184750

stialn3an1s: RDG4530023

[

Feolnsams: msAnvianuduiidgansi i lenasnanerindluuinulszmeing

U A W

A
Y¥OUNIVY:

a o J
. 5@\7?”11@31"0155@5. @34 AUNIRNWY

—_—

1Y a wa ao s d o a d = 4
woulfians e dndussena madnWand augInemans
wnInndedaling duneilios Jandauasgy 73000
In5.034-270761  In5a15. 034-271189
4 I'4 ':’a

2. 913UPUININY UITINY
9y a wva aw a d a a ¢ a -4
veuliamsNeidndussenma malnidnd auzInnmans
umInndosdaling dunewlos Saniaunsigu 73000
Tng. 034-270761  Ingens. 034-271189

o = [4 o a J

3. 91SUNTNNG 1Azaav
P a va aae a = a o a o
voulgianmsateidndussema maInAdnd anzInnmans
wmIanerdedaiing duneles Samiaunasilyu 73000
Tns. 034-270761  INgans. 034-271189

d' Y1 W A

YO ILHNIVY:

1 e unesuas Mulsuasy
NINRAHENING
UUFYNIN VU NTANWA
Ins. 02-3994561  Insans. 02-3989838

2. UNANNIA 1NAAT
£y o wa a o = d a a d a a
veulfians e dndussnnma madnddnd angInemans
umaneaeailing dunolles Sandaunsilgy 73000

3. 034-270761 Tnsang. 034-271189



184750

3, UNEAUATUM T
9 a wa aw a d a a o a 4
voulfuamsiteldndusseima madnAdnd ausInnmaens
WM INeIaofAalng dunetiies Jandaunsiyy 73000
Tns.034-270761  Insa1s. 034-271189

4. wemgariad qunlsmia
9 a wua = as s g a a d a [ 4
woulfiamsddeidndussoinma mnInHdnd ausInonmeans
ynIneaefaling dunewies Jmiaunsigy 73000

Tns. 034-270761 Tnsans. 034-271189

ml3amlasams:
1. Dr. Manuel Nunez, Department of Geography and Environmental Studies

University of Tasmania, Australia
Email address: serm@su.ac.th
szaznalasams: 31 (1 nsngIAy 2545 9 30 siquisu 2548)

Saqilszasn:

o A

] . ¥ [
) wermSuuiidgans1hlewaniannsznuiuinnilszmalne Taglddoyasin
3
anfifamanuauswsumssnon laslddeyanaiion

o

2) wefnuInsldoulasnunaluseuunaz lusevtlvesnnudussdoansi-

9

Tloanlugiininaie vealszmeaing

A & A o o o
3) Lwaﬁﬂmmiﬂizmumuwumlm‘iQﬁqamﬂﬂmammﬂ‘ixmﬂ"l‘m

as a s
I5NMIFI0E:

Tumsinumanudusdgans llemaluusnudsamalng §3301ddmsSanau

Y ow { 1a LY o . . L.
Wusigans i leanilinansenudeAInisuoauywd (solar erythemal ultraviolet radiation,

q

[ a

EUV) fidoniigaiioninet 4 uds  1dud aofliFoalni (18.78 N, 98.98 E) quas1#5il
-] [} [+ ° - o o ¥

(1525 N, 104.87 E) uAs1/gu (13.82 N, 100.04 E) uazao1iasval (7.2 N, 100.6 E) 911y

IaideyaiidaldvinaoriliFosnduazunsilgn S 77 (1998-2004) wazeinannil

a4 o = 0 a 4 ¥ o
QUATIYHIUUALAIVDT V1UIU 4 1) (2001-2004) NINIMITAUATIEN Tﬂﬂllﬂ‘i’nﬂ'liﬁﬂ‘}:l'lﬂﬁ



184750

aaeuudasues EUV Tuseuiu mawdsuulasmmagnianazms founassgninedlang
wanmiuldimsdinseimsusnusamadaves EUV 51093 Tusuazswiu

