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Executive Summary

The solar ultraviolet radiation incident on the Earth’s surface is part of the solar spectrum
which has a high photon energy in the wavelength of ultraviolet B (UV-B). As excessive level of
UV-B a number of investigation have indicated trends increasing of UV-B during the past 20
years in many parts of the world is harmful to humans, animals and micro-organisms, it is
therefore essential to monitor the quantities and statistical characteristics of the solar ultraviolet
radiation.

In this study, the solar ultraviolet radiation over Thailand was investigated using both
ground-based measurement and satellite-based calculation. For the ground-based measurement,
erythemal ultraviolet radiation (EUV) which consists of mainly UV-B was measured at
meteorological stations at Chiang Mai, Ubon Ratchathani, Songkhla and at Silpakorn University,
Nakhon Pathom. Analyses of EUV data obtained from those stations revealed that the peak value
of EUV irradiance on clear days in summer was in the high or extremely high levels according to
the Canadian AES scale and the probability to receive these levels in the afternoon was more than
that in the morning. The yearly average EUV daily dose of Songkhla is the highest of all stations.

The inter-annual variation of EUV daily dose exhibited a slight increase trend at Chiang
Mai and Nakhon Pathom. The total ultraviolet radiation which consists of UV-A and UV-B at
Nakhon Pathom and the absolute UV-B at Chiang Mai and, Nakhon Pathom were also measured
and analyzed. In most cases the diurnal and seasonal variations of TUV and UV-B were similar to
those of EUV. Due to its adverse effects on human health, the erythemal ultraviolet radiation
(EUV) over the country was calculated using an 8-year period of satellite data.

The spatial distribution of EUV indicates that the areas that received the high EUV dose
were in the low part of the Central Region, the low part of the Northeast and most part of the
South.

It is recommended that monitors of solar ultraviolet radiation at the existing stations be
continuously monitored and UV forecast be carried out to avoid the harmful effect of solar

ultraviolet radiation.
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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 (18.78ON,
98.980E), Ubon Ratchathani (15.250N, 104.87OE), Nakhon Pathom (13.82ON, 100.04OE) and
Songkhla (7.20N, 100.60E). 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



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 visible wavelengths 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 extremely
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 EUV 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 radiation 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.

Keywords: solar ultraviolet radiation, solar radiation, erythemal ultraviolet, ultraviolet map
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Ly e = [Rp I dA @.1)
Wo Ty, = AMdNVBN erythemal ultraviolet radiation, EUV [W/m’]
Iy = Anutuveanlnasusidn19e1Mad [W/m’-nm]
Ry = fladFuvesmsnouaususiIvITauypd [-]

A = 781U [nm]
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1.0 - 250< A <328
R,y = 10 x [0.094(298-A)]  ; 298< A <328 (2.2)

10 x [0.015(139-7\,)] ; 328< A <400

1ilo REK = Erythemal response

A
A = A7MUe1AAY [nm]
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Percentage (CHIANG MAI) %
Month 0-100 (mW/m’) | 100-175 (mW/m’) | 175-225 (mW/m’) | >225 (mW/m’)
Low Moderate High Extreme

January 79.8 19.4 0.8 0.0
February 80.1 18.2 1.7 0.0
March 78.6 18.5 2.7 0.2
April 73.2 18.6 6.2 1.9
May 64.2 17.2 10.9 7.7
June 64.8 20.4 9.7 52
July 66.2 19.9 7.9 6.0
August 65.3 18.9 9.0 6.8
September 67.2 18.2 10.2 4.5
October 69.6 20.4 9.0 1.0
November 75.0 22.5 2.5 0.0
December 81.7 18.2 0.0 0.1

Average 72.1 19.2 5.9 2.8
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Percentage (UBON RATCHATHANI) %
Month 0-100 (mW/m’) | 100-175 (mW/m’) | 175-225 (mW/m") | >225 (mW/m’)
Low Moderate High Extreme

