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1. Background

® FY-3D/MERSI-Il and FY-4A/AGRI are approaching the end of
their designed lifespan, with significant degradation of

radiometric response in several bands.

® DCC as ainvariant Target:
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2. Sensors and Data

@ FY-3D/MERSI-II @ FY-4A/AGRI

> Time: 20180101~20221231. > Time: 20170301~20230430.

» Bands: B1-B7. B16-B19. > Bands: B1-B6.

3 visible « 5 near-infrared and 3 shortwave infrared bands. 2 visible . 1 near-infrared and 3 shortwave infrared bands.

O B8 to B15 may saturate when observing DCC targets.

Central Spectra Resolution Dynamic Central Spectra
Band wavelength bandwidth (m) range Band wavelength bandwidth Sensitivity
(um) (m) (um) (um)

1 0.470 50 250 90% 1 0.470 0.45~0.49 SIN>90 @ p=100%
2 0.550 50 250 90%

3 0.650 =0 250 90% 2 0.650 0.55~0.75 S/N>200 @ p=100%
4 0.865 50 250 90% 3 0.825 0.75~0.90 S/N>200 @ p=100%
5 1.38 20/30 1000 90% 4 1.375 1.36~1.39 S/N290 @ p=100%
6 1.64 50 1000 90%

7 213 50 1000 90% 5 1.61 1.58~1.64 S/N>200 @ p=100%
8 0.412 20 1000 30% 6 2.25 2.1~2.35 S/N>200 @ p=100%
9 0.443 20 1000 30% 7 3.75 3.5~4(High) NEAT<0.7K @ 300K
10 0.490 20 1000 30%

1 0.555 20 1000 30% 8 3.75 3.5~4(Low) NEAT<0.2K @ 300K
12 0.670 20 1000 30% 9 6.25 5.8~6.7 NEAT<0.3K @ 260K
13 0.709 20 1000 30% 10 7.10 6.9~7.3 NEAT<0.3K @ 260K
14 0.746 20 1000 30%

15 0.865 20 1000 30% 11 8.50 8.0~9.0 NEAT<0.2K @ 300K
16 0.905 20 1000 100% 12 10.7 10.3~11.3 NEAT<0.2K @ 300K
17 0.936 20 1000 100%

s 0000 e 1000 oo, 13 12.0 11.5-125 NEAT<0.2K @ 300K
19 103 20 1000 100% 14 135 13.2-13.8 NEAT<0.5K @ 300K

solar reflective bands(RSB) of MERSI-II



3. Method:

» flowchart of the radiometric response assessment method based on DCC :

BRDF models
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O Factors Affecting the

Calibration Accuracy:

* DCC BRDF characteristic
* Seasonal Cycles

* Sensitivity of infrared band threshold and
calibration accuracy
* Mean and mode of DCC reflectance

D. R. Doelling, D. Morstad, B. R. Scarino, R. Bhatt, et al. The Characterization of Deep Convective Clouds as an Invariant Calibration Target and as a
Visible Calibration Technique. IEEE Transactions on Geoscience and Remote Sensing, vol. 51, no. 3, pp. 1147-1159, March 2013.

Chen L, Hu X, Xu N, et al. The Application of Deep Convective Clouds in the Calibration and Response Monitoring of the Reflective Solar Bands of FY-
3A/MERSI (Medium Resolution Spectral Imager). Remote Sensing. 2013; 5(12):6958-6975.
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3. Method:

@ Reflectance correction 0.8
D2 * R*i » 0,06 4
Ri = %
cos(sza)* BRDF (sza, vza, raa) 2
: 044 4

® Construct monthly reflectance PDFs

@ Evaluate radiometric response
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(FY4A/AGRI) Sensitivity of DCC Reflectance Mean and Mode to
Infrared band Calibration Accuracy

a) BT threshold = 190 K, the number of DCC pixels sharply decreases, resulting in an
(2)0. 65pum ; (b)1. 61pm

unclear mode of the PDF.
b) The 0.65um PDF exhibits a left-tailed negatively skewed Gaussian distribution, a) 0.65 pm: The total drift of mean between 195 K and 205 K is
4.76%, while the total drift of the mode is smaller at 2.52%.

The sensitivity of the mode is lower than the mean.
b) 1.61pm: The total drift of mean between 195 K and 205 K is
5.12%, while the total drift of the mode is slightly larger at 6.28%.
The sensitivity of the mean is lower than the mode. 6

with the mean being less than the mode.
The coefficient of variation (CV) of the mean is greater than the mode.

¢) The 1.61um exhibits a normal Gaussian distribution, with a mean approximately
equal to the mode and the CV slightly smaller than the mode.