Aisede1dninsiasedgansilaToansaw (total solar ultraviolet radiation, TUV) Uay
$agans1lalewaadl (UV-B) finarfideslv unstlgy uazasua uazinisiaanlnasuves
%”a?fqam1Vlﬂmamﬁmmmaﬂ5’u 305, 315, 320, 340, 380 18 395 nm ﬁ'ﬂmﬁuﬂsﬂgn Tay
I8hdeyafiiduhimsinsei ludnunzRordudunsdives EUV

wenIndi éﬁ%ﬂHﬁwm'a'?fﬂymﬁﬂazmumu*ﬁuﬁmm EUV Taolduuusinoeds
weaanmduRusF R dndsznduanuduues EUV fretouliqussomeazanudy
ves EUV fannsznufiuialan Tas EUV fiaeRougussoimeazninindoyanimee
arnfon GMS-5 $1uau 81 (1995-2002) uaz Iiimswannismaulasddulszdng
msﬁxﬁ’emmmsmmmmxﬁyuﬁﬂaﬂ“lmhaﬂamamﬂ?’%uuamiwwmﬂ}mﬁfyaunm
andienliilumdulsiandludrsamenaiu EUV Taslddeya EUV fihmsafiaandl
Foalna quas1ws1il uasilgy uazasuat nasmnnadeunuaziBengnAnve UL AR
uda B350 8 uassdandnlddman BUV sialsemea wozuaaanalugavosumi

EUV

Wam3An¥IITY ;

a '3 d‘ [Y g
Nﬂﬂ'lﬂﬂ'lﬁ'uﬂi13ﬁﬂ15lﬂﬁﬂutlﬂaﬁﬂlﬂﬂ EUV 51145@1J'Ju%’1ﬂ'{1‘@11a1’]\3 4 ﬁﬂ'lfl Uy

U

[

THunannudugegaves EUV Tufundesihusulaezlimegluszauganiagannay

Canadian AES scale hagaigegadenanizidlu 2 whvesmigegaiiialdludszimaiiogi

Y

[

a a a ¢ o ' 1 P
arAgANANI (mid-latitude) voanIdy st snmamsimsizddanudn armnhzdiuiies 185y
L4 1] & el ] s ' ' é e
EUV luszdugauinlugieniadutie  (12:00-18:00) szlisrgendilugaaniedudn (6:00-
12:00) Tuduvesnisildsunlasues  EUV muggniawndt anvuenisn)douuilaseiy
gamavesan1fiFesiva guasiesidl uasdgu wlidnyuzadioiuuazuanaiallanves
aafiadsva TavargegavosamildosIntuazquasiysiiegndioungumay dauves
aoiigsvawazuasgnegiieuiiviauuazuy sy MuAIAU wazARaeaollved EUV 510

o o =t A ) a 8 = TN v
Funaafigsvarnslaigege lunsdivesmsnaszimsasuuasainilaneg wud EUv
o o o ' - Y A 4 g 9 S yau gy Y
swiuvosaafiFosIniuazunsd gulvur Wumsmndwdnies siniudide lddimsad

o aad v o d t LY o A a
wuusinemeadagwannnuduRutsenie EUV fuanudnsedsinvenisering
d‘ Y o 3 o ) Y o A
welddmivinneg Euvainmanudusedsy
~ a (4 oA = o
A3lvey TUV uay UV-B wamsainsizinyd Inmswlasuudasluseuiuuay

= = Y o o o 3 o o
fﬂilﬂﬂUuLLﬂﬂﬁG]'liJi]@,ﬂ"lﬁnluii‘)‘U‘LIﬂﬁWEJﬂ‘]J‘UfN EUV mm‘u“lumummmﬂﬂmmmma



184750

' = - @ A J 3 =]
gans11alena nudimsaldsuulasmuggmaluseuilvesisd@ninanuenauduagiiu

b7 o

Snvaema/asuutadlddanuninnanueinaue wazanuduvessidgansi i lean

Q

ol a 4?’ A b
sriiauindummanueaduluynanimiesi
v 2 4 4 ¥ ' = yaw Y
Tudumseinuimsnszatemwiuives EUV mindeyaniwaisainion 433614
nagouANaziBuagndesvesuuusiass IaensulSouiounauduyes EUV igiuaaein
wpusaesiuminialdvinaniiiia 4 uds wadi lanud manmssrurudeaadesiuainn