January 68.6 21.5 9.5 0.5
February 68.4 21.2 9.0 1.4
March 65.8 19.6 10.3 43
April 60.4 17.4 12.7 9.5
May 60.8 16.7 11.1 11.3
June 62.1 17.5 10.9 9.5
July 61.4 18.5 11.2 9.0
August 64.0 17.6 9.8 8.6
September 66.3 17.9 8.4 7.4
October 61.8 18.5 12.6 7.2
November 65.7 20.1 12.2 2.1
December 69.5 21.5 9.0 0.0

Average 64.6 19.0 10.6 5.9
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Percentage (NAKHON PATHOM) %
Month 0-100 (mW/m’) | 100-175 (mW/m’) | 175-225 (mW/m") | >225 (mW/m’)
Low Moderate High Extreme

January 80.6 18.5 0.9 0.0
February 72.4 20.8 6.1 0.8
March 68.9 20.1 8.9 22
April 63.4 17.9 11.1 7.6
May 63.5 18.4 11.3 6.8
June 62.9 19.9 12.1 5.1
July 63.9 20.3 10.7 5.1
August 63.5 19.6 11.6 5.3
September 62.0 21.0 11.1 59
October 74.5 18.7 6.2 0.6
November 73.7 22.1 4.1 0.0
December 79.5 20.2 0.2 0.1

Average 69.1 19.8 7.8 33
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Percentage (SONGKHLA) %
Month 0-100 (mW/m’) | 100-175 (mW/m’) | 175-225 (mW/m") | >225 (mW/m’)
Low Moderate High Extreme

January 64.6 17.1 8.3 10.1
February 61.8 15.0 7.1 16.1
March 59.7 12.9 9.5 17.9
April 55.8 14.7 10.9 18.6
May 63.8 17.8 8.3 10.1
June 61.6 16.7 12.3 9.5
July 60.9 19.0 9.9 10.2
August 60.0 17.5 11.6 10.8
September 61.6 15.7 9.6 13.1
October 68.2 15.6 7.9 8.2
November 69.0 15.6 7.6 7.8
December 72.5 14.7 7.4 54

Average 63.3 16.0 9.2 11.5




Percentage (%)

Percentage (%)

Percentage (%)

Percentage (%)

Percentage (%)

Percentage (%)

Percentage (%)

Percentage (%)

100
90
80
70
60
50
40
30
20
10

100
90
80
70
60
50
40
30
20
10

100
90
80
70
60
50
40
30
20
10

100
90
80
70
60
50
40
30
20
10

Low MAR
Moderate
Han Extreme
T T
0-100 100-175  175-225 >225
EUV irradiance (m\N/m2)
JUN
Low
Moderate
Hign Extreme
T T T
0-100 100-175  175-225 >225
EUV irradiance (mv\//mz)
SEP
Low
Moderate
High
‘ Extreme
T T T
0-100 100-175  175-225 >225
EUV irradiance (mv\//m7)
Low DEC
Moderate
’_‘ High Extreme
T T
0-100 100-175  175-225 >225

EUV irradiance (mv\//mz)

100 100
Ls Low
90 4 ow JAN 90 FEB
80 80
70 A —~ 70
IS
60 5 60
B g
50 405) 50
40 S 40
Moderate o
30 - a 30 Moderate
20 o 20
10 7 —‘ High Extreme 10 High Extreme
0 T T 0 S
0-100 100-175 175-225  >225 0-100 100-175 175-225 >225
EUV irradiance (m\l\//mz) EUV irradiance (m\/\//mz)
100 100
B APR MAY
90 Low 90
80 41 ] 80 Low
70 —~ 70
*
60 S 60
g
50 o 40:: 50
40 © 40
30 — £ a0
Moderate
20 High 2 High Extreme
10 Extreme 10 j
0 T ‘ T 0 : ‘ .
0-100 100-175 175-225 >225 0-100 100-175  175-225 >225
EUV irradiance (m\l\//mz) EUV irradiance (m\/\//mz)
100 100
90 JuL 90 AUG
80 Low 80 Low
70 ~ 70
x
60 > 60
g
50 g 50
40 © 40
@
a
30 Moderate 30 Moderate
20 High Extreme 20 High Extreme
10 ’—‘ ’— 10 ’7 j
0 T T 0 T T ‘ e
0-100 100-175 175-225 >225 0-100 100-175  175-225 >225
EUV irradiance (mW/m?) EUV irradiance (mW/mD)
100 100
90 ocT 90 NOV
Low
80 Low 80
70 ~ 70
=
60 > 60
o
50 % 50
40 S 40
& Mod
30 Moderate 30 oderate
20 20
High
10 ’—‘ Extreme 10 High
Extr
0 T T T 0 T T e
0-100 100-175  175-225 >225 0-100 100-175  175-225 >225
EUV irradiance (rrM//mz) EUV irradiance (mW/mZ)
‘]Jd' ﬂ 1] I3 ' Y o lll I o I
JUN 3.55 UM ILINUIAUUUUBTEFUAVDIAIANNVUVNIITGAAT I LDIAATIYFI b

