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640720029 : Major PHYSICS

MISS Wijittra KANGWANWIT : DEPLETION OF SOLAR ULTRAVIOLET RADIATION
BY AEROSOLS DURING CLEAR SKY CONDITIONS FROM DATA COLLECTED AT NAKHON
PATHOM STATION AND STATISTICAL CHARACTERISTICS OF AEROSOLS FROM
MEASURING STATIONS IN THAILAND Thesis advisor : Assistant Professor Dr. Sumaman
Buntoung

In this work, depletion of solar ultraviolet (UV) radiation in wavelength
between 260 - 400 nm by aerosols under clear sky conditions at Nakhon Pathom
station (13.82 °N, 100.04 °E), a solar monitoring station in Thailand, was investigated.
Solar spectral UV radiation was measured by using a UV spectrometer (Bentham
Instruments Ltd., model DMc150) in the wavelength range of 260-400 nm together with
aerosol optical depth data measured by a sunphotometer (Cimel Electronique,
model CE-318), and total column ozone retrieved from OMI/AURA satellite during
January, 2017 — December, 2018 were gathered. The measured data under clear sky
conditions as determined by a sky camera (PREDE, model PSV-100) were analyzed
using a special technique which the measured UV is brought to a value at the average
solar zenith angle and at the average ozone amount, and thus only AOD is allowed to
be varied. In this technique, UVSPEC, a radiative transfer model, was used. The results
show that aerosol optical depth is inversely linear correlated with the UV radiation. In
the other word, when the aerosol optical depth increases, the UV radiation decreases
linearly. In addition, aerosol optical depth data and single scattering albedo (SSA) from
ground-based measurement stations all -over Thailand have been gathered and
then analyzed to investigate the statistical characteristics. The results indicate that in
the north, northeast, and central regions of Thailand, aerosol optical depth are high at
the beginning of the year and at the end of the year, with the highest value is in
February, March, April, and May depending to the stations and low in the middle of
the year. In the southern region, variation of aerosol optical depth is different from
that of the other regions as aerosol optical depthis low and relatively constant
throughout the year. The values of (SSA) at Chiang Mai, Nakhon Pathom, Songkhla,

Ubon Ratchathani, Bangkok, Nong Khai, Sa Kaeo and Chachoengsao stations were



between 0.80-0.87, 0.74-0.83, 0.87-0.90, 0.89-0.92, 0.83-0.87, 0.87-0.90, 0.90-0.92 and

0.87-0.90, respectively.
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aawile Jaminledvi audenlleninerniangiusenideavionsuds Jminguavsiil
U Ine1dofauing Smiauasugy gudenieuinernieldilsmyfueen Fminasan
NIUNAUINSNUNALNULAZEUSNYNF WU NTUNNUNIUAT @IUGNNI NEIMUDIAY (NTH
n3wenain) Yaninnuesens andonfesdvetassui (efyusana) Sminaseuda uay

a

anflgnleningasidansn Sminazians
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NgufuazUITenEIdas

[ [y

uniinaniamgeuazaidenifeitesiuiiddanshilaanuasnaves|uazeaise

v a v [

Sidoanshleannilulazansusene mumtens 9 Al

2.1 N
2.1.1 awnnsusedoaansialaran

Yidsanslilotan (ultraviolet radiation, UV) udiuniavesanasuuosnay

v aa 1 A

1 I3 = a ¢ Y a Y 1w a
wiwanlii1usesednuneenunNne1ng lasdiunasudiuninaslaunn SsdwnuIn (¥

[

rays) S981end (X rays) Lasludaeii aqueaiiu (visible light) S9@8unsusa (infrared

radiation) Aawlulasiavl (microwaves) wazafuing (radiowaves) $3@dansillowanmdusd

'
1 A

A I oAda o = & ! =
ﬂ'ﬁuaumMW@QQWUE&QN%Qﬂﬂﬁqmﬂqjﬂau@iaUﬂqmmﬁLL@ 100 U']I‘ULllmi 84 400 UWIULﬂJmi

1 v v A v 1 1 « [ d' o &
mmaaLLmaLUﬂmmﬂaaamﬂﬂaLamaam‘du 3 GU’NW]’]?,J‘H’I’J@@ULLEWW’IQEUV] 1 a9U

v a

1) 594 sans1lilelanie (LV-A) ﬁsﬁaﬂmmmmﬁu 320-400 UluLIAS

v

2) $adsanstlaleand (UV=B) Hahepatsienandu 280-320 unluwns

[ [y

3) Sadsanslleand (UV-C) Sleaemnstemaau 100-280 U lulins

Visible

Light
y-ray 4 X-ray *UV r Infrared ‘ Microwaves
: f —
0? 0! 10°

t t t
10! 1 10 1 10° 1 10° 107
uv

-
AU817A8Y (nm)

] [ovs

100 200 280 320 400

JUN 1 anasussddansililowaiiniue1indusig 9 (fauUaininain Soehnge et al,,

1997)
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2.1.2 S9doansblatanfidiuussennalan

Wesidndauiiniuussennielan Sedsanshloasidudruniavessidnicofing

v a v

A a P 1
JzgnanneulaenITUILNITNANAULAZNTEIRL (JUN 2) TneTeddansihilawanlugiemiuens

pdufitfesndt 280 uilumng azgngandulasussenmieunaualnslamzasgngandy
Tneloloulunaunuennndug1snas (Hartley band) eflanuenandussning 220-295
wluums (Orphal et al., 2003) LLazaaﬂ‘%Lﬁ]uiuszmal,ﬂﬂm%’miaLﬁawaqsgmuﬂ (Schumann
continuum) £1AN8ARLTENING 145.0-175.9 Wlumas (Huffman et al, 1992) fatiuay
wideieesidsansihlowanlugiennuenindu 280-6400 urluwns fanunsonudunss

wulanlaududsiegrainandugui 3

25
—_ L, I
e UV , Visible , Infrared
c
\
o~ 2_
E Solar Irradiance Outside Atmosphere
S ¥
o 1.5-
9]
cC Solar Irradiance at Sea Level
8
© d
s 1
| S5
e
©
5 0.51
(V)
Q
o H,0
w =

250 500 750 1000 1250 1500 1750 2000 2250 2500
Wavelength (nm)

JUN 2 awnesusedniofingnuenussenialanuavuialan Ganuaininann Bozzetti

et al,, 2010)



1600
1400
1200
1000
300
600
400

UV radiation [mW/m?/mm]

200

0
180 300 320 Mo 360 380 400

Wavelength [nm]

JUN 3 degnsaUnasusddansahlemainuralantuanimviasiisiaainueidswin

unsUgal Uil 1 Wounsng ey A, 2018 11 12.00 4.

2.1.3 99AUSENBUNIUSSEINIANNKARBSIFDans kI laLan

v A v ‘:l' 1 U dy a oA = v :JI é( 1 v}

Seddanshloaniukindsiulandzivsinmunvsetesiuiuegiunatuazin vy

a ¢ & A = = a & '

nandmansvesiui Tnldmnszviunsgandukaznszsilslagesdusznaunie q Tu
Us581N1A Wi lelwy el waziuazees AuTeasdensaluil

2.1.3.1 wavaslalwusausunausdoansalalowan

Tolauluussonnialdutadedragdmsunisanneuresssddansililaanann
A9RNRENHLNTINURTaN (Fioletov et al., 2010) Usgunad 90% wvodlalwuluusseinie
wuldluusssmatuanslaailesnseauaiugs 15-50 Alawns Inedlolwuvuiuduisyiu

ANNEY 15-35 Alaluns duBn 10% enuiszruaisaunfetulnsinaies wansnagun 4



Atmospheric Ozone

30
@ Stratospheric Ozone
o 25 {The Ozone Layst)
@
£
S 20
=<
8 15
=
< 10

Tropospheric Ozone
“Smog” Ozone

o

"

11 [ 1
0 5 10 15 20 25
Ozone Amount
(pressure, milli-Pascals)

