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Global analyses of cloud fraction and cloud phase by using
spaceborne-lidar

*Shuichiro Katagiri1, Kaori Sato', Hajime Okamoto'

1. Kyushu University

Information of vertical cloud distribution is crucial for the evaluation of the General Circulation Models
(GCMs). There were large varieties in the vertical distribution of low-level clouds sorted by pressure and
lower tropospheric stability among the models (Watanabe et al., 2011), while retrieved cloud properties
from satellites were not converged. Cesana et al. (2016) evaluated three global cloud phase products
using the CALIPSO, and showed large differences among the products. In this study, we revisit cloud
detection by space-borne lidar.

We modified our cloud mask algorithm originally developed in Hagihara et al (2010) to increase
detectability of optically thick low-level clouds. We use the attenuated total backscattering coefficient at
0.532 um for the discrimination the cloudy pixels with the threshold total backscattering coefficient
determined by Okamoto et al. (2007) and Okamoto et al. (2008). Remaining noise is estimated by using
the data obtained at an altitude of 40 km to avoid contamination of PSCs.

In this algorithm, identification of the fully attenuated pixel is newly introduced. The discrimination
confirms whether no cloud is in the atmosphere or no information is received. The fully attenuated mask is
determined by referring to whether the surface return can be detectable or not.

After this cloud mask algorithm is applied, we use the cloud phase discrimination algorithm made by
Yoshida (2010), which uses the relation between the depolarization ratio at 0.532 wm and the ratio of
two successive attenuated backscattering coefficients at 0.532 wm in vertical, as proxy of extinction
coefficient, to distinguish ice and water particles. Here we rely on the following different scattering
properties of water and ice clouds. In case of spaceborne lidar observations, depolarization ratio of water
clouds is often comparable to that of ice clouds so that the discrimination between ice and water is not
possible by depolarization ratio alone. In turn, water clouds generally show larger extinction coefficients
than ice clouds for the same depolarization ratio so that the discrimination become possible by using
extinction and depolarization ratio. These characteristics are used in the cloud phase discrimination
algorithm.

We will show the global analyses of cloud fraction and water/ice fraction by application of the new cloud
mask scheme and differences for the old and new schemes are discussed.
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Studies on horizontal scale, vertical scale, and microphysical
properties of convective cloud in tropical Pacific by using Cloud
Object analysis method

*Naoya Takahashi', Tadahiro Hayasaka'

1. Tohoku University

Deep convective cloud is important for modulating climate, radiation budget, and hydrological cycle. In
the tropics, the mean radiation budget is significantly affected by the amount of upper-level ice clouds
associated with deep convective cloud. The objective of this study is to understand the vertical structure
and microphysical characteristics of deep convective clouds. In this study, we used the cloud object
analysis method which is introduced in Bacmeister and Stephens (2011). This method evaluates
horizontal and vertical scale of cloud by using dataset with active sensors on board satellite. Compared
with previous studies, we improved the method by using not only CloudSat satellite but also CALIPSO
(Cloud-Aerosol Lidar and Infrared Pathfinder Satellite Observations) satellite. The improved method
showed that optically thin cirrus has a significant impact on horizontal and vertical scale of deep
convective clouds. Moreover, we took advantages of ice cloud properties retrieval from the CloudSat
2C-ICE product to provide microphysical properties of convective core or anvil part in deep convective
cloud. We analyzed only deep convective clouds in tropical Pacific oceans (30°S-30°N) and used dataset
from 2007 to 2011.

From the comparison horizontal and vertical scale of cloud in western tropical Pacific (WP) and that in
eastern tropical Pacific (EP), we found that both horizontal and vertical scale in WP are larger than that in
EP. However, ratio of width of convective core to entire horizontal scale of deep convective cloud in WP
and EP are almost same. Convective activity in WP and EP are different because of difference in sea
surface temperature. It suggested that convective activity has an impact on entire horizontal scale of deep
convective clouds.

For evaluation of cloud microphysical properties in the convective core and anvil parts, we investigated
vertical distribution of cloud particle effective radius and ice water content in each part. Below 15 km, ice
cloud particle effective radius and ice water content of convective core part are larger than that of anvil
part. This result seems to reflect the process of formulation of deep convective clouds.
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Evaluation of Advantages in GCOM-C Polarization Observation for
Estimating Aerosol Optical Thickness

*Risa Miyazaki1, Hiroshi Murakami', Masahiro Hori'

1. Japan Aerospace Exploration Agency

GCOM-C (Global Change Observation Mission -Climate) satellite, which is equipped with SGLI (Second
generation GLobal Imager) sensor, is planned to be launched in the end of this year. It is designed to
conduct optically-based measurements for monitoring global environmental change. The SGLI instrument
has three major features: (1) global observation covering wavelengths from 380 nmto 12 um, (2) 250 m
spatial resolution for land and coastal areas, (3) polarization /multidirectional observations and near
ultraviolet observation. With these features, GCOM-C will be able to provide many products covering a
broad range of topics: land, atmosphere, ocean, and cryosphere. It is especially expected to enable to
retrieve land aerosol by polarization (PL: 673.5 and 868.5 nm) and ultraviolet (UV: 380 nm) observations
with higher accuracy than by the traditional method using blue and red bands because PL and UV
observations have little dependeny on the surface reflectance unlike the traditional one.

