= v A d‘ IS i a (%
fniﬂﬂH1§Qﬁﬂﬁﬂ§ﬂ'ﬂi’)!ﬁﬂ‘ﬂﬁﬁl”ll!]ﬂ 4 !!‘l’i\i‘luﬂ“&lﬂ1ﬂ‘l’iﬁﬂﬂl@]ﬂﬂ§$!‘ﬂﬂl’lﬂﬂ

a2 WU A

a a dtg | v d‘ =] v a
mﬂmwuﬁmﬂumu‘ﬁmmmmiﬂnmmamangmﬂstytmmmmamuﬁmmm

a ara d
mvIndana
a ara 4
madang

U

anaInenay uviInenasfailng

msdnm 2554

a

a A A U a A w a U A
avansvesdnIneas uvInenasaalng



=g v A 4‘ N A a U
ﬂ1iﬂﬂ‘lel15\1%1’0@?]51“131’6!@9]7]%1’@]11!36] 4 !mﬂ“!ugumﬂ‘ﬁanmmﬂsxmﬁ"lm

Tag

[ ¢ aa aa
HEFNINU JagAINa

a VU A

a a E : [ A
'J‘VIEJ'IH‘W‘Hﬁﬁ!ﬂudﬂuﬂﬁﬁmﬂﬁﬂ1iﬁﬂﬂ1ﬂ1uﬁﬁﬂQ'ﬂ‘i‘l]iﬂluﬂl13ﬂﬁ1ﬂ1ﬁﬂﬁuﬁ'l‘l]ﬂ!m

a ara d
mvrHana
a ara 4
madang

o

annInenay uvInenasfalng

Umsanu 2554

a

fvandveslaNaInenas NviIngasaalns



A STUDY OF SOLAR ULTRAVIOLET RADIATION AT FOUR STATIONS SITUATED IN

THE MAIN REGIONS OF THAILAND

By

Supawat Wisitsirikun

A Thesis Submitted in Partial Fulfillment of the Requirements for the Degree
MASTER OF SCIENCE
Department of Physics
Graduate School
SILPAKORN UNIVERSITY

2011



a A [

o a v A vAag ya a s A = =
UNAINYIAY NW’I'W]EJ’]ﬁEIﬁaﬂ’Iﬂi @HﬂJﬁiWﬂﬂU’luWHﬁﬁﬂ\‘] “NITANHIIIA
@ 4

gans1 lTomafiaoniiie 4 wisluginananvesdszmalne » wuelag wegaiani IdgAsna

[ 1 Q [ a a % a a ara J
L“]Juﬁ'JUWﬁ\ﬂlﬂ\ifﬂiﬁﬂ‘ﬂ'l@ﬂllﬂﬁﬂq@liﬂimm']’lﬂfl'lﬁ'lﬁﬁiﬂﬁ'lﬂmm@] v and

@wmani1nsd as.thule sissieunsd)

AMUANUNAINGIAY

I (=2 a a o
@1ﬂ1iﬂﬂﬂiﬂﬂ1'§ﬂﬂ1uwu‘ﬁ

4 a @ J
TOIFTATINITY ATAETN IUNTRIY

AUZNTIUNTATIVAOUINGITNUT

.................................................... 1J5L5IUNTTUNS
J [} [
(509FMENITINITY AT WU LLLATU)

............ USRS ORI

.................................................... NITUNIT
o an o
(30NN I8 AT.ATVY INWI)

............ USRS U

.................................................... NITUNIT
4 a @ J
(39IMNTHNTITY ATLATY IUNTNIY)

............ Jovveeeeeenveneneec e



51306206 : grMNand

[ [ [

o_ o IS =" Y v Ao A v v Ao
AN : i\‘]ﬁf)ﬁ@]i'lhl’li’é]l,ﬁ@], @%’uﬂ'ﬂll!"Uilixiﬁ’t]ﬁﬁ‘ifhimﬁﬁ, !ﬂi@\i’)ﬂ‘i\‘iﬁ@ﬁ@lifl'ﬁimﬁﬁ