UM 4 Wsldvestulelsulutuansilpaiesuaglnslnailes (nman Scientific

Assessment of Ozone Depletion, 1994)

Tolwuluussoniadulnsinafiesaulngiinannssuiunisianluuvagaangsa
wu geanunssaipaildlelsulunmssd@elsauanAnins s Banusignsaifing 1 @iy
TolwuluusssnaduanslnafissiinainYeddansililaandfianenadutiosnd 240
uluing Jadvuluanasendiuluusssimevinliluanasendiuunndoonifuszney

PONTLAUAIAUNT (2.1)
0,+UV->0+0 (2.1)

ntussndiaueznenazlumudiiuluanasenduluusseiniadidu 9 ey

luanaleley Senuisenisialeley faauns (2.2)

0+0,-0; (2.2)



Wesnlelguduluanaildafies Weluwanalelaugniddansillowanlugaa
ANEIAGY 240-320 WILWLIAT ANNTENUAZAA1EMILALLLENARBNTIRULALDBNTAUBYABY
Seniugisensaanedivedleloudeaunis (2.3) Teezneunieluianaveieandiauil

ausasudiusandudidutaziadulalaulasnass

O;+UV—-0,+0 (2.3)

v A

a7 e nalut ey Telsulud uusserniaviind 19 il uinsie U oadus e

danslilaaniiudundiulanlagnssuiun1sganay 3nNuITeves Frederick et al.

(1989) na1nssd@sanshilotasniuialanazuUsHuAINALLIYD9929019 08 USunadleloy

TuguUTIEINIA LazUSNIMBIAYIZNEUAIN 9 TUTUUITIINIATILAAIINATZUIUNITNY

=

SITUVRRALNTTUIUNM TV ETlanaNURluNIINIZRMAZANNEY

v a v

nsanasvedlalauluusseniatuanslaailosazyinlnsedsansthlaandaudu

v v
e~ a

usseInAnfeiuialanundu Taglut f.a. 1993 Kerr & McElroy (1993) lavinnisdudin

v v A

seaueddansihileland At a.a. 1989 - A 1993 Milledlnsouln UseimauAuInl wud
seiusddanshileandlugaruniiaduuinnit 5% nnU dansanasvedelauluusseinie
Tazihluganudenenedddinvulansauliduinlentalunisiiausiiainieiae

(Frederick, 1993)

2.1.3.2 navawuufayUsusdoansalalawan

wendunsyinfvemeadmsendnuudaan 9 Tuusseinma visilanulduudias
wihiy Tuvaenuissiianulaneufsiuiu wedidnuae US98 wagseiunnugeaiivainmaie

1%

Tungglorinenamsouvsssinvvasemussauanugdlaidu 3 ngu dedl

2.1.3.2.1 waigugs (High Clouds)
watugaduwaninnuganiniuiuuszaia 6,000 wastuly 1led9n
AugsszRuiAoud1wiuadu wadugidadadusenovvennanuiuduasd

anwazADUTIIU WatuasUsEnaumeLuvingig 9 Al



- Wewassa (Cirrus, Ci)
fu & b P P = ~ & Ao P
wagaifaduwatugaiaunsanuliuinian Faduwandanuuiswagi
Anwasnilauauun WawesSainazindouN1uTasinandansTunnlufidnsiuaan

FeUauaniiafiAneveaufIsEAUAILE

SUN 5 wiawessa (0 man Mike Kemp)

- sgailshayad (Cirrocumulus, Cc)
waweslafydatunainulidesninunwessa fdnvuzduieunaudand
AN Feraintuiiaznousedusaisn WeGssiuduwaiuuweslsfydass

a o o v

nuasdupauduanawInuaigessanlanuizdouy

UM 6 wanweslsfyda (nwann Donald Ahrens)



- weugeslansdia
waweslsansda dunatuasidnvasuaduukiuunaguiineadin dau

AUAIUITONDWTAUAIDIN AT LA A19TUNS b g9 wandudsluluaranilay

PALULAINNIUDILY Tl UA DT UAIITNSUS DA TUNS

JUN 7 waiweslsawmseia (21w Donald Ahrens)

2.1:3.2.2 wagunans (Middle Clouds)

Lmsﬁguﬂawﬁmmqwaagmmmwdw 2,000-7,000 tun3 Luenant
Ussneumeentiuasnanihudunseou

- wdalafyad (Altocumulus, Ac)

wadalnAgda iusedunansivsenauludeneainduduinguasd
auvunlaliiu 1 Alawns fdnvasdufou vedurosndusdurunuviedunay
nsfauedalnfydaludggiouiiderniadouiulutiadinagilmiaamg

Nutazuadlursue
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JUN 8 dalafayda (nwann wyoflower)

- Ladalasawmsda (Altostratus, As)
wadalasawsaadunaifdnvuziludmmsedneui Uszneuludoe
wnaauud wagreadiunagun s nduos nundnwmaiedesnisailawns

wegalasawmsAalnasnemneunsiaeNiilupnduusnuniuasselied

JUN 9 wedalnsanseda (1IN Famartin)
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2.1.3.2.3 awua1 (Low Clouds)
WU IULRREA1NI1 2,000 Wns Usenausmigngnuiwaluanine1nie
< ~ A a |
nunduenatisunauluasingUsUueg
- welyluawmsed (Nimbostratus, NS)
sruvenuinluansiaazdudimdudaividostuuniofinginnaun

szauANUuLIemeImithilegluszduiuifaiunans

JUN 10 eildluanssia (2Mwain Simon Eugster)

- weawmslafyaa (Stratocumulus, Sc)
waamslaAyda Wuadewnddnvugadedunadalafydaws ozl

[ I a a [y =) [ £ @ a 1% v A
AaNwULlUULITARANU ‘Vﬁ@L'U‘L!ﬂE]uﬂallﬁﬁlﬂ'iﬂmE]\‘iL‘VTUﬁGUENWENﬂ’ﬂﬂ NUNTOVUY

finvzlirpsnnasunanuauiad



JUN 11 waawslafagaa (amann wallacal)

- WUARSAE (Stratus, St)
dvenaawsdadudumananednaauiaviesiiaanenuenuslilae

seauiuiu TnaunfivglutbunnaIuIININEA A

JUN 12 e seia (1Mmann PiccoloNamek )

12

Ilﬂ'
gN

Y



13

dwdunavosuiifivediddansililelan esnuaasaganiulazasvioussa
Sansllawanld (Paltridee & Platt, 1976) Tnen1sdsuulassananasuusammnuaiauas
dnwazvesue denmsiuunviavessanusziuaNgsasiuliinuniosduszneud
uanesiulasiaiifesdusznouilundniuiazasiioussdofingldffian uenaininis
anawieifiuturesisdsanslleand s uiudnvmzvawiesih Tasluanwiiosiiunaay
Feaimuaazannsoaaveussasansllaanlduinian ogslsfiam doyaweniiod fu
ssRUsznaudasesuadufuUsildanansataldiluilinnsAnusansenuve i
sofedsansthleandudululfenn dafulsunadldvennisanneuvesusazidud
AudnFanasuess (cloud optical depth) dspudusiusseninsAnnudndanaves

weifuAn1sawuYesTiddansililomauanifsgun 13

UV Transmission vs Cloud Optical Depth
. 4 e

12 ey
% Solar zenith angle = 60° ==* Surface Albedo = 0.80 -
1.0 o Solar zenith angle = 75° =~ " Surface Albedo = 0.50 —
B ]
g \:C.)Q. — Surface Albedo = 0.05 -
] by )
B .
o
’:t‘; 0.8
s
G L
:§ 0.6~
= .
=
g L
k4 L
c 041
< -
€
= i
0.2
0.0l ! L 1 N [ PP
0 10 20 30 40 50