In this study, we examined the advantage in the PL and UV observations of SGLI for the estimation of
aerosol optical thickness (AOT) over land compared with the traditional method using the radiance at 443
and 673.5 nm.

Our method to evaluate the accuracy of estimated AOT by each method is described below. Monthly AOT
and mode radius of aerosol of MODIS L3 products (MYD0O8_M3) are used as a benchmark. Then, radiance
at the top of atmosphere (TOA) is calculated by the results of the radiative transfer model (PSTAR3, [Ohta
et al., 2010]) for these input data. The surface reflectances of each wavelength is also estimated by using
a month's radiation data of POLDER with the assumption that the minimum of the radiance at 490 nm has
information of a clear day. We retrieve the AOT and the mode radius from the radiance of TOA
considering the observation accuracy (=SNR) of SGLI and the estimation error of the surface reflectance.
In this preliminary work, the aerosol type is fixed as the tropospheric aerosol, which is defined as mixture
of a water-solble (0.7) and a dust-like (0.3) aerosol. The accuracy of estimated AOT is evaluated by the
deviation from the benchmark AOT. We perform these procedures with both the PL + UV method and the
traditional one.

As a results, the accuracy of the estimated AOT improved roughly 10 % by using the method of PL+UV
compared the traditional one especially in high surface reflectance areas such as the Sahara desert. This
would be because the effect of the estimation error of surface reflectance in the AOT accuracy is
considerably large at the high reflectance area. In this presentation, we are going to show the dependency
of the estimated AOT accuracy on the geometric condition, the benchmark AOT and its mode radius.

Keywords: GCOM-C, SGLI, Polarization observation, Aerosol optical thickness
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satellite view of the widespread haze pollution in China

*Liangfu Chen ', Minghui Tao ', Zifeng Wang '
1. RADI

During the last decades, large increase in anthropogenic emissions has led to severe air pollution
problems in China, with high concentration of fine particles and widespread haze layers in many areas.
The complex sources and high emissions of atmospheric pollutants has exerted great challenge on air
quality in China. Compared with regular measurements in ground sites, satellite observations can provide
a unique view of the amounts of atmospheric components and formation processes of haze pollution from
regional to global scales. Considering the special atmospheric conditions of high aerosol loading and
large spatial and temporal variations in China, we made several improvements such as identification of
haze areas in the retrieval of aerosol loading. In particular, we conducted comprehensive investigations in
optical properties, spatial variation, and formation processes of the regional haze pollution of China using
integrated satellite observations, ground measurements, and meteorological data.

Keywords: air quality , satellite , China
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Application of ground observation data in next GSMaP Gauge
algorithm

*Tomoaki Mega', Tomoo Ushio'
1. Graduate School of Engineering, Osaka University

The map of global precipitation amount is one of the important information. The ground-based
observation, however, does not cover all Earth. Developed countries operate radar network and rain
gauge. Although some developing country installed a few rain gauge or some radars, any developing
countries cannot operate radar network and high-density rain gauge network continuously and distribute
observation data on time. Observation area of a radar or a rain gauge is local. Development and launching
of satellite is expensive. However, characteristic of space-borne observation is to cover whole earth and
stable condition.

JAXA is developing and providing near real time global rainfall maps (GSMaP) using the combined
Microwave infra-red algorithm with some low orbit satellites. Estimation precipitation by remote sensing of
passive microwave radiometer (PMR) is difficult over land. PMR estimation has larger error than
ground-based observations. Gauge adjustment GSMaP (GSMaP Gauge) algorithm reduces errors by daily
rain gauge. GSMaP Gauge estimated precipitation by precipitation model and daily rain map. Thus quality
of GSMaP Gauge depend quality of daily rain map. Available rain gauge map is not uniform quality,
because rain-gauges, which real time the map use, are limited number in time.

The plan of the future GSMaP Gauge is to use ground data before the time. The future GSMaP Gauge
algorithm uses these data for estimation of the rain model parameters. In no observation area the
algorithm interpolate model parameter around ground observation area. The model parameters can
improve estimated rain. We will introduce to apply the various ground data in the GSMaP Gauge
algorithm.

