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Evaluation of improved sea surface wind products from AMSR2 on
GCOM-W
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An improved version of the sea surface wind speed products (version 3 beta) from the Advanced
Microwave Scanning Radiometer-2 (AMSR2) on the Global Change Observation Mission-W (GCOM-W)
satellite were evaluated by comparisons with offshore moored buoy measurements, outputs from the
European Centre for Medium-Range Weather Forecasts (ECMWF) Interim Reanalysis (ERA-Interim), and
vector wind data from the RapidScat scatterometer (RSCAT) onboard the International Space Station
(ISS). In general, the AMSR2 wind speeds agreed well with the reference data. The Root Mean Square
(RMS) difference between the AMSR2 and buoy measurements was 1.13 m/s, which is close to the
mission goal of T m/s. It is clearly exhibited that a systematic bias, which was discernible in the previous
version (version 2.1) of the AMSR2 wind products, has been reduced in the latest version. Results of the
triple collocation analysis suggest that the random errors in the AMSR2 version 3 wind speed are very
close to 1 m/s and are smaller than those in the outputs from the numerical weather prediction (NWP)
models, if random errors in the reference wind data (buoy, NWP, and RSCAT) are considered explicitly.
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Validation and intercomparison for high resolution gridded product of
surface wind vectors over the global ocean
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Gridded products of surface wind vectors over the global ocean are constructed using multiple satellite
data by microwave scatterometers and radiometers. Our new products, called the new version of the
Japanese Ocean Flux data sets with Use of Remote-Sensing Observation (J-OFURQO) V3, consist of various
surface parameters such as sea surface temperature and specific humidity, and have temporal and spatial
resolutions with daily mean and 0.25 x 0.25 degrees and cover a period from 1988 to the current. In our
new procedure to derive gridded products of wind vectors with high resolutions, we combine data from
microwave radiometers as well as scatterometers such as SSMI, AMSR-E, TMI, ERS-1,2, QuikSCAT, ASCAT.
These gridded products are validated using our newly-designed quality control system (QCS) in which the
reliabilities for various gridded products are examined by comparison with all available in-situ
measurement data by moored buoys. Validations are also made by intercomparisons with other gridded
products by single satellite (QSCAT and ASCAT), numerical model reanalysis (NRA-1, JRA55 and
ERA-interim) and their combined “hybrid” (CCMP) products.

Results reveal that the J-OFURO3 product has relatively higher reliability than other satellite and
reanalysis ones and lower than the hybrid one(CCMP), especially in the tropical Pacific region.
Intercomparisons between the J-OFURO3 and CCMP exhibit noticeable spatial features in mean
differences and correlations which are clearly dependent on buoy locations. This suggests that the CCMP
product constructed by procedures including assimilation of buoy measurement data has inhomogeneous
reliability in space, compared with our satellite-based product. Divergence and curl fields are derived
from these gridded products of wind vectors, and similar spatial features are found in the tropical Pacific
region.
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High Wind Observations within Extratropical Cyclones as Observed by
Different Microwave Radiometers and Scatterometers
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The validation of high wind speed measurements has proven to be extremely challenging due to the lack
of surface truth, different sensor characteristics and their suitability for high wind observations, as well as
different observation times. Because of this lack of surface truth, the forward models and geophysical
model functions utilized in wind retrieval algorithms for different sensors are more often than not
extrapolated and very hard to verify. Moreover, many high wind speed algorithms, especially from
microwave radiometers, were developed with the goal of retrieving the extreme winds within tropical
cyclones that would match aircraft-based high spatial resolution observations, even though the spatial
resolution of the satellite observations is much coarser than that of both the aircraft-based measurements
and measured physical phenomena. The implications have impact on both the operational use of high
wind speed data as well as determining climatological trends and wind field characteristics.