AAUANLTUES

JUN 13 Anuduiusseninsimsdeinsddansibhleanuasaimnudndaaiveu
(AuUaInInaN Lubin et al., 1994)

i 1 v aw

2.1.3.3 navasuazeasniideseddansillaian

Juazead (aerosol) munefseymaiidaniugiiuvesudwmieveunarvuiadni
wrruasluussna Svuiadurinugudnadldfous 0.01-100 lueseu Tnevtiluduazeas
ansnsonuldlutulnsTnadiesdainaeivimnamunuiniivanalndiulan duazessdiulg)

luarusausaiulaalreaianid 9991nHUIALE NUIN Weazatu1sauadiulanin
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‘Lu%gumis;rmwmﬁaumm!uazaawzﬂuaauimmwﬁmmwmjuﬁa (turbid) W vsenaiuiian
sauidelutuussemeriliueaduiiestinduivn viedunnmzianmeuasduaniuiu
uenanifuareesdifiaruannsnuatimsdrihuesidnnisgandurionse S awadldd
wu oynaduaEniAn N vsidemasliauy sal nsdundrenaiessudviili
viostiniinas InevhilUduazesasfinannanve 2 Usznns e duazoosiliAntumusssumi
(natural aerosol) Lu ﬁ'}luazaa\iﬁLﬁmmﬂmiﬁﬂwwaﬁamuumﬂﬁu%% (dust particle) 139
witlofuMaymns (sea-salt aerosol) {uagaasanluda (biomass burning) #3aiing1uan
MUz ueai il (volcanic aerosol) wazduazaesiiAinaInAanssumig q veduywe
(anthropogenic aerosol) WU {WAINATNRATIN HUALRBIINAITAUUIUVUHILALITIAT
daunnuluwagurilos WEBlwAgRAIMINTSN kAEINATUINITWUTnTes|uavesay
a1unsadwuninves] uazoeteamduuseiavnsiig o lanaiewuy Wy wumunssuI

A958R LUIULAaIR LR LazLUIALYUIa T udY

2.1.3.3.1 nszuUMsSAEUaceaas (generation process)

duazesuilognudesooniinuvasiniaudaoisasseyluusseinmaniogniinmily
AIuNTZIEAN NIEUIUNITNAYDILazeRvIsouteenly 2 Ussunnfe
- JuazeasUgugdl (primary aerosol) 1ud uageasignudesainuvdaininesng
Fuusssrnalaenss FuAnnnszumnasHANg 1wy nsipnvesay mawld
$I9 9) Lazavesundefinnaniiimea
- fuazesAsnil (secondary aerosol) LUurluarapsfiiAnainnszuIunITIaAdl

wionswasuaniuzaniigluilueynia (Gas-to-particle conversion process)

2.1.33.2 Lmdaﬁagﬂu%uusimmﬂ (atmospheric Location)
duazessiiasgluusseinialitianandiassoglusiniauazasslussiuninugad
LLG]ﬂG]'NﬁJu%‘IJEJEJﬁ/U“UU’lﬁLLazaﬂﬁUizﬂQUM’NwaﬂﬁLLaxLﬂﬁj Feanunsouvsoandu 2 ey
Fuluussermansil
- Huazeasanslanailes (stratospheric aerosol) Lﬂus!uazaaqﬁagﬂu%umimmﬂ
seduge drulugidu uazosadi Tvuradnuin 9 158091 Aiken particle (0.01

lumseu - 0.1 lupsew)
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- Huazeadinslnailes (tropospheric aerosol) Lud uazaosnnulaluszautu
nslwalesusanusnalndiiuialan drulugiluduazessiiiinainnisvinfanssy

A9 9 YDIUY WY

2.1.3.3.3 9u1ndyna (particle size)

Tnglusnoyuuinduazessneynaidnuazidunsanau wazimunvuiaves
BUNIANINANNEIVBRF U UAUSNAmTInan lumigluaseu Tunismrunuinsg iy
aveosluussemalasdniniuuntiesdawndenanszeiuini (U.S. Environmental
Protection Agency : EPA) lafin13Ai1munaA1u1n3314v89H 4514 (total suspended
particulate) waviluaveesuinadnnin 10 lirseu (PM10) usilosaninisdnuidofiuans
T urwiadnaiunsadudniazaulussuumadumeladiuandls (Ward & Ayres,
2004) Fufusunsesoguaimuinndidus daty EPA TeenianaAunsgul usauuas
Aupadusmdndy 2 9ile Ao duaressuuindnnd 10 luaseu (PM10) uaziuazeos
fiflmuadnni 2.5 luasou (PM2.5) Iaedisndndnaidei

PM10 muA918nA21mv8s EPA Msnefisumeny (course particle) 1iueyniadis
urugudnans 2.5-10 laaseu (PM10) Humasindnunainlsenugnannnssuiiviinisun
doeiiu viemsnuuatuunLuilildaingns

PM2.5 ansiFnidnaniaes EPA vsnefsuaziden (fine particle) lusynafisidy
ruguinaradnnd 2.5 luaseu (PM2.5) fundsindaanainnissnnivesaioseust adu
NTAUYAAMNTTURALATUAINN TN IALNYNANINITINYAT (UNAINT WazAne, 2004)
uenaniiuasdoadiautainainnssuiunisudsuainfielydusynaluussene
Tnsdlngdussdussnouiiinanniseendind uvesiuzsuduaisa iy ldun fe
Fawasinoonled A1glalasiaudalis fea1sveuladalnd d1garsuetiadalag
falawiialadalvs uazfigwiatinu Ganssal mwig, 2017)

Auazesudunislufuusmeussemeaiddnyifinadenisanneussdaisending

[

laglanz$iddansitiloan Wessddansthiletanannsenuivluanaves uazesdly

[
[y

U5581MALAANITAANGULAZNIIAN dadiuvasnisaanduseddansihleianiuazduiu
AauURvesluaveatuusiena lneniludeuvenluglvesUSunauasruinveiduageos
meiiuls 2 Miuls Ao duuszAnsanuuiivesussenavesdiansey (B) wavtavenings

geansen () Fadulumuaudusiusues Angstrom’s turbidity faauns
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AOD, = A~ (2.4)

e AOD, fie AMAUENTIMAIYRIHUATDRY ()

B Ao ANYLIIVBIUTTEINA (turbidity) Vesdsansey ()
a A 1aYeNMaIeIdsanseu (-)
A Ao ANETIAGY (Nm)

=

dmsuduUsnldvsvenfsanuaunsatunisnseideidvomuazess wsenanilaid
Judnsrdiuseninaiunasdngnnsziluneddimuni gnanneud etfunieiu
FUUTTBINIFALISENIN Single Scattering Albedo (SSA) Ingsnsidiussnanaiuisanilaann

dnsaIUYRIFUUTEANS 1IN eduUSYANSYeINISaANaUY Badsulassaunis

Os

SSA = (2.5)

(as+og)

dle  SSA  fe single scattering albedo (-)

o

9 duUszansAIATELaY ()

Q
%)
o))}

€

Q
o
o))}

8 duUs¥Ansnisganau ()

A1 SSA UAUANREIATULEINANNTENULRETIAUYTIATUALILANUITONTEI A
laAnnfimueInaueT Wena1ntia SSA fauiuriinueskuarens Wuuaroesiliingin
Y oA ° = 1% ' A A a v YY)
nswingdagien SSA 61 nandferuazesninanItganausidefinglauin Tumaenduiu
Huazessiiduavosunioanvizianioduazessvinveiansigazian SSA ge vilianunsn

nszReedeniindlaunn uazpaniusideriindlaties (Dubovik et al., 2000)

2.1.4 1A5899059F0an M laan

a4 A A [V

wioslefldlunsinsidsansihlelananunsantseondu 3 Uszian aud 1n3esin
awnasusaddansihlelan (UV spectroradiometer) in3asinaudusaddansihlown
Tu¥29A21081908 Un319 (broadband UV radiometer) wazias asinnanudussd
dans hlomauuuldurunsessid@vatedesdyaa (multi-channel filter UV radiometer)