(FrIUaz¥19119) vosaothFealval

L1 morning (5:00-12:00 U.)

[ afternoon (12:00-19:00 4.)

75



Percentage (%)

Percentage (%)

Percentage (%)

Percentage (%)

100
90
80
70
60
50
40
30
20
10

Percentage (%)

100

Percentage (%)
= N W A OO OO N ® O
oo 335 o 3o S o

100

Percentage (%)
= N W b OO O N ©® ©
oo o b5 3 33 S o

100

Percentage (%)
N Wb OO N ® ©
S &5 3 oo o o

10

MAR
Low
Moderate
High
Extreme
T T T .
0-100 100-175  175-225 >225
EUV irradiance (m\N/m2)
JUN
Low
Moderate
m High Extreme
T T T
0-100 100-175 175-225 >225
EUV irradiance (mW/mz)
SEP
Low
Moderate
‘ High Extreme
T T T
0-100 100-175  175-225 >225
EUV irradiance (mv\//mz)
DEC
Low
Moderate
High
Extreme
T T
0-100 100-175 175-225 >225

EUV irradiance (mv\//mz)

100 100
90 JAN 90 FEB
80 Low 80 Low
70 —~ 70
*
60 5 60
g
50 405) 50
40 o 40
@
30 Moderate & 30 Moderate
20 High 20 High
10 ’_‘ Extreme 10 Extreme
0 T ‘ T 0 T T *
0-100 100-175 175-225 >225 0-100 100-175 175-225 >225
EUV irradiance (m\l\//mz) EUV irradiance (m\/\//mz)
100 100
90 APR 90 MAY
80 80
70 Low 5 70 Low
60 > 60
g
50 é 50
40 o 40
@
30 & 30
Moderate Moderate
20 High Extreme 20 High Extreme
§ N e Helim
0 T T T 0 T T
0-100 100-175 175-225 >225 0-100 100-175  175-225 >225
EUV irradiance (rﬂ\l\//mz) EUV irradiance (mW/mZ)
100 100
90 JuL 90 AUG
80 80
70 Low 70 Low
x
60 S 60
g
50 g 50
40 S 40
©
30 & 30
Moderate Moderate
20 High Extreme 20 High Extreme
10 ‘ 10 ’_‘ j
0 T T 0 T T T
0-100 100-175 175-225 >225 0-100 100-175  175-225 >225
EUV Irradiance (mW/mz) EUV irradiance (mW/rnZ)
100 100
90 4 oct 90 NOV
80 80 Low
70 o Low —~ 70
x
60 S 60
o
50 o 8 50
5
40 S 40
& 30
30 o
Moderate Moderate
20 o High 20 High
Extreme
10 m - 10 m— Extreme
0 T T T 0 T T
0-100 100-175 175-225 > 225 0-100 100-175  175-225 >225
EUV irradiance (me/z) EUV irradiance (mW/mz)
‘]Jd' 356 ﬂ 1] Js 2 ' Y v lll I o I
3UN 3. HAAINTLINLIUUUIUD T L UAVDIATANULVNIIAQANT LI LDIANTIYVI LN

(F1Fuaga19110) vosaniiguas1ysiil

L1 morning (5:00-12:00 U.)

[ afternoon (12:00-19:00 4.)