Keywords: precipitation, satellite
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Seasonal and regional dependence of rain estimation from the
Himawari-8
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1. Department of Science, Kyoto University, 2. CEReS, Chiba University, 3. Department of Engineering, Osaka
University, 4. AORI, The University of Tokyo

Rain observation with microwave radiometer satellites is essential to make global rain observation data
with high temporal resolution. However microwave satellites cannot cover the global area since the
number of them is limited. When all microwave satellites are unavailable, utilization of geostationary
meteorological satellites (GMS) with high temporal resolution may lead to improvement of rain estimation.
Kihnlein et al. (2014) reported that they could estimate rain with high temporal resolution same as GMS
by using a statistical method called Random Forest (RF). The machine learning method associates 10
channels information of brightness temperature observed from METEOSAT Second Generation (MSG-2)
GMS to rain observation from ground-based radar in Germany. In this method, first some channels are
selected randomly from GMS observations to make a small learning sample for rain / no rain classification,
called a classification tree. Then the number of tree is increased in the same way, and finally rain / no rain
result is classified by majority of all tree’ s results. In addition rain type classification and rain rate
estimation are possible in the RF method. In previous study, analysis area was limited in Germany due to
the limit of ground-based radar observing range, but this study applied the RF method to the third
generation GMS, Himawari-8, which can cover the East Asia region widely. Moreover we used
precipitation radar of the Global Precipitation Measurement (GPM) main satellite instead of the
ground-based radar used by the previous study for the truth of rain. As a result we can estimate rain only
from satellite observation and expanding the analysis area to not only mid-latitude region but also tropics.

As compared with Europe region in the previous study, the East Asia region analyzed in this study has
various seasonal changes. Therefore this study analyzed seasonal and regional dependence of accuracy in
the Himawari-8 -GPM rain product. As a result, accuracy of rain area estimation was higher in JJA
including rainy season, and was lower in DJF including snowfall. Accuracy of rain rate estimation was
higher in MAM and SON including frontal rain, but was lower in JJA including frequent heavy rain and JDF
including snowfall. Moreover we applied the machine learning only in sub-tropic region, and then
accuracy of both rain area and rain rate estimation was most high, this result suggested that it was
important to limit the learning sample into particular rain system for improvement of rain estimation. In
the sub-tropic ocean or summertime land region, Himawari-8 -GPM rain product can detect very smaller
rain than a few km scale which is difficult to detect by microwave sensor of the GSMaP. This result shows
an advantage of high spatial resolution of the Himawari-8 -GPM rain product.

Himawari-8 GMS data is released from the Center for Environmental Remote Sensing, Chiba University.
We used near surface rain observed by GPM (Ku PR) and rain intensity observed by ground-based radar in

the Japan Meteorological Agency as the truth of Rain
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Variability of Vertical Structure of Precipitation over Sumatra and
Adjoining Oceans from Long-Term Measurements of TRMM PR

*Marzuki Marzuki', Hiroyuki Hashiguchiz, Mutya Vonnisa', Harmadi Harmadi', Ovandriyove
Ovandriyove', Elfira Saufina'

1. Department of Physics, Andalas University, 2. RISH, Kyoto University

This study is a follow-up of a previous study on the vertical structure of precipitation over Sumatra [1].
Spatial, seasonal and diurnal variabilities of the vertical structure of precipitation have been studied using
17 years of Tropical Rainfall Measuring Mission’ s Precipitation Radar (TRMM PR) version 7 data over
Sumatra and adjoining oceans. Special emphasis has been put on six different climatic rain regimes,
namely, Indian ocean (2 locations), coastal (1 location) and inland (3 locations). The data are classified
into different types of precipitation (stratifrom, deep and shallow) including the virga rain. The vertical
structure of precipitation over the inland area is compared with long-term measurement of 1.3 GHz
Boundary Layer Radar at Kototabang, west Sumatra. The latest TRMM 2A-23 and 2A-25 products (version
7) have been statistically analyzed. First, the spatial, seasonal, and diurnal variations of storm height and
freezing level have been investigated. It is found that tall storm is more dominant over the inland than
coastal and ocean. Same trend is also observed for melting level height. However, the coastal area has
lower percentage of tall melting layer than inland and the ocean. Second, mean vertical profile of radar
reflectivity (VPR) has been studied for the stratiform and convective precipitation. The VPR variability has
been analyzed for different seasons and diurnal cycles as well as rain intensities. Third, the characteristics
of rain intensification and weakening in the vertical direction have been examined by the statistical
analysis of VPR gradient (VPRG) above and below the melting layer. Detailed information about the result
will be presented during the meeting.

[1] Marzuki, Hashiguchi, H., Kozu, T., Shimomai, T., Shibagaki, Y., Takahashi, Y., 2016, Precipitation
Microstructure in Different Madden-Julian Oscillation Phases over Sumatra, Atmospheric Research, Vol.

