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Estimation of exposure time required for vitamin-D production in human skin
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EIY XtMEAh= mHEof kA 315~400 nm S UV-A, 280~315 nm
UV-B, 100~280 nm ¥HE UV-CZ 2FECt Y0l th7|E Sute of uv-Ce
QEZ0|M 100% E450f XEHO TSI $on, UV-B= QEZ0|M F 95%
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TEMIS(Tropospheric Emission Monitoring Internet Service)E Salf & £O0|C}, FRE
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relMel nith =22 dEsY, DR, MUY @Y s =01, XM =E0| BESHH
HIEIRID ZE, =27 of=let #2 Hes REshi ot HFsiHM 2 fieds zlast
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o XIQ|MEA} (Ultraviolet radiation, UV radiation)
FINBMECH B TEoR ol 2o|X| et ot BEshAR-HY-Ha| 5o 82
StH QAo nt=sHA E2E 29 LRUS FYSH7|T oot B
AXotH HREE2 AS0M 2E0 <lsh
(UV-A), Xt2|MB(UV-B), AtMC(UV-C)E FE &L}

* UV-A
RteIM gof F 315400 nm I ol ALt 7|k HEH 2F0| IS
2ot 95%7F XIEO| SR UV-AQl TR0 tf3t IES Uv-BOl o 30% Eol,
mso] BI-ATECH O 2| AS5t0] IRt F5 S0l ¥ 0lAch 95 5620
Fliate JHEICL JISHSAZOIN 2 B9 Uv-A BE FH|o BE Y2 320~

* UV-B
XM A F 280~315 nm OHY FHo| SHYECH H5H 2ESS SutHAM RE
S50 5% Tto| X|Eol =ESich QUXIZE nStAl LE2E ZS mFo| HIO|-AO|7tX]|
ZIE5t0] MAZIE SHE WY, D2 S |t XMYs| EE 42 i gt
Aol =Ll HIEtETIDE MYAIZICH 7~8€ol| A[CHZS JHEICH 7|ZHSIZAIZ0A
2 &2 UV-A &= ZH|9| & JY2 280~320 nm 0|Ct

* UV-C
XM Y F 100~280 nm mHE FHoi sHFECH G HOIE Yory|n =29 Aars
Xl S S22 IS nIXL, M5 2LES0A 100% S5E0 XIEHN| =Z5HK| =t

o SHIXIQIMEA} (Erythemal UV radiation)

XteldB Y & QAo BHts HHAZIE Aoz OB =1 AS0l A HEHLT

o XIRIMX[4 (UV Index)
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K| MX|4 (Erythemal UV Index)
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3. =e M3 A Ak

EEANZE MEO M XIEIA HY =EAZIO| tiet MH[A E= HFL
AHHIE ZAFSIRALY,

SHUM= TEMIS(Tropospheric Emission Monitoring Internet Service)S

Trejd=AtZnt SEXIM=EAR EE HFste UL H7|IM HBsts SAE 2= F8
KXol Zet=lo] Aen, Cift SANMERHS &3t H2 GMoIMe Xiejd HE= HX|F
fieez MH|AETD UCH

FAIME NIWA(National Institute of Water & Atmospheric Research)dA= EHIXIL|MQ
BEXQI Fekt HIEIRID Mo Atejdo] FFMl Feks 25 12{gh XM EAIZE FHEof
2ol A7 ZIMERUC

Approx  UVI Approx  Timefor Timefor 1000IU VitD (mins) \\\M G
SZA shadow sunburn =
&) multiplier (mins) Fullbody  Face& handsz 2 o~

(100%) no%) PR

To use the table, start by estimating the solar zenith angle (SZA),
which is 90° at sunrise or sunset and 0° for overhead sun.
Exposure times are for light skin. For darker skin, multiply by 2 (for
Maori/Polynesian) or by 5 for black skin

Estimating UVI and safe exposures from your shadow length. The UVI is
greater under broken clouds, and damage can still occur under overcast
conditions when no shadow is visible.

WWW.niwa.co.nz
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(McKenzie et al,, 2009).
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Kazantzidis et al, (2009)01|k|E
HIEIZID M XIIMEALZ

HIES EMot¥n, HEA X|HA|(Local Time)ol CHal L& HIEIDID M4 XMEAIE
HMIAIZIRAC E5H HIEFIID AT E04ZF 1000 U0 siEdst= Qx| & HEQ| 1/42 7|1&2
St HIEIZID MM XtQIMEARQI 1 SDD(Standard Vitamin D Dose)E H|E {80 w2t 7
st, 1 ol sHYste SAHES 7| sk ERst L& Azt HHS HMAISIRILE
o2 2380 w2 1 SDDE LIEHHLY,

b ATOIA MAIE XteluXls 2 HY LE2AIZ

4 370 X|¥e| nhE
LSS 0] ==0M= HIEIRID M Xte|M

Dr Richard McKenzie, Ben Liley, and Paul Johnston are atmospheric
scientists based at NIWA in Lauder. Their current collaborative
research is funded by the Health Research Council.
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1
Shadow length multiplier

‘When your shadow length is twice as long as your body length,
then no protection from UV radiation is required

When your shadow is shorter than your body
(sun elevation > 45° apove the horizon), skin
damage can occur in less than 30 minutes

When shadow length
is less than half body
length, skin damage
occurs in less than
15 minutes
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H 1, Kazantzidis et al (2009)0| A HMAISt D)8 |30 = 1 SSD 4t

Skin type Color 1 SDD/kJ'm™?

| Caucasian; blonde or red hair, freckles, fair skin, blue eyes 0.0372

Caucasian; blonde or red hair, freckles, fair skin, blue eyes

I 0.0465
or green eyes
0l Darker Caucasian, light Asian 0.0558
v Mediterranean, Asian, Hispanic 0.0836
V Middle Eastern, Latin, light—skinned black, Indian 0.1114
VI Dark—skinned black 0.1851
09
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a3 2, OF RS HIELID Y XlMEAZD #EAE R 7|E +158 S0 HIEIRIDE
MAMSH7| 218t Xte|MEAIZKKazantzidis et al,, 2009),

