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Calibration of low-level light sensor using deep convective clouds

MA Shuo, HUANG Yun-Xian®, YAN Wei, Al Wei-Hua, ZHAO Xian-Bin
(College of Meteorology and Oceanography, PLA University of Science and Technology, Nanjing 211101, China)

Abstract: The National Polar-orbiting Partnership ( NPP) satellite was successfully launched in 28 October 2011. The
day night band ( DNB) is mounted on the Visible Infrared Imaging Radiometer Suite ( VIIRS) on board the NPP to
greatly improve the night time imaging capabilities. In order to cover this wide dynamic radiation range, the three gain
stages are employed to view the earth at daytime, twilight and even nighttime. Especially, the radiance measured at night
is relatively low, so the radiance calibration is too difficult to realize. In order to realize radiance calibration at night, the
vicarious calibration method of Low-level light detection at night using the deep convection clouds is presented. The lu-
nar irradiance model was introduced to enhance the SCIATRAN to realize the radiance transfer simulation at all time.
Then, the reference values of the surface albedo, atmospheric profiles and optical properties of deep convection clouds
were inputted to the enhanced model to study the sensitivity of the TOA radiance. The simulation results show that the
main factors are the Cloud Optical Thickness (COT) and Effective Radius(Re) and the maximum reflectance errors are
no more than 5% . In order to examine the feasibility of the calibration method, the 6 months NPP data range from Au-
gust 2012 to January 2013 was used. The simulated albedos were calculated using the enhanced radiative transfer model
and compared with the observed albedos. The result shows that the radiance uncertainties on a daily basis are in the range
of £10% , which means that the calibration method using Deep convection clouds is very well to calibrate the DNB high
gain stage directly.

Key words: radiance calibration, NPP,deep convection clouds,radiative transfer model
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LZA = 30° 0.06% 0.60% 0.37% 3.67% 4.52% 0.34% 0.22%
LZA = 40° 0.06% 0.60% 0.36% 3.53% 2.76% 0.26% 0.22%
LZA = 50° 0.06% 0.65% 0.34% 3.34% 2.67% 0. 14% 0.20%




634 FANY/NEC I3 (O 4 34 45

B2 COT (30— 8, KU 5 S BB o
{66, EL2% COT AT 200 I, fE 41 T 1 HLHEA (5%
RS I, 24 DCC H 62 I M BUREE I, 1L DCC
Sy FBRAE DA U2 90 I S A 152 22 7 /N 10 3
2.

14,

1.2

1.0

Eo&
[a)
0.6}
0.4 LZA=30,VZA=20
RAA=30,r,~20pm
0.2
0 : : :
0 100 200 300 400
coT
@
0.10 :
0.08}
£ 006f
a
T 004
0.02}
0
100 200 300 400
coT
(®)

K1 (a)4LZA =30° ,VZA =20° RAA =30°A7},0.5-0.9
o BB R [6] S 5 R R UK 2 0 27 5 BE B 8 4k 5 (b) AR
AR BE VK = 68 SR AR AL

Fig.1 With SZA =30°, VZA =20° and RAA =30°, (a)
Distributions of BRF for different ice clouds COTs. (b) Dis-
tributions of relatively BRF changes for different ice clouds
COTs

T #i5E LL COT =200, Re = 20pum fE &y DCC
AL G2 R PR ASE AU R A2 TS S5 6 55 1 AN A
B, B SeE XA BOUL I LAl (LZA =30°,0° < VZA
<60°,0° < RAA <360°) , #| F§ =4[] i) COT 1
(COT =100,200,400) K Re =20um, #48l K S )2 Th
HRLa) o3 A R B 2 A 3o B i COT HUR
[ AP A F D75 381 1 R0 )2 TN ) S 5599 A bR A
Hordr ) VZA  RAA 3 il W 42 1) . U1 2607 ). A = rh

RAA = 0° AR AR Y J5 I T, RAA = 180°f{ 48
SR AT 1) 555

XFF iR = A COT A, AR IR K
WA % A7 VZA =30° H RAA = 0°R, £ 1 DCC
=R BT A B R A e TR R
SOULIN F7 1) B VZA = 0B, A3 R T B R AR DX 3 3.
M H, A VZA B K, R SR L 2
AR/ N 2 Hal DUE Y X COT 5 Re, =
HE 3R 32 000 TL AT 52 e 58 K, 3 K 29 24 0. 80 ~
1. 04.

IR E = A COT E I 0% XL Im] S 553 43
15 R, HHAB 22 ( BRF (COT =400) - BRF( COT =
200) .BRF( COT =200)- BRF(COT =100) ) 3% 4n
K 2 FHEIrR. 24 COT M 200 754k 3] 400 B, R[]
B3 A PRI /N, B KR 0..016. 24 COT A
100 724 200 W}, fe R 22 {H HIAE B R A4k, K20
0.034. H2{HBEE VZA B3 I 20 48 K.

5 BRI B, 3 T vk AR [ A Rk
2 Re, BEADLAY XL I 43 A pRACAN 1] 3 B3840 s
AR R SR R A 2 A g I L ART, COT
B2 200, Re B =ASTR[AIME 43 51K 10,20 .30 wm. 41 %
AFRL T A RCER , R R ORI RE H BLE VZA
=30°H RAA =0°4b, RIVJ5 [ S 0k B 3

WE 3 FHEA T b A RCE R 10 254k
F| 20wm Kz 20 A5 46 F) 30 ], W[ 52 55 B AR 0 A8
FEAE L. B R T R AR 38 K, 11 1) A 38
FE ST ] U A 9 a3 AR 7R 58 4 ) 1) R
VZA =30° H RAA =0°4b BT A28 K 1 I IR R 45
K AHSARE, 2 B8 5 1a) /O O 1], BUIe] 2 5 43 At
PRI 2 (B F KAL R 2924 0. 03.

BEXF 26— B A5 45 S mT i, b 3R RS KRR
2R SRR R TR S TR/ N AT LA 220 {H
&, 25 BIGRRE LA KR T R0 A% S B i A L
TR BURPE R . S B2 BRI S50 (COT =200,
Re =20um) B, ZE AR [A] G245 B (COT = 100 ~400)
Lok F A 85FE4E (Re = 10-30pm) g AT, e RBY
WRE/NT 5%.

3 ETRXR =/ DNB/HGS (&5 E R

PHE MR ] VIIRS %dié, L DCC A AUE
PRI DNB/HGS #EATEARTIE. —BEE L0 T R 4
HOULIN LA S A TR 2 80 & BE S 5 {8, g AR5 2
Vi3 I (4 A ) i A A X, T AU DNB/HGS
RS TSI 40 A3 23, M) AT ASAUAR 3 R 5 DN



5 1y o % TR SRR OB AR E R A 635

K2 g = AR COT i, BT 2= U2 TR [ 55 53 A s AU B 4L
Fig.2 Simulation TOA BRFs of ice cloud for three different COTs(100,200,400) and BRF changes made by chan-
ging COT from 100 to 200, and from 200 to 400

B3 £ =ARIE Re (E, BE0K 2 KA T ] 55430 BRI A8 4k
Fig.3 Simulation TOA BRFs of ice cloud for three different Re values (10, 20, 30) and BRF changes made for Re
values from 10 to 20, and from 20 to 30
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