168, pp. 121-138.
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Relationships among Vertical Structure of Precipitation, Lightning and
Hydrometeor Characteristics along the Equatorial Indonesia

*Marzuki Marzuki’, Hiroyuki Hashiguchiz, Mutya Vonnisa', Harmadi Harmadi', Elfira Saufina’

1. Department of Physics, Andalas University, 2. RISH, Kyoto University

In a previous study [1], we have investigated the regional variability of raindrop size distribution (DSD)
along the equator through a network of Parsivel disdrometers in Indonesia. Fourth disdrometers were
respectively installed at Kototabang (KT; 100.32 E, 0.20 S), Pontianak (PT; 109.37 E, 0.00 S), Manado
(MN; 124.92 E, 1.55 N) and Biak (BK; 136.10 E, 1.18 S). We have found that the DSD at PT has more large
drops than at the other three sites. The DSDs at the four sites are influenced by both oceanic and
continental systems, and majority of the data matched the maritime-like DSD that was reported in a
previous study. Continental-like DSDs were somewhat dominant at PT and KT. The differences in the DSD
for the four sites may indicate the difference in characteristics of microphysical process accompanying
the formation and evolution of DSD at each location which may be related to the variability of topography,
mesoscale convective system propagation and horizontal scale of landmass. However, a detailed
investigation regarding this hypothesis has not been yet conducted. Therefore, this work tries to overcome
such issue by studying the relationship among the vertical structure of precipitation, lightning and the
DSD at the fourth locations. The 17 years of latest Tropical Rainfall Measuring Mission’ s Precipitation
Radar (TRMM PR) (version 7) products are statistically analysed to investigate the characteristics of
vertical structure of precipitation at each location. The World Wide Lightning Location Network (WWLLN)
data are used to study the lightning characteristics at each location. Detailed information about the result
will be presented during the meeting.

[1] Marzuki, M., Hashiguchi, H., Yamamoto, M. K., Mori, S., and Yamanaka, M. D.: Regional variability of
raindrop size distribution over Indonesia, Ann. Geophys., 31, 1941-1948,
doi:10.5194/angeo-31-1941-2013, 2013.

Keywords: vertical structure of precipitation, Equatorial Indonesia, Raindrop size distribution
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Validation of GSMaP using ground snowfall observation data

*Yuki Kaneko'
1. Japan Aerospace Exploration Agency

The Global Satellite Mapping of Precipitation (GSMaP) is a global rainfall map based on a blended
Microwave-Infrared product and has been developed in Japan for the Global Precipitation Measurement
(GPM) mission. GSMaP is the product of an hourly global rainfall map in 0.1-degree latitude/longitude
grid and available 3-day after observation through the "JAXA Global Rainfall Watch" web site
(http://sharaku.eorc.jaxa.jp/GSMaP).

The latest GSMaP version 04 (algorithm version 07) was released in January 2017 to the public. This
product gives snowfall retrieval algorithm for the first time using passive microwave instruments that have
higher frequency channels. This algorithm apply the rain/snow discriminant technique developed by Prof.
Liu (Sim and Liu 2015, Liu and Seo 2013). The new input data of Multisensor Snow/Ice Cover Maps
provided by NOAA/NESDIS make suppress the fake precipitation signals in high latitude area (Kubota et
al., in preparation).

This research validates the snow retrieval on GSMaP with the AMeDAS dataset provided by Japan
Meteorological Agency(JMA) . The uncertainties of ground observation for snow precipitation amount
have been well known. It is often influenced significantly of local climate conditions and small differences
in measurement.. JMA mainly uses three types of rain gauge, but those observational errors largely
depend on the rain gauge type. Addition to this the effect of the wind is negligible especially for snow
observation. WMO suggested the method of double fence interconparison reference (DFIR), but even the
DFIR requires the data correction when the wind speed at gauge height is over 6 m/sec.

Thus at first the categorical validation using GSMaP and AMeDAS data and its dependency for the
condition such as altitude of the observational site and wind speed. Then the precipitation amount of
GSMaP is compared with of on the ground which is corrected by the several methods which suit on the
rain gauge types.

The objective of this research is to estimate the accuracy and correlation between the snowfall retrieval
from satellite observation and ground measurement.

Keywords: GPM, GSMaP, Solid Precipitation
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Estimate performance of Global Satellite Mapping of Precipitation and
influence of wind on the performance

*Masato |. Nodzu', Jun Matsumoto', Long Tuan Trinh', Thanh Ngo-Duc2
1. Tokyo Metropolitan University, 2. University of Science and Technology of Hanoi
1. Introduction

Hanoi urban area, the northern center of Vietnam, is located in the Red River Delta. The growing urban
area is faced with the vulnerability by floods. The purpose of this study is to obtain basic knowledge to
improve the realtime hydrological forecast system. We examined estimate performance (EP) of Global
Satellite Mapping of Precipitation (GSMaP; Aonashi et al. 2009; Ushio et al. 2009) and wind influence on
the EP on heavy-rain days.

