Diffuse Spectral UVB Observation
using Brewer Spectrophotometer and Simple Shadow Unit

Mahito I1TO

Abstract

A Brewer spectrophotometer with simple shadow unit for observing diffuse spectral UVB was developed at the
Aerological Observatory, Tsukuba. This paper presents the results of diffuse spectral UVB measurements carried out
from June (summer) to December (winter) in 2004. They are summarized as follows; 1) Simple shadow unit
comprised of free frame and a black ball was mounted on Brewer spectrophotometer MKII #058. Shadow effect of
the free frame was confirmed to be negligible comparing with Brewer #052 on a clear day. By comparing with
Brewer #052 (replaced by #113 on a temporary basis) the responsivity of unshadowed Brewer #058 was monitored
during the measurements. They agreed within 1 percent under selected clear and fine sky conditions. The daily
responsivity trend of Brewer #058 was also traced in the same way as routine UV observation. 2) Shadowed Brewer
#058 and unshadowed #052 (#113) were run by time-controlled scan uz.rtn which is a special routine for instrument
intercomparison. UVB diffuse ratios (diffuse/global) were calculated for a total of twenty clear and fine days. The
diffuse ratio showed a daily pattern of shallow sinusoidal concave with the minimum value at noon. During the
daytime from 9.5 to 14.5 JST (Japan Standard Time) the mean ratio was about 0.81 (0.77 for clear, 0.87 for the rest)
and the minimum 0.77 (0.74 for clear, 0.88 for the rest) in contrast with the deep flat pan pattern of solar diffuse
ratio the mean value of which was about 0.19 for clear days. As a whole the UVB diffuse ratio was 3.5 to 4 times
larger than the solar diffuse ratio around noon. Linear wavelength-dependence of the spectral UVB diffuse ratio was
recognized and the gradient was about -0.3 %/nm. The UVB diffuse ratio decreased toward winter but the tendency
was weaker than the solar diffuse ratio. 3) Relations between UVB diffuse ratio and some atmospheric conditions
were examined. Due to remarkable difference of the daily pattern, the solar diffuse ratio related to the UVB diffuse
ratio roughly as 0.1 versus 0.6 (0.5 for summer, 0.7 for late autumn to winter), 0.4 versus 0.98 (0.96 for summer,
nearly 1.0 for late autumn to winter), and 0.5 versus the saturated value of 1.0, respectively. Atmospheric turbidity,
visibility and cloud amount affected the UVB and solar diffuse ratios in a similar way but the steepness of the
correlation curves were fairly different.
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Photo. 1 Diffuse UV observation using Brewer #058 with
shadow unit on the rooftop at the Aerological Observatory,

Tsukuba.

Photo. 2 Diffuse UV comparison using Brewers #058 and

#052(#113) on the rooftop.
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Fig. 2 Results of frame effect test by global UV irradiance comparison #058 (with Frame) vs #052 (Normal) on the rooftop in
363 day, 2003.

(a) Total irradiance(jaW / m?), TUV: total irradiance from 290 to 325nm, UVB: total irradiance from 290 to 315nm.

(b) [TuVI: irradiance ratio of #058 / #052 for TUV, [UVBI: irradiance ratio of #058 / #052 for UVB, [W(TUV)]: arithmetic mean of
individual irradiance ratio #058 / #052 at each wavelength spacing 0.5nm from 290 to 325nm, [W(UVB)]: same as [W(TUV)] for the
interval 290-315nm, [W(300-)]: same as [W(TUV)] for the interval 300-325nm.

(c) Spectral irradiance ratio #058 / #052 from 290 to 325nm every 30 minutes.

(d) Spectral irradiance ((uW / (m**nm)) of #058(right) and #052(left) from 290 to 325nm every 30 minutes.
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Fig. 3 Examples of the normal comparison results of global UV irradiance between Brewer #058 and Brewer #052(#113) on
the rooftop from June to December 2004.

Both of the instruments were at normal positions. Quantities (a) — (d) are as same as Fig. 2. Instrument #052 was replaced by #113 sporadically.
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Fig. 4 Examples of the comparison results between diffuse UV irradiance by Brewer #058 and

Quantities (a) — (d) are as same as Fig. 2.

Instrument #052 was replaced by #113 sporadically. Charts (a) — (b)

and global solar radiation by Pyranometer CM22/0100248 (CM21/970366). “DF” and “GL” in (a) - (b)
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global UV irradiance by Brewer #052(#113) on the rooftop from June to December 2004.

also indicate the comparison results between diffuse solar radiation by Pyranometer CM21/960330
denote diffuse and global solar radiations (W / m?)/10%), respectively.
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Table 1
Table 2
Table 3
Table 4
Table 5

[Tuv], [uvBl, [W(TuV)], [W(UVB)] and [W(300-)] are explained in Fig. 2.

X
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It

Irradiance ratio of #058 (with Frame: global) to #052(#113) (normal: global).

Irradiance ratio of #058 (global) to #052(#113) (global) as “AVG” from 9.5 to 14.5h JST and “Daily Total”.
Irradiance ratio of #058 (diffuse) to #052(#113) (global) as “AVG” from 9.5 to 14.5h JST and “Daily Total”.
Irradiance ratio of #058 (diffuse) to #052(#113) (global) at 11.5h JST.

Irradiance ratio of #058 (diffuse) to #052(#113) (global) at ZA=55<65<

[D-TuVI and [D-UVB] indicate daily total ratios.

“Solar” in Tables 3-5 denote irradiance ratio of diffuse to global solar radiation by Pyranometer.