HUUNAFDY Ty 1al, Ozone Monitoring Instrument

O 9

[ aa aa

4 @ @ A A o 1 a [V
ANIRU ITIAING : ﬂﬁﬁﬂ‘ﬂﬁdﬁ@ﬁﬁﬂqﬁimﬁﬁﬂ’dﬂTLJ’Jﬂ 4 l,mﬂugnmﬂwaﬂ

q

S (R a a 4 a @ 4 9
ﬂlﬂﬁﬂizmﬁllcﬂﬂ. 219159NUTNEIIMNUNUT : FA.ATLATY TUNTRIY. 136 Wil

9
A 9Ya a 4

Tuanuiddeil e ldaiinsdnuinnudusiddansilaToanainaltse1nad 7

U

D.

a [

v Y
aoiidanaaluniniandn 4 uria laun aatiFealny (18.78°N, 98.98°E)luniamile aalil

U

gUATIFEIN(15.25"N, 104.87°E) lumaaz iuoonideuniio an1iiuasigu(13.82°N, 100.04°F)

lunmanais wazamilasvai(7.20°N, 100.60°E) lunmnld Taedavelasiinisiaanudusd

[

pans1lloan Aronsesiannudusiddanii I Teraauuuvatesesdyaa(multi channel

Y
ultraviolet radiometer) 910111 18118 11U 3-6 T MNADITAINANIVIIIMIAIUIUANY

QU

Y o =

A o A A 1A @ 4 . v A w
HJZJi\?’dE]aGIiWUl’JI’E]LaGW]lIWﬁﬁﬁ]W’JWuﬁNHHﬂ(erythemal ultraviolet) LAV UITIE
@ [ 3 Y o 9 o a 4 a 4 1 v Aou A
aamw"lﬂmam Wa\ﬁﬂﬂ‘Ll‘Llllﬂ1!1"]]’6]33!@1111/11ﬂ15’31,ﬂ51$1’i WNANITAUATIEH NUIT ABUIIF
@ v Ay A A A 1 ~
aamw"lﬂmam qaq@1u’Ju‘mnmﬁwﬂimmﬂmmmﬁmm%ﬂwu UAIIFIIU uﬂi‘]JiiJ nag

v

Favan UAINY 12, 12, 15 uaz18 mudiny uaﬂmﬂﬁwmwmmﬂiﬂmmqgmaﬁumﬂ?mm
A o A 1A o 4 @ A ' A ~ A 1 ~
Qﬁ'ﬁ]a@511’31’0!6@%MN§@]’0N’JWH\1M1§Eﬂi?ﬂjulﬂaﬂﬁ’ﬁllﬂ’ﬁlu 6lJ’ENi‘TE]TL!L“I?‘(’J\?Gl“l/ill UAIIFHIU

A v 4 =KX o @ -2 U 1 ~
uazumﬂgu UanHUIAAgAAINU IﬂﬂﬁﬂhmgfﬂiLL‘]Jiﬂ'l@\‘lﬂﬁTJi]%LW]ﬂﬁNiﬂﬂﬁiﬂuﬁ\iﬂlfﬂ
Y o @
A

dyslaw = ~ 1 Ay Ao = [
uﬁlﬂmﬂuﬁj’h]ﬂhl “Vnﬂﬁlﬂiﬂﬂmﬂﬂﬂ'l @%uiaﬁ@amﬂﬂma@ 1NA1UNYY OMI/Aura NU

v
= =

1 d' 9 [ d‘ Y 1 1 v Aov Ao =

i ldaniadn 4 ao1il wail ldwu A axiisedoansi 1 loaa mina1afiey OMI/Aura 929

N1A19INMTIA Nao1ilFea vl quas sl uaTlgy wazaavar MmNy 30.0 %, 282 %,
o W Y Y o 9 o a Jd 1 d‘d 1