2. Data and Method

We used daily precipitation of GSMaP RNL version 6 in 2001-2007. Vietnam Gridded Precipitation
(VnGP; Nguyen-Xuan et al. 2016) was used to validate the GSMaP precipitation as the ground truth. The
both data have a resolution of 0.1 degrees. Utilized wind profiles were what operationally observed with
rawinsonde at Hanoi. Analyzed months were May, June, July and August with daily precipitation over 3
mm day'1 (Nguyen-Le et al. 2015) and dominant westerly winds in the lower troposphere (Nguyen-Le et al.
2014) almost all over North Vietnam at climatology. The 4 months had most of heavy-rain days with
precipitation larger than 50 mm day ' over North Vietnam. A rectangle region including the Lo River basin,
one of the Red River branch, is chosen as a reference region. We analyzed heavy-rain days with at least
one grid over 50 mm day” in VnGP. GSMaP EP was defined as a ratio of precipitation in GSMaP to that in
VnGP for both grid and regional mean precipitation.

3. Results

The regional mean precipitation was basically underestimated by GSMaP. Thus, we took a strategy to
clarify a reason for underestimate. We defined better and worse estimation (BE and WE) cases as cases
with EP from 0.5 to 1.2 and less than 0.5, respectively. Zonal winds were significantly larger in the BE
cases than in the WE cases below 500 hPa (Fig. 1). The EP was less than 0.5 in most cases on the days
with zonal wind less than 2 m s™' at 700-hPa level (Fig. 2). We compared case-mean EP distribution
between the relatively westerly and easterly wind cases (WWC and EWC) at 700-hPa level (Fig. 3). The EP
in the WWC was higher over North Vietnam including the reference region than in the EWC (Figs. 3a and
b). In the upstream of the Red River, the higher EP region was along the River and the northeastern foot of
the Hoang Lien Son Mountains in the WWC (Fig. 3c), while the EP was lower in the southwestern foot. The
EP in the WWC is much higher than in the EWC in the downstream of the River. GSMaP even largely
overestimated the precipitation in the southward of the Delta. The EP difference between the WWC and
the EWC was smaller in the northward than the southward both in the downstream and the upstream. The
EP difference was relatively small commonly in the southwestern foor of the mountainous region.
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4. Discussion and Conclusion

These results imply that relatively strong streams made underestimate over the windward region. It is
expected that interaction between the topography and winds affected on the EP through the deformation
of the hydrometeor distribution on the horizontal-vertical surface. We will investigate the relation between
the hydrometeor distribution and the winds in the next step.
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Fig. 1. Mean zonal wind profile in the BE and WE cases in
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Passive microwave rainfall retrievals for tropical cyclones with
understanding of microphysical characteristics from cloud resolving
models

*Yeji Choi', Dong-Bin Shin'
1. Yonsei Univ.

Satellite passive microwave observations have been widely used for better precipitation measurements
because microwave signals are well associated with the vertically integrated quantities of various
hydrometeors in the precipitation system. Understanding the relationships between hydrometeor
distributions and radiometric observations is commonly achieved from a-priori information based on
cloud and radiation transfer simulations. However, major difficulties in making the a-priori information
reside in the simulation variabilities resulted from the assumed microphysical process and insufficient
3-dimensional (3-D) descriptions of radiative signatures as observed by satellite sensors. According to
Shin and Kummerow (2003), liquid particle profiles over the precipitation fields can be constructed
realistically by matching the radar reflectivity profiles from simulations and GPM dual frequency radar
(DPR) observations. However, ice particle profiles produce significant discrepancies in scattering signals
depending on the microphysical parameterization methods used in constructing a-priori information. It is
then suggested that selecting a proper microphysics scheme showing the most similar microwave
signatures for both emission and scattering to the observations can have a substantial impact on the
retrieval results. Especially for heavy rainfall systems which can produce large amounts of ice particles,
scattering signals should be appropriately described in the a-priori information.

In this study we firstly assessed five microphysical parameterization methods including Thompson,
Morrison, WDM6, NSSL-2mom and Thompson aerosol-aware schemes in the Weather Research
Forecasting (WRF) model by analyzing the emission and scattering characteristics of each scheme from
the perspective of microwave observations for several tropical cyclone cases. Then, the best performed
microphysics scheme among them is selected and used to retrieve rain rates. This process may reduce the
uncertainties due to the incorrect assumptions on microphysical properties of precipitating clouds.
Moreover, as pointed by Kim et al (2016) proper descriptions of the scattering signals along viewing
directions can also affect the retrieval quality. We construct more realistic a-priori databases with the 3-D
radiative transfer treatment and the best performed microphysics schemes for the GPM microwave imager
(GMI). The enhanced prior knowledge is tested to measure the precipitation fields for several tropical
cyclone cases.

