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 In This work, the spectrum of solar Ultraviolet (UV) radiation were measured by 
using a spectroradiometer (Bentham, model DMc150) at Silpakorn University (13.82°N, 
100.04°E), Nakhon Pathom, Thailand. A one-year period (January – December, 2008) of the 
spectral data from this measurement was analyzed. A diurnal variation of the ultraviolet 
spectrum at the wavelength of 305, 310, 320, 340, and 380 nm for clear sky were 
investigated. The diurnal variation has sinusoidal shapes with the peak at solar noon and the 
peak spectral irradiance increases with the wavelength. The variation of the spectral 
irradiance with wavelength under clear and general skies was also presented. The spectral 
irradiance increase with wavelength for both clear and general sky. Afterward, the spectral UV 
data were integrated to obtain ultraviolet A (UVA, 320- 380 nm), ultraviolet B (UVB, 280 – 320 
nm) and erythemal ultraviolet (EUV, 280 – 320 nm with erythemal response). Diurnal variation 
of UVA, UVB and EUV showed the peak values at the solar noon. UVA, UVB and EUV have 
similar seasonal variation with high irradiances during April - September. Statistical 
distribution of UVA, UVB and EUV was also investigated. It was found that percentages of the 
number of hour with high (125 – 175 mW/m

2
), very high (175-250 mW/m

2
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2
) EUV were 15.2%, 14.0% and 2.9%, respectively.
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 (Blumthaler et al., 1996)
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 (Tevini, 1993) 
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2.1.4

 Pinatubo . . 1991 -
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 cloud optical depth 

  2.7  2.8 
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 cloud optical depth  0 (       ) 

70 (        ) 

 2. 8  cloud optical depth 
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2.1.6

 0.02 

 0.6-1.0 

  2.1 

 2.1  (Webb, 1998) 

 (nm) 

UV-B (<315) 0.044 0.017 0.098 0.152 0.630-0.762

UV-A (315-400) 0.065 0.019 0.131 0.203 0.656-0.790

Visible  0.158 0.089 0.236 0.324 0.687

IR  0.269 0.587 0.266 0.381 0.745

 2.1  2.9
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2.3

Ferderick et al. (1993)  Ushuaia, 

Argentina (54 °59’S) . . 1990 . . 1991 

 Antractica  300  310 nm 

 10 

 306.5 nm  45% 

 Ushuaia  Ushuaia 20° 

 summer solstice 

 Piazena (1996)  Institute of Botanical and Pharmaceutical Biology 

 Andes 

 Grasnick filter photometer  UV-A 

 313-374  nm  UV-B  313-318 nm 

 5,000 m  UV-B  8-10 % 

 1,000 m  UV-A  7-15  %  1,000 m 

. . 1993 the Federal Office for Radiation Protection (BfS, Salzgitter) 

the Federal Environmental Office(UBA, Berlin) 

Zingst, Offenbach, Schauinsland  Neuherberg  Germany 

 Bentham DM 150 double monocromator  Steinmetz (1997) 

290-450 nm 

Germany    

1994 Orce et al. (1997)  The UVR-PAR Argentinean 

Monitoring Network 

Spectroradiometer (GUV-511, Biospherical Instruments, Inc.) 

 8-12 

Subantarctic-Fueguian  Tropic of Capricon 
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1995 Seckmeyer et al. (1997) 

 Germany   47.5°N, 11.1°E  Garmisch-

Partenkirchen  Zugspitze  Garmisch-

Partenkirchen

 Zugspitze 

 Garmisch-

Partenkirchen  25-90% 

Madronich et al. (1998) 

 Antractica (64°S) 

San Diego, CA, USA (32°N) 

 1995  1996  Feister  Gericke  (1998)  cloud flags 

Brewer spectroradiometer MKII  MKIII 

 Postdam, Germany   16217  807 

 5%  15384  95% 

 direct/diffuse ratio 

1991-1996 Kevin Robert Gurney (1998) 

 Point Barrow, Alaska (71.2°N, 159°W) 
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 18  290 – 320 nm 

 305 nm  3-10 % 

 305 nm 

 305 nm 

 Zerefos  (1998)  Laboratory of Atmospheric Physics, Aristotle University of 

Thessaloniki

 Thessaloniki  spectral UV-B  Brewer spectrophotometer 

 305  325 nm UV-B

 305 nm   10 %  10 

Lovengreen et al. (1999) 

 Valdivia, Chile (39.8°S)  1995  1999 

 Erythemal dose rate  daily dose 

 20 Wcm
-2
nm

-1
 Erythemal daily 

dose  300  6000 Jm
-2

 UVB  77% 

Kikas et al. (2001) 

 1999  Pärnu, Estonia 

 PC1000  Ocean Optics Inc.