O 25 DR R HIEID MK LEAHEA AT BEAY LEANS LiERY
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2l 32 McKenzie et al. (2009)0|M AESH IO 2 (a)= SAIBHE LauderOf| Ao Z=5t
ot XeMEAtZ CIEOAN MSolk= SE7HEele, HIEIZID 715848 LIELHE, (b)=
HEZT HASZE 2=E OtEYE XIIMEALE ZH2te| 75848 XMEs6t0 SHIXIR Mzt
HIEIZID M4 XIIMZ AESH Z0|Ct 0| HIEHCE SUIKIIMEAZ( UV, )2 HIEIZID
MM KIMEAZH UV, )2l BIE(R= UV, ,/UVy, )2 ALE 2 209 HES JHZEIS

o
ro
Q'E
2R
o

T =~ 0.06
" =
t}F .f.\‘l"\lﬂo\'l‘-lil.p’u'fl' NC
= 0.1 c
< g Y T = 0.04
E 0.01 — g
= = 0.02
£ 0.001 3
o
=0.000 Lol B9 5 g
300 320 340 360 380 400 290 300 310 320 330
Wavelength (nm) Wavelength (nm)
38 3. (a)= FEMEO| Lauder X[HOIN STt THEYE XtMEAIE S X2t SHIXIRIM
EEE4, HIEIDID M4 XEQIM JIEE4S LEHD, (b} TFEE XielM= Al 242t
Jt5e-E M6t SEIXIRI Mot HIEIRID MM XteME MESH WS LIEH

(McKenzie et al,, 2009),

McKenzie et al. (2009)2 Sall SHAIAM LEAIZH 7,)2t HIEIRID MA XM L&
AMZHTp)E A& 4= QUL
4000 MEDF-SPF

Ty (min) = 60 VI (M

o UVh B A MEDF SPF
b Uyl R A MEDF, SPF,

H2E= Al M) DR RYL(HR! mF)of hsh MEst, uvi g St
HEof E HIERID My AZHE LEHH HolH, O 4= mERY Lol et
=

=
SHXM =F Al =& HEo| T2 HIERID XM L=EAZtS LIEHH



E 2, A3 A2 T SFI(#He! IR0l telol H8skm, UV 2 SRIs) =5 Al Y =5
BIZ{0] M2 HIEIZID AN AlZt
Time for 1000 U
VitD (min)
ADprox Sha'do.w Multlpher Time for Full body Face and
uvi NSZA multiplier (ratio erythema (100%) hands
(tan[SZA]) 2V/itD/3)Ery) (min) ? (10%)
1 70 2.7 1.0 180 20 200
2 63 2.0 1.3 120 77 77
3 57 1.5 1,55 60 43 43
4 53 1.3 1.65 45 3.0 30
5 50 1.2 1.75 36 2.3 23
6 47 1.1 1.8 30 1.9 19
7 42 0.9 1.85 26 1.5 15
8 38 0.8 1.9 22 1.3 13
9 36 0.7 1.95 20 1.1 11
10 32 0.6 2.0 18 1.0 10
1 28 0.5 2.0 16 0.9 9
12 24 0.4 2.0 15 0.83 8.3
13 15 0.3 2.0 14 0.8 8
14 10 0.2 2.0 13 0.7 71
15 0 0.0 2.0 12 0.67 6.7
| [ T 1 = () A (R (R N P |
Erytherna +Hands i
100_,‘__ — :ilamin g ane +'1m"|js 1
n e \fitamin D: Face + Arms + Legs S
E\ :-,. Witamin D: full body 100 a3
= - 5
= K=
€ E
= >
] L]
o [=%
= 10E =
£ B =
% F 10 %
5 5
g [ 2
= £
Insufficient UV =
16
F e e | ey e e | e e 8
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
uvi
O 4 08 ST oist =& HAD uvio] M2 SUXRIM =& AlZtat
HIEI2ID XM =& A|ZHMcKenzie et al,, 2009),
1) SZA : E{¥X X ZH(Solar Zenith Angle)
2) VitD : H|Et2ID(Vitamin D)
3) Ery : EKErythema)



ol =e Maf A7 A2 = mf, H|EFZID

ol
M

19

72| ORI X|X| ¢

—
—



4. QA HIEtZID M XY XM LEAIZE ME Y

o
=S4t H|EIZID Mdof| 2o{ol= XM DHEti= XteIMB HHQl 280~320 nmZE, =t
2ME of2stHA HIEIZIDE 26| Mde = U= & A7 E7L Eoltt m2tA ZA|
ZH3|(International Commission on lllumination)O|A AMA|SH HIEIZID MM J}SE4E
HMEZ5t0{ HIEIZID MM XteMsS AL

AHSED, Standard Erythemal Dose[=100 Jm *]) %t

MED = MEDF X SED 3)

MEDF= 67tX| I 30| st ZAZHIZEFRIXKMinimal Erythemal Dose Factor)O|LCt,

H 30|AM S¥olnt 71 7t XISsHE(Skin Type IV, Mediterranean) 7|2 A A

45~62= XA MED = 4,5 X SEDO| =g mf mFof SHO| Zlstct
# 3. O[30 mE MEDF Zh(McKenzie et al., 2009).
Skin Type Description SED to burn
Fitzpatric (1998) Aust/NZS (2002)

I Celtic (always burns) 2-3 25
I Pale (burns easily) 2.5-3 2.5
m Caucasian (may burn) 3-5 3.5
LY Mediterranean (burns rarely) 45-6 4.5
V S. American (rarely burns) 6—20 -
VI Negroid (rarely burns) 6—20 -




EAZH TL)olCH,

Wm %) X &

UV, (Wm™?) X Ty, = MEDF* SED(100.Jm”*)

UV, (Js~'m™?) < Ty = MEDF>100(Jm"?)

UV, (Js~'m™?)

MEDF < 100(Jm ?)