Keywords: microwave satellite remote sensing, tropical cyclone rainfall measurements, microphysical
characteristics of tropical cyclone, microphysics schemes of cloud resolving models
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GSMaP RIKEN Nowcast (GSMaP_RNC): an overview
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The Japan Aerospace Exploration Agency (JAXA)' s Global Satellite Mapping of Precipitation (GSMaP)
provides hourly precipitation estimates over the world except the polar regions. The near-real-time
product (GSMaP_NRT) is distributed about four hours after the nominal observation time, whereas the
real-time estimate (GSMaP_NOW) is uploaded 30 minutes after the observation time. However, for
disaster prevention, short term forecast will add value if available. Otsuka et al. (2016) developed a
GSMaP nowcasting system based on space-time extrapolation. The system employs the cross-correlation
method to estimate motion vectors of precipitation features, as well as an ensemble Kalman filter to better
estimate motion vectors. The system is running stably for more than a year. This year, RIKEN will make the
real-time nowcasting products open to public (GSMaP RIKEN Nowcast, GSMaP_RNC). This presentation
will provide an overview of the system design and the latest status.

References:
Otsuka, S., S. Kotsuki, and T. Miyoshi, 2016: Wea. Forecasting, 31, 1409-1416.

Keywords: GSMaP, nowcast, data assimilation

©2017. Japan Geoscience Union. All Right Reserved. - ACG46-P12 -



ACG46-P13 JpGU-AGU Joint Meeting 2017

Global Drop Size Distribution observed by Dual-frequency
Precipitation Radar onboard Global Precipitation Measurement core
satellite

*Moeka Yamaji1, Takuji Kubota', Atsushi Hamada?, Yukari Takayabuz, Riko Oki’

1. Japan Aerospace Exploration Agency, 2. Atmosphere and Ocean Research Institute, the University of Tokyo

Precipitation is one of the most essential parameters in the Earth system. Many places in the world face
water problems, such as water shortages and floods. Precipitation observation by rain gauges and ground
radars cannot cover overall Earth’ s surface, and are limited spatially and temporally. It is important for us
to observe global rainfall by spaceborne sensors.

Following the success of the Tropical Rainfall Measuring Mission (TRMM) launched in 1997, Global
Precipitation Measurement (GPM) core satellite was launched in 2014. GPM core satellite carries
Dual-frequency Precipitation Radar (DPR), which consists of the Ku-band (13.6GHz) precipitation radar
(KuPR) and the Ka-band (35.5GHz) precipitation radar (KaPR). DPR is expected to have better accuracy
for precipitation estimation, relative to single-frequency radar (13.8GHz) used in TRMM, by measuring
snow and light rain via high-sensitivity observations from the KaPR, and by providing drop size distribution
(DSD) information based on the differential scattering properties of the two frequencies. Furthermore,
owing to higher orbital inclination of GPM core satellite (65 degrees) than that of TRMM (35 degrees),
DPR is the world’ s first space-borne precipitation radar observing middle and higher latitudes area.
GPM/DPR level-2/3 (L2/L3) product provides information of the DSD, which is one of the factors that
characterizes precipitation but is a main unknown factor of precipitation remote sensing.

Firstly, we confirm the climatology of particle diameter (Dm, [mm]) and particle number concentration
(Nw, [m™®]) for 2 years calculated by using GPM/DPR L3 product. Generally, it is found that Dm is larger
over land than over the ocean and Nw shows an opposite trend to Dm. In addition, Dm in 20-40 degrees
is slightly smaller than other latitudes over the ocean. It is also found that there are seasonal differences in
some area, such as Amazon and mid-latitude area. This was consistent with Kozu et al. (2009).

In this study, we use L2 products to analyse in detail by comparing with rain rate. We are planning to
apply to the DSD database for Global Satellite Mapping of Precipitation (GSMaP) algorithm in the future.
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An experimental study of an Artificial Neural Network (ANN) algorithm
to retrieve Precipitable Water (PW) using AHI data

*Yeonjin Lee', Myoung-Hwan Ahn', Su Jeong Lee'

1. Department of Atmospheric Science and Engineering, Ewha Womans University, South Korea

The next Geostationary Korea Multi-Purpose SATellite (GEO-KOMSAT-2A) equipped with the new
Advanced Meteorological Imager (AMI), which has improved performance in the spectral (16 spectral
bands covering the spectral ranges of 4 visible, 2 near-IR and 10 IR), spatial (2 km at in nadir for the IR
channels) and temporal (every 10 min), is scheduled to launch in 2018. It is expected that the finer spatial
and temporal distribution of the Total precipitable Water (TPW) product will play an important role in the
short-term weather forecast. Current study investigates the possibility of Artificial Neural Network (ANN)
approach to retrieve TPW without compensating spatio-temporal resolution of the raw observation data
nor the first guess information such as from numerical weather prediction (NWP) model. A multilayer (3
layers; input, hidden and output) perceptron (MLP) feedforward backpropagation algorithm is trained
using a training dataset carefully prepared to have general, extensive, and comprehensive representation
of real world. The dataset consists of input variables of the simulated Advanced Himawari Imager (AHI)
brightness temperatures (9 channels centered at 6.25, 6.95, 7.35, 8.60, 9.63, 10.45, 11.20, 12.35, 13.30
micrometer), 6 dual channel differences, day, time, latitude, longitude, satellite zenith angle and altitude
(only land) and the corresponding TPW as output variable. The trained ANN algorithm is applied to the
actual AHI data and the results are analyzed to demonstrate the possibility of the ANN TPW for an
outbreak of severe convections.