1A8LA509IANY 3 USEeny L519asLd8neall
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v v v

1) wsasinaunnsussddansnlilowan

v A o

wiarinaUnasusidsanstloenaz Iandsnuressidsanshlawas a1ntuazyin
A15ENAUNASUTIA WAL AT U URINUNNWFALAINUENNARY LAYAIUUTLNBUVDLATBIIN

A7)

awnesusaddanslilownnaniadagui 14 Feallseaviduneiall

Arsused

o @
ginIoiuansad

o o P
g iaa nuiusE

é

o C )
Qﬂ NIUAIUAUUDZUVUNNVDYA

SUN 14 unugiluansesrusenauvetasesinainasuseddansililewn ((Fanlainimain

Webb, 1998)

'
v o v a o v v a

- 15USE s used@aganiannseny IﬂEJﬂ’]iGl@UﬁU@QG]I’EJl‘I}JWﬂﬂﬁ%‘V]‘U‘UEN

mFufdiinudseindneasineniunsudsavedametiveaunnnseny

L3 U a =

) v LYV I3 1 o 4
- 9UNTAULEATIE VIRUAN LY AL UNASUSIF@DNUULARLAIINY1IAAU msﬂuqﬂmm

9

k% ]
v A = a

wonedaziinszanuazingmie ansmisiiviaiuuifenazuuugyim 1ilunisuen
ann$ussd dedrsgunsalionaduvuguansdaguii 15 1iesaingunsaiien
awnadudadllannsasenssdeenifumiuenduwien q 1 auanunsalunisuen
awnnsussdvesgunsaliionseduanaldiasuil 16 d9 Iy, Aemandusediiuenlsiie
Jeufurgega wag A AeAnuemadu Juefesinainasuisddanllelandifnns

a0

@1 Full width at half maximum (FWHM) %a8n3v5awinny 1 uiluing



nszINaENoULAq

o
H=—> 330000

INFAAY

STt 15 gunsaliendduuug (fauvasnman Webb, 1998)

1.0

0.5

0.0 — A

FWHM

gﬂ‘ﬁ 16 Full width at half maximum (Webb, 1998)

18

F101929TAANUTUSIE vIuuiNTuemdsussdnaznUaslmdundsauluilngs

Tasvludnsainsidazidulilsnlalasnsediannsousanlness

gunsalmvaNkaztuiintaya viwthnsudygadniuazyinistuiinteya 10ty

agyhmswlasdaalniiduanuduidsansililelan

o U U ! d‘ U v v Ay U dl
ﬂ’mi’UWJEJEJNLﬂi@ﬂ’l@ﬁLUﬂﬁ]iNiﬂﬁ@a@iﬂ’ﬂ@LﬁG]LLﬁﬂQ@\‘]E‘U‘V] 17
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JUN 17 fsuisdveansesinaiunasuisddansihilewan (input optics) 3u DMc150 wanlae
U3 Bentham Instruments Ltd.

v a v

2) edesinnnuitussdsanihloaslusasemeniadunii

13 pednAuitussd sansilalaranluy9mngiand uninsagyinn1sinsed
danshlelanasaunaqutasrisnand uesdidsanshlaantadlnramils Wy ¥eded
danshlolaneuaztessdsansnhloend wieredidsansllelaniinasormisuywd
(solar erythemal ultraviolet radiation, EUV) @sdiuuseneuvenaiasinssdsansililowan
Tuthsmnugnaduning eud T iused fiused fnsesisd shnmainded uavgunsal

VNLFYYIU TIEIUUTZNOURIN | UAAIGIFUN 18



/ $idefing

/\#— Tauudn

——— @Fusad
|:| “«—— dnseesad

—Pp— 300

o
V +«—— gilnsnlvenedyy o
=

Ay 14

P a | 5 v U A | A Y
E‘U‘V] 18 LLNUQNLLG@Q?‘QHU?%ﬂ@‘U%@QLﬂi@ﬂjﬁﬁﬁﬁ@ac‘]i'ﬂ'ﬂ@La@ﬂu%']\‘]ﬂ'l']llﬁ'nﬂauﬂ'l'm

(Fnklagn1na1n Webb, 1998)

v a v

sUT 19 inFesinseddansihleandifinasefaniaywdiu 501A inanlauism

Solar Light

v a v

3) Lma\nmmmmesqaaamﬂﬂmamLLUUI%'LLcJuﬂsm%'qﬁwmstiiaaé’ Q8

20

wsevinANunsEsans hloaanuuldununsesssd@nansvesdyruazinnisia

a v

lanIzueANeIna uressiddansililaan 1w taTesdaTy GUV-2511 v03u3ym

Biospherical Instruments Inc. #ipAnudussd@sansihileanfininueiaau 305, 313, 320,
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340, 380 ay 395 uilulng lagiuaraiug1Inauazila1 FWHM Uszaia 10 uiluuns
FeanunsaiteyaitaluniUunadelauls ieeinuiaiuginduinasensganduyes

Telgunazuisaiueniniuliinasonisganiuveleley fieg1unIosinaduidused

danshilelanuuuldusiunsesdidnanevesdygyinuanisaguin 20

JUN 20 insesinpuduseddanlilomawutldununsesssdnanevosdynimiu GUV-

2511 WaRlABUSE Biospherical Instruments Inc.

av ad v

2.2 9URNLNYIVBY

[

o U a v dl d‘ ¥ U 1 ! v a o a v 1 d’l
ﬁ']%’i‘Ufl'TL!’Jﬁ]EWlLﬂEJ’J‘U’?Nﬂ‘UB\IaGU’PNB;!Llﬁ%@’e]ﬂ@]’e]'i\‘iﬁaaG]i'ﬂ'ﬂ’e]lﬁﬁ]u@]’laiﬂx‘iﬂ\‘m

Kalashnikova et al. (2007) vinnsuszgndldtayaniaiiufuLiion 1@ uNanseny

[ [

= a L1 dl U a Y Y
vea5sddanshilalananaeriindiiosnduazesdlulssinaseanside lnglideyaly

Aaa (% !

Wunnin13Ina3ade T (UV-B) uazlelwuniaiiufulugianiiuazesiAoud1age dausisiou
fgu1ey A.A. 2003 - §u1AY A.A. 2004 TeyaaiUnasusiddansihilemnivieauginau

285-450 ulutuns laarnan1tdinitilesniidu (Darwin) wazedwau3ed (Alice Springs)

Y a

UszinAeeainside lnedtingnilenineteeanside (BoM) uaylidesyauazesianniaie

9 9

I
a v A

Fuliladinesdinnsnaniiliiediu lnevinsimeiesdusznauresiuaresdduainiaain
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W1510005UI8%EnTaNNATBITULNLATIWES ANIINATILTEN MODIS kazAnauTRvas
AuazeeIINguUNInl MISR vuaiiey Terra Tudiuvesmsussiliunanssnuveiluasoeay
hnswseuiisusaddanshilemalannmsinluiuniduazessuasaninviesiiuseain

e AuFeddansihilewanilaanuuudiaenisanensead LibRadtran nsaiinliilduazess

dl ¥ = o

wuhflannzussenafiadeadsty duaty a vinadsinsunlnl @ naduazesdg)
wiloiflosnnFiuanneussddanslleanlduinda 40-50 wWeddusd ianue1iaau 290-300
ululns wag 20-25 Wedldud finug1adu 320-400 wilumns (AOD fiAnueniadu 500
wluiuns) uenanilduazossnnatulnitaosnufiamaay (Uiuduazos) wiledies
mIusanunsnannoussdsansthlowanle 15-25 Wesidust fimnueniadu 290-300 uly
WA wag 10 Wesidud Arnuenadu 320-350 wiluwng diuiliilosedvaussdiuazoosd
sunnlugaed a.e. 2008 Seuddiiannsaiieseinaresuaresseidsansililewn
Tuthsfiilijuazessgals