Table 1: Frame Test = Frame #058 / Normal #052 from 9.5 to 14.5 JST
AVG (9.5-14.5 JST) Daily Total Weather
Julian Day [TUV] [UVB] [W(TUV)] [W(UVB)] [W(300-)] [D-TUV] [D-UVB] AM PM
363 0.9952 1.0005 1.0003 1.0040 1.0032 0.9957 1.0009 Clear Fine
Table 2. Normal Comparison = GL #058 / GL #052(#113) from 9.5 to 14.5 JST
AVG (9.5-14.5 JST) Daily Total Weather
Julian Da W AM PM
168 Clear Clear
174 Clear Clear
308 0.9945 1.0020 1.0020 Fine Fine
309 Clear Clear
311 1.0002 1.0083 Fine Fine
321 0.9862 1.0014 Slightly C. Slightly C.
330 Clear Clear
333 Clear Clear
336 Clear Clear
346 Clear Clear
351 Clear Clear
353 0.9999 1.0063 1.0070 1.0109 1.0075 1.0051 Fine Clear
AVG ALL | 0.9908 1.0020 1.0031 1.0102 1.0031 | 09915 1.0020
Table 3: UV DF R = DF #058 /GL #052(#113) from 9.5 to 14.5 JST
AVG (9.5-14.5 JST) Daily Total Weather
W W [D-UVB] | Solar AM PM
0.5542 0.5561 0.1534 Clear Clear
167 Clear Clear
183 06352 0.6378 03535 | Fine  Slightly C.
184 Clear Clear
186 0.6897 0.7040 0.2736 Clear Clear
207 0.8067  0.8183  0.8401  0.8542  0.8277 0.8345  0.8401  0.5557 | Cloudy Fine
303 Clear Clear
310 Clear Clear
314 0.9046 0.9321 0.9329 0.9491 09271 0.4024 0.9039 0.9251 0.4228 Clear Clear
315 0.9150 0.9380 0.9313 0.9423 0.9355 0.4768 09163 0.9349 0.4929 Fine Slightly C.
318 0.9142 0.9400 0.9460 0.9643 0.9400 0.7500 0.8745 0.8994 0.4945 Fine Cloudy
327 Clear Clear
338 Clear Clear
341 Clear Clear
343 Clear Clear
348 Clear Clear
349 0.9521  0.9682 09514  0.9528  0.9641 0.9509 0.6017 | Fine Clear
352 0.8093 0.8258 0.2002 Clear Clear
08143 08309  0.1928 [ Clear Clear
0.8516 0.2401 Clear Fine
AVG ALL 0.7813 0.2970
AVG Fine-Cloudy 0.8519 0.8727 0.8743 0.8867 0.8724 0.8031 0.8168 0.3619
Solar: Solar radiation
Table 4: UV DF R = DF #058 /GL #052(#113) at11.5 JST
115 JST 115 JST
Cloud VIS(Km
0.6586 0.6755 0.6886 0.7040 0.6700
327
338
341
343
I | 10 [t 40 [ 282
AVG ALL

07481 07718  0.7730 07872 07671 ] 02079 | 41 | 16 | 32 | 291 |

AVG Fine-Cloudy 0.8674 0.8840 0.8841 0.8924 0.8782
Table 5: UV DF R = DF #058 /GL #052(#113) at ZA=55-65
Z_angle= 55-65 Z_angle= 55-65
[Z angle]| Sample [TUV] [UVB] [W(TUV)] [W(UVB)] [W(300-)]| Solar T Cloud  VIS(Km) ds Ozone
AVG ALL 60.44884 86 0.8211  0.8465  0.8428  0.8557  0.8446 36 1.0

0.9261 09345 0.9328

AVG Fine-Cloudy

09134  0.9354

-32-



TV —U— oG R R AR U7 BRI R BISE M B 3 o K 2 8l

Solar_DF_R(Clear) = 0.1978 ------=--======-===---==- 55% ZA < 65°

55 ZA < 65°

UV_DF_R(Clear) / Solar_DF_R(Clear) = 4.16 ---- 55 ZA < 65

4
(d)
ZA
( ) ZA 70°
% %
(2002 2003)
(1) (2) 3
(4) (5)
a) b) ( 0
0+ 1) c)
55 ZA < 65°
(1) (ZA)
(e) 55 ZA< 65
4
ZA
Fig.6
Fig.6(a)
DF/GL=1
ZA=70°
ZA=70°
ZA=30° ZA=75°
(1.0)
ZA=50 70°
157 JD (157day )

o} f R
- 8 y = -0.0004x + 0.9634
E 06 |-
] % X X

N

AR
X x\;g%i

y = -0.0009x + 05743

0

150 180 210 240 270 300 330 360

o [w] 0 [UvE] A[W(300-)] X Solar Julian Day in 2004

Fig. 5 Seasonal trends of irradiance ratio of diffuse UV(solar)
to global UV(solar) radiation by Brewers and Pyranometers in
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[Tuv], [uvB] and [W(300-)] are explained in Fig. 2. The meaning
of “Solar” is given in Tables 1 - 5.
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Fig. 6 Dependence of the irradiance ratios of diffuse UV(solar) to global UV(solar) radiation on some factors; (a) zenith angle,
(b) irradiance ratios of diffuse to global solar radiation, (c) visibility(Vis), (d-1) & (d-2) atmospheric turbidity (7¢), and (e)

cloud amount.
(a) and (b) : clear sky (cloud amount = 0, 0+,1), (c), (d-2) and (e) : 55 ZA < 65ZA, (d-1) : all data.
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