¥
msia TavfiAl RMSD tdy 7.4% wnaseiniiu §3se Idiuuudiassaenarn ldiuanean

Y [}

AL EUV uasnuusnan1dsy  Euv szaugeezegluusnunsudisvesninnaig

aouanveInaaz Tusenifioaunile uazdiulngvesniald

ajluazefsemwa:

4 §

P - a { 4
nawansznuvpIsidgaasililemnninaiserindniinoguainyeanysiuny

a vy

g
Yoo &2 Y o o o g by Sy ¥ [ -
daadon 433033 1dMimsAnyssdgaas T Teaaianindeyah 1deinnisfamuaniil
] 3 1 =3 o = o P
A199 uazvInnsRIuINAledoyaninateauiion Tasldiinshinsizdmsulasuuas
] ] 1 4
510U msulfsunlasmuggmanazmsnldsuutasmniang wansAnyininaniiiia

3/ v a 1 dy d'd' Yoo o [] 9/
uazandeyanmarsauiisuwudl Aund ldsusedgansi I lomagegaogluninldves

@ A

S 4 a4 ve a vy ¢ R a o
Usuma Metiiesninnialdaseglindiduguigasdalasusiiaremnduenusseimalan
a s 3 4o v 4 3 9 3 &
gaslysuim Toloudm wonnnfifimuuur Tdumswuynees EUV i@niee vindoyai

o [ 2 ~ 4 4 ' a g % ! d'
‘VI']ﬂ']i’Jﬂ‘V]ﬁﬂTHL‘BUQGl‘HJJLLazuﬂi‘]in‘lJ mamwuumnanmmi‘luwammnmilﬂavuuﬂm

L)

3
' aw 3
202017903 Uz 00 W waz lo Tou n33dvil ldadesdnrmidssdgansillomnsn

]

a  J o o o o 4
aneiadlulszmalne dmsudszgndldlusuduguamues Funedeutaznudiudug
MheIdos
v
VaauouM:

A = dy 9/ a 3 @ o :JI =
mmmﬂwamiﬂﬂ‘ymwmmﬂuumimuﬂjummﬂﬁqamﬂﬂemm ANUUIITUAIT

Q@ 4 =

v 14
Autiunmsiannudusdgansi llemamuaaiiifafifiogudineli uaynissadeaniiiia

9

v
= =

v ‘3‘ A 1 v A 3 1 a ' A
L‘WllmuclﬂﬂﬁE)Uﬂi]iJWUﬂﬁ’JuclﬂiUuﬂlﬂﬂﬂi&’Lﬂﬂ Tﬂﬂmwwamwﬂuuwmweammmm cm'i‘lu

= o % 1 -y J a dy o o 9 d' v
hisuvesnreaneInena vennntiaisiinsdszduuur IWumslaouuilasve s d
gans1 12 lama luilsememng 5 1)

3 o v a ¢ v aAa a doa PRy 1
Amdn: Sidganalewmnninaeiing sadadseriind Seiigansilalemaniinansznude

a [ 4 ~ Y o A
W'J‘VI‘NQGU'E’JQMHHEJ !LWH‘VIﬂ'JTNL‘UlIiQﬂQﬁ@li']"hTﬂmﬂ



Project code: RDG4530023

Project title: A Study of Solar Ultraviolet Radiation in Thailand
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Objectives:

1. To acquire information on the amount of solar ultraviolet radiation incident over
Thailand from ground-based measurements and satellite-based calculations.

2. To study the diurnal and seasonal variations of solar ultraviolet radiation in the main
regions of Thailand.

3. To investigate the geographical distribution of solar ultraviolet radiation over

Thailand.

Methodology:

In order to investigate the solar ultraviolet radiation over Thailand, erythemal ultraviolet
radiation (EUV) was measured at four meteorological stations namely Chiang Mai (18.78°N,
98.98°E), Ubon Ratchathani (15.25°N, 104.87°E), Nakhon Pathom (13,820N, 100.04°E) and
Songkhla (7.2°N, 100.6°E)..A seven-year period (1998-2004) of EUV data from Chiang Mai and

Nakhon Pathom and a four-year period (2001-2004) of the same data from Ubon Ratchathani and
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Songkhla were analyzed. The diurnal, seasonal and inter-annual variations of EUV were
investigated. Statistical distributions of EUV hourly irradiance and EUV daily dose were also
analysed.