[ v

Deng et al. (2012) ldvihmsAnyinisannauseddansihilowaniiesaniuazesdly

[ [

U33811A Anamaninalar Yszmadu Taglddeyassdsaninhleaniifnangunsal
medudlutisnuemadu 295-385 wiluups Sutuedosulilnfvosuazuuudiass
Msderusad anmsfnsnaastidiuindimiudnduawosuazesuadsiinnuenndu
300 wluiuas dawindy 1.19 Fsazannousvdnsdlugnanueneiuiis 68 Wedidusd
uenaninuiilutinauds (ganen inadnigu Suae wessiniew) Svasansilleanay
gnanvieuds 72 wWeddus Ingussenia uaz 62 wWesiud ainduarens iludeusdli
duazoadluussenasinaronisanasresssdsansihleametwiitoddy deavdmanszny
AesTULineAkarININIIRiilaemnIznIEuINNIsldkasuaafiy (photochemical reaction
processes)

Kim et al. (2013) ynn1sAnwuTunalelou (03) uagAanuanifaivesiuazead
(AOD) fianueadu 320 wilwwns #aeiA3es Dobson waz Brewer spectrophotometers
puddu Tamningrdeseul (Yonsel) Tungsloa Useimneanmald Tud a.a. 2004 - a.a.
2010 yateyailldeglusutoyaneiutaziuninngiiiouaninismeuaussuesisd UV se
MsLaBuUuUases 05 AOD LLaSLN%ﬁUﬂﬂQNﬁQQWW (CO) rfuedTInaInaeing (GS)
sadamaudsenszerennves 05 wagded LV finuiilanlungdlua lnemsnouaussosdsd
UV uanslfifiuin 05 uas AOD sty 1% WeifieufuArdrsdneldannzfesiiugsla

o [y

& = Y @ =2 = A= I a v & 1Y
Nanue Feuanslimiuiinisanasuesssd am'ﬂﬂmammuNamamwquwa (ELV) 5183U

LY a a

LarsIdoans1hlelansiu (TUV) AssauNuiig 1-1.2% wag 0.2% ANua1fu @1uns
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AEUAUDIVBY TUV fo O3 fidegUszanal 0.3% dmsunismouausivesssd UV denis
WasuuUaswes CC uay GS wuirdiananas 0.12% wasfindu 0.7% auddu uenaning
MNMsAnwIMIIUIASzErEI98e 05 uarsed UV uandidiuinnisfiutures 05 (+7.2%
AENFITIY) d9Mali EUV wag TUV Juwiliuanas -8.4% sanaissy uay -2.5% Aonmissy
PSP waNAINt AOD Ty (+22.4% sevienssw) dawalvis EUV uay TUV Suunlt
anad (-4.7% AoNAITY) uagMTANTUYeY CC (+52.0% feaneissy) dswals EUV uae
TUV Tuunlthianas —6.3% fonmssy wag —6.8% fonmITTy AMEIRU FaniAT1zdnIg
DANBULTAAULUUNYAN WU NIABUANDIVDITIE UV sio O 5u¢iau%wqq

Buntoung et al. (2014) l§vhnis@nuntadeiifinasednsdiuresssddansillown
filuadefmansd (UVER) sessdtasanueniaduniie (6) sidedlidoyansiatnyed
91ngn 4 aodlussmalne laun aafiweddvd aonflguasivsid annduasugy uas
anilfnasvan deyadsnangnihunldifie Irinesisnsndru UVER/G uasgnisnouausssie
wmfmesnsusssnaduszneuluie yumilsveiniweriing duazoss leluu Usinaile
i wagdinilavesussernia nansdnminudnmnslmesamn onduyueisvenis
pnduazaviinnulavesusseinia ssliavonasiednsdiuludnuvaus@adu wavnsiives
fana 189l Tun1SNAIUILUUTI88ILUU semi-empirical #1135 UN15UTEUIUANS9E
sanshlelaniifinasiorviaiyudsadilus laodeyat am 2009 fa a.a. 2010 gniwnld
Wieasrauvudiaes wazdoyalud aa 2011 galilunisasredeunuuiians wansmaaey
wuUI1a0InUIn 1A root mean square difference (RMSD) 11U 13.5% Wag mean bias
difference (MBD) winffu ~0,5% neldanmiosiiivianun uwag 10.9% uaz —0.3% s
aeldaniglifias

Kumharn et al. (2015) la¥1n13An 80150 UsANYBIANENT LAV AL DDY
(AOD) fil#annA3es Brewer Spectrophotometer lnensuseyndlingueades (Beer's
law) waylddoyad a.a. 1997- a.d. 2011 faa1din 2 use Tuuszmelne Idun
NTANNUVILAT WAZAIYAT HATl LANUTIAT AOD 7 ngamwumuasdaigendnfiaswan
uanaNiiA1 AOD fingamnuviuasdageduluriaduazdradudmsetuiuiiawaniia
AOD anaadnfesludraduazdasuie dmsun1sudsa1 AOD auggnIanuiig
ngamwanIuAs AOD fdgadulugneu (awrdasnarafeunuaiiusfsnataion
wuaaw) Welfisuiuggdu (naafeunguaiaufenarafounaies) Tuvsfawainuing

sUwuuMsHUsANT luduLeU



24

Du Preez et al. (2021) ¥in1sAnwiseddansilaletanainaiveriinglu
wineids Ussmauaninile uagaruduiusseninauazossiulelenludulnslnaifies
Tutsggmawind@una Inslelsuludulnsinafiosuos Ssdsansllowannasofingd
IFanmsianafiufuwazainuuudiaes ludeudonay fugieu LA AL WUITAN
arudnidaamesuaroswuasiolruludulnsinafiosiaaaeluiiafousussufimaa
va9nnd uagluiuf vesunaaniuariauwanaeduimsLod ssendnedilfod
Fanslalelan (UVN) annuuudiassiazainmsin s naflesiuwihy 7 Wedidusd dmsu
nslfuuusaesisdsanslleaniivmuarlinunanszuresuazootarlelolutulng
Inaiflosainnsinlngi@nna wuinduavessiinaressdaseindunninfledieuiuleleu
Tusulnsiwaiile Steseiuduissdsanshlomnlursggmannviivesding

Reis et al. (2022) lavinas3iasisrianunlsusiuresseiddansililetanain
pseniindluilesenmeuresUssmaunda seozinn 2 U lnelifoyanisinnaiufuiid
ANENIAAY 250-400 UTuLAT 9MNITAATzAlagnsSsuLsulugaaninyiasdin
Usanniaagluynanmviosi nuiviadsinsiuasuulandnios Tngluaniniiesin
Usnmnnauazynanwiesiluggudsdanadeginiigesu

nnmsEnwawidemiiusnesdiuilulsymalneddlifinsdnuidoifoafunaves

[

{uaveesr dsrassddansililowan daluluuivedasdaviinisiiasisvinavassed

1Y

danshileanuasfnuidnuaznvainvesuaveaslulsumalngfinyasidenrodnuiden

znantuuniniy



25

uni 3
2350115 wawazn1saAUsI8Na

[ [y

Fedansthiletanainarsoring Mununganuilandnsidsuilasluey iu

BIAUTENOUNIIUTIENIA WU 1el Huavend laloy wazanuaenimansvausagnug

o o o

& A I3 s = a a
Gﬁﬂmﬁw‘!uagaaﬂLﬂu@ﬂﬂﬂigﬂaUﬁqﬂmWﬁ']ll'ﬁﬂaﬂm@u5ﬂa@']‘ﬂ@]?ﬂmﬂﬂﬂsz‘UTﬂﬂqsaﬂﬂauLLag

4
Y o ¢ Aoy a o

n32id9 Auuluaidell3dedelainnisfnvinave sl uaveeaniisiddansililalanain

Y

mseiindluaninviosihusiaanuandminuasugy uasfinndnvaeniadfvesuazoos

Tulszwalne Insilsivazidaanuitans o fadl

3.1 1A309NaN I lueuIY

3.1.1 imsainawnasusedoansilalowan (spectroradiometer)