 EAS (electric aerosol spectrometer) 

 300-400 nm 

 100-560 nm

Palanca  Toselli (2002)

 YES UVB-1  C rdoba  Argentina 

 1998  1999 
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 40%  SO2

 2002 Harrison  Young (2002)  Department of Environmental Dermatology, 

King’s College London 

 UVB  minimal erythema dose (MED) 

 4  MED 

 standard erythema dose (SED) 

 SED 

Lam et al.(2002)  Hong Kong

 Brewer MKIII #115 . . 1995 – 2001 

 UVB 

  (SZA) 

 UVB 

SZA = 45 

 1%  UVB  1% 

Casiccia et al. (2003)  UVB  Punta Arenas 

  Chile  Brewer MK-IV 

Antractic Ozone Hole  28.3 km
2

 – . . 2000 

 220 DU 

  Ozone Hole  

170 DU  49% 

 100%  UVB  1000% 

 UVB 

 2004 Adam  Shazly (2007)

 Qena  Egypt 

 UVB-1  Yankee Environmental Systems Inc. . . 2004-2005 

 8  cloud modification factor (CMF)
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 UVB 

 UVB  83%

Guarnieri et al. (2004)  anticorrelations 

 Southern Space Observatory, Brasil 

 Eko model MS-210W  Total Ozone Mapping Spectrometer (TOMS) 

. . 1999 . . 2001 

Stick et al. (2006) 

. . 2005 

 20% 

. . 1994  “ozone mini-hole”

Gutiérrez-Marco et al. (2007)  Iberian 

Peninsula  spectroradiometer Brewer MKIV  broadband YES UVB-1 

. . 1996 - 2002  

3 . . 1991 

. . 1992 ( ,1992) . . 2000 (

, 2000) 

. . 2003-2004  (2004) 

Brewer Spectrophotometer 
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. . 2006

Biometer 501-A  Solar light  5  (2001 – 2005)  4 

, ,

 1 

(Global irradiation)  

 Root Mean 

Square Difference (RMSD)  15.4%  20.3% 

 Spectrophotometer  Bentham model DMc150 
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280 – 400 nm 

3.1

 spectroradiometer  Bentham  DMc150 

 10  (13.82°N,100.04°E)          

(  3.1)  11   2007

 10  1 

 (monocromator)  PMT (Photo 

Multiplier Tube) 

 BenWin+  Bentham 

 3.2

 3.1  spectroradiometer  1 

5
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 3.2  spectroradiometer  10 

 1 

 3.3  spectroradiometer 

 3.4  spectroradiometer (Bentham, DMc150) 
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 3.5  BenWin+  spectroradiometer 

 BenWin+  10 

 2  1 

S

C
I      (3.1) 

2
-nm]I = [mW/m

C = [nA]

S = sensitivity 

[nA/(mW/m
2
)-nm]
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 cosine correction 

normalize  400 nm  cosine  3.6
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3.2  spectroradiometer 

(calibration)

 (Wavelength alignment) 

 (Spectral responsivity calibration) 

 (line spectrum)  (253.652, 289.360,  296.728, 

334.148, 404.656, 435.833 nm) 

 (Sun’s Fraunhofer spectrum)

 3.1 

(Fraunhofer spectrum) 

Wavelength (nm) Designation Element

430.79 G Fe

430.774 G Ca

410.175 H H

396.847 H Ca+

393.368 K Ca+

382.044 L Fe

358.121 N Fe

336.112 P Ti+
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 3.8 
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3.3

 UVSPEC radiative transfer 

 Mayer (1997)
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3.4

3.4.1

(diurnal variation) 

3.4.1.1  (clear sky) 
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 3.17 

 normalize 

 3.18



37

0

250

500

750

1000

1250

1500

6 8 10 12 14 16 18

Time

Ir
ra

d
ia

n
ce

(m
W

/m
2
-n

m
)

380 nm 340 nm

320 nm 315 nm

310 nm 305 nm

16 Jan 08

0

250

500

750

1000

1250

1500

6 8 10 12 14 16 18

Time

Ir
ra

d
ia

n
ce

(m
W

/m
2
-n

m
)

380 nm 340 nm

320 nm 315 nm

310 nm 305 nm

20 Feb 08

0

250

500

750

1000

1250

1500

6 8 10 12 14 16 18

Time

Ir
ra

d
ia

n
ce

(m
W

/m
2
-n

m
)

380 nm 340 nm

320 nm 315 nm

310 nm 305 nm

19 Mar 08

0

250

500

750

1000

1250

1500

6 8 10 12 14 16 18

Time

Ir
ra

d
ia

n
ce

(m
W

/m
2
-n

m
)