Extratropical cyclones that reach hurricane force (HF) intensity are a significant threat to the safety of life
at sea and a risk to cargo and vessels. Extratropical cyclones vary on scales from less than 100 km in
diameter up to 4,000 km in diameter and have an average life cycle of five days from genesis to death.
Associated wind conditions can range from light (10 to 20 knots), near gale (25 to 32 knots) gale force (33
to 47 knots), storm force (48 knots to 63 knots), or HF (greater than 63 knots). Knowledge of the wind
structure, and in particular the frequency of occurrence and distribution of HF winds in extratropical
cyclones has been greatly enhanced by data from the QuikSCAT scatterometer. Studies of the wind
distribution within mature ETCs from the QuikSCAT scatterometer (cite our igarss paper) have shown
there is more than a 20% probability of encountering gale force winds within 1000 km of the storm center
at any time and direction for extratropical cyclones that reached the mature stage. The storm force winds
can span beyond 1000 km from the storm center with the frequency decreasing significantly in the overall
direction of motion. HF winds are concentrated within 1000 km radius west, south and southeast from the
center relative to storm motion direction. Therefore, the spatial resolution of high winds within
extratropical cyclones is suitable for all current radiometer and scatteroemter sensor observations.
However, frequent observation of ETC’ s by the RapidScat and GPM sensors as well as the two ASCAT
scatterometers have shown that high winds can change drastically over a 30 min time period. Therefore,
any comparisons of wind retrievals by different sensors can be misleading and must be done carefully. To
overcome this problem we compare composites of ETCs as obtained from wind observations from all
radiometer and scatterometer different sensors.

To study the wind field distribution in these extreme ocean storm, composites of ocean surface wind
speed fields were created by using a 50°x 50° wide box that was divided into 400 lat/lon grid cells. This
resulted in an approximate grid resolution of 12.5 km. The grid box was centered on the storm center

locations obtained from Ocean Prediction Center best track storm file.
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A Category ‘6’ Trio —-Supertyphoons Meranti (2016), Haiyan (2013),
and Hurricane Patricia (2015)
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With peak intensity reaching 165 kts, supertyphoon Meranti was the most intense tropical cyclone on
earth in 2016. Only 5 kts below the devastating super-typhoon Haiyan in 2013, Meranti was the 2nd most
intense western Pacific typhoons on record. In “2.5 days, it rapidly intensified from category-1 to an
impressive, category ‘6’ (Lin et al. 2014; Lin et al. submitted 2017) intensity of 165 kts. Similar to
Hurricane Patricia (185 kts, 2015, Huang et al. 2017) and Supertyphoon Haiyan (170kts, 2013), the peak
intensity of these tropical cyclones are far above (30-50kts) the existing threshold (135 kts) of category-5
in the Saffir-Simpson scale. In addition, their intensity square (representing kinetic energy and a function
of the Accumulated Cyclone Energy) is 140-180% higher than a ‘regular’ category 5 cyclone of 140kts.
In terms of intensity cube (a function of the Power Dissipation Index), these extra-ordinary storms are
165-230% higher than a 140 kts category 5 cyclone (Lin et al. 2014; Lin et al. submitted 2017). This
research highlights the importance of adding the new category ‘6" (165-185 kts) to the current
Saffir-Simpson scale, for more accurate disaster mitigation and public awareness, because these category
‘6’ TCs may carry much higher energy than regular category ‘5’ TCs (e.g. other 140kts category 5s).
In addition, they were all found to be associated with very favourable sea surface temperature (SST~30C)
and subsurface heat content conditions (*120-140 kJ/cm?.). This research further explores their
interaction with ocean, as well as the oceanographic origin of these extremely favorable ocean conditions.

H.-C. Huang, J. Boucharel, |-l Lin*, Fei Fei Jin et al., Air-Sea Fluxes for Hurricane Patricia (2015):
Comparison with Supertyphoon Haiyan (2013) and under Different ENSO Conditions, submitted, J.
Geophy. Res., 2017.

I-I Lin*, Mong-Ming Lu, et al., Taiwan in the hits of major typhoons, submitted, BAMS, State of Climate
Report, 2017.

Lin I. 1., I.-F. Pun, and Lien, C.-C. (2014) ‘Category-6’ supertyphoon Haiyan in global warming hiatus:
contribution from subsurface ocean warming. Geophys. Res. Lett, doi:10.1002/2014GL061281.
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Ocean Color from GCOM-C and Himawari-8
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JAXA polar orbit satellite, Global Change Observation Mission for Climate (GCOM-C) which carries
Second-generation Global Imager (SGLI) will be launched in 2017. SGLI will have 19 bands from near-UV
(380 nm) to thermal infrared (12 um) wavelengths with 1150-km swath width. A key characteristic of SGLI
for the ocean color observation is high spatial resolution (250 m). JMA geostational meteorological
satellite, Himawari-8 has been in regular operation since July 7, 2015. Himawari-8 carries Advanced
Himawari Imager (AHI) which has six spectral bands from visible to shortwave infrared wavelengths (470
nm, 510 nm, 640 nm, 856 nm, 1610 nm, and 2257 nm) with 500-m (640-nm band), 1-km (470, 510, and
856-nm bands), and 2-km (1610, and 2257-nm bands) spatial resolution.

