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gloud—top Height Esimation Method by Geostationary Satellite Split-Window Measure-
ments Trained with CALIPSO data

7o R T 2 A RGE 3
NISHI, Noriyuki** ; HAMADA, Atsushi? ; HIROSE, Hitosht

LIRSS, 2 B KA RS ZET, 3 TR CEReS
IScience Faculty, Fukuoka UniversitAORI, University of Tokyo,>CEReS, Chiba University

We released a database of cloud top height and visible optical thickness (CTOP) with one-hour resolution over the trop:
ical western Pacific and Maritime Continent, by using infrared split-window data of the geostationary satellites (MTSAT)
(http://database.rish.kyoto-u.ac.jp/arch/ctop/). We made lookup tables for estimating cloud top height only with geostation-
ary infrared observations by comparing them with the direct cloud observation by CloudSat (Hamada and Nishi, 2010, JAMC).
We picked out the same-time observations by MTSAT and CloudSat and regressed the cloud top height observation of CloudS
back onto 11 micro m brightness temperature (Th) and the difference between the 11 micro m Th and 12 micro m Th of MTSAT.
The database contains digital data and quick look images from Jul 2005 to real time and the area in 85E-155W (MTSAT2) anc
20S-20N.

Though the CTOP dataset is particularly useful for the upper tropospheric clouds, it has one serious problem. The cloud rade
onboard CloudSat cannot well detect the optically thin cirrus clouds composed of small ice crystals and misses a certain part ¢
cirriform clouds in the upper troposphere. In order to overcome this weakness, we are now making next version of the CTOF
by using the lidar data (CALIOP) onboard CALIPSO satellite. One problem on the use of lidar observation is that they observe
very thin cirrus formed around the tropopause. The main purpose of CTOP dataset is to provide the top height of clouds tha
originate from cloud clusters including cumulonimbus and nimbostratus, not of in-situ cirrus clouds formed near the tropopause
To exclude the very thin tropopause cirrus, we define cloud-top height of CALIOP observation as the height at which the optical
depth accumulated from the cloud top is 0.2, instead of the CALIOP cloud top itself. With this criterion we can succeed in
estimating the top height of cirruiform clouds, but it has another problem for thick clouds like cumulonimbus. For such clouds,
the height of accumulated optical depth 0.2 is considerably lower than the real cloud top, possibly due to rather small numbe
of large cloud particles near the top. Therefore, the estimation using CloudSat data is closer to the real top for the thick clouds
while that using CALIOP data is closer for cirriform clouds. So we are now making a lookup table with using both CloudSat and
CALIPSO data to estimate cloud-top heights both for thick and thin clouds seamlessly.
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Improvement of GSMaP with multi-channel geostationary meteorological satellite obser-
vation for oceanic precipitation
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WoBE AT 2 C LT 1RHE &V S @R MAEDRUKEIIIZ TTREIC LTV 5. L L OFEERESO R
ICERE Y 7 —hD B SR OB BN 1B T 2GRN H D, FEOBREIANY bILOHEEIIEE IS H R ORN 1
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HAE KRS, 2014).

IR1 & WV 518 5N % ETHEFENEIRD B TEEEKEDNIRE & IEEKEDEIRED /BN HE LW\ z8, RO
MRT V¥ vIL=y TIEEOROEITH U T FEREHEE R EMEN &0 S S FA T Wz, ZT TAWIETIEE
METEOSAT % L E (MSG2) ICHEHENTWARIVFF v XIVOMEREMZ % T & THMRT Yy ILxw S
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HARE R EORMAREH EASEREORCIE A 2 E®RTEEETHZ L WVA 5. RICKBLUEERNRT v IL<y
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Y HIG KR, RBE#O GSMaPT— 2% Wil FD Y 7 —WH 25 R 350Kk A7 LOBE %8B %%
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A greenhouse gas retrieval algorithm for GOSAT TANSO-FTS SWIR using polarization
information
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TANSO-FTSIZIRERN R A BB GOSATICIER S N T W3 FourierZEH s TH D, 2009 1 HOFH |
LR, BIESBIIZHkE L T 5, TANSO-FTSIE. R EL/R (SWIR) D 3 DD\ FIZHBWTRIE 2 B DK
BN GHEART N IVERIEL TWD, TORECHERZFHTIL, EPT7 0V ILOEENK O BIFICHEES N, WE
SR AT AVRE DB 195 2 EMHRFE NS, BIREAICIBW T, TANSO-FTSORYEIEHRZFIH U iRZERN R A
ABEEH T )V T) AL E RN TRV, ABFFE T, AL EH]H T TANSO-FTSOREM T — 2 5 —#B{tix
FEDHT LVREE (XCOy) ZEM U IMREZIRT %,

BT — 2 2Rk d 5% & IR EEAHDO—DIE. TANSO-FTSORE 2 ) DRERIETH S, FilF T TIc,
TANSO-FTSO IR IERREMN TN E WV S BIAINZIRIC I 22 2 a L— 3 X 0| EEROFHIC K -
TIZ7aY)VERENEI L, XCO, OEHHAMNIDTZ T 2R LTS, HEICIE, RUREIXITS Lo
FEBRIC K > TIRE S NI SRERLT B, 15 LT RO CREDOKIEFREN TR EE TR T W ThiEidh
X, RIS TANSO-FTSH i DREEMRZFIH LIz LTE, XCO, DEHNEELM LT EETAH, BLAKFT S0]
AEMED D B 6