Ty

MEDF < 100
UV,

Ty(sec)

110

(UVi,)Oll 402 &5t0 At MX|4~(UVI)Z2 HHO| Al

MEDF X100
—X
40

MEDF X 100
UVET Y

T, (sec)

uvi

40 X 100 X MEDF
uvi

T,(sec)

(10)

4000 X MEDF
60 < UVI

(min)

Ty

(1)

Ratio = 1.5293 + 0.6735 < UVI(B)*"%8

XtelM

AOH

2D

H|E}

DS

XtelHB ol =

g J7IEErE XlMB ZA|

ta

i

X2

UV, 9F OpE

o
-

SME(UVyp)

=
=

(7p) RtelMofl =

|
=

RS o Ao

10



(12)

UV p(Win 2) x Ty, = Sufficient Vitamin D Radiation

ol UVt UV pQl Hi

HtS

Hx, D2 =& WX o ol UV, Xlg TS
Toict
UVip UV
_ LtD: VitD (13)
UV,  UVI
Al(12)9] UV, 0l A(13)0IM AEE UV, ZHRXUVIE THRISHH CHSab 20| HIEFZID
MMES Q8 XtelMB SARES ALk £ UCH
UVIX R X T, = Sufficient Vitamin D Radiation (14)
Sufficient Vitamin D Radiation2 I|f {S3(MEDF)1} =& HZE(A)0| w2t =2k|7| 20
Tpr= R, UVI, A0l BtH|2|St1, MEDFOf| H2{|gtct
(15)

Al (10)

b AM(5)ollM et 7,2k

XteldBel HEEe

4o Xeldol HIE 8

10 X 2 X 1 X MEDF
UVIX RXA X2.5

D=

o ZAE HIZ(R)| CHEt Ale2 FAstHH Ch3u &t
T, 20 % 1 12 1
Ty _ 0>60  1_0. 1 (15)
T, 2.5>4000 <A R 4 R
OZRE SUIXIRIMX|HE AtEctl, MEE SHEXF|MEf Dt
E e LE2EANZE e 2 Qo

2RIl MX|=0f ZEsH HIEHZID
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aerapanaaas B Fesane
FUAIAAT UVIE) 3 ; (UVyap) (UVg,)

+ MEDF = 4.3
+ Al=@93) =01
r. o MEDF x 40 X 100 r. o 20 XMEDF
i UVI(B) BT UVIBYx Rx Ax 25

= - “Lal[ARAd -2 Al T
TP w2 AT v & =lD-2 L = i

i I MBS 400~ ’
012 1 |' . % 0.4~0.6 (MEID 2% ¢ 400~600IL7)

a3 5, SUIXIRMX|2F HIEITID MM XeMX|4 MEZS 0|ch SHt 2 LEA|Ztn}
HIEIZID MM LEA|Zt ALt d02lE
4.3 HIEPID MM MY KoM EAZt HE
OIXOfA HIEIZID A HEZF MMES T MY XM L& A AESH| ¥

MEDFE S0l OERSN HWAXMOZ MHE 458 YUSIUCE £dH siHo| =0
BEZ=S ASH(IE~AE 38)0l MH|ATE MZE2EZE WS Aot =EHM A= HSH
AZat 20| KMo LEEs HEQ 012 HMESIUCHHERN 4£HES AUS W
HXS 12 JHH).

H=E XMX|e~7t 6.00[2F & o, Al(11)E AMEs5tH H|Z(R) &2 T8t
Ratio = 1.5293 + 0.6735 < 6.0%9%%7 =~ 2.3
SHIEM LEAZHT,)2 Al(10)0] uvi Zf2 s Alatkeh =~ Ut

—_=
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4000 4.5

T,(min) = 0 XEZBO(mm) (17)
HIEIZID S fIet LEAMZHT,)2 Al(14) E= A(15)2RH AE Jhssith Al(15)0=
A(17)9 7, A4S U
10 X2 X 1< 4.5 .
Ty = 5560 <23 <201 2009~ 26(min) (18)
012 1
Tp="51%53%Ts= =26.09 ~ 26(min) (19)
¢l AolM AEE HIERID MY MY LEAIZRS U HIEITID TRFO0| 1000 IUY HE
JECR si¥en, §=0l 27 E= HIEHEID e 400~600 1U(2015 $H=2Ql FYA
HH7IE, HUEXR)E MEE 42 AlLE Ao 0.4~0.62 SotH ECh 0| MH[AMM=
XAl 045 Zotod ALtSIACt M2t HA2E XIMXIeIt 6.0 o HIEHEID MMS
st ZA LEAZHT,)E A(20)EE Al(21)0] 045 S8t 10222 0| Moj= 102 0|4
CEE|0{of QX0 E25t HIEIZIDE MNE 4 A =t
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PRO UVindex_vitd

; Pick a UV index data file

root_dir_b = '/n0005/LOCAL_INTEGRATION/webapps/ccic/ROOT/data/uvb’; 'C:#WUsers
WWaveGuideWDocumentsWworkspaceWw2014WKMAWCCICWUVIWuvb'; '/Users/WaveGuide/
Documents/workspace/2014/UVI/uvb';

root_dir_a = '/n0005/LOCAL_INTEGRATION/webapps/ccic/ROOT/data/uva’; 'C:w#WUsers
WWaveGuideWDocumentsWwworkspacew2014WKMAWCCICWUVIWuva'; '/Users/WaveGuide/
Documents/workspace/2014/UVI/uva';

site_name=['013', '105', '115', '132', '138', '165', '108'];, 1At &

22X, ME

oln

22, OMHE T

o

; declaration of varables
flux_b=fltarr(7,97)
flux_a=fltarr(7,97)

xbar=dblarr(97)

ypolyl = replicate(2.5, 13)

replicate(5.5, 13)

ypoly2 (
(7.5, 13)
(
(

ypoly3 = replicate

ypolyd = replicate(10.5, 13)

ypoly5 = replicate(15, 13)

day_index = ['1','2','3']

date_tday = systime(/julian)
date_yday = systime(/julian)—1
date_tdby = systime(/julian)—2

date_tdow = systime(0)
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caldat, date_tday, month_tday, day_tday, year_tday, hour_tday, minute_tday
caldat, date_yday, month_yday, day_yday, year_yday
caldat, date_tdby, month_tdby, day tdby, year_tdby

dow_week_e = strsplit(date_tdow, /extract, ' ")

if dow_week_e(0) eqg 'Mon' then begin
dow_week = '¥&'
dow_week y = '&!'
dow_week _dby = 'E'

endif

if dow_week_e(0) eq 'Tue' then begin
dow_week = 'g}
dow week y = &'
dow_week_dby = '’

endif

if dow_week_e(0) eq 'Wed' then begin
dow_week = '&'
dow_week_y = 'St
dow_week_dby = 'g&'

endif

if dow_week_e(0) eq 'Thu' then begin

1

dow week = '=
dow _week y = '
dow_week_dby = '8}
endif
if dow_week_e(0) eq 'Fri' then begin
dow_week = '&'
dow_week y = '='
dow_week_dby = '4'
endif

if dow_week_e(0) eq 'Sat' then begin
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dow_week = 'E'
dow_week y = '&'
dow_week_dby = '&'
endif
if dow_week_e(0) eqg 'Sun' then begin
dow_week = '&'
dow week y = 'E'
dow_week_dby = '&'

endif

; main module starts
for i=0, 6 do begin
for 1=0, 2 do begin

yg=fltarr(97)
yy=fltarr(97)
yo=fltarr(97)
yr=fltarr(97)
yp=fltarr(97)

print, site_name(i)+'_'+day_index(l)

