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Fig.3 Influence of cloud on the irradiance
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1
Tablel Main variation parameters of the irradiance quoted in this paper
I's MW-cm?. nm* /m- st
Hfeding factor Station  Time Primary period Amplitude Wind speed Humidity L atitude Longitude
024 5 23 59 133 0.37 0.99 10.5 55 62°34.80 N 173°05.190 W
009 5 20 55 138 0.23 0.41 9.5 7 62°23.26 N 174°33.21 W
Cloud 073 6 02 47 86 0.16 0.32 0.7 85 64°57.25 N 169°53.42 W
146 6 12 45 137 1.0 1.79 15.6 7 62°22.94 N 174°32.19 W
015 5 21 46 87 0.16 0.32 5.9 59 62°05.00 N 172°56.52 W
111 6 06 56 95 0.38 0.55 6.9 88 63°01.56 N 173°26.49 W
Sea fog 085 6 03 19 126 0.21 0.51 9.4 82 65°35.74 N 168°57.04 W
115 6 07 68 117 0.11 0.21 11.4 91 62°33.60 N 173°34.67 W
061 5 30 15 30 0.03 16.0 - 64°21.77 N 168°01.97 W
063 5 30 6.5 0.02 15.1 92 64°23.41' N 169°17.77 W
Sea wave 042 5 27 14.0 0.04 4.2 74 63°10.31' N 170°54.64 W
046 5 27 16.0 0.01 4.1 72 62°59.26 N 171°43.69 W
058 5 29 11 73 0.12 1.4 73 64°07.58 N 169°20.69 W
041 5 27 10.0 20.5 97 62°59.72 N 170°15.61 W
Others 075 6 02 3 5 8.9 70 65°10.42 N 169°02.07 W
062 5 30 3 5 21.4 68 64°21.60 N 168°39.35 W
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Fig.6 The high-frequency variation of the irradiance caused by (a) the solar halo and sea wave;
(b) flare on the sea surface; (c) and (d) the steam from the ship



4 ,
6 058 , ,
0.12UW-cm? - nm*,
11,19 73 s 2 ,
6 041
WOMW:-cm?- nm* , 8 min
10 1
6 075
, 3 5pwW-
cm?- nm*? ,
210 (°) , 120 (°) ,
120(0) t t 1
6 062 ,
1 1 H
5
300 ,
2007
5 6 ,
( 1) 3

Jackie Grabmiere
, Heay

Stokes G M, Shwartz S E. The atmospheric radiation measure-
ment (ARM) program: Programmatic background and design of
the cloud and radiation test bed [J]. Bulletin of the American Me-
teorological Society, 1994, 75(7) : 1201-1221.

Kay J E, Ecuyer T L, Gettelman A, et a. The contribution of
cloud and radiation anomalies to the 2007 Arctic sea ice extent
minimum [J]. Geophys Res Lett, 2008, 35: L 08503.

Mobley CD. Light and water : Radiative trander in natural waters
[R]. San Diego: Academic Press, 1994 : 592.

Delene D J, OgrenJ A. Variability of aerosol optical properties at
four North American surface monitoring Stes [J]. J Atmos S,
2002: 59, 11351150.

Waggoner A P, Weiss R E, Ahlquist N C, et a. Optical charac

teristics of atmospheric aerosols [J]. Atmospheric Environment ,



2010

(7]

(8l

[10]

[11]

1981, 15(10-11) : 1891-1909. [12] CessRD, ZhangM H, Minnis P, et a. Absorption of solar radi-
MuellerJ L , Fargion GS. Ocean optics protocol sfor SeawWi FSval- ation by clouds: Observations versus models [J]. Science, 1995,
idation, revison 4. NASA/ TM-2003-21621 [ M]. Greenbdt, 267(5197) : 496-499.
Maryland: NASA Goddard Space Hight Center , 2003 : 308. [13] Dickson D R, HalesJ V. Computation of visua rangeinfog and
.. low clouds [J]. Journa of Applied Meteorology, 1963, 2(2) :
[J3]. , 2009, 24(1) : 34-42. 281-285.
, . [14] http://www. wunderground. com/ MAR/ buoy/ 46035. html
[J]. , 2009, 31(1) : 37-43. [15] Hsu SA, Blanchard B W. Characteristics of windwave interac-
Bond N A, AdamsJ M. Atmospheric forcing of the southeast Be- tion during an intense extratropical cyclogeness [J]. Journa of
ring Sea Shelf during 1995-99 in the context of a 40-year historical Coastal Research, 2007, 23(5) : 1287-1291.
record [J]. Deep-Sea Research, 2002, 49: 5869-5887. [16] Jin D J, Herrin E. Surface wave studies of the Bering Sea and
, , .. Alaska area [J]. Bulletin of the Seismological Society of Ameri-
[J]. , 2006, 18(2) : 87-97. ca, 1980, 70(6) : 2117-2144.
Bélanger S, EhnJ, Babin M. Impact of seaiceon the retrieval of [17] Heron SF, Heron M L. A comparison of algorithms for extrac

water-leaving reflectance, chlorophyll a concentration and inher-

ent optical propertiesfrom satellite ocean color data [J]. Remote

ting sgnificant wave height from HF radar ocean backscatter

spectra [J]. Journa of Atmospheric and Oceanic Technology ,

Sensing of Environment , 2007, 111: 51-68. 1998, 15(5) : 1157-1163.

Analyssfor the High-Frequency Variation of the Downwelling Irradiance Caused

by Different Atmosphere and Sea Surface Condition

ZHAOJinrPing, WAN G We-Bo , JIAO Yu Tian
(Key Lab for Polar Oceanography and Gobal Ocean Chang, Ocean University of China, Qingdao 266100, China)

Abstract: The downwelling irradiance at the sea surface and some factors are smultaneousy measured
during the marine optical observation with much higher sampling rate of 0.2 s, which is benefit to study
the high-frequency variation in the irradiance record. The data obtained by the authors in Bering Sea of
2007 springis used to analyze main factors caus ng the high-frequency variation of theirradiance. Thein-
fluences of cloud, fog, and sea wave on the irradiance are distinguishable from our dataitself. It thusis
possble for us to judge and calculate the impact from different factors without detailed insitu informa
tion. The variations of irradiance by the cloud are usualy with lower frequency and higher amplitude.
Whereas those caused by fog express complex variation with higher amplitude and varying periods from
several to a hundred seconds. The complexity is useful to distinguish fog influence from that of cloud.
Under the clear sky condition, the steady incident solar radiation is reflected at the sea surface, modulated
by the wave oscillation, and then scattered from the particlesin the air to the collector of the instrument.
S the sea wave signal appearsin theirradiance record with short period and low amplitude, clearly differ-
ent from the influence of cloud and fog. In this study, theinfluence of cloud, fog, and wave on irradiance
is analyzed and calculated , which is valuable for understanding the irradiance and the corresponding varia
tion in the under water record.
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