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Abstract: In order to effectively evaluate the influence of scattered radiation of the heat collection tower on
the optical environment of the Dunhuang Gobi Site of the Chinese Radiometric Calibration Sites (CRCS), the
Monte Carlo three-dimensional radiation transmission model simulation combined with in situ CE318 multi-
channel photometer almucantar measurements was applied to solve the problem that it is difficult to quantit-
atively evaluate the scattered radiation mixed with the background radiation. By measuring the data with a

new cloud cover automatic observing instrument ASC200, the accuracy of clear sky measurements improved,
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and the development of the CE318 four-quadrant location correction algorithm effectively increased the
amount of valid data that meets our threshold requirements. The effective data collected from January to
March 2020 shows that the molten salt tower Concentrating Solar Power (CSP) project has no significant im-
pact on the sky diffuse radiation outside the 550nm channel. In the 500 nm channel, under the geometric
parameters corresponding to the valid data (distance 0.87—3.07 km, observation zenith angle 77.30—51.32°),
the impact of the molten salt tower heat absorber on diffuse sky radiation does not exceed 0.93%. Combined
with the analysis of the model simulation results, it can be concluded that the relative change of the sky dif-
fuse radiation caused by the scattered radiation of the large power station is less than 1.62% at 2 km away,
and the relative change is less than 0.93% when it is at least 3 km away. The research results have positive
significance for the use of Dunhuang Site to conduct quantitative applications in remote sensing and the ac-

curate evaluation of the uncertainties introduced by power stations.
Key words: Chinese radiometric calibration sites; Dunhuang site; molten salt tower solar power station; dif-

fuse radiation; three-dimensional radiation transmission simulation; cloud cover automatic obser-

vation
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Fig. 1 Heat collection tower in working condition obser-
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Tab.4 ASC200 performance parameters

Eaes ful K /mm H 9E/mm M
1 1020 10 S.A. K
2 1640 25 S.A. K
3 870 10 S.A. K
4 675 10 S.A. K
5 440 10 S.A. K
6 500 10 S.A. K
7 10201 10 S
8 936 10 S
9 380 2 S
10 340 2 S
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Fig.2 Schematic diagram of the almucantar measurement
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Fig. 3 An example of the radiant energy level distribution
of the light reflected by the heat collection tower ob-
served by the satellite
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Tab.7 The relative distribution of the radiant energy of
the light reflected by the heat collection tower
observed by the satellite

HEES /km 0° 10° 20° 30° 40° 50°
0 1.000  0.780  0.549  0.381 0.277  0.202
1 0434 0369 0285 0.194 0.179  0.162
2 0.035 0.033  0.033  0.032  0.037  0.047
3 0.020  0.019  0.020  0.021 0.023 0.027
4 0.016 0.016 0.016 0.017 0.020  0.023
5 0.015 0.015 0.015 0016 0.018 0.021
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Fig. 4 Infrared cloud image obtained from ASC200 cloud
cover automatic observer at 7:00:05 UTC on March
2,2020
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Tab. 8 Statistics of effective observation data after be-

ing selected at different levels (group)
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Tab. 9 Relative deviation due to scattered radiation from the heat absorber (440 nm)

UTC Time AOD Sz/(°) Sa/(°) Beta/(°) HB/km on DegB/(°) DdegB/(°) RdevB/% RdevB,/% HS/km on DegS/(°) DdegS/(°) RdevS/% RdevS,/%

03—-1008:59 0.15 61.83 23534 0.07  2.06
03—-1007:59 0.14 53.28 220.75 0.11 2.86
03-10 06:59 0.15 47.20 202.90 0.13  3.55
03—-09 10:27 0.17 77.14 252.07 0.09  0.88
03—-09 09:59 0.15 72.12 247.04 0.12 1.24
03-0209:02 0.15 64.41 233.46 0.06 1.84 83.48 3.48
03-02 07:02 0.18 50.22 202.09 0.13  3.19 52.12 2.12

1 8537 4.63

1

1

1

1

1

1
02-2710:14 0.14 77.10 246.64 0.09 088 1 96.66 3.34

1

1

1

1

1

0

70.77 0.77
52.92 2.92
102.09 2.09
97.06 2.94

02-2709:02 0.16 65.23 232.61 0.16 1.77 82.63 2.63
02-27 08:02 0.19 57.00 218.41 0.09  2.49 68.43 1.57
02-2707:02 0.18 51.24 201.49 0.08  3.08 51.51 1.51
01-2509:24 0.16 76.61 230.44 0.11 0.92 80.46 0.46
01-2509:03 0.17 73.56 226.29 0.06 1.13 76.32 3.68
01-1007:56 0.19 68.63 211.65 0.04 1.50 61.67 1.67

-1.18 —-1.08 1.54 0 124.87 4.87 -0.29 —-0.31
-1.14 -0.92 2.14 0 110.27 9.73 -1.57 —1.49
—-0.04 0.31 265 0 9242 2.42 -1.37 -1.18
—-0.70 —-0.72 0.66 0 141.59 1.59 0.24 0.14
-2.11 -2.07 093 0 136.56 3.44 —0.63 —0.74
—-0.51 —0.42 1.38 1 12298 2.98 -1.23 -1.24
—-0.20 0.19 239 0  91.62 1.62 -1.47 -1.28
—0.89 —0.87 0.66 0 136.16 3.84 —-0.75 —-0.84
—1.47 -1.23 133 0 12213 2.13 0.47 0.39