12.9 % uaz 16.4 % mMus 1wy gainedide lasimsinszinavesduazoouaziua Nlnane

[

ANMULANANTENIN AT IT6ans1 12 Totan 910 OMI/Aura LAZAINAITIA

a arAa J a a [ a v A =1 =
MAINENT UuNaIne1as un1neragaaling 1n5ANYT 2554

I

A o

A =2
DIYNDFDUNANH e

'

A s

A =3 a a 4
A00F001FINUTABIINGVITNUT oo



51306206: MAJOR: PHYSICS
KEY WORD: ULTRAVIOLET, UV INDEX, MULTI-CHANNEL FILTER INSTRUMENT,
OZONE MONITORING INSTRUMENT
SUPAWAT WISITSIRIKUN: A STUDY OF SOLAR ULTRAVIOLET RADIATION AT
FOUR STATIONS SITUATED IN THE MAIN REGIONS OF THAILAND. THESIS ADVISOR:
ASSOC. PROF. SERM JANJAI.136 pp.

In this work, solar ultraviolet (UV) radiation at four stations located in the main regions
of Thailand was investigated, namely Chiang Mai (18.87°N, 98.98°E) in the North, Ubon
Ratchathani (15.25°N, 104.87°E) in the Northeast, Nakhon Pathom(13.82°N, 100.04°E) in
the central region and Songkhla(7.20°N, 100.6°E) in the South. UV radiation was measured
by using mutilchannel UV radiometers. The UV data for the periode of 3-6 years from these
stations were used to derive erythemal ultraviolet (EUV) radiation and UV index. Then EUV
and UV index were analysed. The maximum UV index under clear skies at Chiang Mai, Ubon
Ratchathani, Nakhon Pathom and Songkhla are 12,12,15 and 18, respectively. The seasonal
variations of monthly average of EUV daily dose of Chiang Mai, Ubon Rachathani and
Nakhon Pathom are in similar pattern. However, this pattern is different from that of Songkhla.
In addition,values of UV index from OMI/Aura Satellite were also compared with those derived
from the measurements at four stations. It was found values of UV index from that OMI/Aura
were overestimated by 30.0 %, 28.2 %, 12.9 % and 16.4 % for Chiang Mai, Ubon
Ratchathani, Nakhon Pathom and Songkhla, respectively. Finally, the effects of aerosols and
clounds on the discrepancy between UV index from OMI/Aura and UV measurements were
also analysed.
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2.1.9  Ozone Monitoring Instrument (OMI)
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Q13199 4 HAMIADUINBVIATOIIA Ground-based Ultraviolet Radiometer U9a/111

1¥ealua
ANE1INAY i1 sensitivity 1INUTHNAWAR fi1 sensitivity 148
(nm) (Aa1AN 2005) Tuh 21 WOBAIAY 2009
[(Amps per uW/(cmz.nm)] [(Amps per uW/(cmz.nm)]
305 4.6124x10" 3.8909% 10"
313 2.2006x 10" 1.9439% 10
320 2.6499% 10" 2.4214%10™"
340 1.9596x 10" 1.9723x 10"
380 7.6371x10 " 6.8622x 10"
395 3.8648% 10" 2.8724x 10"

Q13197 5 NAMIADUINGUIATIIA Ground-based Ultraviolet Radiometer Y0011

QUATIFEI
ANE1INAY AN sensitivity 1INUTHNGWAA fi1 sensitivity 148
(nm) (AN 2008) JUN 6 NYBNAY 2009
[(Amps per pW/(cmz.nm)] [(Amps per uW/(cmz.nm)]
305 3.2200% 10" 3.5194x 10"
313 2.5200%x 10" 2.2038x 10"
320 2.6300x 10" 2.5616x 10"
340 2.0400%x 10" 2.1276x 10"
380 7.4200% 10" 7.1821x 10"
395 3.4600% 10" 3.2494% 10"