(%
a Va v

Tuudded Afeldvinssaunutayaalnnsusiddanslilownanaieifingan

Y

U

wsorinaUnasusiddanslilowan U DMc150 nanlaeu3en Bentham Instruments Ltd.

v v A |

Tunmsiauvesasesdin Lilefsdnnnsenuiasusedazgndsludgunsaluenssd
(monochromator) Tagaginunislumandulownauiues %’ﬂﬁﬁgﬂLLaﬂﬂawmaﬂaﬂﬁuLLﬁaazlﬂ
nnsenuiy detector itevintswdsududinszualiia andudoyassgniuiinlii
Aoufunes tagldlusunse Benwing fiaunlusunsilpeu3em Bentham usiussanana

® Y o d' [ [ Q{'
LRZENUUDLA LLNUﬂ’]‘Wﬂ’]iVI’]Q’]u“UENLﬂ’i@(‘l’JG’ILLﬂﬂQ@QE‘UV\ 21

INTBIAIVANNTINNY [ ]
== HEr i BENSOFT

I' s - _/
.g‘ * fos o; IEEE488 BUS — T

DH3 ADUNAABIAIVAN

uaztiuind

szuvfiAumansuas

mlasdyanm

JUN 21 wnugiuannisvinuveaeserinanasussddansliloan
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Lﬂ%aqﬁaﬁmdnQﬂﬁﬂé’fﬂﬁmmﬂflmmﬁmwmam% 1 AEANYIANENS UNNINENFE

Aauns JaminuasUgy (13.82 °N, 100.04 °F) LLamﬁ’ﬂgﬂﬁ 22-24

[
g

a v u oA . a ) o U AW a caa
JUN 22 f13U59E (input optics) vedrzotinanaiussddansililoanainaiefindnines
Uumﬂﬂ’lmmﬁwmmam% 1

URNMINYIaeAaUINg

I
Y

JUN 23 insesinaunnsussddansililoanveuiem Bentham Instruments Ltd. fifindai

AMZANYNFNERNS UINeIaeRaUINT
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JUN 24 wihasvadlusunsy BenWin+

4{' (% v v A o v v A a & a dl'
LﬂiEN'WIﬂL‘Uﬂﬁliuiﬂﬂ@ﬂ@lﬁﬂﬂ@LEWH]8‘1/]']?1’13’3@3\‘167\]’]?]@’)\‘1@’11/]@]El‘l/lﬂ')']llﬁﬂ')ﬂ’ﬁu 260-

400 wilwuns v 9 10 uii Ingluwsiagassiminnisinagldnaussuna 2 wil Jeyaiiliay

A

Wuanseualwdhlundle nA Tuwsazeiuenlraudaazdilidaiuisatiartuunldlalaenss

v A v

Jerpvinisuasailbieglugvvesnnudusiddansibileaaniaunsainluldanulalagly

Aung
v
I;\ = =2 (31)
S\
We Iy Ao AnuniEans hilaanlulsazmiternau [mw/m? - nm]

= [

V, Ao edygraldiildainnisialunsazanueniadu [nAl
b ' o B = o [ RNy
s, e A1 sensitivity Taansedinanasusidsansihiloan

[(NA/(MW/m? = nm)]

[
e v a v

lusuilfAdeliinssiunuteyaainasuiiddansililolanainiaiesdieninatd

SYNINILABUUNTIAY A.A. 2017 - SUINAY A.A. 2018 NnduYAsBuAnIaAEUnATINA
= aA v v ) =~ a ¢ ' | ) !

AugIRdukazRaeteya i luetiluaielilunmsiinssvinaveuazeaswiall fiee

vosanasusidsansihilelanninlauansiegun 25
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1000
1800
1600
1400
1200
1000
800
600
400
100

UV radiation [mW/m?/mm]

180 300 320 30 360 380 400
Wavelength [nm]

Y 1

JUN 25 fegrsatlnasusiddanshilalananesesinaunasusddansihleand

Janiauasugy Jun 1 heudueney A.A. 2018 1381 12.00 u.

Tugunisaeuisuas esile Tadwsynaudae nasaeuisuaruuiugilunisa
ANY1IAA L (wavelength alignment) LLazmiaa‘ULﬁwmmgnﬁaﬂumii’mﬁ@ﬁmm
(spectral responsivity calibration) asdosiniuniseied

Tudnesnsaeudisuanuwiudilunisiaenuemadud 2 eg1efe egrausniiy
nsaeuLisumuliu1veainlng lfnasnun s udvsudeuis uiliaune Suiuiueu
WvnsUsudaaannduilannsTasaersesirliianerdunsstuanafuves
vaoaUTen Larot 199 2 ABN15AAININUTIUBIAILB1IAE UA BUNALUNAT NS
Fanslilaanditaldluiisutvanasunsenlaiedainsadenfing (Sun’s Fraunhofer
spectrum) e?faL‘fJuLé’uaLUﬂm%mﬁm’mms@mﬂﬁuﬁLLﬁu@uﬁqmiwﬁ 3.1 ATABULTEUEINIT

ilalagyihnisusuaanesuninlalinssivanasunisaanfuvesainasuviseulames
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[

M1397 3.1 anasuniinsganduasludivesanasusiddansalalelan (Fraunhofer

spectrum) (Wallner, 1869)

Wavelength (nm) Designation Element
430.79 G Fe
430.774 G Ca
410.175 H H6
396.847 H Ca+
393.368 K Ca+
382.044 L Fe
358.121 N Fe
336.112 P Ti+

dmsunisasurisuanuuduglunsTadagiuvenas esTnannused
danshlelangidevinsaeutiieulaslivasansgsndnuvariidauansiiuaginms
SUsinauawemasdeuiioufnanmansosinaUnndy snniuiadisaldannaieta
anasy (V) Fedudugialnithidslyanunsailuldlduminisuladiidu sensitivity

%

(S) MeaUnATININIFIUTMaaRdeUIBUTLANNINNUSEVENES Taeldaunis (3.2)

Y

vV,
S, == (3.2)
Ex
Wa S, fip A1 sensitivity vouAsavinalUnasusEdanslilelan

[(NA/mMW/m? - nm)]

=l 1 L2

Vv,  fe andyradnwihnlaannnisinmsinsesinaiunasy [nA]
E,  fe araunesussddansnlilaianuinsgiuvemasndauiiiey
[MW/m? - nm]

va

A3d8azian sensitivity Mlaunlfiduruinsgudmsuudasdyaraliialaain

Y

wsaatnliduaanasusidsansihloenlaelddisnisasaunis (3.3)
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V,
[, =2 (3.3)
Sa
Wa I o Aanasussdsansilileanilaainnisia [mw/m? - nm]

= -

V,  fAe edygradvihfldainnsinmeiaiesinainnsu nA]

S, A9 A1 sensitivity vasAsevinaUnasusiddansililelan
[(NA/MmW/m? - nm)]

JUT 26 Mm3apuisuiasasinalnasusedsansililelanlnelivaonuinsgiu

3.1.2 w3asdnenmiiasiia (skyview)

dmsumiesgvinaveduaresweiiddanslilaiannelianimviasiisimann

Ya o v Y o v A v v v av v o v
wa J3deldvihnisAndendeyaaunasuseddanshiloanameg iunvieaiinusiaanius

'
a

lnen1sdunaanninaeviesinfilaainiaesdisniwvisadin 8se PREDE Ju PSV-100 &9

v a o

AnssegNanfiifeiuiunsesinanaiusiddansililean insadiedmnaridundesdidva
Aengnludneazluning FRzaen mnesdlimvn 9 10 i fI8g194AT9018 NN 891N

wazan i uansdsgui 27-28

Va v

ERYg AN AINaNeN DI ATUANSEMINLABUNNTIAN A.A. 2017 - SUNAY A.A. 2018

Y

wwhmsidenanmviesihlugisiailifiwauadesidnswesmiieniing antuindeyaiy

an v [ & < v A
LLEWL’Jﬁ']“l/l‘lﬂﬂ’]ﬂﬂ'ﬁﬁﬂl,ﬂﬁ]umLUULﬂﬁu‘Vﬂ,UﬂWiﬂﬂLa@ﬂ
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[