; read uvindex table

index_file_ b = file_search(root_dir_b, site_name(i)+'_'+day_index(l)+'.tbl')
index_file_a = file_search(root_dir_a, site_name(i)+' _'+day_index(l)+".tbl')
index_file_c = file_search(root_dir_b, 'uvbdate. txt')

readcol, index_file_c, y_obs, m_obs, d_obs, h obs, mn obs;, "I, I, I, I, I

; check table is available

1 n

if index_file_b ne " and index_file_a ne " then begin
readcol, index_file_ b, y b, m1_b, d b, h_ b, m2 b, f b, /silent

readcol, index_file_a, y_ a, ml_a, d_a, h_a, m2_a, f_a, /silent
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for j=0, 96 do begin
flux_b(i, j) = f_b(j)
flux_a(i, j) = f_a(j)
endfor
file_exist_index = 'complete'
value_existence_index_b = where(flux_b(i,0:96) ne —999.0, count_b)
value_existence_index_a = where(flux_a(i,0:96) ne —999.0, count_a)
if count_a eq 0 then file_exist_index = 'positiveB'
if i eq 0 then begin
; The data to plot,
time = timegen(97, units='minutes’, step_size=10, start=julday(mi_b(0),
d_b(0), y_b(0), h_b(0), m2_b(0)) $
, final=julday(m1_b(96), d_b(96), y b(96), h_b(96), m2_b(96)))
endif
if count_b eq 0 then begin
file_exist_index = 'positiveA'
if i eq O then begin
; The data to plot,
time = timegen(97, units='minutes', step_size=10, start=julday(m1_a(0),
d_a(0), y_a(0), h_a(0), m2_a(0)) $
, final=julday(m1_a(96), d_a(96), y_a(96), h_a(96), m2_a(96)))
endif
endif

endif

if index_file_b ne " and index_file_a eq " then begin
readcol, index_file_ b, y b, mi b, d b, h b, m2b, fb
for j=0, 96 do begin
flux_b(i, j) = f_b(j)
endfor
file_exist_index = 'positiveB'

if i eq 0 then begin
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; The data to plot,
time = timegen(97, units='minutes’, step_size=10, start=julday(mi_b(0),
d_b(0), y_b(0), h_b(0), m2_b(0)) $
, final=julday(m1_b(96), d_b(96), y_b(96), h_b(96), m2_b(96)))
endif
endif

if index_file_b eq " and index_file_a ne " then begin
readcol, index_file_a, y a, ml_a, d a, h.a, m2_a, f a
for j=0, 96 do begin
flux_a(i, j) = f_al(j)
endfor
file_exist_index = 'positiveA'
if i eq 0 then begin
; The data to plot,
time = timegen(97, units='minutes’, step_size=10, start=julday(m1_a(0),
d_a(0), y_a(0), h_a(0), m2_a(0)) $
, final=julday(m1_a(96), d_a(96), y_a(96), h_a(96), m2_a(96)))
endif

endif
if index_file_b eq " and index_file_a eq " then begin
break

endif

; make an array for each level cross line

xpoly = time(0:12)

; make values for x—axis domain

x = time

; make values for y—axis domin by each data status
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it file_exist_index eq 'positiveB' or file_exist_index eq 'complete' then begin
y = flux_b(i,*)
if file_exist_index eq 'complete' then begin
for j=0, n_elements(y)—1 do begin
if y(j) It 0.0 then y(j)=0.0
if f_a(j) It 0.0 then f_a(j)=0.0
endfor
endif
if file_exist_index eq 'positiveB' then begin
for j=0, n_elements(y)—1 do begin
if y(j) It 0.0 then y(j)=0.0
endfor
endif
endif
if file_exist_index eq 'positiveA' then begin
y = flux_a(i,*)
for j=0, n_elements(y)—1 do begin
if y(j) It 0.0 then y(j)=0.0
endfor

endif

; Draw the plot axes,
win = window(dimensions=[600, 350], /buffer)

win Erase

dummy = label _date(date_format=['%H'])
uvi=plot(x, vy, xtickunits='hour', xtickinterval=1, xminor=5, xstyle=1, yminor=1,
xrange=[time(0), time(96)], yrange=[0.0, 15.0], axis_style=2 $
, /current, xtickformat='label_date', XTitle="A|Z}F, YTitle="X}2|MX|£', font_name=
‘NanumGothic', thick=2 $
, xticklen=0.02, yticklen=0.02, /nodata, font_size=13, xtickfont_size=12, ytickfont_
size=12, margin=[0.09,0.12,0.02,0.08], title='CtH")
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uvi['axis2'] ticklen=0

; calculate half value of x—axis bin

xterm = (x(49)—x(48))/2.0d

; calculate values of each uvindex for coloring of each bar

FOR k=0, n_elements(y)—1 DO BEGIN

xbar(k) = x(k) — xterm

if f a(k) eq —999.0 then f a(k) = 0.0

if y(k)+f_a(k) ge 0.0 and y(k) It 2.5 then begin
ya(k) = y(k)+f_a(k)

endif

if y(k)+f_a(k) ge 2.5 and y(k) It 5.5 then begin
yy(k) = y(k)+f_a(k)
sprint, K

endif

if y(k)+f_a(k) ge 5.5 and y(k) It 7.5 then begin
yo(k) = y(k)+_a(k)

endif

if y(k)+_a(k) ge 7.5 and y(k) It 10,5 then begin
yr(k) = y(k)+f_a(k)

endif

if y(k)+f_a(k) ge 10.5 then begin
yp(k) = y(k)+f_a(k)