380 nm 340 nm

320 nm 315 nm

310 nm 305 nm

10 Apr 08

0

250

500

750

1000

1250

1500

6 8 10 12 14 16 18

Time

Ir
ra

d
ia

n
ce

(m
W

/m
2
-n

m
)

380 nm 340 nm

320 nm 315 nm

310 nm 305 nm

6 May 08

0

250

500

750

1000

1250

1500

6 8 10 12 14 16 18

Time

Ir
ra

d
ia

n
ce

(m
W

/m
2
-n

m
)

380 nm 340 nm

320 nm 315 nm

310 nm 305 nm

10 Jun 08

0

250

500

750

1000

1250

1500

6 8 10 12 14 16 18

Time

Ir
ra

d
ia

n
ce

(m
W

/m
2
-n

m
)

380 nm 340 nm

320 nm 315 nm

310 nm 305 nm

12 Jul 08

0

250

500

750

1000

1250

1500

6 8 10 12 14 16 18

Time

Ir
ra

d
ia

n
ce

(m
W

/m
2
-n

m
)

380 nm 340 nm

320 nm 315 nm

310 nm 305 nm

23 Aug 08

0

250

500

750

1000

1250

1500

6 8 10 12 14 16 18

Time

Ir
ra

d
ia

n
ce

(m
W

/m
2
-n

m
)

380 nm 340 nm

320 nm 315 nm

310 nm 305 nm

27 Sep 08

0

250

500

750

1000

1250

1500

6 8 10 12 14 16 18

Time

Ir
ra

d
ia

n
ce

(m
W

/m
2
-n

m
)

380 nm 340 nm

320 nm 315 nm

310 nm 305 nm

5 Oct 08

0

250

500

750

1000

1250

1500

6 8 10 12 14 16 18

Time

Ir
ra

d
ia

n
ce

(m
W

/m
2
-n

m
)

380 nm 340 nm

320 nm 315 nm

310 nm 305 nm

12 Nov 08

0

250

500

750

1000

1250

1500

6 8 10 12 14 16 18

Time

Ir
ra

d
ia

n
ce

(m
W

/m
2
-n

m
)

380 nm 340 nm

320 nm 315 nm

310 nm 305 nm

16 Dec 08

 3.17 



38

0

1

6 8 10 12 14 16 18

Time

N
o

rm
al

iz
e

400

380

340

320

315

310

305

 3.18  normalize 



39

3.4.1.2  (general sky) 

spectroradiometer

 3.19  3.24

 standard deviation (SD) 

 305 nm 

 3.19 

380 nm  3.24  305 nm 
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3.4.2

3.4.2.1  (clear sky) 

 (SZA) 

 3.25 

 3.25 

 300 nm 

 400 nm   382, 393 

 397 nm 

  Fraunhofer
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3.4.2.2  (general sky) 

 spectroradiometer  06.00 – 18.00 .

 standard deviation (SD) 

 3.26  3.37 

 standard deviation (SD) 

,
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3.4.3

 3.38 

 (overcast sky)
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1 2
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3.4.4

3.4.4.1  (clear sky) 
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3.4.4.2  (general sky) 

 50  normalize 
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3.5

 integrate 
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3.5.1  (diurnal variation) 

3.5.1.1  (clear sky) 

integrate  UVA, UVB  EUV 

 3.44, 3.45  3.46 

 UVA, UVB

EUV    62.4 W/m
2
, 4.4 W/m

2
 322.0 W/m

2
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3.5.1.2  (general sky) 

 UVA, UVB 

EUV

 UVA, UVB  EUV  SD 

 3.47, 3.48  3.49 

 UVA, UVB  EUV 

, ,

 3.47 

UVA  61.9 W/m
2

 3.48  UVB 

 UVB  4.4  W/m
2

 3.49  EUV 

 311.2 mW/m
2
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3.5.2 (seasonal variation) 

 (solar declination) 

 UVA, UVB  EUV 

 SD 

 3.50  3.52

 3.50 

UVA  1.24 MJ/m
2

 UVA 

 0.93 MJ/m
2

 1.06 MJ/m
2

 3.51  UVB 

 UVB  76.06 kJ/m
2

 54.32 kJ/m
2

 64.91 kJ/m
2

 3.52  EUV 

 4.4 kJ/m
2

 2.98 kJ/m
2

 3.80 kJ/m
2

 UVB  EUV 

EUV  UVB 

UVA

UVA  UVB  EUV
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3.5.3

 UVA  10 W/m
2

 UVB 

 1 W/m
2

 EUV  UV index  WMO 

 (probability) 

 3.53  3.55 

 3.59  5.61 

 (6.00-12.00 .)

