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Introduction

Aerosol, water vapor, and ozone have significant
impacts on the radiative balance in the solar
wavelength region under the clear sky condition.

Sky radiometer measurements cover almost all the
solar wavelength region.

Aerosol physical and optical properties, PWV, and
TO3 are available from sky radiometer.

315, 1627, and 2200nm are not used in the
aerosol retrieval.

The principal plane scan is not used for the

retrieval. But it has the wider range of
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Fig. 4. Two representative cases of type I SKYRAD solutions with
a second coarse mode that leaves the distributions tails open
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Specifications of Skyrad pack series

_ Skyrad v4.2 Skyrad v5 MRI v1 MRI v2
Nakajima 1996 Hashimoto 2012 | Kobayashi 2006, 2010 Kudo 2021

Measurements

315, 340, 380, 400, 500, 675, 870, 940,

Wavelength 340, 380, 400, 500, 675, 870, 1020 nm 1020, 1627, 2200 nm
Almucantar O O
Principal plane X O
Parameters to be optimized
Size distribution 20 lognormal functions 20 lognormal functions
Radius range 0.01~20um 0.03~30um
Real part of Refractive index O O
Imaginary part of Refractive index O O
. T | e e e e

O (Volume ratio of non-spherical particles in

Retrieval of non-spherical particle X S LS

PWV X O (940nm)

TO3 X O (315nm)

Cost function = MAP MML

Minimization method = Newton method Gauss-Newton method + Line search

Measurement error (Contribution to cost function)

AOD (Transmittance in MRI v2) Fixed Depend on AOD Fixed Fixed

Diffuse radiance / direct irradiance Fixed Depend on AOD Fixed Depend on AOD

Real part of refractive index (@) X O O

Imaginary part of refractive index O X O O

Size distribution @) X @) O

Real part of refractive index X O O (updated in iteration) X

Imaginary part of refractive index X O O (updated in iteration) X

Size distribution X O O (updated in iteration) X

Radiative Transfer Model RSTAR RSTAR or PSTAR parallelized by OpenMP
Gaseous absorption 03 03, H20, CO2, N20, CO, CH4, 02
Surface albedo Lambert reflection Lambert reflection (Black- and White-albedo)

Aerosol vertical profile 1 layer Constant, Exponential, Normal distribution



Comparison with previous methods

m Site: Tsukuba, rural city about 50 km northeast from Tokyo
B Period: February to October in 2018

m Retrieval algorithms
MRI v2
ALM-SW  Almucantar, 340~1020nm, Aerosol
Almucantar, 315~2200nm, Aerosol-PWV-TO3
PPL-SW Principal plane, 340~1020nm, Aerosol
Principal plane, 315~2200nm, Aerosol-PWV-TO3
Skyrad v4.2 Same as ALM-SW
Skyrad v5 Same as ALM-SW

Aerosol (AOD, ANG, RR, RI, SSA, ASM, LIR, DEP) are compared
among methods.

B PWV is compared with sonde sounding data
B TO3 is compared with Brewer spectrometer measurements

m Radiative closure study

Global, direct, and diffuse components of surface solar radiation
(SSR) calculated from the retrievals are compared with BSRN
measurements.
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Result of Aerosol

(a) Aerosol optical depth at 500 nm

(b) Angstrém exponent
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m Others agree well with each other.

(a) Aerosol optical depth

(b) Normalized volume size distribution
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Results of PWV and TO3

(a) Time series (b) Scatter plot
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Figure 12. Seasonal changes (a) and scatter plots (b) for the precipitable water vapor of the ALM-LW (red), PPL-LW (blue), and radiosonde
observations (black); y = ax + b and R2 are the linear fitting and coefficient of determination.
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Figure 13. Seasonal changes (a) and scatter plots (b) for the total ozone of the ALM-LW (red), PPL-LW (blue), and Brewer spectropho-
tometer observations (black); y = ax + b and R2 are the linear fitting and coefficient of determination.



Result of SSR

Calculation from the retrieval results (Wm-2)

MRI v2

Global Direct Diffuse
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BSRN measurements (Wm-2)

Calculation from the
retrieval results (Wm-2)

Skyrad v4.2 & 5
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B BSRN measurement accuracy
Global irradiance 2%

Direct irradiance 0.5%
Diffuse irradiance 2%
m All results show good agreements. MRI

v2 results, in particular, PPL-LW and

ALM-LW, are better.



Comparison with aircraft in-situ measurements
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Optical property MRIv2 (500 nm) AER-D SAMUM2

Validation Experiment in Dust

16 August 2015 25 August 2015 (550 nm) (532nm)
(SAVEX_ D) Aerosol optical depth 0.64+0.10 0.25+0.04
[ Real part of the refractive index 1.49+0.03 1.47 +£0.03 148 |
B Saharan dust was observed by [ Imaginary partof the refractive index  0.0012=0.0014 0.0015+0.001  0.0012-0.0030° )
'the Sky rad |Ome‘ter and [ Single-scattering albedo 0.97+0.03 0.96 +0.02 0.9]—{()),?;“ ]
. . . (mean 0.95)
aircraft in-situ measurements. ey o — ———— 27 ]
symmetry factor .75+0.02 : 02 i
|
MRI v2 results of SSA’ SD, RR, Lidar ratio (sr) 4549 52410 54+8>  63+6¢
RI, LIR agreed well with those (46=10at443nm) (5510 at 443nm) (355 nm)
Of |nteg rated al I’bO rne Linear depolarization ratio 0.25+0.08 0.25+0.01 0.29-0.31°¢
m e a S u re m e n tS . 8 Aircraft in situ measurements over the Cape Verde islands during AER-D in 2015 (Ryder et al., 2018). ® Elastic backscatier lidar measurements over the

Cape Verde islands during AER-D in 2015 (Marenco et al., 2018). © Raman lidar measurements over the Cape Verde islands during SAMUM 2 in 2008
(GroB et al., 2011).



Ongoing research: Comparison with HSRL
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Retrieved LIR is 10-20 larger than HSRL.

DEP of TAMUD looks better than others.




Summary

m Skyrad pack MRI v2 was developed.

®m MR v2 overcomes the problems of SD and
SSA of the previous methods.

m Radiative closure of the surface solar
irradiance was confirmed.

B For Saharan dust, the good agreements
with aircraft in-situ measurements were
obtained.

Software of MRI Version 2

® MRI v2 works on Linux and Windows
platforms with free Fortran compilers
(Intel oneAPI and GNU Fortran).

m If you would like to use MRI v2, please
contact me.
reikudo@mri-jma.go.jp
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1. Introduction:

Skvrad pack MRI version 2.1 is a Fortran90 package and consists of some programs to retrieve aerosols, water
vapor, and ozone columnar properties from the sky radiometer measurements and to utilize the retrieval results
SKYRAD-A is a main program for the retrieval, and the details of the retrieval algorithm is described in Kudo
et al. (2021). AOP is a program to calculate the aerosol optical properties at arbitrary wavelengths from the
retrieval result. BBR is a program to simulate the global, direct, and diffuse components of the surface solar
irradiance from the retrieval result.«

In the work of Kudo e al. (2021), only the randomly oriented spheroid particles (Qubgyik et al, 2006) was
used. Now, the Voronoi particles (Ishimoto et al., 2010) and irregular hexahedral particles of TAMUdust2020
(Saito et al., 2021) are incorporated. User can select one particle model from the three models for the retrieval.
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