endif

ENDFOR

; draw color bar

feat_green=barplot(xbar, yg, fill_color="EFF3FF'x, /overplot, outline=0, /histogram)
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feat_yellow=barplot(xbar, yy, fill_color="FED98E'x, /overplot, outline=0, /histogram)
feat_orange=barplot(xbar, yo, fill_color="FD8D3C'x, /overplot, outline=0, /histogram)
feat_red=barplot(xbar, yr, fill_color="FO3B20'x, /overplot, outline=0, /histogram)

feat_purple=barplot(xbar, yp, fill_color='54278F'x, /overplot, outline=0, /histogram)

if file_exist_index eq 'complete' then begin
; uvab=plot(x, y+f_a, /overplot, thick=1, color='blue', name='&X}2|MX|4(A + B),
ANTIALIAS=1, yrange=[0.0, 15.0])

uvab=plot(x, y+f_a, /overplot, thick=1, color='blue', name='XI2|MX|$=(A + B)',
ANTIALIAS=1, yrange=[0.0, 15.0])

endif

; draw level info on left—side
index_5 = barplot(xpoly, ypoly5, /overplot, fill_color='54278F'x, histogram=1, outline = 0)
index_4 = barplot(xpoly, ypoly4, /overplot, fill_color="FO3B20'%, histogram=1, outline = 0

( )

index_3 = barplot(xpoly, ypoly3, /overplot, fill_color="FD8D3C'x, histogram=1, outline = 0)

index_2 = barplot(xpoly, ypoly2, /overplot, fill_color='FED98E'x, histogram=1, outline = 0)
(

index_1 = barplot(xpoly, ypolyl, /overplot, fill_color='EFF3FF'x, histogram=1, outline = 0)

; draw level line

warn_line = polyline([x(0), x(96)], [2.5,2.5], linestyle=2, color='black’, /data, thick=2)
mid_linel = polyline([x(0), x(96)], [5.5,5.5], linestyle=2, color='black’, /data, thick=0.5)
mid_line2 = polyline([x(0), x(96)], [7.5,7.5], linestyle=2, color="black’, /data, thick=0.5)
mid_line3 = polyline([x(0), x(96)], [10.5,10.5], linestyle=2, color=black’, /data, thick=0.5)

; draw level line info

mesgl_1 = text(x[4], 1.2, 'LOW', font_color='black’, font_size=8, font_name='Nanum
Gothic', /data)

mesgl_2 = text(x[4], 0.5, ()", font_color='black’, font_size=8, font_name='Nanum
Gothic', /data)

mesg2_1 = text(x[4], 4.0, 'MOD', font_color='black’, font_size=8, font_name='Nanum
Gothic', /data)
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mesg2 2 = text(x[4], 3.3, (EE)', font_color='black’, font_size=8, font_name='Nanum
Gothic', /data)

mesg3_1 = text(x[4], 6.5, 'HIGH', font_color="black’, font_size=8, font_name='"Nanum
Gothic', /data)

mesg3 2 = text(x[4], 5.8, (&=), font_color="black’, font_size=8, font_name='Nanum
Gothic', /data)

mesg4 1 = text(x[1], 9.0, 'VERY HIGH', font_color="black’, font_size=8, font_name=
‘NanumGothic', /data)

mesg4d 2 = text(x[2], 8.3, (1S=2)", font_color='black’, font_size=8, font_name=
'‘Nanum Gothic', /data)
; mesg5_1 = text(x[2], 12,5, 'EXTREME', font_size=8, font_name='NanumGothic', font_
color="EBGEBE6'x, /data)
; mesg5 2 = text(x[4], 11.8, (&), font_size=8, font_name='NanumGothic', font_color
='EGEBE6G'x, /data)

mesg5_1 = text(x[2], 12,5, 'EXTREME', font_size=8, font_name='NanumGothic',
font_color=[230,230,230], /data)

mesg5 2 = text(x[4], 11.8, (&), font_size=8, font_name='NanumGothic',

font_color=[230,230,230], /data)

; read files for calculation of proper exposure time
if m1_b(count_b—1) It 10 then month_temp = '0'+strtrim(string(round(m1_b(count_b—1))),1)

’

if m1_b(count_b—1) ge 10 then month_temp = strtrim(string(round(m1_b(count_b—1))),1)
index_file_climate = file_search(root_dir_b, 'Climatology_'+month_temp+'_5station. txt')
index_file_date = file_search(root_dir_b, 'time_arr_'+month_temp+' txt')

; print, 'Climatology_'+month_temp+' 5station.txt', 'time_arr_'+month_temp+' txt'
readcol, index_file_climate, uvb 105, uvb 132, uvb 138, uvb 165, uvb 013;, I, I, I, I, I
readcol, index_file_date, list_day, list_hour, list_min;, "I, I, I, I, I
day_sync_arr=fltarr(4,97)
date_dumi=where(list_day eq d_b(count_b—1) and list_hour ge 4. and list_hour It 20.)

;print, date_dumt
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;print, n_elements(date_dum1)
for m=0, 96 do begin
if m le (count_b—1) then begin
if m It 96 then day_sync_arr(0,m) = y(m)
if m eq 96 then day_sync_arr(0,96) = y(96)
endif else if site_name(i) eq '013' then begin
if m It 96 then day_sync_arr(0,m) = uvb_013(date_dumi(m))
if m eq 96 then day_sync_arr(0,96) = uvb_013(date_dum1(95)+1)
endif else if site_name(i) eq '105' then begin
if m It 96 then day_sync_arr(0,m) = uvb_105(date_dumi(m))
if m eq 96 then day_sync_arr(0,96) = uvb_105(date_dum1(95)+1)
endif else if site_name(i) eq '115' then begin
if m It 96 then day_sync_arr(0,m) = uvb_105(date_dumi(m))
if m eq 96 then day _sync_arr(0,96) = uvb_105(date_dum1(95)+1)
endif else if site_name(i) eq '132' then begin
if m It 96 then day_sync_arr(0,m) = uvb_132(date_dumi(m))
if m eq 96 then day_sync_arr(0,96) = uvb_132(date_dum1(95)+1)
endif else if site_name(i) eq '138' then begin
if m It 96 then day_sync_arr(0,m) = uvb_138(date_dumi(m))
if m eq 96 then day_sync_arr(0,96) = uvb_138(date_dumi1(95)+1)
endif else if site_name(i) eq '165' then begin
if m It 96 then day_sync_arr(0,m) = uvb_165(date_dumi(m))
if m eq 96 then day_sync_arr(0,96) = uvb_165(date_dumi(95)+1)
endif else it site_name(i) eq '108' then begin
if m It 96 then day_sync_arr(0,m) = uvb_105(date_dum1(m))
if m eq 96 then day_sync_arr(0,96) = uvb_105(date_dum1(95)+1)
endif
if m It 96 then day_sync_arr(1,m) = list_day(date_dumi(m))
m eq 96 then day_sync_arr(1,96) = list_day(date_dum1(95)+1)
m It 96 then day_sync_arr(2,m) = list_hour(date_dumi(m))
if m eq 96 then day_sync_arr(2,96) = list_hour(date_dum1(95)+1)
m It 96 then day_sync_arr(3,m) = list_min(date_dum1i(m))
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if m eq 96 then day_sync_arr(3,96) = list_min(date_dum1(95)+1)