76



Percentage (%)

Percentage (%)

Percentage (%)

Percentage (%)

100
90
80
70
60
50
40
30
20
10

Percentage (%)

100
90
80
70
60
50
40
30
20
10

Percentage (%)

100
90
80
70
60
50
40
30
20
10

Percentage (%)

100
90
80
70
60
50
40
30
20
10

Percentage (%)

4 MAR
Low
3 Moderate
q High
- Extreme
T T T —
0-100 100-175  175-225 >225
EUV irradiance (mW/mz)
4 JUN
i Low
b Moderate
4 High
i Extreme
T T T .
0-100 100-175  175-225 >225
EUV irradiance (mv\//mz)
B SEP
a Low
b Moderate
a High
i ‘ ‘ 9 Extreme
T T T .
0-100 100-175  175-225 >225
EUV irradiance (m\N/m2)
Low DEC
Moderate
High Extreme
T T
0-100 100-175  175-225 >225

EUV irradiance (mv\//mZ)

100 100
Low JAN FEB
90 4 90 4 Low
80 80
70 —~ 70 4
=
60 > 60 o
s
50 o é 50 o
40 S 40 A
30 Moderate & 30 Moderate
20 20
High
10 High 10 Extreme
Extreme
0 T 0 T T
0-100 100-175 175-225 >225 0-100 100-175  175-225 >225
EUV irradiance (mW/mz) EUV irradiance (mW/mE)
100 100
90 APR 90 4 MAY
80 L 80
ow
70 70 4 tov
=
60 5 60 A
g
50 40:: 50
40 S 40 4
@
30 &30 4
20 Moderate 20 Moderate
High 7
o ’7 g Extreme 0 ‘ ﬂ Figh Extreme
0 T ‘ T 0 T T T
0-100 100-175 175-225 >225 0-100 100-175 175-225 >225
EUV irradiance (m\l\//mQ) EUV irradiance (mW/mz)
100 100
90 JuL 90 AUG
80 80
Low Low
70 —~ 70
X
60 - S 60
o
50 £ 50
5
40 © 40
&
30 Moderate 30 Moderate
20 High 20 High
Extreme Extreme
p £ = 5 (1 —am
0 T T T 0 : .
0-100 100-175 175-225 >225 0-100 100-175  175-225 >225
EUV irradiance (n’W/mQ) EUV irradiance (m\/\//mz)
100 100
90 4 OocCT 90 NOV
80 4 low 80 Low
70 o —~ 70
IS
60 S 60
s
50 o é 50
40 © 40
@
4 o
30 Moderte 30 Moderate
20 20
High
10 o ‘ 10 High
’—‘ Extreme Extreme
0 T T T 0 T T
0-100 100-175  175-225 >225 0-100 100-175  175-225 >225
EUV irradiance (m\l\//mz) EUV irradiance (m\/\//mz)
‘]Jd' 357 ﬂ 1] I3 ' Y v lll I o I
3UN 3. HAAINTLINLIUUUIUD T L UAVDIATANULVNIIAQANT LI LDIANTIYVI LN

(19182 $29110) vesamiuasgy

L1 morning (5:00-12:00 U.)

[ afternoon (12:00-19:00 4.)

77



Percentage (%)

Percentage (%)

Percentage (%)

Percentage (%)

Percentage (%)

Percentage(%)

Percentage (%)

Percentage (%)

100
90
80
70
60
50
40
30
20
10

100

- N WA O DN ® ©
o o © & oo o o o o

100
90
80
70
60
50
40
30
20
10

100
90
80
70
60
50
40
30
20
10

78

4 MAR
Low
4 Extreme
- Moderate
High
T T T
0-100 100-175  175-225 >225
EUV irradiance (m\N/m2)
4 JUN
3 Low
Moderate
7 ’_ﬁ High Extreme
T T T
0-100 100-175 175-225 >225
EUV irradiance (mW/mz)
i SEP
- Low
B Moderate Extreme
‘ ‘ High
T T T
0-100 100-175  175-225 >225
EUV irradiance (mv\//mz)
4 DEC
i Low
4 Moderate
i ’—‘ High Extreme
T T T
0-100 100-175  175-225 >225