Keywords: Artificial Neural Network, Total Precipitable Water
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Development status of the GCOM-W AMSR2 research products

*Nodoka Ono', Misako Kachi', Takashi Maeda', Hiroyuki Tsutsui', Mieko Seki?, Tomoyuki
Nomaki?

1. Japan Aerospace Exploration Agency, 2. Remote Sensing Technology Center of Japan

The Japan Aerospace Exploration Agency (JAXA) operates the Global Change Observation Mission ~Water
(GCOM-W) launched in May 2012. The GCOM-W satellite carries the Advanced Microwave Scanning
Radiometer-2 (AMSR2). In this mission, eight geophysical values (water vapor, cloud liquid water,
precipitation, sea surface temperature, sea surface wind, sea ice concentration, snow depth, and soil
moisture) were defined as the standard products, and has been provided to general users since May
2013. Also, research products were defined as a candidate of future standard product in March 2015.
Among the standard products, we will update algorithms of sea surface temperature, sea surface wind
speed, sea ice concentration, soil moisture content to version 3 in March 2017. As a result of verifying
new version products with ground observation and/or other satellite data, accuracy has improved.

For example, regarding the sea surface temperature product, we updated the algorithm to change the
method of sea surface wind speed correction and conduct more strict quality check to remove
inappropriate buoy data, etc. Then, we calculated the root-mean-square-error (RMSE) between the sea
surface temperature by AMSR2 and by buoy data provided by National Oceanic and Atmospheric
Administration (NOAA). The verification period is from July 2012 to June 2016. Result shows that the
RMSE is 0.52 “C in new version and improved while that of previous version is 0.56 C. In addition, we
update the algorithms of research products that are already open to public, 10 GHz sea surface
temperature and all-weather sea surface wind speed, and those accuracies are also improved. At the
meeting, we will present the detailed verification results of new version of standard products and research
products for AMSR2.

Keywords: satellite remote sensing, Water cycle monitoring, Microwave radiometer
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Mean Features of Tropical Cyclone Circulation from QUIKSCAT Sea
Surface Wind Observations

*Hirotaka Kamahori'

1. Meteorological Research Institute

The mean features of vorticity and divergence fields associated with tropical cyclones are evaluated as
anomalies from environmental fields, in six tropical cyclone (TC) active basins (the western North Pacific,
the eastern North Pacific, the north Atlantic, the north Indian Ocean, the south Indian Ocean, and the
South Pacific), using satellite-derived daily sea surface wind observations. A common feature in all basins
is that concentric cyclonic vorticity anomalies extend within a 5-degree radius from the TC center with
maximum values of 1.5x10™ to 2.0x10“s™. The vorticity field near the TC center is the most intense in the
North and the South Indian Ocean, and the weakest in the South Pacific. In terms of horizontal size, the
radius at the half maximum ranges from 1.8 to 2.4 degree for vorticity fields with the largest in the South
Pacific, and the smallest in the eastern North Pacific. In a case of divergence fields, similar results are
found with the largest size in the South Pacific and the smallest in the eastern North Pacific. The cyclonic
vorticity anomalies in the inner area are surrounded by anti-cyclonic anomalies in all basins, indicating
suppression of convective activity due to the tropical cyclones themselves at a large distance from the
center. The anti-cyclonic vorticity have maximum values of around 1x10” s and are distributed mainly on
the equatorial side of the center. These structures with the cyclonic fields in the inner area and
anti-cyclonic fields in the outer area are consistent with the previous study in precipitation fields.

Keywords: Tropical cyclone, Circulation, Sea surface wind
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Thermal variability in the South China Sea and its relationship to the
western Pacific warm pool

*ChunYi Lin'
1. National Museum of Marine Science & Technology

We examine the temperature, heat content, and the size variability in the South China Sea (SCS)
connected with the Western Pacific Warm Pool (WPWP), as well as upper-ocean thermal variability in the
tropical oceans using satellite data and in situ measurements. Time-frequency-energy distributions, the
periods of variability and its trend are extracted by the Empirical Mode Decomposition method and
Hilbert-Huang transform method. The increasing rate of mean trend of Western Pacific Warm Pool area is
(2.0+0.2) x 10°km?/decade. Furthermore the warm pool area in the SCS has increased by (0.2+0.03) x 10
®km®per decade. Observing from the energy of individual component, the semi-annual and annual
components forcing from the East Asian monsoon play the main roles on SST variation. Using cross-lag
correlation analysis, we demonstrated that the thermal variability in the SCS and WPWP are strongly
correlated.