endfor
; print, 'Important: ', count_b, day_sync_arr(0,count_b—1), day sync_arr(1,count_b—1),
day_sync_arr(2,count_b—1), day_sync_arr(3,count_b—1),y_b(count_b—1), m1_b(count_b—1),
d_b(count_b—1), h_b(count_b—1), m2_b(count_b—1)
; print, day_sync_arr(0,0), day_sync_arr(1,0), day_sync_arr(2,0), day_sync_arr(3,0)
; print, day_sync_arr(0,96), day_sync_arr(1,96), day_sync_arr(2,96), day_sync_arr(3,96)
,stop

;print, day_sync_arr(0,0:96)

optimal_time = fltarr(6)
; print, 'date sync: ', (((h_obs*60)+mn_obs)—((day_sync_arr(2,count_b—1)*60)+day_
sync_arr(3,count_b—1)))
if (((h_obs™60)+mn_obs)—((day_sync_arr(2,count_b—1)*60)+day_sync_arr(3,count_b—1)))
le 20 then begin
if I eq O then begin
if y(count_b—1) It 0.1 then y(count_b—1) = 0.1

for mn=count_b, 95 do begin
td = (mn—(count_b—1))*10
uvi_temp_d = total(day_sync_arr(0,count_b—1:mn))/(mn—(count_b—2))
td_uvi = td*uvi_temp_d
ratio_d = 1,5239+0.6735*(uvi_temp_d"0,0887)
;print, day_sync_arr(0,count_b—1:mn)
sprint, td_uvi, 144/ratio_d, td, uvi_temp_d, day_sync_arr(0,mn), day_sync_arr
(0,mn—1)
if td_uvi ge (144/ratio_d) then begin
optimal_time(0)=day_sync_arr(0,mn) & optimal_time(1)=day_sync_arr(1,mn) &
optimal_time(2)=day_sync_arr(2,mn)
vitd_exp_time = td
break

endif else begin
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vitd_exp_time = 9
endelse
endfor
,stop
for nm=count_b, 95 do begin
te = (nm—(count_b—1))*10
uvi_temp_e = total(day_sync_arr(0,count_b—1:nm))/(nm—(count_b—2))
te_uvi = te*uvi_temp_e
;print, te_uvi, te, uvi_temp_e, day_sync_arr(0,nm), day_sync_arr(0,nm—1)
if te_uvi ge 300 then begin
optimal_time(3)=day_sync_arr(0,nm) & optimal_time(4)=day_sync_arr(1,nm) &
optimal_time(5)=day_sync_arr(2,nm)
crit_exp_time = te
break
endif else begin
crit_exp_time = 9
endelse
endfor
;stop
crit_exp_time_prev = (4000*4.5)/(60*y(count_b—1))*0.4
vitd_exp_time_prev = (20*4.5)/(0.25*2*y(count_b—1))*0.4

; print, 'results: ', vitd_exp_time, crit_exp_time, vitd_exp_time_prev, crit_exp_time_

prev,, optimal_time

;print, 'recommended exposure time=', strtrim(vitd_exp_time,1)," ', strtrim(round

(vitd_exp_time/10)*10,1)," ', strtrim(vitd_exp_time_v1,1), crit_ exp_time,’ ', 'UV-b index=

strtrim(y(count_b—1),1)

now_time = bin_date(systime())

;if vitd_exp_time ge 11 and now_time(3) It 13 and now_time(3) ge 10 then begin

if vitd_exp_time le 500 and vitd_exp_time ge 10 and now_time(3) It 14 and
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now_time(3) ge 9 then begin
if i eq 6 then begin
if count_b It 100 then begin
vitd_leg_bg = polygon([x(count_b+11), x(count_b—13), x(count_b—13), x(count_
b+11)], [y(count_b—1)+5.2,y(count_b—1)+5.2 y(count_b—1)+8.1,y(count_b—1)+8.1], /data, fill_
color='white', color='white')
vitd_leg_t = text(x(count_b—1), y(count_ b—1)+6.9, ' H|EIZID HZEZF,
font_name='NanumGothic', /data, font_size=16, alignment=0.5)
vitd_leg_b = text(x(count_b—1), y(count_b—1)+55, 'MAM ™™ LZAIZF
font_name='NanumGothic', /data, font_size=16, alignment=0.5); 2 H|E}ZID HZZF MM
MY EAIZt
endif; else begin
; vitd_leg_t = text(x(count_b—17), y(count_b—1)+6.9, 'H|EIZI MA' /data,
font_size=16)
vitd_leg_b = text(x(count_b—18), y(count_b—1)+5.5, 'M™ LS=A|ZV, /data,
font_size=16)
; endelse
endif
;vitd_box = polygon(vitd_dt_x, vitd_dt_y, /data, fill_color='74c476'x, thick=2)
if vitd_exp_time ge 1000 then begin
;vitd_ellipse = ellipse(x(count_b—1), y(count_b—1)+3.7, major=0.115, minor=1.3,
/data, fill_color='74c476'x, thick=2)
;vitd_box = polygon([x(count_b+13), x(count_b+11), x(count_b—14), x(count_
b—15), x(count_b—15), x(count_b—14), x(count_b+11), x(count b+13)], [y(count b—1)+5.2,
y(count_b—1)+5.0,y(count_b—1)+5.0,y(count_b—1)+5.2,y(count_b—1)+8.1,y(count_b—1)+8.3,
y(count_b—1)+8.3,y(count_b—1)+8.1], /data, fill_color='74c476'x, color="black’)
endif else begin
;vitd_ellipse = ellipse(x(count_b—1), y(count_b—1)+3.7, major=0,095, minor=13,
/data, fill_color="74c476'x, thick=2)
a=x(count_b+5)
b=x(count_b—7)
c=(x(count_b+13)—x(count_b+12))/20
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d=y(count_b—1)