A13197 6 NAMIADUINGUIATIIA Ground-based Ultraviolet Radiometer Y9011
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ANUEIAAY AN sensitivity 1INUTHNGWAR fi1 sensitivity 11/0
(nm) (NUE1BU 2004) JUN 25 WY 2009
[(Amps per pW/(cmz.nm)] [(Amps per uW/(cmz.nm)]
305 1.9751x 10" 1.2599% 10"
313 2.2989% 10" 1.8240% 10"
320 2.5959% 10" 2.3905%x 10"
340 1.7394x 10" 1.8404x 10"
380 8.0487x10 " 8.3334x10"
395 3.4416x 10" 3.0047x 10"

Q13190 7 NAaMIADUINEUIATIIA Ground-based Ultraviolet Radiometer Y9011

GARIGH]
ANVEINAU AN sensitivity 9INUTHNGHAR fi1 sensitivity 13/0
(nm) (UNFIAN 2007) JUN 12 HuInY 2008
[(Amps per pW/(cmz.nm)] [(Amps per pW/(cmz.nm)]
305 5.4254%10 " 4.0280%10™"
313 2.3455% 10" 2.1118x10™"
320 2.7639%x 10" 2.4545% 10"
340 2.1319%x 10" 1.9134x10™"
380 8.2521x10 " 72155%10 "
395 4.0527%x 10" 3.4705%x 10"
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Percentage of number of hours (Chiang Mai)%

0-50 50-125 125-75 175-250 >250
Month s 2 ) ) ,
mW/m mW/m mW/m mW/m mW/m
Low Moderate High Very high Extreme
January 48.3 33.2 16.1 2.4 0.0
February 459 29.4 15.4 9.0 0.3
March 48.8 36.6 11.1 4.7 0.8
April 422 28.2 15.5 11.9 2.2
May 36.0 26.3 12.5 17.9 7.3
June 335 24.9 14.6 18.4 8.6
July 33.8 28.9 15.8 15.6 6.0
August 37.8 27.5 13.4 16.1 5.2
September 39.5 23.6 15.0 16.9 5.0
October 41.4 26.0 16.5 15.3 0.8
November 47.0 30.4 20.1 2.5 0.0
December 52.2 332 14.4 0.24 0.0
Average 42.2 29.0 15.0 10.9 3.0
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Percentage of number of hours (Ubon Ratchathani)%
0-50 50-125 125-175 175-250 >250
Month s 2 ) ) ,
mW/m mW/m mW/m mW/m mW/m
Low Moderate High Very high Extreme
January 41.0 28.5 21.0 9.5 0.0
February 38.5 29.3 18.5 13.3 0.3
March 38.0 28.0 20.1 13.5 0.6
April 34.1 25.7 17.0 20.5 2.6
May 33.8 28.0 16.4 19.0 29
June 31.8 27.9 16.6 20.9 29
July 30.9 28.1 15.7 20.4 5.0
August 34.0 32.1 14.9 17.0 2.1
September 37.4 27.7 17.0 14.3 3.6
October 38.2 28.6 15.4 16.9 0.9
November 44.6 23.8 22.1 9.4 0.0
December 45.8 29.7 22.6 1.9 0.0
Average 373 28.1 18.1 14.7 1.7
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Percentage of number of hours (Nakhon Pathom)%
0-50 50-125 125-175 175-250 >250
Month s 2 ) ) ,
mW/m mW/m mW/m mW/m mW/m
Low Moderate High Very high Extreme
January 44.2 29.9 17.6 8.2 0
February 38.9 24.0 15.0 16.9 53
March 349 23.5 12.1 17.2 12.2
April 333 21.1 10.8 17.4 17.4
May 33.7 24.9 11.5 17.3 12.6
June 32.9 22.9 11.2 19.8 13.3
July 33.9 24.4 13.2 17.9 10.7
August 34.0 24.1 12.4 18.1 11.4
September 36.8 22.4 10.8 18.0 12.1
October 41.9 28.0 14.9 13.9 1.4
November 43.6 29.2 18.2 9.1 0.0
December 44.0 30.7 19.1 6.2 0.0
Average 37.7 254 13.9 15.0 8.0