  (12.00 - 18.00 .)  3.56  3.58

 3.56  3.62 

 UVA  UVA  0-10 W/m
2

 25% 

 >60 W/m
2

 0.53% 

 UVA  3.62 

 3.57  3.63  UVB 

 0-1 W/m
2

 42.13% 

 UVB  4 W/m
2

 4.75%  3.60  3.66 

 3-4 W/m
2

>4 W/m
2

 0.91% 

 1.95%  3-4 W/m
2

9.86%  12.40%

 EUV  EUV  Low 

 0-50 mW/m
2

 43.55% 

Extreme  250 mW/m
2

 5.23% 

 Extreme 

 8.83%  3.64 

 EUV 

Extreme  4.50%  0.73% 
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 3.3  (UVA) 

Percentage UVA% 

Month 0-10

(W/m
2
)

10-20

(W/m
2
)

20-30

(W/m
2
)

30-40

(W/m
2
)

40-50

(W/m
2
)

50-60

(W/m
2
)

>60

(W/m
2
)

January 31.37 13.73 14.22 24.02 15.69 0.98 0.00

February 30.56 18.25 15.48 19.44 15.48 0.79 0.00

March 24.10 17.47 18.07 17.47 13.86 9.04 0.00

April 22.71 17.29 13.90 16.61 15.25 12.20 2.03

May 21.32 15.44 20.59 18.75 13.60 9.19 1.10

June 19.47 17.94 14.89 13.36 18.70 15.27 0.38

July 19.41 22.36 18.57 15.19 13.08 11.39 0.00

August 21.29 19.35 16.13 16.13 16.13 9.68 1.29

September 26.05 18.49 21.85 15.13 10.92 6.72 0.84

October 29.20 17.52 19.71 17.52 12.04 3.28 0.73

November 32.18 15.80 17.53 18.68 14.94 0.86 0.00

December 31.45 15.59 15.32 22.85 14.78 0.00 0.00

Average 25.76 17.44 17.19 17.93 14.54 6.62 0.53
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 3.4  (UVB) 

Percentage UVB % 

Month 0-1

(W/m
2
)

1-2

(W/m
2
)

2-3

(W/m
2
)

3-4

(W/m
2
)

>4

(W/m
2
)

January 46.57 22.06 27.94 3.43 0.00

February 47.62 23.02 24.21 5.16 0.00

March 42.17 27.11 18.07 10.84 1.81

April 39.32 19.66 20.00 16.27 4.75

May 36.40 23.16 22.06 15.81 2.57

June 35.50 19.85 21.37 20.61 2.67

July 39.24 22.78 19.83 16.03 2.11

August 37.74 22.90 20.32 17.74 1.29

September 41.60 28.57 18.49 10.08 1.26

October 43.07 23.72 22.26 10.22 0.73

November 48.28 22.41 22.99 6.32 0.00

December 48.12 21.77 29.03 1.08 0.00

Average 42.13 23.09 22.21 11.13 1.43
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 3.5  -

 (EUV) 

Percentage EUV % 

Low Moderate High Very high Extreme
Month

0-50

(mW/m
2
)

50-125

(mW/m
2
)

125-175

(mW/m
2
)

175-250

(mW/m
2
)

>250

(mW/m
2
)

January 48.53 21.08 18.63 11.76 0.00

February 49.21 23.02 12.30 15.48 0.00

March 42.17 26.51 15.66 10.84 4.82

April 40.99 21.55 11.66 16.96 8.83

May 37.13 24.26 16.54 17.28 4.78

June 36.26 22.14 15.65 20.99 4.96

July 40.51 25.32 12.66 17.30 4.22

August 39.03 26.13 13.55 17.42 3.87

September 44.12 30.25 12.18 11.76 1.68

October 43.80 27.37 13.50 13.50 1.82

November 50.57 21.84 17.53 10.06 0.00

December 50.27 22.58 22.31 4.84 0.00

Average 43.55 24.34 15.18 14.02 2.92



 3.6  (UVA)  ( )

Percentage UVA % 

0-10 (W/m
2
) 10-20 (W/m

2
) 20-30 (W/m

2
) 30-40 (W/m

2
) 40-50 (W/m

2
) 50-60 (W/m

2
) >60 (W/m

2
)Month

morning afternoon morning afternoon morning afternoon morning afternoon morning afternoon morning afternoon morning afternoon 

January 49.02 13.73 12.75 14.71 14.71 13.73 19.61 28.43 3.92 27.45 0.00 1.96 0.00 0.00

February 48.41 12.70 18.25 18.25 11.90 19.05 13.49 25.40 7.94 23.02 0.00 1.59 0.00 0.00

March 30.49 17.86 17.07 17.86 14.63 21.43 20.73 14.29 10.98 16.67 6.10 11.90 0.00 0.00