e=2.5

f=4.8

9=0.02

; g2=0.04

vitd_box = polygon([a+5*c, a+2*c, atc, a, a—c, a—2*c, a—5*c, b+5%c, b+2*c,
b+c, b, b—c, b—2*c, b—5*c, b-5%*c, b—2%c, b—c, b, b+c, b+2*c, b+5*c, a-5*c, a—2*c,
a—c, a, atc, at2*c, at+b*c], [d+e+5*g, d+etd*g, d+e+2*g, d+e, d+e—2*g, d+e—4*g,
d+e-5*g, d+e-5*g, d+te—4*g, d+te—2*g, d+e, d+e+2*g, d+et+d*g, d+et+5*g, d+—5%g,
d+f—4*g, d+f—2*g, d+f, d++2*g, d++4*g, d++5%g, d++5*g, d+H+4*g, d+H+2*g, dH,
d+—2*g, d+i—4*g, d+—5*g], /data, fill_color="74c476'%, color="black’, thick=1.8)

;vitd_box = plot([x(count_b+15), x(count_b+14),x(count_b+13), x(count_b+12),
x(count_b+11), x(count_b—13), x(count_b—14), x(count_b—15), x(count_b—16), x(count_b—17),
x(count_b—17), x(count_b—16), x(count_b—15), x(count_b—14), x(count_b—13), x(count_b+11),
x(count_b+12), x(count_b+13), x(count_b+14), x(count_b+15)], [y(count_b—1)+6.0,y(count_
b—1)+5.7,y(count_b—1)+5.4,y(count_b—1)+51,y(count_b—1)+4.8,y(count_b—1)+4.8,y(count_
b—1)+5.1,y(count_b—1)+5.4,y(count_b—1)+5.7,y(count_b—1)+6.0,y(count_b—1)+7.5,y(count_
b—1)+7.8,y(count_b—1)+8.1,y(count_b—1)+8.4,y(count_b—1)+8.7,y(count_b—1)+8.7,y(count_b
—1)+8.4,y(count_b—1)+8.1,y(count_b—1)+7.8,y(count_b—1)+7.5], /data, fill_color="74c476'x,
color='black', /overplot)

endelse
;vitd_min = text(x(count_b—1), y(count_b—1)+3.2, strtrim(round(vitd_exp_time),1)+
'~'+strtrim(round(crit_exp_time),1)+'&', font_name='NanumGothic', /data, font_size=18,
font_style=0, alignment=0.5)
vitd_min = text(x(count_b—1), y(count_b—1)+3.2, strtrim(round(vitd_exp_time/10)
*10,1) +'&', font_name='NanumGothic', /data, font_size=18, font_style=0, alignment=0.5)
vitd_arrow = arrow([x(count_b—1), x(count_b—1)],[y(count_b—1)+2.4, y(count_b—1)
+0.5], /data, /current, head_size=0.7, thick=2)
endif
if vitd_exp_time gt 9999 then begin
vitd_dt_x = [x(count_b—2)-0.053, x(count b+2)+0.043, x(count_b+2)+0.043,
x(count_b—2)—0,053]
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vitd_dt_y = [y(count_b—1)+2.4, y(count_b—1)+2.4, y(count_b—1)+4.6, y(count_
b—1)+4.6]

a=x(count_b+7)

b=x(count_b—9)

c=(x(count_b+15)—x(count_b+14))/20

d=y(count_b—1)

e=25

f=4.8

g=0.02

vitd_box = polygon([a+5*c, a+2*c, atc, a, a—c, a—2%c, a—5%c, b+5*c, b+2*c,
b+c, b, b—c, b—2%*c, b-5%c, b—5*c, b—2%c, b—c, b, b+c, b+2*c, b+5*c, a—5%c, a—2*c,
a—c, a, atc, at2*c, at+5*c], [d+e+5*g, d+etd*gy, d+e+2*g, d+e, d+e—2*g, d+e—4*g,
d+e—5*g, d+e-5*g, d+e—-4*g, d+e—2*g, d+e, d+e+2*g, d+e+4*y, d+e+5*g, d+i-5%g,
d+i—4*g, d+f—2*g, d+f, d+i+2*g, d+i+4*g, d++5%g, d++5*g, d+i+4*g, d++2*g, d+H,
d+i—-2*g, d+f—4*g, d+i—-5*g], /data, fill_color="FO3B20'x, color='black’, thick=18)

;vitd_box = polygon(vitd_dt x, vitd_dt_y, /data, fill_color="FO3B20'x, thick=2)

;vitd_ellipse = ellipse(x(count_b—1), y(count_b—1)+3.7, major=0.075, minor=13,
/data, fill_color='"FO3B20'x, thick=2)

vitd_leg_b = text(x(count_b—1), y(count_b—1)+3.3, ''=&XIA|, font_name='Nanum
Gothic', /data, font_size=16, font_style=1, alignment=0.5)

vitd_arrow = arrow([x(count_b—1), x(count_b—1)],[y(count_b—1)+2.4, y(count_b—1)+
0.5], /data, /current, head_size=0.8, thick=2)

endif
endif

endif

; draw graph title
if | eq O then begin
if fix(mn_obs) It 10 then begin
fixed_mn_obs = '0" + strtrim(string(fix(mn_obs)), 1)
endif else begin

fixed_mn_obs = strtrim(string(fix(mn_obs)), 1)
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endelse

' '+ stririm(string
' ' + stririm(string(day_tday), 1) + '&(' + dow_week + ')
(string(fix(h_obs)), 1) + "' + fixed_mn_obs + ' &=

if i eq O then uvititle = "M " + stririm(string(year_tday), 1)
(month_tday), 1) +