The total solar ultraviolet radiation (TUV) and absolute ultraviolet B (UV-B) at Chiang
Mai, Nakhon Pathom and Songkhla and the ultraviolet spectrum at the wavelengths of 305, 315,
320, 340, 380 and 395 nm at Nakhon Pathom were also measured and similar analyses were
carried out.

More intensive investigations in terms of EUV spatial distribution were conducted using
a satellite-based model, which physically related the EUV incident on the ground to the EUV
reflected to the space. The reflected EUV was derived from the eight-year period (1995-2002) of
the GMSS satellite data. A method to convert the earth-atmospheric albedo in EUV wavelengths
into that in GMS-5 visiblefwavelengths was developed employing the EUV data obtained from
Chiang Mai, Ubon Ratchathani, Nakhon Pathom and Songkhla. This model was validated and

then used to calculate EUV over the country. The results were displayed as EUV maps.

Results:

The results from the analyses of the diurnal variation of EUV from the four stations
indicated that the peak values of EUV on clear days of all months were in the high or extrgmely
high levels according to Canadian AES scale and these peak values were approximately two times
of those measured in mid-latitude countries in Europe. The EUV data from the four stations also
demonstrated that the probability to receive high and extremely high EUV in the afternoon period
(12:00-18:00) is more than that in the morning period (6:00-12:00). The EUV seasonal variation
of Chiang Mai, Ubon Ratchathani, and Nakhon Pathom had a similar pattern but was different
from that of Songkhla. The peak values of this variation occurred in May for Chiang Mai and
Ubon Ratchathani and in April and March for Nakhon Pathom and Songkhla, respectively. The
yearly average of EUV daily dose of Songkhla was the highest of all stations. The inter-annual
variation of EUV daily dose at Chiang Mai and Nakhon Pathom demonstrated a slight increase
trend. Statistical models relating the EUYV irradiance to the global broadband solar irradiance were
also established to predict EUV from global irradiance.

For TUV and UV-B, their diurnal and seasonal variations were similar to those of EUV.

In the case of the ultraviolet spectrum, it was observed that its seasonal variation was more
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pronounced for long wavelengths than that for short wavelengths. In addition, the intensity of the
spectral ultraviolet radiation increased as the wavelength increased for all types of sky.

For the study of the geographical distribution of EUV from satellite data, the satellite-
based model used in this study can predict the EUV at the four stations with a discrepancy in
terms of RMSD of 7.4%. After the validation, the model was employed to compute the monthly
average daily EUV dose over the country and the results were displayed as maps. The yearly map
indicated that the areas that received the high EUV dose were in the lower part of the Central

Region, lower part of the Northeast and most parts of the South of the country.

Discussion and conclusion:

Due to the impact of solar ultraviolet radiation (UV) on human health and environment,
the solar ultraviolet radjation has been investigated from ground-based measurements and
satellite-based calculations. Diurnal, seasonal and inter-annual variations of solar erythemal
ultraviolet radiation have been investigated. From both the ground-based and satellite-based
approach, the results indicated that the South received the highest solar ultraviolet radiation. This
is due to the fact that this region is situated near the equator with high extraterrestrial solar
radiation and low total atmospheric ozone. It was also found that there was a slight increase trend
of EUV dose in Chiang Mai and Nakhon Pathom. This trend is probably caused by the long-term
change of atmospheric aerosols, clouds and ozone in this region. This study has created the basic
information on the solar ultraviolet radiation of the country, which can be beneficially used for

human health and environmental applications.

Suggestion:

As solar ultraviolet radiation has a slight increase trend, it is suggested that the
measurements of solar ultraviolet radiation in the existing stations be continued and the numbers
of measuring stations be increased to cover most parts of the country, especially in the areas
popular to foreign tourists. In addition, assessment of solar ultraviolet intensity and its trend

should be carried out every five years.