April 22.76 22.67 16.55 18.00 17.24 10.67 16.55 16.67 16.55 14.00 8.97 15.33 1.38 2.67

May 20.74 21.90 16.30 14.60 19.26 21.90 19.26 18.25 11.85 15.33 11.85 6.57 0.74 1.46

June 20.00 18.94 18.46 17.42 13.08 16.67 12.31 14.39 21.54 15.91 14.62 15.91 0.00 0.76

July 22.22 16.67 21.37 23.33 17.09 20.00 13.68 16.67 15.38 10.83 10.26 12.50 0.00 0.00

August 23.08 19.48 18.59 20.13 17.31 14.94 16.03 16.23 14.10 18.18 10.26 9.09 0.64 1.95

September 27.12 25.00 17.80 19.17 18.64 25.00 18.64 11.67 11.86 10.00 5.08 8.33 0.85 0.83

October 22.79 35.51 17.65 17.39 22.79 16.67 19.12 15.94 13.24 10.87 3.68 2.90 0.74 0.72

November 28.16 36.21 16.09 15.52 19.54 15.52 18.97 18.39 16.67 13.22 0.57 1.15 0.00 0.00

December 34.41 28.49 16.67 14.52 14.52 16.13 21.51 24.19 12.90 16.67 0.00 0.00 0.00 0.00

Average 29.10 22.43 17.30 17.57 16.73 17.64 17.49 18.38 13.08 16.01 5.95 7.27 0.36 0.70

9
2 



 3.7  (UVB)  ( )

Percentage UVB % 

0-1 (W/m
2
) 1-2 (W/m

2
) 2-3 (W/m

2
) 3-4 (W/m

2
) >4 (W/m

2
)Month

morning afternoon morning afternoon morning afternoon morning afternoon morning afternoon 

January 63.73 29.41 21.57 22.55 14.71 41.18 0.00 6.86 0.00 0.00

February 65.87 29.37 19.84 26.19 14.29 34.13 0.00 10.32 0.00 0.00

March 47.56 36.90 24.39 29.76 18.29 17.86 9.76 11.90 0.00 3.57

April 37.93 40.67 24.14 15.33 21.38 18.67 13.79 18.67 2.76 6.67

May 35.56 37.23 21.48 24.82 25.19 18.98 14.07 17.52 3.70 1.46

June 34.62 36.36 20.00 19.70 23.85 18.94 20.00 21.21 1.54 3.79

July 41.03 37.50 21.37 24.17 19.66 20.00 17.95 14.17 0.00 4.17

August 40.38 35.06 23.08 22.73 19.23 21.43 16.03 19.48 1.28 1.30

September 42.37 40.83 26.27 30.83 20.34 16.67 10.17 10.00 0.85 1.67

October 37.50 48.55 25.00 22.46 26.47 18.12 10.29 10.14 0.74 0.72

November 44.83 51.72 23.56 21.26 25.86 20.11 5.75 6.90 0.00 0.00

December 50.54 45.70 20.97 22.58 27.96 30.11 0.54 1.61 0.00 0.00

Average 45.16 39.11 22.64 23.53 21.43 23.01 9.86 12.40 0.91 1.95

9
3 



 3.8  (EUV)  ( )

Percentage EUV% 

0-50 (mW/m
2
) 50-125 (mW/m

2
) 125-175 (mW/m

2
) 175-250 (mW/m

2
) >250 (mW/m

2
)

Low Moderate High Very high Extreme
Month

morning afternoon morning afternoon morning afternoon morning afternoon morning afternoon 

January 57.14 36.47 17.65 25.88 15.97 22.35 9.24 15.29 0.00 0.00

February 57.82 37.14 17.69 30.48 10.20 15.24 14.29 17.14 0.00 0.00

March 40.63 44.29 22.92 31.43 17.71 12.86 12.50 8.57 6.25 2.86

April 36.20 47.50 20.25 23.33 11.04 12.50 20.25 12.50 12.27 4.17

May 32.28 43.86 20.89 28.95 16.46 16.67 22.78 9.65 7.59 0.88

June 30.26 44.55 21.71 22.73 15.79 15.45 24.34 16.36 7.89 0.91

July 37.23 45.00 20.44 32.00 14.60 10.00 20.44 13.00 7.30 0.00

August 36.26 42.97 24.18 28.91 13.19 14.06 19.78 14.06 6.59 0.00

September 40.58 49.00 28.99 32.00 12.32 12.00 15.22 7.00 2.90 0.00

October 32.70 59.13 28.30 26.09 16.98 8.70 18.87 6.09 3.14 0.00

November 41.38 63.45 20.69 23.45 21.67 11.72 16.26 1.38 0.00 0.00

December 43.32 60.00 21.20 24.52 27.19 15.48 8.29 0.00 0.00 0.00

Average 40.48 47.78 22.07 27.48 16.09 13.92 16.85 10.09 4.50 0.73 9
4 



 4 

 spectroradiometer (Bentham, DMc150) 

(13.82°N, 100.04°E)  1  2551 

2551

 305, 310, 315, 320, 340  380 nm 

 (solar noon) 

 3 

(UVA, 320 – 400 nm)  (UVB, 280 – 320 nm) 

 (EUV, 280 – 320 nm) 

 UVA, UVB  EUV  UVA, UVB  EUV  

 UVA  UVB 

 EUV 

 3 

 EUV 

Low  Moderate (Index <6)  (12.00-18.00 .) 