EUV irradiance (mv\//mz)

100 100
90 JAN 90 FEB
80 Low 80 Low
70 —~ 70
S
60 o 60
g
50 £ 50
@
40 2 40
&
30 30 Extreme
Moderate
20 Extreme 20 Moderate
High High
10 ’—‘ 10 ’7 ’_‘
0 T T T 0 T T T
0-100 100-175 175-225 >225 0-100 100-175 175-225 >225
EUV irradiance (m\l\//mz) EUV irradiance (m\/\//mz)
100 100
90 APR 90 MAY
80 80
L
70 Low s 70 ow
60 > 60
g
50 é 50
40 o 40
@
30 Extreme & 30
20 Moderate 20 Moderate
High High Extreme
° | ° [T |
0 T T 0 T T T
0-100 100-175 175-225 >225 0-100 100-175  175-225 >225
EUV irradiance (rrM//mz) EUV irradiance (mW/mZ)
100 100
90 JUuL 90 AUG
80 80
70 Low ~ 70 Low
S
60 5 60
o
50 £ 50
5]
40 S 40
©
30 Moot & 30
oderate Mod
20 High Exireme 20 %R i Extreme
: mi e A
0 T T T 0 T T
0-100 100-175 175-225 >225 0-100 100-175  175-225 >225
EUV irradiance (mW/mz) EUV irradiance (mW/rnz)
100 100
90 OocCT 90 NOV
80 80 Low
Low
70 —~ 70
*
60 5 60
g
50 40:: 50
40 o 40
@
30 & 30
20 Moderate 20 Moderate
High Extreme High Extreme
10 j 10 ’7
0 T T ‘ ‘\ 0 T T T ‘
0-100 100-175  175-225 >225 0-100 100-175  175-225 >225
EUV irradiance (m\l\//mz) EUV irradiance (m\/\//mz)
‘]Jd' 3 58 ﬂ 1] I3 ' Y v lll I o I
3UN 3. HAAINTLINLIUUUIUD T L UAVDIATANULVNIIAQANT LI LDIANTIYVI LN

(¥ aZ¥191U18) voIantiasval

L1 morning (5:00-12:00 U.)

[ afternoon (12:00-19:00 4.)



Percentage (%)

Percentage (%)

100

20

«©
s}

~
S}

@
S

o
=}

N
S

w
S

20

100

90

80

70

60

50

40

30

20

100

79

CHIANG MAI UBON RATCHATHANI
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Percentage (CHIANG MAI) %

0-100 (mW/m") 100-175 (mW/m’) | 175 -225(mW/m’) > 225(mW/m’)
Month
Low Moderate High Extreme
morning | afternoon | morning | afternoon | morning | afternoon | morning | afternoon

January 88.1 71.5 11.9 26.8 0.0 1.6 0.0 0.0
February 88.3 68.8 11.6 27.0 0.1 4.1 0.0 0.1
March 87.3 68.1 11.6 26.3 1.0 5.4 0.0 0.2
April 79.5 65.4 15.0 21.2 44 9.3 1.1 4.1
May 66.2 59.0 16.2 16.1 9.8 10.3 7.8 14.6
June 69.5 60.1 18.2 21.7 9.2 9.7 3.1 8.6
July 72.5 58.7 16.1 22.0 7.8 8.5 3.6 10.8
August 71.8 58.0 16.8 19.5 8.0 10.5 3.4 12.1
September 71.8 60.6 17.0 18.2 8.5 13.0 2.7 8.2
October 71.2 65.1 19.7 21.7 8.6 10.9 0.5 2.2
November 76.7 72.3 20.9 24.2 2.5 3.5 0.0 0.0
December 85.4 74.9 14.6 25.1 0.0 0.0 0.0 0.0
Average 77.4 65.2 15.8 22.5 5.0 7.2 1.8 5.1
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Percentage (UBON RATCHATHANI) %

0-100 (mW/m") 100-175 (mW/m’) | 175 -225(mW/m’) > 225(mW/m’)
Month
Low Moderate High Extreme
morning | afternoon | morning | afternoon | morning | afternoon | morning | afternoon