4. Results and Discussion: @Anisotropy Correction: Hu and CERES Thick-lce-Cloud BRDF Models
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» Standard Deviation of the DCC Reflectance Mean (Mode) for
Different VZA Ranges

Central Standard deviation of mean(mode) %

Band Wa‘ziﬁ';gth No BRDF Hu BRDF %iRDEFS
1 0.470 2.32(1.93) 2.22(1.94) 1.93(0.76)
2 0.550 2.62(2.13) 2.72(2.11) 2.33(0.83)
3 0.650 2.73(2.22) 2.45(2.01) 1.65(0.77)
4 0.865 1.63(1.58) 1.53(1.62) 1.66(0.73)
5 1.38 0.83(1.08) 1.13(1.28) 1.16(1.33)
6 1.64 0.82(0.89) 0.87(0.96) 0.98(1.1)
7 2.13 0.76(0.88) 1.26(1.36) 1.08(1.21)
16 0.905 1.44(1.28) 1.43(1.12) 1.41(0.53)
17 0.936 1.53(1.28) 1.58(1.17) 1.66(0.73)
18 0.940 1.22(1.08) 1.37(1.04) 1.66(0.67)

19 1.03 1.47(1.13) 1.33(1.02) 1.67(0.74)

@ VIS/NIR: CERES thick-ice-cloud model better than Hu model.
| @ SWIR: Neither model has correction effect.

1. Hu Y B, Wielicki B A, Yang P, et al. Application of deep convective cloud albedo observation tosatellite-
based study of the terrestrial atmosphere: Monitoring the stabilityof spaceborne measurements and

assessing absorption anomaly.

2, CERES Thick-Ice-Cloud BRDF Models: https://ceres.larc.nasa.gov/data/angular-distribution-models/

e

Angular Distribution Models (ADMs)

CERES TerraAqua Editiond ADMs



4. Results and Discussion: @Anisotropy Correction: Hu and CERES Thick-lce-Cloud BRDF Models

» (FY-3D/MERSI) Monthly DCC Reflectance Variation Trends after Correction with Two BRDF Models
(@) 0.65 pm (b) 1.64 pm
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@ VISINIR: After correction with the CERES thick ice cloud model, the reflectance RSD decreased by 15% . RSD: Relative Standard Deviation

to 40%, the variability index decreased by 10% to 30%, more effective than Hu model.

® SWIR: Neither model has correction effect.

* variability index : 25/Mean
6=Standard Deviation of Fitting Residuals,

(3 1.64pum exhibits significant periodic variation characteristics, which related to the seasonal cycle of DCC. Mean=mean of Fitted Values.



4. Results and Discussion: ®) bcc Seasonal Characteristics: Global Distribution (FY3D-MERSI)

» Distribution of DCC in Tropical Regions for (a) April and (b) July from 2020 to 2022
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(a) (b)
(D The DCC distribution is highly consistent across the same month in different years, while significant differences are
observed between different months within the same year.
Every April, DCC appears more frequently in the Western Pacific, Africa, and South America.
Every July, DCC shifts north of the equator, with an average of about 78% of pixels in the northern hemisphere. The

®@ ®

frequency of occurrence in Africa and South America has significantly decreased, with about 70% of pixels appearing
in the western Pacific and Indian Ocean regions.
@ DCC reflectance is different over ocean and land. (Rajendra B, 2017.) 9



4. Results and Discussion: ® bDcc Seasonal Characteristics: Annual cycle of DCC Reflectance

» Annual Variation of Monthly DCC Reflectance for (a) 1.64 pm and (b) 2.13 pm from 2018 to 2022 (FY-3D/MERSI)
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@O SWIR : The DCC reflectance decreases annually.
@ Monthly trend of DCC reflectance is similar each year, minimum values in February and July, maximum values in April and October.
(3 The annual average variation range of monthly reflectance in VIS/NIR bands is 1.5%, while the reflectance in the SWIR bands shows higher

sensitivity to seasonal variation, with an average variation range of about 6.4%.
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4. Results and Discussion: (® DCC Seasonal Characteristics: Seasonal index(Sl)
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. . . = ; <
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I 0.96 Y T Y T T T T Y Y T
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!___p_____z_____Z_J __________ _! Seasonal Index ( SI') of DCC
Rajendra B , David D , Benjamin S , et al. Development of Seasonal BRDF (D The seasonal index(Sl) is positively correlated with the magnitude of seasonal

Models to Extend the Use of Deep Convective Clouds as Invariant
Targets for Satellite SWIR-Band Calibration[J]. Remote Sensing, 2017,