+ strtrim
if i eq 1 then uvititle = 'AZ2 ' + stririm(string(year_tday), 1)
(month_tday), 1) +

"'+ stririm(string
"2 ' + stririm(string(day_tday), 1) + '&(' + dow_week + ') ' + strtrim
(string(fix(h_obs)), 1) + "' + fixed_mn_obs + ' &=

if i eq 2 then uvititle = '2& ' + strtrim(string(year_tday), 1) + A"
(string(month_tday), 1) + "€ ' + strtrim(string(day_tday), 1)

strtrim(string(fix(h_obs)), 1) + '

+ strtrim
‘2" + dow_week + ') ' +
' + fixed_mn_obs + ' Z='
if i eq 3 then uvititle = 'O9tHE ' + stririm(string(year_tday)
(string(month_tday), 1) + "& ' + strtrim(string(day_tday), 1)
strtrim(string(fix(h_obs)), 1) + '

1) + 'E " + strtrim
' + fixed_mn_obs + '

'A(" + dow_week + ) ' +
BE'
if i eq 4 then uvititle = ' ' + strtrim(string(year_tday)
(month_tday), 1) + "& ' + strtrim(string(day_tday), 1)
(string(fix(h_obs)), 1) +

1) + '"A " + stririm(string
+ fixed_mn_obs + '

'2(" + dow_week + ')

="
—_

+ strtrim
if i eq 5 then uvititle = "SI ' + stririm(string(year_tday)
(month_tday), 1)

+ "8 ' + stririm(string(day_tday), 1)
(string(fix(h_obs)), 1) + '

1) + 'H " + strtrim(string
' + fixed_mn_obs + '

'2(" + dow_week + ')

+ strtrim
BE
if i eq 6 then uvititte = 'ME ' + stririm(string(year_tday), 1) + 'H ' + strtrim(string
(month_tday), 1) + "& ' + strtrim(string(day_tday), 1) + '&(' + dow_week + ') ' + strtrim
(string(fix(h_obs)), 1) + "' + fixed_mn_obs + ' &A=
endif
if | eq 1 then begin
if i eq O then uvititle = '1IAF " + stririm(string(year_yday), 1) + ' ' + strtrim
(string(month_yday), 1) + "& ' + stririm(string(day_yday), 1) +
if i eq 1 then uvititle =

2" + dow_week_y + )
(string(month_yday), 1)

year_yday), 1) + strtrim
+ |_'O_EJ 1 )

'2A(" + dow_week_y + ")’
if i eq 2 then uvititle = '5& ' + strtrim(string(year_yday), 1) +
(string(month_yday), 1) + &'

'2(" + dow_week y + )

)
"AE ' + stririm(string( +'a"’
),

+ strtrim(string(day_yday

' '+ stririm
+ strtrim(string(day_yday)

1) +
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if i eq 3 then uvititle = 'tHE ' + stririm(string(year_yday), 1) + '"&H ' + strtrim

(string(month_yday), 1) + "& ' + strtrim(string(day_yday), 1) + '&(' + dow_week y + ")’
if i eq 4 then uvititle = '3 ' + stririm(string(year_yday), 1) + 'A ' + strtrim

K=
=

(string(month_yday), 1) + + strtrim(string(day_yday), 1) + '&(' + dow_week y + ")’

1

(string(month_yday), 1) + '&

),

(

),

if i eq 5 then uvititle = 'S ' + stririm(string(year_yday), 1) + '3 ' + strtrim

+ stririm(string(day_yday), 1) + '&(' + dow_week y + ')’

if i eq 6 then uvititle = "M ' + stririm(string(year_yday), 1) + ' ' + strtrim
)

(string(month_yday), 1) + '€ ' + strtrim(string(day_yday), 1) + '"&(' + dow_week_y + ')’

endif
uvi_title position = [0.53, 0.97]

if | eq 2 then begin
if i eq O then uvititle = 'IAF " + stririm(string(year_tdby), 1) + ' ' + strtrim
(string(month_tdby), 1) + "& ' + stririm(string(day_tdby), 1) + '&(' + dow_week _dby + ")’
if i eq 1 then uvititle = 'ZE ' + stririm(string(year_tdby), 1) + '"&H ' + strtrim
(string(month_tdby), 1) + "& ' + strtrim(string(day_tdby), '2(" + dow_week _dby + ')
if i eq 2 then uvititle = '2& ' + strtrim(string(year_tdby), 1) + "& ' + strtrim

1)+

(
(string(month_tdby), 1) + & ' + stririm(string(day_tdby), 1) + '&(' + dow_week _dby + ")’
if i eq 3 then uvititle = 'QFHE ' + stririm(string(year_tdby), 1) + '& ' + strtrim
1)+

(string(month_tdby), 1) + "& ' + strtrim(string(day_tdby), ‘2" + dow_week _dby + ")’

if i eq 4 then uvititle = '8t ' + stririm(string(year_tdby), 1) + '&H ' + strtrim
(string(month_tdby), 1) + & ' + stririm(string(day_tdby), 1) + '&(' + dow_week dby + ")’
if i eq 5 then uvititte = 'SX ' + stririm(string(year_tdby), 1) + '"& ' + strtrim
(string(month_tdby), 1) + & ' + stririm(string(day_tdby), 1) + '&(' + dow_week _dby + ")’
if i eq 6 then uvititle = 'M& ' + stririm(string(year_tdby), 1) + '& ' + strtrim
(string(month_tdby), 1) + & ' + strtrim(string(day_tdby), 1) + '&(' + dow_week_dby + ')’

endif
; save img file

imgpath = '/n0005/LOCAL_INTEGRATION/webapps/ccic/ROOT/data/graph/vitd/';
'/Users/WaveGuide/Documents/workspace/2014/UVI/graph/'; 'C:WUsersWwWaveGuideW
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DocumentsWwworkspaceWw2014WKMAWCCICWUV IW';
imgname = site_name(i)+'_'+day_index(l)
uvi,Save, imgpath+imgname+'.png’, bit_ depth=2, /transparent, width=600, height=350

uvi.Close

; exit to this FOR statement when it has already previous day graphs
if hour_tday le 4 && minute_tday ge 10 then begin
print, 'THE PREVIOUS GRAPHS HAVE BEEN ALREADY MADE!
break
endif
endfor
print, site_name(i)+ ' finished.'
endfor

END
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