(06 .00 – 12.00 .)  High(125 – 175 mW/m
2
)  - Extreme(  250 mW/m

2
)

 EUV  High Very 

high  Extreme  15.2% 14.0%  2.9% 
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 spectroradiometer 
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 spectroradiometer 

 spectroradiometer (Bentham, DMc150) 

 Bentham  CL7 (deuterium lamp) (  A1.1) 

 National Physical Laboratory (NPL Teddington UK) 

 A1.1  spectroradiometer Bentham 

DMc150

CL7

 705 p.s.u. 

(  A1.2)
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 A1.2  705 p.s.u.  CL7 

 spectroradiometer Bentham, DMc150 

1.  A1.3 

 (  – CATHODE,  – ANODE,  – HEATER) 

 A1.3 

2.

 A1.4 

 A1.4 
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3.  705 p.s.u.  220 V ( )

4.  power  1 

 (

)

705 p.s.u.  A1.5 

power 

 A1.5  705 p.s.u. 

5.  20 

 step size 1 nm  A1.6 

 A1.6 
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6.  2  Deuterium 

7.

sensitivity

 spectroradiometer 

 spectroradiometer  1 

 (sensitivity)

 A1.7  spectroradiometer 



 2 

 UVSPEC 
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 UVSPEC 

  (radiative transfer model) 

Chandrasekhar (1960) 

interaction  2  extinction process 

emission process  extinction process 

 (absorption) 

(scattering)  emission process 

 specific intensity

),,(S),,(U
d

,,dU
           (A 2.1)      

     =  specific intensity  ,  (optical depth) ),,(U

         =  source function S

        =  

        =  cosine  (zenith angle)

        =   (azimuth angle) 

         =  

  radiative transfer equation  

(radiative transfer equation)  (numerical method) 

1. Two - stream approximation 
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2. Discrete - ordinate method (DISORT) 

3. Adding - doubling method 

4. Monte Carlo method 

5. Spherical Harmonic Discrete method (SHDOM)

6. Eddington and Delta - Eddington approximation 

 Discrete - ordinate method 

(DISORT)  Stamnes  (1988)  Mayer et. al (1997) 

 (computer code)  UVSPEC 

 (Zeng et. al, 1994)  

 UVSPEC   (input) 

 (Julian day)  (zenith angle) 

(solar spectrum file)  (surface albedo) 

 (wavelength)  (extraterrestrial 

spectrum data)    (aerosol type and aerosol season)  

output  UVSPEC 

-  (lambda) 

-  (edir) 

-  (edn) 

-  (eup) 

-  (uavg) 

-  (uavgdir) 

-   (uavgdn) 

-

(uavgup)
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ednedirirr_down

  input  UVSPEC

data_files_path  data/

atmosphere_file  data/atmmod/afglt.dat

solar_file  data/solar_flux/apm_1nm

albedo 0.05

day_of_year 1 

sza 32.57

ozone_column  270.5 

wvn 280.0 400.0 

rte_solver disort

deltam  on 

nstr  6

aerosol_vulcan 1 

aerosol_haze 6

aerosol_season 1 

aerosol_visibility  7 

data_files_path  =   run 

atmosphere_file  =  profile 

solar_file    =

albedo =

wvn =

rte_solver =

deltam  =  Delta – M scaling

nstr =  stream 

 ( .)zout =
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aerosol_vulcan =  condition  2 .

aerosol_haze =  2 .

aerosol_season  =  profile 

aerosol_visibility  =  ( .)

ozone_column   =  ( .)

day_of_year  =  Julian day  1 . .  Julian day  1

sza =  cosine  ( )

 UVSPEC 

 Windows 

 input  (  input file  “txt”)

 Dos mode  run 

...\libRadtran-1.3>UVSPEC < input_file > output_file 

  input file   input.txt    output_file 

 Unicode  text editor 

spread sheet 

 output  UVSPEC 
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Lambda

(nm) 

edir

(mW/m
2
)

edn

(mW/m
2
)

eup

(mW/m
2
)

uavgdir

(mW/m
2
)

uavgdn

(mW/m
2
)