January 72.2 64.9 19.8 23.1 7.8 11.1 0.1 0.8
February 74.7 62.1 18.7 23.6 5.6 12.5 1.0 1.8
March 69.2 62.3 18.1 21.2 9.2 11.5 3.5 5.0
April 60.7 60.0 16.7 18.2 14.5 11.0 8.1 10.8
May 59.4 62.2 18.3 15.2 11.5 10.7 10.8 11.9
June 64.1 60.0 17.4 17.6 10.0 11.9 8.5 10.4
July 63.9 58.9 18.5 18.5 10.8 11.5 6.8 11.1
August 67.6 60.4 16.9 18.3 8.6 11.0 6.9 10.3
September 67.8 64.8 18.1 17.6 7.1 9.6 7.0 7.9
October 59.5 64.1 19.0 17.9 13.1 12.0 8.4 6.0
November 61.7 69.7 21.3 18.8 14.3 10.0 2.7 1.4
December 69.4 69.6 21.7 213 9.0 9.1 0.0 0.0
Average 65.8 63.3 18.7 19.3 10.1 11.0 5.3 6.5
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Percentage (NAKHON PATHOM) %

0-100 (mW/m") 100-175 (mW/m’) | 175 -225(mW/m’) > 225(mW/m’)
Month
Low Moderate High Extreme
morning | afternoon | morning | afternoon | morning | afternoon | morning | afternoon

January 87.1 72.0 12.8 25.9 0.1 2.1 0.0 0.0
February 82.2 62.6 15.5 24.7 2.1 11.0 0.2 1.7
March 78.3 59.4 15.8 21.8 5.4 14.1 0.6 4.6
April 67.3 56.1 16.7 15.8 10.6 15.1 5.5 13.0
May 66.4 60.3 17.9 17.5 10.0 12.2 5.7 10.0
June 66.9 58.8 19.3 20.1 9.8 13.4 3.9 7.7
July 69.4 58.2 19.7 21.0 8.0 12.7 2.8 8.2
August 67.9 56.6 19.4 21.0 9.7 14.0 3.0 8.4
September 69.7 63.1 18.7 17.9 7.9 11.2 3.7 7.8
October 74.4 72.9 19.9 17.6 5.4 8.4 0.4 1.1
November 75.3 71.0 21.5 22.7 3.2 6.3 0.0 0.1
December 85.5 71.8 14.5 27.7 0.0 0.4 0.0 0.1
Average 74.2 63.6 17.6 21.1 6.0 10.1 2.1 5.2
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Percentage (SONGKHLA) %

0-100 (mW/m") 100-175 (mW/m’) | 175 -225(mW/m’) > 225(mW/m’)
Month
Low Moderate High Extreme
morning | afternoon | morning | afternoon | morning | afternoon | morning | afternoon

January 73.3 55.9 14.2 19.8 6.8 9.7 5.7 14.5
February 73.2 50.4 12.8 17.2 5.6 8.6 8.4 23.9
March 68.2 51.2 12.0 13.9 9.0 10.1 10.8 24.9
April 61.5 50.1 14.6 14.7 9.8 12.0 14.0 23.2
May 66.2 61.3 16.8 18.8 8.7 8.0 8.3 11.9
June 63.5 59.7 18.1 15.2 11.6 12.9 6.8 12.1
July 65.7 56.2 18.5 19.4 8.5 11.2 7.2 13.1
August 64.5 55.7 17.8 17.2 9.6 13.6 8.1 13.5
September 64.2 59.0 14.9 16.5 10.1 9.1 10.8 15.3
October 69.5 67.0 15.9 15.3 7.9 7.8 6.7 9.8
November 71.9 66.0 14.8 16.5 7.0 8.2 6.2 9.4
December 77.3 67.7 12.8 16.6 6.5 83 3.3 7.4
Average 68.3 58.3 15.3 16.8 8.4 10.0 8.0 14.9
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3.4 msanmanunmlnnsuSideansilletan (Spectral ultraviolet radiation)
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Spectral UV irradiance (mW/m- nm)
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Spectral UV irradiance (W/m-nm)
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