80

A I~ 72 ' Y o Ao A " A o
A1TIN 16 ﬂ1i!lﬂﬂ!!ﬁ]\‘llﬂu!,ﬂ’E'JiLG]fLJGI"U’E]\1ﬂ1?’]’NiJHJiJi\?’GTfJﬁG]ﬂUhI@LﬁGWIMNaGI’EJN'JT‘iuQ

o )
VOAWYBITIO% Tg YAt aavan

Percentage of number of hours (Songkhla)%
0-50 50-125 125-175 175-250 >250
Month s 2 ) ) ,
mW/m mW/m mW/m mW/m mW/m
Low Moderate High Very high Extreme
January 41.1 23.0 13.3 18.8 3.8
February 33.7 18.1 9.7 18.8 19.8
March 32.7 16.3 10.1 13.0 27.9
April 343 17.7 8.5 14.5 24.9
May 37.5 22.6 10.2 18.4 11.3
June 38.6 21.7 10.6 18.9 10.2
July 38.8 22.7 8.8 19.0 10.7
August 36.9 20.9 9.3 19.11 13.8
September 36.4 19.7 11.3 17.4 15.3
October 36.8 23.3 13.0 15.3 11.5
November 48.9 25.4 10.3 12.9 33
December 44 .4 259 14.8 13.4 1.4
Average 383 21.4 10.8 16.6 12.8
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HUUD1A0INIONENNSTIA UVSPEC
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1. Two - stream approximation