Uavgup 

(mW/m
2
)

280 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00

281 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00

282 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00

283 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00

284 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00

285 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00

286 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00

287 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00

288 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00

289 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00

290 3.79E-04 1.08E-03 2.45E-04 3.96E-05 1.43E-04 4.95E-05

291 1.32E-03 3.82E-03 9.69E-04 1.38E-04 5.10E-04 1.91E-04

292 5.84E-03 1.73E-02 4.50E-03 6.10E-04 2.33E-03 8.87E-04

293 1.45E-02 4.36E-02 1.15E-02 1.52E-03 5.91E-03 2.28E-03

294 4.13E-02 1.26E-01 3.42E-02 4.31E-03 1.73E-02 6.76E-03

295 9.09E-02 2.82E-01 7.75E-02 9.48E-03 3.88E-02 1.54E-02

296 2.47E-01 7.81E-01 2.18E-01 2.57E-02 1.08E-01 4.33E-02

297 3.96E-01 1.27E+00 3.61E-01 4.13E-02 1.77E-01 7.17E-02

298 8.34E-01 2.72E+00 7.85E-01 8.68E-02 3.81E-01 1.56E-01

299 1.27E+00 4.19E+00 1.22E+00 1.32E-01 5.89E-01 2.44E-01

300 1.93E+00 6.45E+00 1.91E+00 2.00E-01 9.12E-01 3.80E-01

301 3.27E+00 1.10E+01 3.27E+00 3.40E-01 1.56E+00 6.55E-01

302 4.14E+00 1.40E+01 4.17E+00 4.31E-01 1.99E+00 8.35E-01

303 8.94E+00 3.04E+01 9.10E+00 9.29E-01 4.33E+00 1.82E+00

304 1.01E+01 3.43E+01 1.03E+01 1.05E+00 4.90E+00 2.07E+00

305 1.50E+01 5.10E+01 1.54E+01 1.55E+00 7.31E+00 3.09E+00

306 1.56E+01 5.28E+01 1.59E+01 1.62E+00 7.58E+00 3.21E+00

307 2.14E+01 7.26E+01 2.20E+01 2.22E+00 1.04E+01 4.42E+00

308 2.64E+01 8.92E+01 2.70E+01 2.74E+00 1.28E+01 5.45E+00

309 2.65E+01 8.91E+01 2.71E+01 2.75E+00 1.28E+01 5.46E+00

310 2.97E+01 9.98E+01 3.04E+01 3.08E+00 1.44E+01 6.13E+00

311 4.64E+01 1.54E+02 4.70E+01 4.81E+00 2.23E+01 9.51E+00

312 4.62E+01 1.53E+02 4.67E+01 4.79E+00 2.21E+01 9.44E+00

313 5.32E+01 1.75E+02 5.34E+01 5.50E+00 2.53E+01 1.08E+01

314 5.70E+01 1.85E+02 5.67E+01 5.90E+00 2.69E+01 1.15E+01

315 6.09E+01 1.97E+02 6.04E+01 6.31E+00 2.86E+01 1.22E+01

316 5.43E+01 1.74E+02 5.33E+01 5.62E+00 2.52E+01 1.08E+01

317 7.72E+01 2.45E+02 7.51E+01 7.99E+00 3.56E+01 1.53E+01

318 7.16E+01 2.25E+02 6.89E+01 7.40E+00 3.26E+01 1.40E+01

319 8.09E+01 2.53E+02 7.77E+01 8.36E+00 3.68E+01 1.58E+01

320 8.65E+01 2.65E+02 8.14E+01 8.94E+00 3.85E+01 1.65E+01
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 BenWin+ 

 spectroradiometer Bentham, DMc 150 
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 spectroradiometer Bentham, DMc 150 

A3.1  BenWin+ 

 spectroradiometer 

Bentham, DMc150  spectroradiometer 

 BenWin+ Bentham instruments Limited 

 spectroradiometer 

1.  spectroradiometer Bentham  USB 

2.  (  xp 

)

3.  BenWin+  (  Setup.exe) 

 A3.1  BenWin+ 

4.  configuration 

 spectroradio-

meter  …\system\ 

..\Program Files\Bentham\ BenWin+\

5.  spectroradiometer  (Environbox) 

 ENV_487.dll  ..\Add on\ 

    ...\Program Files \Bentham\ BenWin+\Add on\ 

6.

