fli1EnT'J!LIJ1JW1wffw: i'Ylrnf'llfffilf~-.'ILnfilGta1.l mni'YIm5tJ"j1"1l".nn~1'U~,rU'YI1. 
• ':.oJ • 

Alexandrov Mikhail D.; et al.; (2002).Remote Sensing of Atmospheric Aerosols and 

Trace Gases by Means of Mu/tifilter Rotating Shadowband Radiometer. Part I: Retrieval 

Algorithm. Journal of the Atmospheric Sciences. Vol 59, pp.524-543 

Alexandrov Mikhail D.; et al.; (2002). Remote Sensing of Atmospheric Aerosols and Trace 

Gases by Means of Multifilter Rotating Shadowband Radiometer. Part 1/: Climatological 

Applications. Journal of the Atmospheric Sciences. Vol 59.pp. 544-566 

Glendening E.D.; Halpern A.M .. (2007). Ab initio Calculations of Nitrogen Oxide Reactions: 

Formation of NZ0 2 NZOJ N
2
0 4 N20 S and N4 0 Z from NO N02 NOJ and NzO. The 

Journal of Chemical Physics. 127 (16):pp.1-11 

Harolsd S. Johnston and Richard Graham (1974). Photochemistry of NO x and HNO x 

Compounds. The Journal of Physical Chemistry. 105 (9), pp.1415-1423 

Jerry Hester.(2000). Regression Analysis and Excel. Physics Laboratory, Clemson 

University. 
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Kaskaoutis D. G. et al. (2007). Aerosol climatology: dependence of the Angstrom exponent 
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