2. Discrete - ordinate method (DISORT)

3. Adding - doubling method

4. Monte Carlo method

5. Spherical Harmonic Discrete method (SHDOM)
6. Eddington and Delta - Eddington approximation
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Lambda Rfldir Rfldn Flup Uavg Uavgso Uavgnd Uavgup
(nm) (W/m’) (W/m’) (W/m’) (W/m’) (W/m’) (W/m’) (W/m’)
280 0 0 0 0 1.934955467 0
281 4.32E-30 -2.16E-30 0 0 0 4.32E-30 0
282 1.15E-28 5.74E-29 1.44E-29 0 7.18E-30 1.15E-28 0
283 2.12E-27 0 0 1.06E-27 6.63E-29 2.12E-27 0
284 0 -3.87E-27 -7.75E-27 9.69E-28 0 0 0
285 3.23E-26 1.62E-26 -6.47E-26 -8.09E-27 0 0 0
286 3.59E-24 -8.97E-25 0 1.79E-24 -2.24E-25 3.59E-24 0
287 1.94E-23 -9.70E-24 -3.88E-23 0 0 0 0
288 2.61E-22 -1.30E-22 -5.21E-22 3.26E-23 0 0 0
289 2.27E-20 4.55E-20 5.68E-21 1.42E-21 0 7.10E-22 6.82E-20
290 1.83E-03 6.04E-03 4.38E-04 1.77E-04 7.67E-04 7.84E-05 0.007868284
291 5.32E-03 1.78E-02 1.29E-03 5.15E-04 2.27E-03 2.31E-04 0.023139334
292 1.86E-02 6.37E-02 4.60E-03 1.80E-03 8.19E-03 8.26E-04 0.08234905
293 4.04E-02 1.40E-01 1.01E-02 3.90E-03 1.81E-02 1.81E-03 0.18054623
294 9.80E-02 3.47E-01 2.49E-02 9.46E-03 4.50E-02 4.48E-03 0.4445331
295 1.93E-01 6.90E-01 4.95E-02 1.86E-02 9.01E-02 8.92E-03 0.8829413
296 4.55E-01 1.66E+00 1.19E-01 4.39E-02 2.18E-01 2.14E-02 2.1163727
297 6.65E-01 2.46E+00 1.75E-01 6.41E-02 3.24E-01 3.17E-02 3.1238394
298 1.27E+00 4.77E+00 3.40E-01 1.22E-01 6.32E-01 6.15E-02 6.044511
299 1.82E+00 6.89E+00 4.90E-01 1.75E-01 9.15E-01 8.88E-02 8.713153
300 2.55E+00 9.78E+00 6.94E-01 2.45E-01 1.30E+00 1.26E-01 12.329707
301 4.07E+00 1.57E+01 1.11E+00 3.91E-01 2.09E+00 2.02E-01 19.748256
302 4.94E+00 1.90E+01 1.35E+00 4.75E-01 2.55E+00 2.45E-01 23.975721
303 1.00E+01 3.88E+01 2.75E+00 9.65E-01 5.21E+00 4.99E-01 48.88566
304 1.11E+01 4.29E+01 3.04E+00 1.07E+00 5.76E+00 5.51E-01 54.01062
305 1.57E+01 6.06E+01 4.29E+00 1.51E+00 8.15E+00 7.78E-01 76.25645
306 1.60E+01 6.13E+01 4.35E+00 1.53E+00 8.26E+00 7.88E-01 77.30703
307 2.13E+01 8.18E+01 5.79E+00 2.05E+00 1.10E+01 1.05E+00 103.08364
308 2.58E+01 9.82E+01 6.97E+00 2.47E+00 1.33E+01 1.26E+00 123.99738
309 2.55E+01 9.64E+01 6.84E+00 2.44E+00 1.30E+01 1.24E+00 121.89125
310 2.78E+01 1.05E+02 7.46E+00 2.67E+00 1.42E+01 1.35E+00 132.92646
311 4.31E+01 1.61E+02 1.15E+01 4.13E+00 2.18E+01 2.08E+00 204.38086
312 4.23E+01 1.57E+02 1.12E+01 4.05E+00 2.13E+01 2.03E+00 199.52371
313 4.80E+01 1.77E+02 1.26E+01 4.60E+00 2.40E+01 2.29E+00 225.47427
314 5.13E+01 1.88E+02 1.34E+01 4.91E+00 2.54E+01 2.42E+00 238.8516
315 5.41E+01 1.97E+02 1.40E+01 5.18E+00 2.67E+01 2.54E+00 250.6936
316 5.41E+01 1.97E+02 1.40E+01 5.18E+00 2.67E+01 2.54E+00 250.6936
317 5.41E+01 1.97E+02 1.40E+01 5.18E+00 2.67E+01 2.54E+00 250.6936
318 5.41E+01 1.97E+02 1.40E+01 5.18E+00 2.67E+01 2.54E+00 250.6936
319 5.41E+01 1.97E+02 1.40E+01 5.18E+00 2.67E+01 2.54E+00 250.6936
320 5.41E+01 1.97E+02 1.40E+01 5.18E+00 2.67E+01 2.54E+00 250.6936
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msulsmanuandwaivesduazesa (Aerosol optical depth, AOD)

U d' ' A =1
YIURNASNDADU mqumiﬂmauﬂ

a 1 I @ ]
mmﬁmmuawmﬂuazam uJummmmmGlumimmmmwmdu
a o v o A A oA 9 A A A 1
[SE3030 mﬂﬂﬁ’)mﬁz‘Hfﬂﬂﬂ@]illiﬁﬁﬂﬁﬁﬂi‘ﬂ@]ﬂﬂllﬂmﬂ Sunphotometer Tlﬁﬂﬂ!!ﬁb'ﬂﬂ‘lfm
gUaT1w511 uATUgY uazasval innwenaau 500 W Tuwes WU ANVANTITIUIHU