Keywords: South China Sea, Western Pacific warm pool, Thermal variability
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Effects of Typhoon and Rainfall on the Kuroshio Surface Temperature
and Salinity East of Taiwan

*Chung-Ru Ho', Po-Chun Hsu', Chen-Chih Lin'

1. Department of Marine Environmental Informatics, National Taiwan Ocean University, Keelung, Taiwan

Temperature and salinity are two major variables of the ocean states. Their fluctuations can affect the
ocean circulation; moreover, the global changes. In order to understand the effects of wind and rain on
the sea surface temperature (SST) and sea surface salinity (SSS) of Kuroshio, we detected the hydrologic
characteristics of Kuroshio after heavy rainfall and typhoon passed by east of Taiwan. SST and SSS data
are collected from cruises of R/V Ocean Researcher | and spray glider cruises, as well as rain rate data
from the Microwave Imager onboard the Tropical Rainfall Measuring Mission. The results show a good
correlation between the rain rate and minimum SSS with a coefficient of determination of 0.82 in heavy
rainfall cases. The rainfall drops the SSS of Kuroshio with a rain rate of 0.176 psu per mm/hr. Different
from the heavy rainfall cases; typhoon not only drops the SST and SSS, but also induces the sub-surface
water to uplift. It causes the SSS increases after temporary drops down.

Keywords: Kuroshio, sea surface temperature, sea surface salinity
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loT based visualization service of AMSR2 and GPV in the Arctic Ocean
during R/V Mirai cruise MR16-06

*Takeshi Terui', Takeshi Sugimura1, Amane Fujiwaraz, Shigeto Nishino?, Hironori Yabuki'
1. National Institute of Polar Research, 2. Japan Agency for Marine-Earth Science and Technology

Understanding of sea ice situation is the most important issue for vesseles in the sea ice area. In
particular, overviewed inforamtion of 1000 km scale is a good indication to determine a safe route. The
remote sensing data of sea ice concentration by Earth observation satellites is required. However, limited
satelite telecommunication line on the vessel makes on-demand data delivery difficult. And more, if the
compressed data would be sent via this line, a professional staff for decoding and visualizing the data
must always be needed on the ship. In order to reduce these anxiety and burden, automatical system
integrating these processes (delivery, decoding, and visualizing data) is needed. ADS (Arctic Data archive
System) has been developed the new integrated system for the ship to delivery and visualize data, which
is called VENUS (VEssele Navigator by Unitized Systems). This system was implemented to R/V Mirai
cruise MR16-06. In this research, we want to introduce technical performances and advantages of this
system.

Keywords: loT, Raspberry Pi, AMSR2, Ship, Visualization, Automation
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Development of Arctic Route Search System on ADS

*Takeshi Sugimura1, Takeshi Terui', Hironori Yabuki', Hajime Yamaguchi2

1. National Institute of Polar Research, 2. University of Tokyo

The aim of this study is to build the Arctic Route Search System in order for everyone can easily search
optimum navigation route. This system is constructed on ADS (Arctic Data archive System) based on the
research products by Arctic Sea Route research group (Yamaguchi laboratory in the University of Tokyo)
in ArCS project. In this application, we estimate a sea ice situation and a navigational difficulty from Ice
Index based on sea ice concentration and sea ice thickness. A* search algorithm is adopted as search
algorithm which select a route with smallest navigation cost among the possible route.

In the present system, because AMSR2 satellite data is used as input condition, route prediction cannot
be performed. We are improving the system to use sea ice forecast model TOPAZ4 dataset for input
condition, and expect to predict a navigation route for a time period up to 10 days.

Keywords: Northern Sea Route, ADS, AMSR2, TOPAZ4
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Influence of the sea-ice and cloudiness on the reflectivity over the
Southern Ocean

*Alessandro Damiani', Raul R. Cordero?

1. Chiba University, 2. Santiago de Chile University

The influence of the cloud cover and sea ice concentration (SIC) on the Ultraviolet (UV) Lambertian
equivalent reflectivity (LER) at the top of atmosphere over the Southern Ocean has been evaluated for the
1979-2012 period. Despite the high cloud fraction for most of this period, the influence of sea ice was
found to be larger than that of cloud cover and it was the main driver of the reflectivity variability. Overall,
an increment of the SIC from 0% to 100% resulted in a LER increase of 44 reflectivity units. This value is
about twice of the corresponding sea ice-induced reflectivity increase calculated for the observed and
modeled shortwave albedo, which is the variable of interest for climate change. On the other hand,
cloudiness was found to enhance the UV-LER mostly for low SIC levels. Nevertheless, the analysis was
constrained by the difficulty of the passive satellite instruments in identifying cloudiness over high SIC and
by the short time series from additional active sensors. Overall, the distribution of the reflectivity for
different regions and months shows a marked seasonal-dependent double peak. The reflectivity of the
grid-cells characterized by a SIC larger than 30% showed statistically significant negative trends in
particularly for the Bellingshausen/Amundsen sea sector. In contrast, the trend of the ice-free grid-cells of
the whole South