 A3.2  Park 

 (  835.45)
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Park

 A3.2  initialising Monochromator 

spectroradiometer

7.  1 

 A3.3 (  5) 

 A3.3  1 

8.  BenWin+  integrate spectrum
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9.  A3.4 

 step size 

 New Scan

 A3.4 

VERSION: BenWin+ Version: 1.0.4.13 

CREATED: 1  2551 10:10:48AM 

TIME CODE: 0x307d8, 0x10006, 0xa000a, 0x24b0030 

NO SPECTRA: 0 

SCAN SUMMARY START: 

200: Start Scan.  Step Size: 2 nm 

200: Samples per reading: 1 

200: DM150 Monochromator:  Grating selected 

200: Filter Wheel:  Position 1 

200: 487 DC Amplifier:  Channel 1 

600: End Scan 

SCAN SUMMARY END 

SPECTRUM NAMES: 

s24882_1

SPECTRUM NAMES END 

ZERO CALIBRATION INFO: 

1
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1, 1, 200 nm, 0.017 nA, 392 

ZERO CALIBRATION INFO END 

PRE-SCAN MODULE: 

Name: ENV_487.dll 

Description: Envirobox(487) 

Information: Y 

Applied to all spectra. 

PRE-SCAN MODULE END 

MEASUREMENT TYPE/UNITS: Signal / nA 

MEASUREMENT TYPE/UNITS CODE: 0 100 

X AXIS TYPE: 0 

INTEGRALS:  

1 Irradiance 1109209.9 0 nm nA 

INTEGRALS END 

ADD-ON MODULE MEASUREMENTS:

1 Temp 22.72 0 C 

1 HV 757.13 0 V 

ADD-ON MODULE MEASUREMENTS END 

ADD-ON MODULE CURVE MEASUREMENTS:

ADD-ON MODULE CURVE MEASUREMENTS END 

COLORIMETRY:  

s24882_1

x: 0.1573 

y: 0.1535 

u: 0.1390 

v: 0.2035 

u': 0.1390 

v': 0.3052 

Dominant Wavelength: 476 nm 

Purity: 75.3 % 
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Colour Temperature: Not defined 

Ra: 0.0 % 

R1: 0.0 % 

R2: 0.0 % 

R3: 0.0 % 

R4: 0.0 % 

R5: 0.0 % 

R6: 0.0 % 

R7: 0.0 % 

R8: 0.0 % 

R9: 0.0 % 

R10: 0.0 % 

R11: 0.0 % 

R12: 0.0 % 

R13: 0.0 % 

R14: 0.0 % 

In Region: None 

COLORIMETRY END 

POINTS IN SPECTRUM: 

201

POINTS IN SPECTRUM END 

200 0.002677 

... ... 

... ... 

... ... 

396 9779.98 

398 8024.98 

400 19400 
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A3.2

 spectroradiometer 

 Bentham 

 mode  schedule 

1.  BenWin+  Tools  Configure 

Schedule   A3.5 

 schedule 

 A3.5  (Schedule) 

2.  schedule editor  spectroradiometer 

 Add Entry 

3. ( )

 Every  Set

4.   save schedule 

5.  tools  Schedule Mode 

Schedule  Save   (  initialize 

 initialize )

6.  Schedule Mode  Status bar 

 spectroradiometer 

 (Scheduled Mode: Next Acquisition at XX:XX) 
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 schedule  BenWin+  schedule 

 schedule 

 schedule mode 

 schedule  2 

 10 

spectroradiometer  20  spectroradiometer 

 10  schedule  5 



 4

Specification  Bentham 
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Specification  spectroradiometer Bentham 

Specification : DMc150F 

Configuration Two symmetrical Czerny Turner monochromators arranged for additive dispersion 

(or subtractive dispersion - factory set only) 

Focal Length Total focal length - 300mm; Individual Units - 150mm 

Aperture Ratio F/4

Slits Interchangeable fixed slits, micrometer adjusted, variable or motorized (see over) 

Order Sorting Unit can be fully order sorted from 200 nm to 30 microns by using option 252 and 

Bentham OS series of order sorting filters. 

Gratings 33 mm square plain gratings kinematically mounted to allow change-over without 

loss of calibration. A range of gratings covers 200nm to 30 microns. 

Resolution Limit resolution with 1200 lines/mm gratings is better than 0.5nm 

Stray Light. For measurement of notch filter in visible with quartz halogen light, stray light is 

less than 10
-8

Wavelength Scanning By integral stepping motor and micro stepping drive electronics 

Maximum Scanning. Speed For 1200 lines/mm grating maximum scanning speed is 30nm/second 

Wavelength Accuracy  ± 0.3nm over normal operating range of 1200 lines/mm grating (no software 

correction) ± 0.05nm with software correction 

Reciprocal Dispersion  2.7 nm/mm with 1200 lines/mm grating 

PC Interface 8 Integral IEEE-48 

Power Supply Mains input 110/220V 50/60Hz 

Weight 12 kg 

Overall Dimensions 300 mm x 400 mm x 180 mm high 

Construction Single aluminium casting with rebated lid 
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