0.09 0.30 1.86 0 107.93 7.93 1.33 1.38
—-0.51 -0.29 230 0 91.02 1.02 —-0.61 —-0.50
—0.18 0.00 0.69 0 119.97 0.03 —0.81 -0.91
—0.14 —0.03 085 0 115.82 4.18 —0.60 —0.64
—-1.02 —-0.89 1.12 1 101.17 1.17 —0.44 —-0.43

F=10

IR A3 BT AR ST T R BOMEXI RZE (500 nm)

Tab. 10 Relative deviation due to scattered radiation from the heat absorber (500 nm)

UTC Time AOD Sz/(°) Sa/(°) Beta/(°) HB/km on DegB/(°) DdegB/(°) RdevB/% RdevBr/% HS/km on DegS/(°) DdegS/(°) RdevS/% RdevSr/%

03-1009:00 0.14 62.01 235.59 0.12 2.04 1 85.61 4.39
03—-1008:00 0.14 53.42 221.04 025 285 1 71.06 1.06
03-03 08:03 0.15 55.92 219.77 0.14 260 1 69.80 0.20
02-2710:16 0.14 77.30 246.84 0.08 087 1 96.86 3.14
02-2707:03 0.16 51.32 201.84 0.14 3.07 1 51.86 1.86
01-2509:25 0.15 76.80 230.69 0.17 090 1 80.71 0.71
01-2509:04 0.16 73.72 226.51 0.11 1.12 1 76.54 3.46
01-1008:58 0.17 75.87 22452 0.08 097 0 74.54 4.54
01-1007:57 0.17 68.75 211.92  0.07 149 0 6194 1.94

—0.85 —0.63 1.53 0 12511 5.11 0.88 0.87
—0.74 —0.14 213 0 110.56 9.44 -1.19 -0.97
—4.01 -3.65 194 0 109.30 9.30 -1.21 —-1.10
0.29 0.32 0.65 0 13636 3.64 —0.10 —0.18
—2.24 —-1.81 229 0 9136 1.36 —0.46 —-0.22
0.57 0.88 0.68 0 120.21 0.21 —-0.09 —-0.21
0.68 0.93 084 0 116.04 3.96 —-0.20 -0.25
0.49 0.71 072 1 114.04 5.96 0.31 0.28
—-0.50 —-0.25 1.12 1 101.44 1.44 —-0.02 0.01

1622 9 FIFE 10 17, AOD R IRIROGHE
£, Sz 5 Sa 535 & K BA R 10 FA 5 75 5 ff1, Beta=

a 2 EWRBRENEIESM . HB 5 HS /3R
B ZRAL TR/ 15 IR, on R B T
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Fig. 5 Normalized full sky diffuse irradiance and CE318 spectral response function

IR BF R R T A B A, 55 e 24 o g 5 O 5
o0, (B AR MRS 25 2 2k B WA AR M B AR
VT AL E R H il BE I 151 2 5 260 m, K FH
PEIXA g BE I O 2T 5 0, WA 19 52 BE AT PR,
JIT 3 S FRCST 48 S5 TR 2 1 S S S e TS U
MR ORI . ESR 9 A 10 Hh, WA 25
FilJZ 0.65~3.55 km, 1] DA & 36 2 JoT et 42 il ) 4
P, NS TR TAER R, A 4 %, T
TAAS AR H 3l T 1 AR A Bs A 7 5317 o

0= |L) S S IRt F AL P BN N WA A
KTEAZMIE—i. {H)2E 440 nm F1 500 nm
i 18 (1) RdevB, A Ry 71116 B0, S /IME 5 51 R
—2.07%( 03-09 09:59) F1-3.65%( 03-03 08:03)
T B A7 AE U B AR T ™A 100 o A5 AR
i, (T A2 B SO0 v, A e T R A5 T8 5
BRI AP/ NG FE R sl . BRI FiR A
A 38 A X 22 RdevB, fie /N TE LA 1&] 6 5 1&] 7
CEE DL R R s o

g
o

(a) . = ALL
. « ALL,
AOD=0.15 - « ALR
| Beta=0.12° ;gtLg,
HB=1.24 km a
HS=0.93 km ¥ StaS
[ Sa=246.93km

—_

W
% =
-

—_
(=]

L
'L

Radiance@440 nm/(W-m2-sr-um)

0.5 "
e
0 L] t;. ”*t'./ k.'!nqp' - D.I L]
0 100 ~ 200 300 400 500
Azimuth (UTC: 09-Mar-2020 09:59:12)
03
. (b) A Rdy
= ¥ Rdg,
S 02| RdevB=-2.11%, RdevS=—0.63% 4 Rd,
) RdevB,=—2.07%, RdevS,=—0.74% P Rds,
= _ o — o o Rd
g ol DdegB=2.94°, DdegS=3.44 o Rd
z
o
o
0 -
% %"‘ﬂﬂaﬂ!gs I B *
& 4 5td=0.007 1, StdB=0.006 3, StdS=0.008 9

—0.1

0 50 100 150
Relative azimuth (UTC: 09-Mar-2020 09:59:12)

6 440 nm il 78 RdevB, A He/IME (—2.07% ) i 17 ik %]
(03-09 09:59) HYFHSESE (a) SHIXH 2 (b)
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nel RdevB, is the minimum (—2.07%)
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Tab. 11 The relative change of the sky diffuse radiation

caused by the scattered radiation from the

large power station changes with distance and

the observation angle (%)

R B PARGTRIXT (%)

R /km

0° 10° 20° 30° 40°  50°
0 3444 2687 1891 1312 954  6.96
1 1495 1271 982 668 617 558
2 1.21 L14 114 L10 127 162
3 069 065 069 072 079 093
4 055 055 055 059 069 079
5 052 052 052 055 062 072
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