JUT 27 wsesmenmesiiniinnsegininiiierensinemans 1 aneineieans

UMNIEIEEAaUINT JaninuasUgy

U7 28 f9g 19N NENEN DI NAINLATRIE18A NN NTETUT (a) iBerinUsEaNLUY
(clear sky) (b) Vioafniliusiunsain (partly sky) uae (c) issihunaAqumEILATiann

(overcast sky)

3.1.3 dayauTualelauaina1diiiss OMI/AURA
dmiuveyalelyuluasduiusseiniagideidenlddeyaainaunsal Ozone

Monitoring Instrument (OMI) fifind sag uuAaLTin AURA 799 NASA Taga1aifien

OMI/AURA §114lAasiuu Sun-synchronous satellite na1Ae 3gofumumilweInie1ing

) 1% a v O ! P U a [
Jugngeddlunisiaas dsiuluseninanlanvyuseudiies anieuazlaasiluienausey
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lanlaedszurudeavesnslaas (orbit inclination) Wuguaafidmiauaueilioieuiufums
Y9IA9DNNY dsnalinisuausansInuidrunglaies 1-2 aswwetu Inealaas

avaglunwimile-laiuuautalan (polar orbit)

HIRDLS

g‘dﬁ 29 9unsal OMILUuATIIEL AURA (Fnldaan1nann Schoeberl et al., 2006)

9

luaudl fI3evimssiusiudeyaliuialelouluaoduiusseiniAanaiey
OMI/AURA Tnaantiluanannsivles https:/aura.gsfc.nasa.gov/omi.html Fadudaya

e iuasouaqulan Bwdpazyhnisidendoyalelyy o sunisaanuasuguanly

3.1.4 w3asdulnlafitnas (sunphotometer)

L2

A nwianwuznsadfvesuarseslulsunalnelagviinissivsindeys
muEnifenasesiuazonsnniasesiulnlofines wanlaouitv Cimel Electronique g
p3esazyhmsinanafuddnswesnerfingfieueniadu 340 wiluang 380 ululns
440 wluns 500 w1 lulns 670 urluias 870 urluiuas 940 unluluns way 1020
uluiuns Teyadildainnisialuusazainueind uazidualunitsduiudusenan
(count/s) L3esdulnladinesazrinnisindednssainnieriindynn 4 15 uni wagyihnisin
Sadnszanelngnnaneuduindl 2 ULV Asuuuyuissasiinunlseriinglasniialy
N98UAZUIVDIAID1TRG (@lmucantar scan) WaTKUUNIAATNLLIRAS (principal plane)
fetnaud@nisnsyide wu single scattering albedo ngluwsazunsoslioazyinisiae
Faudnsefindtuauiansenfingan mhsnuisendanuuaeriind wafeu aadviand

| & v

ANTINYIAIENT UAIN1FEAaUINT YN15AAG LA oITUlNTATLnes A an T el
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UATUFY QUATIYEIT A9a1 NTLNNUNIUAT NUBIATY ATTUNT LAZAZITUNT) SI8azdun
vosandinnfnnunsesdulnlniivesuasdiadeyanviin1ssausinkandlinemisnen 3.2 uas

5UT 30-37 (destulnlndinedviauniduaundnues AERONET)

Y

dyarnangunsalinvesaissdulnlaiiinesazgnasluds AERONET useine

an3gei3nT 91n1u AERONET 9zvinisuszanana (process) wasdulvandoyaluiiiuled

[
va o

999 AERONET doyarudndauasesuaressitmiudeyasiedund Ingluauillidees

Y

v Y

thifeyanmwandauasesiuavessiliuindslidudoyanedilug uazseiu dmiudeya
AUANTLEesruaraasanilvianlaniwiules http://aeronet.gsfc.nasa.gov/
(A auleaunsanniinandeyaruazesdldainiivludifangd) Armnudndauases
{uayoesii Aueaadu 340 unlwuns agldlunisdinsssinaves uazeessofed

dans1hleotan

[% [ '
[ (Y va o

d‘ o 1A :j d a d‘ o a 6§ @ ] 1 Y a Ya
131N 3.2 G]’]LL‘VT‘LN‘V]GNGEJQQZ‘?O'TLJ']WVIG]ﬂ@ﬂLﬂia\‘i%‘UIWIGmLWE)TVN 8 LLWQLL@%“U’N“U@%@VIQ’J 3]

Pl
andl yoan1il A0IUNAY AU Yadayanly
f N ) Tusuidei
(azAYALAZABINYA)

1 edlyyd (CMV) Audanliendng 18.78 °N, 98.98 °E | UNT1AY A.F.
ANALUTD Y3DE0H 2018-51711AY

Tealuy A6, 2022
2 uATUgN (NP) ANLINYIAERNS 13.82 °N, 100.04 °E | unsAU A.A.
URMINYIaYAalUINg 2018-5u17A

nsoantunsUgy A.A. 2022
3 guUaTIYTH Augdanflenine 15.25°N, 104.87 °E | uns1AY A.A.
(UB) R L RIB NS 2018-5uAu

AOUAN JIWIN A.f. 2022

guas1¥s il viseanl
guUasI¥Ell
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pA

andl yosn1il A01UNAY AU Yadayanly
7 ) ) Tuau3eil
(AZAALAZADINYA)

4 #3781 (SK) Augdanlenine 7.19°N, 100.61 °E | 1Ns1AY A.AL.
alaklangTuoen 2018-5uAy

JMINAAT Y38 A.A. 2022

annflasan

5 | NTUWMNEMIUAT | NSNIRIUINASIY 13.75 °N, 100.52 °E | 1n31AY A.A.
(BKK) NALNLLAE 2019-5uAY

AUSNYNAINU %130 A.fl. 2022

anntnJuNNaMIuAT

6 | wuesmy (NK) | duanningmuesmey | 17.87 °N, 102.71 °E | 14n31AY AL
NINVSNYINTUY 130 2018-5uAY

dnntivuesne A.A. 2022
7 @381 (SRK) annilgieninen 13.68 °N, 102.50 °E | unN3IAN A.A.
aszing (esuseine) 2019-5111Au

RRGRRI G A.A. 2022
8 | audunsi (CS) anflenfleningn | 13.57 °N, 101.45°E | uns1AY A.A.

ATUNTY Vsodn

ALAILNTN

2021-5UAY

A.FA. 2022
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Depletions of Solar Ultraviolet Radiation (260-400 nm) and Solar Ultraviolet of
Vitamin D Weighted (DUV) by Aerosols Under Clear Sky Conditions: A Case Study
from Data Collected at Nakhon Pathom Station in Thailand

Solar ultraviolet (UV) radiation is part of the solar spectrum reaching the
earth’s surface. It has both beneficial and harmful effects on human health. Excessive
exposure to solar UV radiation is hazardous for humans. For instance, it can lead to
skin cancer, cataracts, and immune system suppression [1]. On the other hand,
exposure to solar UV radiation at a suitable level promotes vitamin D synthesis in the
human skin [2] which strengthens human bones.

Solar UV radiation outside the earth’s atmosphere can be divided into UVC
(100-280 nm), UVB (280-320 nm), and UVA (320-400 nm) [3]. On entering the earth’s
atmosphere, UVC is completely absorbed by the earth’s atmosphere. A small portion
of the UVB and almost all of the UVA radiation reach the earth’s surface. In general,
clouds have a strong influence on the solar UV radiation reaching the earth’s surface
during cloudy conditions. However, during clear sky conditions, aerosols have a
significant impact on the solar UV radiation reaching the earth’s surface. Deng et al.
[4] investigated solar UV radiation-in Guangzhou, China, and found that an average of
62% of solar UV radiation at 340 nm was absorbed by aerosols before reaching the
earth’s surface. Kim et al. [5] studied the effects of aerosols on solar UV radiation
under clear sky conditions in Seoul, Korea, and reported that the attenuation of
erythemal UV (EUV) radiation by aerosol is very significant.