A A v

4 H
Az004 4 011 anyuzawanalunsmgn 77-80

1 o A 1 A v 9 A A 1

110051 Msulsa AOD s1eTumasneaeu WU'JTGIJ@M“ﬁ‘DTﬂﬁﬂTML‘HENGLﬁN

= A o U 9 [ U A S 1 9
UATIFIIU Llﬁguﬂiﬂiﬂ\l Hanvaemsudsmaaignu na1ae AOD umqﬂummgum
a = é 1 09/1 dy 1 yY A
(WHAINIYU-LUBIYU) LLﬁ%iJﬂWH{lu‘;H’NE]ﬂPJu (‘Wi]HﬂTﬂll-@]ﬁTﬂﬂJ) WQHLW?Tgiu%’N’QﬂLLﬁQN

1 qul Y 1 d' a dy a o [ 1 =
ﬂuazammmﬂﬂmm"lwmnmauazvJuazemmnmmwmunm mmﬂumm@du N3

Y v
= 1 o

¥z A19HUAz00491NUTTEIMIAAIgN VA Tan AOD aliAid nsdivesamitiaaval A1 AOD
4

Y

A3

! Y Y v A ~ @ ]

d' =) Y 1 ]
nasuulaslusevilaeutnaes Matimszaaiasvardsedlndmnenziauaziuazenaiu

=< Y

[~ A o 1 qaj =1 dy 3 (] 9)& ~
Ingiiluazeounae Faagilanana 1191 uonint asvardeedlunaladgetigaeu

U U

=K A 9 1 ldy a = 3d
ﬂnmmmmi%zmqvJuazaaﬂumimmﬁmq‘wuwﬂamﬂaumaﬂmﬂ



130

Chiang Mai

AOD 500 nm

311 77 mantlsar AOD finnwennau 500 wluwas sieiumdsaemounaiiimes v

2.5

Ubon Ratchathani
2.0

1.5

AOD 500 nm

Month

= ' = & o - | =~
ETJV] 78 M3udsA1 AOD NANNE1IAAY 500 W1 TUNAT 18T UmAsasIAoUNdDl

QUATIFHIN



2.5

2.0

AOD_500 nm

q
0.5

0.0

131

1.0

Nakhon Pathom

Month

317 79 Mautlsar AOD fianwenau 500 w1 luwas siwiumdsaemeunaiiiuasiyy

2.5

20

—_
n
|

AOD_ 500 nm

1.0

05

—

o
S

T T

9 10 11 12

-1.0

Songkhla
6 7
Month

~ 1 A A @ A 1 = A =)
g“]J‘VI 80 M3u15A1 AOD NAE1IAAN 500 W1 TUNAT T1eIUMAABIRDUNTD I EIvAN



132

NANUIN 3

msulsmvealsmnanamuggmalusevil



133

=

msulsmvestSinamuamnggmalusevl

Usuanum(cloud cover) MH1M33a & inils Taona lazmlsaungmalu

S = a a Y Aav dy
soul umamnnmsulasuuasvesmaduilsinguesarsernaduuiosih Tuauiveil
gave lairdoyalTuamandunadieaininaniiiggionineuFealni gaionine

QUATI¥HIN RAHENINGINTUNNUNIUAT Az gaHeuINeITIval WINIMIMUIUNILTUIN
I~ o A 1A A Ao AYnow Y VY I~
wandusiwiumasao@ouiiig 10.00 — 16.00 w. Tuauideiigiveldlddeyalsuaves