Characteristics of the AHI for the ocean-color observation are high temporal resolution (10 min for the
full-disk observation), small number of spectral bands, and relatively lower signal-noise-ratio (SNR) than
general ocean-color sensors because the main target of AHI is meteorological observations. We have
developed empirical ocean-color algorithms for SGLI and AHI spectral response (Murakami et al., OS)J
2015 fall meeting).

The SGLI 250-m spatial resolution can be advantage in monitoring of fine structures of coastal areas and
front of currents, and detection of local phenomena such as red tide. However, they can change quickly
and sometimes cannot be tracked by the temporal resolution of SGLI (once/2-day). Accuracy of ocean
color estimate from instantaneous AHI measurements (every 10 min) is relatively worse due to the limited
number of bands and low SNR. This study shows, however, the random noise can be reduced by
averaging for about one hour (i.e., six scenes) when the 1- or 2-km scale phenomena can be assumed to
be stable for an hour. Daily movement of front structures can be detected by the hourly AHI ocean color.
Effective use of high spatial resolution data of the polar orbit satellite such as GCOM-C and high temporal
resolution data of the geostationary orbit satellite such as Himawari-8 will be required in the next step.
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Ocean color remote sensing of Chromophoric Dissolved Organic
Materials (CDOM) for Second-generation GLobal Imager (SGLI)
onboard the Global Change Observation Mission-Climate satellite
(GCOM-C)
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Ocean is a large reservoir of the dissolved organic carbon on the Earth, storing approximately 38,000 PgC.
Satellite observation methodologies have been developed by various researchers and space agencies and
been offering a synoptic view of an optical proxy of the colored dissolved organic materials (CDOM) in the
surface ocean on various temporal and spatial scales (e.g. from local and daily to global inter-annual
scales). Second generation GLobal Imager (SGLI) onboard Global Change Observation Mission —Climate
satellite (GCOM-C), to be launched by Japan Aerospace eXloration Agency (JAXA), also intends to
measure CDOM in the surface ocean over the next several years, and a satellite algorithm for the new
sensor was developed. The algorithm was based on a coupling of ocean colour inversions. One of the
challenges in such inversion procedure has been to separate optically similar signals between CDOM and
other detrital materials. Two empirical separations of these materials, different in terms of the degree of
complexity in the algorithm, was tested. It was shown that a moderate complexity, rather than most simple
nor complex, might give the best retrieval of CDOM under a current limitation in our ability to model every
bio-optical processes.
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Examples of Multi-Satellite Analyses for Advancing Earth System
Science
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This presentation will describe NASA’ s current and planned Earth observing capabilities, the resulting
science and applications,and NASA’ s long-standing partnership with Japan, with particular emphasis on
the revolutionary use of multi-satellite heterogeneous and homogeneous constellations. NASA and the
Japan Aerospace Exploration Agency (JAXA) have a long history of collaboration on satellite missions and
are cooperating on several Earth observing constellations. NASA and JAXA have partnered for the last
several years on calibration and validation activities associated with JAXA’ s Greenhouse Gases
Observing Satellite (GOSAT) and NASA’ s Orbiting Carbon Observatory (OCO0-2) missions. And in 2012,
JAXA’ s Global Change Observation Mission - Water (GCOM-W1) satellite joined Aqua and other NASA
missions as part of the international Afternoon Constellation (A-Train). The results from these (and other)
Earth observing missions are expanding our knowledge of the current state of the Earth system and our
ability to predict how it may change in the future. These data also enable a wide range of practical
applications that benefit society.