Z T TAMZE T, EEORZR 2 FE TRCRE DR IEFREBZHE L. XCOy DEHFERZ g Uz, RBRKIEICK %
KAFAEIX Kuze etal. (TGRS, 2012 I &> THMESNTWVS, THUcHEH DL XCO, HHEREKDOH N TR, T
201146 HD—4 AMD XCO, FHEDRMIEWIIHXK TH S, FAIEE T, FHRICHEH TN T2 KGR OHLEL
MROIRCRHMEZ fEMT L. TANSO-FTSORYCEE DRIEAEZFHET 5 2 & ElA TV S, THUCHD < XCO, HHfHE
ZRECHOFE TR, MRS 3 &, REIER Wz XCO, BHIEIZ YT IO TIREE RN IE 5D < b
HoN3M, EERE HOEEEICIEZFNSRMHEENTVWE T b s, i, REREZHWEREEICIZ. M
T AU ART TV HFEEHD—ET XCO, MEDICEH N E NS FHENMEET 20, L Z W5 EICEZ 0 K 5 7%
I EGZNCY gbA AN

—r A, BEDH VS BUEE N T =X TIRHZH., WERZFHT 27V 3) XLICE N TR, BIEFREIC K S

T XCO, HHUEICHAE B ANE LB T eV o e, SR Z >3 i, ¥ 7V » MElZFI] L TRE
ifi U 7 ABIEFREUC LD < XCO, HHIFERE LR 5 TETH %o
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Evaluation of Satellite-Borne Radar, Lidar, and Imager Algorithm for Retrieval of Cloud
Microphysical Properties
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We developed algorithm for the retrieval of effective radiug(f and cloud water content (CWC) of clouds by using collo-
cated CloudSat 94 GHz cloud radar, CALIPSO lidar and MODIS imager. Main aim of the study is to evaluate uncertainties of the
algorithm. The radar and lidar retrieval algorithm was initially developed by Okamoto et al., (2010) for ice cloud region detected
by radar and lidar. And Sato and Okamoto (2011) extended the range of applicability to the ice regions detected radar or lida
Then Okamoto et al., (2014) further extended the algorithm by introducing optical thicknggsitfformation from MODIS
that can be applicable to both ice and water clouds, and rainy regions detected radar or lidar. Here RL and RLI denote radar ¢
lidar algorithm and radar/lidar with,;s algorithm from imager (RLI). Major source of uncertainties in the RL is the treatment
of radar only detected clouds and precipitation where lidar signal is totally attenuated and we introduced empirical formula in
radar-only region derived from ground-based Doppler cloud radar observations.

In this presentation, cloud microphysics of convective clouds was analysed in September 10, 2006 over the Pacific Ocean. W\
examined the vertical distribution of,R;, CWC, 7,,;; as well as cloud water path (CWP). By using, as a constraint, i is
~ 50 um smaller than RL results and 300 :m smaller than RL results in the water cloud region belovd km. Responding
to this trend, IWC was 0.5 g/farger and LWC was 0.01 gfhtarger compare to the RL ones. We also compatggand CWP
between from MODIS, RL, and RLI.

Instead of retrieved,;,, MODIS reflectance was also combined with RL and we examined the uncertainties in the both ver-
sions of RLI algorithms, due to the possible variability of ice particle shape and orientations.

In 2017, the joint European and Japanese satellite mission EarthCARE, which will carry a Doppler cloud radar, high-spectra
resolution lidar, multi-spectral imager, and broadband radiometer, is scheduled to launch. We discuss how to use Doppler infol
mation to reduce the retrieval errors. The algorithm described above will be adapted to the standard algorithm.

F—U—FREEM, L—X, AR, A A= v, B
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Current status and development of Cloud analysis algorlthms based on EarthCARE/MS

observation
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= L7 0 VGG RGUIREENC BB E R 52 5 T IS NTWS, UL U IPCCHIYRFHMER S
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EarthCARE (Earth Clouds, Aerosols and Radiation Exploikr) ESA « JAXA DM L[E THIFE & & 2 HiBREHI# 2 T
BB, BEND 4DODL Y (ETu7 74V L—% (CPR) K&xFA%— (ATLID), ZHEA A—T v (MSI),
IEAAKBUEINGZET (BBR)) 1. TNE T HAABN TN T hah o7z - 270V )Lz 2ERICBII L, i OHiEk
KEHIC B BB OHBICAH 7R T — 2 253 %, EarthCARERXZE « =7 0 V)VICIT 2B AR M L, &fE
ZEI ORI FICHRT 2 BEELENTH 5,