U

] [

d' = 4‘ = = a 1
ﬂiq\‘]L‘VlWiJ‘H1uﬂﬁlmuﬂﬁﬂ1uuﬂiﬂiﬂ Lummﬂﬁmuumﬂgﬂmmimﬂimmmmimmaz
u uazszezviszninngannuiuasuazuastyn la lnanindsamsaihuunula uds

ua/’ o = [ =) Y 3 Y 1 d' a
nniuhueunsnuna lusevd Ws@um"lmmmmumﬂamummgmmmﬂimmmm

nan lauaas131ug1 81-84

Mnnsvesaoi@ea vy wudnvaznsulsaveslsunanualuneou
= A ~ A (A v ' ] A ' ' 2 2 2 1A
UNTIAN DUABUVUIAY 2 NUTMMINNT LA ADUYINAIN LIAFTABYNNUYUAULALAD U
A A & ' =< A £ J '
wew w ) gegaluw@eudanay miniuazAssanasauduasugany Fuilusiegadu
= o = ' 3 A A =< A o A A
vemn Iviwann Lagezanaewd195 A 1A UNYAINIIY IUDUADUTUNAY L11DIINITH

Y Y =2 o Y
mqguawmﬂwmumaﬂm

) v ~ ~

AMTVANNUATIFHIY HaznTUNNLNIUAT dzWUNIMTLsavelTum

Q

= 9 [

v Y
walldnvazindieny Tagazaospnuauanfouuns 1Ay agega lumouduiaudmsy

=

~ A A o < = = A
NYUAITIFHIU llaglﬂﬂuﬂﬁﬂa'lﬂll NOJUNNNHIUAT Fl]']ﬂuuﬂ‘ﬂzaﬂa\‘]llﬂ’ﬂua\iﬂa']ﬂﬂﬁlULﬂ@u

3

FUNAY

' [ a
Tuduvesarfiasvar nunludounuaius dudoumsiou Usuau
£ g

A , ) A A TR Y A 9 A
%Lﬂaﬂuuﬂmﬂaumaﬂm mmmmﬂumm@ﬁ@u uaxﬂzmmumﬂuaaﬁlumaquymﬂu

=< A | ' Y 1A =2 A 42’
ﬂuaqm’ﬂmlﬂi1ﬂ1mJumeTn1ﬂ°1mmﬂa’maumqmqmlmmzmmmﬂmu



Chiang Mai
12
10
5 87
>
3
T 6 -
2
@]
4 =+
7 \0
0 T f
1 2 3 4 5 6 7 8 9 10 11 12
Month

d' 1 a 9 dl 1 = =)
319 81 msulsmvestlsmanuaseiumasaamounuggnialusonives

S A )
0131 % 09 11
Ubon Ratchathani
12
10
- 8 1
o
o L
S |
- 6
2 4
=t
U 4 —
2 —
0
1 2 3 4 5 6 7 8 9 10 11 12
Month

d' U a 9 d' 1 = =)
710 82 msulsmvestlsmanuaneiumasasmou muggnalusenives

=) I
ANIUYUAIIYDHIU

134



135

Bangkok

Cloud cover
(@)}
|
&

Month

d' 1 a 9 dl 1 = =)
710 83 msulsmveat/smanuaneiumasasmou muggmalusenies

ﬁﬂ?ﬁﬂi“\‘]mWNﬁTL!ﬂi

Songkhla

Cloud cover

d' U a 9 d' 1 A =)
719 84 msulsmveatlsmanuaneiumasasmou muggnmalusenies

aandiaavan



1523amsaAnsN

N.F. 2544

N.F. 2548

N.A. 2551

sz IRl 39

wegndani dgAina

4/1 vy 4 Muaduniu SuneulIzIg 39IrIaaIn

] = % =3 aa = Y a
dusemsnuisenanen 6 Tsaseuihuan «dssmineans”
dunothuan 39niaain
0 < = a o a ara 4 a 4
dusamsAnyIINeIMaslinig sniand anzIngmas
UMINGAGTNFAY A WNANYT IIH IATWNWAUNYS

1 @ a a % a ara J
AnwiaeszaulsyyImnmasuiiuga aaniand

NaunaIneds unImeaeaaling 19 iuasilyy

136



	Title_page

	Abstract

	Content

	Chapter1

	Chapter2

	Chapter3

	Chapter4

	Bibliography

	Appendix




