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Abstract In order to quantitatively evaluate the effect of log-normal spectral distribution assumption on retrieval of
cloud optical thickness (COT) and effective particle radius (Re), the reflectance of water clouds with log-normal
spectrum and modified Gamma spectrum was simulated for the 2nd and 5th channels of the AGRI ( Advanced

Geosynchronous Radiation Imager) onboard FY-4A satellite by the RTTOV (Radiative Transfer for the TIROS
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Operational Vertical Sounder) model developed by the European Center for Medium-Range Numerical Weather

MR

Forecasts. The variation characteristics of water cloud reflectivity with COT and Re under these spectral distribution
assumptions were analyzed. On this basis, the look-up tables of COT and Re under two kinds of spectral
distribution conditions are established, and the influence of cloud droplet spectral distribution type on cloud
parameter inversion results is quantitatively analyzed based on a primary convective cloud in summer of 2020. The
results indicate that for the 2nd channel, reflectance difference under the assumption of two cloud droplet spectra is
within 0.1%-2%, whereas for the 5th channel, the reflectance calculated with the modified Gamma cloud droplet
spectrum is 10%-20% lower than that calculated with the log-normal cloud droplet spectrum. The retrival results
show that the effective particle radius r. retrieved with the log-normal cloud droplet spectrum is larger than that
retrieved with the modified Gamma cloud droplet spectrum. The former is concentrated in 15-35 pm, while the

latter is within 10-30 pm. The differences of COT retrieved with the two cloud drop spectra are relatively small,

ranging from —2% to 5% .

Key words remote sensing; cloud droplet spectrum; RTTOV; FY-4A; cloud optical thickness; effective particle

radius
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Fig. 1 Comparison of two cloud droplet spectral distributions 7 (7). (a) Log-normal spectral distribution of MODIS

inversion algorithm; (b) modified Gamma spectral distribution of WRF NSSL-2mom parameterization scheme
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Fig. 3 Comparison of phase functions of response function integral computed based on response functions of 2nd and 5th

channels of FY-4A/AGRI. (a) Phase function of visible band calculated under assumption of log-normal spectral

distribution; (b) phase function of short-wave near-infrared band under assumption of log-normal spectral

distribution; (c¢) phase function of visible band under assumption of modified Gamma spectral distribution;

(d) phase function of short-wave near-infrared band under assumption of modified Gamma spectral distribution;

(e) difference of phase function of visible channel under two spectral distribution assumptions; (f) difference of

phase function of short-wave near-infrared channel under two spectral distribution assumptions
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Fig. 5 Variation of reflectance with z¢or and 7 for 2nd channel (0.55-0.75 pm) and 5th channel (1.58-1.64 pm) of FY-
4A/AGRI. (a) Calculated reflectance of visible band under assumption of log-normal spectral distribution;
(b) calculated reflectance of short-wave near-infrared band under assumption of log-normal spectral distribution;
(c¢) calculated reflectance of visible band under assumption of modified Gamma spectral distribution; (d) calculated
reflectance of short-wave near-infrared band under assumption of modified Gamma spectral distribution;
(e) reflectance difference of visible channel under two spectral distribution assumptions; (f) reflectivity difference of

short-wave near-infrared channel under two spectral distribution assumptions
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Fig. 6 Bi-channel reflectance look-up table of FY-4A/AGRI for water cloud. (a) Surface albedo is 0.07, SZA is 5°, VZA is

5%, and AZ is 10°; (b) surface albedo is 0.07, SZA is 20°, VZA is 30°, and AZ is 60°; (c¢) surface albedo is 0.13,
SZA is 20°, VZA is 30°, and AZ is 60°; (d) surface albedo is 0.19, SZA is 20°, VZA is 30°, and AZ is 60°

EERSHIEE
K B Teors rurs H R E L SZA
VZAAZ RE., B8 BN EGE D,
MR T = SR AR v Bl zeor MAER R, ARG

4.2

AT DRGSR R R IR R Y B S 55 3K [ il
HiHBIX 2000—2015 4F 1 3¢ )z B A SE 5, 4
S 2 T 15 o X BOE A5 2 A FHE IE Gamma i
O3 HENT A H AR

®1 ABRSELE S E

Table 1 Ranges and classification of parameters of look-up table

Parameter Number of points Grid point value
Teor 81 [0, 80] equally spaced with increment of 1
T et 9 2, 4,8,12, 16, 22, 28, 32, 36 pm
Surface albedo 6 [0.07, 0.22] equally spaced with increment of 0. 03
SZA 15 [0°, 70°] equally spaced with increment of 5°
VZA 15 [0°, 70°] equally spaced with increment of 5°
AZ 19 [0°, 180°] equally spaced with increment of 10°
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Fig. 7 Disk scans and geolocation of FY-4A/AGRI at 07:00—07:15 on 20 August, 2020. (a) Reflectance at 0.65 pm;
(b) reflectance at 1.61 pm; (c¢) SZA; (d) solar azimuth angle; (e) VZA; (f) satellite azimuth angle
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Fig. 8 Comparison of FY-4A/AGRI cloud property retrievals under two cloud droplet spectral distribution assumptions,
and observation time of FY-4A/AGRI is 07:00—07:15 on 20 August, 2020. (a) r. retrieved under assumption of

log-normal spectral distribution; (b) r. retrieved under assumption of modified Gamma spectral distribution;

(c) difference of retrieved r.; under two spectral distribution assumptions; (d) r¢or retrieved under assumption of

log-normal spectral distribution; (e) t¢or retrieved under assumption of modified Gamma spectral distribution;

(D) difference of ¢,y retrieved under two spectral distribution assumptions
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Fig. 9 Probability density distributions of FY-4A/AGRI cloud property retrievals under two spectral distributions.

(a) Probability density distribution of r. retrieved under assumption of log-normal spectral distribution;

(b) probability density distribution of r. retrieved under assumption of modified Gamma spectral distribution;

(c¢) probability density distribution of ¢y retrieved under assumption of log-normal spectral distribution;

(d) probability density distribution of ¢,y retrieved under assumption of modified Gamma spectral distribution
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