Most areas of Thailand have very high aerosol loads [6]. To the best of our

knowledge, the effect of aerosols on surface UV radiation has not yet been reported.

L' * Part of this work has been submitted to RMUTP Research Journal
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Therefore, the objective of this work was to investigate the depletion of TUV and EUV
by aerosols using data collected at Nakhon Pathom station (13.82°N, 100.04°E) from
January 2017 to December 2018.

1. Material and method

1.1 material

This work is based on the analysis of four data sets. The first data set contains
spectral UV irradiance data obtained from ground-based measurements using a
spectroradiometer (Bentham Instrument Ltd., model DMc150) at Nakhon Pathom
station (13.82°N, 100.04°E) (Fig. 1) in the wavelength range of 260-400 nm during
January 2017 to December 2018 The spectral UV data were recorded every 10 min,
which were then averaged to transform it to hourly data. The second data set is AOD,
measured at a wavelength of 340 nm. These data were obtained from a
sunphotometer installed at the station (Fig. 1) and downloaded from the website of
AERONET (http://aeronet.gsfc.nasa.gov/). These data were similarly processed to be in
the hourly form. The third data set is the data on O; obtained from the OMI/AURA
satellite, downloaded from the website (https://aura.gsfc.nasa.gov/omi.html). These
data contained relevant daily information for the entire world. The ozone data from
the Nakhon Pathom station were used in this work. The fourth data set is the sky
image data taken by a sky camera (PREDE, model PSV-100) installed at Nakhon

Pathom station (Fig. 1). It was used to identify clear sky conditions.
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Fig. 1 The location-of the station and the instruments installed at the station. A)

input optics of the spectroradiometer, B) sunphotometer, and C) sky camera

1.2 Method
1.2.1 The effect of aerosol on TUV
In this work, TUV, the total solar radiation including UVA and UVB (260-400

nm), was calculated using the following equation.

400 nm ;

TUV = | i, dA (1)

260 nm

where
TUV = total solar ultraviolet radiation (W/m?)
I = spectral UV irradiance (W/m?%nm)

A = wavelength (nm)

The method used for investigating the effect of aerosol on TUV can be

summarized as follows. First, the data from the sky camera were used to identify the
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clear sky conditions at the station for the TUV, AOD, and O data to be analyzed
during the clear sky period. Then, the spectral UV data for clear sky conditions were
integrated over the wavelength range of 260 to 400 nm to obtain the hourly TUV
data. A plot of these data against AOD is presented in Section 3. Finally, a special
technique employing UVSPEC [7], a radiative transfer model, was used to extract the

dependence of TUV on AOD. The calculation is done using the following expression.

UVModel (ZaveAOD,03,ave)
UV(Zave: AOD, 03,ave ) = UViteas(z, AOD, 05) —2er=toress (2)

UVeas(z, AOD, O3) is the TUV measured as a function of the actual solar zenith
angle (z), aerosol optical depth (AOD), and the total ozone column (O,).
UViodel(z, AOD, O3) is the TUV from the UVSPEC at the actual conditions of z, AOD,
and Os. UVyogel(Zayve, AOD, Osaye) is the TUV from the UVSPEC, where AOD is the actual
aerosol optical depth, and z and O5 were set to constants equal to the average
values of z and Oj respectively (zye = 43°) and (O3, = 261 DU) from all the data sets
used in this study. In Equation (2), the terms UV ogel(z, AOD, Oz) and UV)yeas(z, AOD,
O3) cancel each other, leaving TUV as a function of AOD (UV(z,,., AOD, Os,..)). Then,
UV(Z,ve, AOD, Os,e) Or in-this case, TUV is plotted against AOD at 340 nm (AOD 340 )

and presented in Section 2.

1.2.2 The effect of aerosol on EUV

EUV or erythemal weighted solar ultraviolet radiation, which is more closely
related to the biological effects of solar UV radiation than UVB, was obtained from
the convolution of the solar UV spectrum and the erythemal action spectrum,

proposed by McKinlay and Diffey [3], as follows.
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EUV = [0 " [, Ry dd (3)
where
EUV = intensity of erythemal weighted solar ultraviolet radiation
(W/m?)
I = spectral UV irradiance (W/m?/nm)
Rgy = erythema response (-)
A = wavelength (nm)

The method described in Section 1.2.1 was used to examine the effect of

aerosol on EUV. The results are shown in Section 2.

2. Results and discussion

2.1 Effect of aerosol on TUV

The direct plot of total solar UV radiation against AOD under clear sky
conditions is shown in Fig. 2. Significant scatter is observed in the data points for both

years due to the effects of the solar zenith angle and ozone.
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Fig. 2 Direct plot of the total solar ultraviolet radiation data from the Bentham
spectroradiometer (TUV) against aerosol optical depth at 340 nm (AODs4g ) for 2017
and 2018.
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A plot of TUV, as a function of only AOD at 340 nm, a constant solar zenith
angle (43°), and a constant total ozone column (261 DU), as calculated from equation

(1), is shown in Fig. 3.
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Fig. 3 Plot of TUV as a function of AOD against aerosol optical depth at 340
nm (AODsqg m) With the solar zenith angle fixed at 43° and the ozone column fixed at

261 DU.

A linear-equation was fitted to the graph in Fig. 3, giving us the following

equation.
TUV = =11.057AODs40n + 48.037; R® = 0.7799 (4)
where
TUV = total solar ultraviolet radiation (W/m?)
AOD140nm = aerosol optical depth at wavelength 340 nm (-)
R? = determination coefficient (-)

Relatively less scatter is observed in the data points for 2017 and 2018 (Fig. 3)
because the values of z and O3 are fixed, and only the effect of AOD on the total

solar UV radiation is manifested. It is also observed from Fig. 3 that the TUV radiation
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for 2017 and 2018 has a linear relationship with the AOD. In other words, the TUV
decrease linearly with the increase of the AOD. This may be due to the fact that the
increase in the AOD increases the depleting agents of the UV in the atmosphere, thus
decreasing the surface UV. This result confirms the result of the research work of

Deng et al. [4].

2.2 Effect of aerosol on EUV
Similarly, a direct plot of EUV against AOD is shown in Fig. 4. Although the

values of EUV are lower than TUV, a significant degree of scatter is observed due to

the effect of the solar zenith angle and ozone.

After filtering out the effects of the variation of the solar zenith angle and
ozone column by using equation (1), the plot between EUV and AOD is shown in Fig.

5.
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Fig. 4 Direct plot of the erythemal solar ultraviolet radiation data from the Bentham
spectroradiometer (EUV) against aerosol optical depth at 340 nm (AODsqq ) for 2017
and 2018.
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5 Plot of EUV as a function of AOD against aerosol optical depth at 340 nm

(AOD34g o) With the solar zenith angle fixed at 43° and the ozone column fixed at

261 DU.

A linear relationship between EUV and AOD was obtained from the graph

plotted in Fig. 5 as shown below.

where

FUV-= - 0.0489A0Dsag 1y + 0.1713; R* = 0.6557 (5)

EUV = erythema-weighted solar ultraviolet radiation (W/m?)
AOD340nm = aerosol optical depth-at wavelength 340 nm (-)

R? = determination coefficient (-)

This result helps to confirm the work of Kim et al. [5].
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3. Conclusion

The depletion of TUV and EUV due to aerosol at Nakhon Pathom station in
Thailand was investigated. TUV and EUV were found to decrease linearly with the
increase of the AOD. The findings from this work corroborated previously reported

work from other parts of the world.
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