9(10):1061. @ VIS/NIR bands, the variation range of SI within 2%, while in the SWIR bands,

fluctuations in DCC reflectance.

the variation range increases to 7%, indicating greater seasonal sensitivity.
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4\ Results and Discussion: ® DCC Seasonal Characteristics : Deseasonalization Effect

» Comparison of Deseasonalization Methods and BRDF Model
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| i 055 & NoBRDI P 2 PeBRDH | Reflectance in Each band After deseasonalization
& Odowrat RSN (FY-3D/MERSI)
: 10 MMM | : 160 .w‘ A ‘ Spectral ~ Decline Rate of  Decline Rate of
g ‘ "‘ Z W‘m bands(m) RSD % 25/Mean %
5 0ss 1 | Fossd < | 0.470 103 29.9
; Di | ; NO BRDF CERES BRDF D | 0550 96 273
[6] CERES BRDFDeseasonal eseasonal
090 1 RSD % " o.E;EDF 0.48 0.54 0590 + RSD%  0.84 0.71 0.70 0.650 28.9 44.3
26/Mean % 1.42 0.76 0.79 26/Mean % 1.67 119 1.16 0865 167 305
085 b e e e 1.38 22.4 52.7
PO A T Rt g g P 1.64 22.0 51.2
o _ P _ 2.13 23.9 54.5
|Ia i"»" L64pm 1.64um A NoHRDI |;§ i'd)l‘-‘l"" 2.13um A NoHRDI 0.905 17.6 33.5
il Aporiases | I A | 0.936 18.3 35.6
0.940 18.1 32.4
4 A oy {
= v} 4 | 1.03 20.4 42.8
3 3. - -
=
(3 (Aol s After deseasonalization , The reflectance RSD of SWIR
el S B 5 o] g o BROE Cris sror b | DANAS decreased by 22.4%, 22.0%, and 23.9%, while the
04 2w 536 605 28 | and ot sa  ses o - variability index decreased by 52.7%, 51.2%, and 54.5%,
Ll = i Ll T iiiBaseslooaoad o respectively.
. 201 an. 20 . 201 Jan. 2019 20120 Jan. 202 | lan 2022 Jan. 2023

12



4. Results and Discussion: @ FY-3D/MERSI-II Degradation Assessment Results

> Normalized Monthly Reflectance of DCC (FY-3D/MERSI-II from 2018 to 2022) > Validation of Niuilisitel
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4. Results and Discussion: @ FY-4A/AGRI Degradation Assessment Results

» Normalized Monthly Reflectance of DCC (FY-4A/AGRI from Apr. 2017 to May 2023)
(a) VIS/NIR; (b) SWIR
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| (a) VIS/NIR

Total Degradation

Normalized Reflectance

0.4 0.470pm: 45.55% e (0, 4T0pm
o 0.650um
] 0.825pum: 2.662% — 0.825um
0.2 v T v v r
A\ (NERPTOL A0\9 2020 102 STLp ,\‘\‘")“6
Day Since March 1s0.2017
Band Total Annual ) a)
(nm) Degradation (%) Degradation (%) (%)
0.470 45.55 7.383 2.149 b
0.650 26.62 4.315 1.141 )
0.865 2.662 0.4314 0.9366
1.375 0.5648 0.0915 1.673
1.61 2.193 0.3556 1.127
2.25 6.362 1.031 1.289

1.10

1.08 (b) S“’”{

1.00 4 %\& -

0951 ===,

0.90 -

0.85

0.80 4 Total Degradation

0,75 1 1.37um: 0.5648% — 1 AT

0.70 4 1.61pum

0.65 4 2.25um: 6.362% — 2.25pm

0.60 T T T v v r -
LA AL LT\ T\ A\t S30°

Day Since March 1st.2017

VIS: Significant degradation with a total rate of 45.55% in 0.47um. The
0.65um exhibits a linear trend of degradation, with a total rate of 26.62%.
SWIR: 1.37um band degrade by 5% during the first year of launch.
1.61um and 2.25um exhibit a linear trend. These three bands has similar
periodic fluctuation characteristics, which may be related to the
temperature change of the sensor.
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5. Summary

O DCC is an excellent invariant target for post-launch radiometric calibration of

satellite sensors.
O DCC exhibits obvious seasonal characteristics, and the deseasonalization method

can reduce the reflectance fluctuations in the SWIR bands.

> Future:

O Cross-calibration between polar-orbiting (FY-3) and geostationary(FY-4) satellites.
O Characteristics of DCC reflectance over land and ocean.

> lssue:

O DCC seasonal and wavelength dependent BRDF models.
OO0 Separate seasonal cycles and sensor temperature dependence.
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