BHINZZHEA A=V v MSHE, A (0.67 p m) D SEGRAY (12.0 p m) £ TOEEPEEICB O TERIZT TV,
£ I7TYVIVO 3XoeHEREE HIE9 . MSIHERIT— 20 5I3EHF] - BRI O X 7 MRS %, AW T,
Hii# & CLAUDIA [Ishida and Nakajima, 2009] %+ & CAPCOM [Nakajima and Nakajima, 1995; Kawamoto et al., 20&1]
Jeic, 7)Vd) ALDBRZED TN 5, AFEERTIE, 7I)VTV XLHAFEDOBLR BRI OWTHENT %,
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Early phase retrieval of aerosol optical characteristics by Himawari-8
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Himawari-8 is a geostationary meteorological satellite launched in October 2014 by. It equips an imager, called Advanced
Himawari Imager (AHI). Himawari-8/AHI is a latest imager as a geostationary satellite. For example, AHI has 16 bands from
visible (0.47um) to thermal infrared (13.3um) Moreover, AHI can observe East Asia, South-East Asia, Oceania, and West Pacifi
area as often as 10 min. The resolutions of sensors are as fine as 0.5km for 0.64um, 1.0km for 0.47um, 0.51um, and 0.86um, a
2.0km for 1.6um to 13.3um. These high resolution and high frequent observation are very unique for geostationary satellite. W
are selected as "Himawari-8's data quality evaluator” by JMA, and now JAXA is receiving Himawari-8’s data.

In this study, we have retrieved aerosol characteristics from Himwari-8's data. As a package of aerosol retrieval, we usec
REAP (Higurashi and Nakajima, 1999), and retrieved aerosol optical thickness and Angstrom Exponent over the ocean. We nee
to assume some of the parameters of aerosol in the satellite remote sensing when we make Look Up Table. We have assun
bimodal-lognormal distribution as a size distribution. Mode radii and standard deviations are cited by Fukuda et al (2013)’s
value. mode radius for coarse mode is 3.86um and that for fine mode is 0.148um. Standard deviation for coarse mode is 2.0 al
that for fine mode is 1.56. Complex refractive indexes are calculated from AERONET (Aerosol Robotic Network) observations.
We used AERONET data in Anmyon (126.330E, 36.539N), Baengnyeong (124.630E, 37.966N), Fukuoka (130.475E, 33.524N)
Gangneung WNU (128.867E, 37.771N), Shirahama (135.357E, 33.697N), and Yonsei University (126.935E, 37.564N), and w
calculated the average value; 1.51+0.0226 for 0.64um and 1.53 +0.0233 for 0.86um. As a threshold of cloudiness, we
applied CLAUDIAS threshold test concept. (Ishida et al., 2009) However, some of the thresholds are tuned for Himawari-8. We
will also compare our result with ground truth obtained by AERONET.

F—U—F:U0Xxbb8F, 7Y
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Cloud detection algorithm using TIR spectra for improving gas retrievals from GOSAT
data
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Thermal And Near-infrared Sensor for Observation (TANSO) onboard Greenhouse gases Observing SATellite (GOSAT) con:
sists of Fourier Transform Spectrometer (FTS) and Cloud and Aerosol Imager (CAl). Greenhouse gas concentrations are retrieve
from the shortwave infrared (SWIR) bands and the thermal infrared (TIR) for scenes judged to be cloud and aerosol free throug
the cloud screening procedure with CAl observations. However, CAl does not operate during nighttime although TIR data car
be obtained. Moreover, it has no sensitivity for cloud and aerosol heights which must be measured to decrease the currently r
ported gas concentration biases. Therefore, we developed an algorithm to detect optically thin clouds and dust aerosols with the
heights from TIR data. The algorithm used in this study was based on a cirrus detection technique called CO2 slicing methoc
modified as described below. The weighting functions which represent sensitivity profiles were calculated at each channel ir
the TIR band of GOSAT. The channels were reconstructed as sets of several spectral channels for each height level based on
peak heights of the weighting functions. Subsequently, the channel combinations were optimized based on simulation studies f
several temperature profile patterns for each latitude and temperature at 500 hPa. The observed data were analyzed using th
optimized channels. Global tropospheric cloud amounts and cloud properties such as cloud top heights and optical thickne:s
were validated using CALIPSO data.

Monthly mean cloud amounts from GOSAT data were compared with those from CALIPSO. Results show some differences
of cloud amounts and heights between GOSAT and CALIPSO, which might be caused by surface temperature biases, the di
ference of sensitivity of sensors, the inverse layer, and marine stratocumulus clouds. However, the horizontal distributions o
clouds derived using the slicing method resembled those obtained from CALIPSO and it was revealed that the slicing metho
algorithm has high sensitivity compared with TIR threshold cloud screening which is currently adopted as the cloud screening
method for GOSAT data in nighttime. Cloud properties were also compared for coincident observation between GOSAT anc
CALISPO and the results showed that the accuracy of cloud detection is improved drastically by the new approach presented |
this study. Clouds with optical thickness less than 0.1 are detectable using this method. Based on these results, the slicing meth
algorithm developed for this study seems to be useful for cloud screening. It is expected to improve the accuracy of greenhous
gas observations.

F—U—RHEHRVE— IV BB A, BE
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