*—7— K : TRMM, GPM. GOSAT, ASTER. AMSR-E,
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Keywords: TRMM, GPM, GOSAT, ASTER, AMSR-E, A-Train, Constellations, Small-Satellites, International
Space Station
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From Satellite Data to Informatics ~-Towards The Development of
Satellite-based Real-Time Informatics in Community Satellite
Processing Package (CSPP)
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In cooperation with the United States National Oceanic and Atmospheric Administration (NOAA) and
National Aeronautic and Space Administration (NASA), Cooperative Institute for Meteorological Satellite
Studies (CIMSS) of Space Science and Engineering Center (SSEC) is continuing to develop
NASA-supported International MODIS/AIRS Processing Package (IMAPP) and NOAA-funded Community
Satellite Processing Package (CSPP). These community software packages are to provide both official and
users developed algorithms and processing codes for the optimal and broad use of international polar
orbiter satellite and geostationary satellite data collected from NOAA/NASA S-NPP, GOES-R, EUMETSAT
METOP series, and Japanese Meteorological Administration (JMA) Advanced Himawari Imager (AHI).

This paper starts with the overview of “16 years (2000-2016) of success of IMAPP and CSPP as a pathway
to the development of a freely available software package to transform MODIS, AIRS, AMSU, VIIRS, CrlS,
and ATMS Raw Data Records (RDRs) (i.e. Level 0) to Sensor Data Records (SDRs) (i.e. Level 1), SDRs to
Environmental Data Records (EDRs) (i.e. Level 2) and Information Data Record (IDRs) in support of Terra,
Aqua, Suomi NPP and subsequently the JPSS and GOES missions under the CSPP framework.

Moreover, the current innovations in the development of Information Data Record (IDR) from single or
multiple EDR and other ancillary and auxiliary data, to become the foundation of CSPP informatics.
Examples of real-time applications using EDRs and IDRs in nowcasting and nearcasting of severe weather,
aviation operation and air quality monitoring are to be highlighted. Summary is given to conclude this
community effort in facilitating the user-friendly end-to-end calibration, navigation, product generation
and information integration that are suitable and freely available to all users of meteorological and
environmental satellites.

Keywords: Community satellite processing package, Sensor Data Record; Environmental Data Record;
Information Data Record, Nowcasting; Nearcasting
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Sustainable Development Goals (SDGs) and Earth observations-JAXA's
activities for SDGs
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In adopting the 2030 Agenda for Sustainable Development in September 2015 at a High-level Political
Forum on Sustainable Development, world leaders agreed that a global indicator framework was
necessary to measure, monitor and report progress towards the 17 transformational Sustainable
Development Goals (SDGs) and 169 associated Targets.

To track progress towards these Goals and Targets, the global indicator framework must capture the
multi-faceted and ambitious aspirations for the continued development of nations and societies. Effective
reporting of progress toward these indicators will require the use of multiple types of data, both what we
have in hand - traditional national accounts, household surveys and routine administrative data —and new
sources of data outside national statistical systems, notably Earth observation (EO) and geospatial
information (Gl), and ‘Big Data’ in general.

The integration of all these data can produce a quantum leap in how we monitor and track development
and advance the well-being of our societies. Since Earth observation and geospatial information are often
continuous in their spatial and temporal resolutions, their use in SDG monitoring can prove essential in
capturing the sustainability of developments underpinning the SDG framework. Earth observation and
geospatial information, which include satellite, airborne, land- and marine-based data, as well as model
outputs, will expand monitoring capabilities at local, national, regional and global levels, and across
sectors.

Earth observation and geospatial information can significantly reduce the costs of monitoring the
aspirations reflected in the goals and targets, and make SDG monitoring and reporting viable within the
limited resources available to governments. Beyond the SDG framework, these same data can provide
developing countries and regions with increased capacity to acquire, analyse and utilise information for a
broad range of policy-making purposes.

The Japan Space Exploration Agency (JAXA) is actively promoting use of satellite-based Earth observations
for SDGs through the Comittee on Earth Observation Satellites (CEOS) and the intergovernmental Group
on Earth Observations (GEQ) in cooperation with national statistical office and related ministries and
agencies, and UN and other interantional organizations. Current status of JAXA activities for exploring the
applications of satellilte based Earth observations to SDGs and their prospects will be presented.

Keywords: SDGs, Sustainable Developmetn Goals, indictor framework, Earth observation
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GPM SLH latent heating retrievals with a study on extratropical
precipitation systems
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Diabatic heating associated with convection plays essential roles in energy budget in the global
atmosphere, driving large-scale circulation, and intensifying various kinds of storms. Dual-frequency
Precipitation Radar on board the Global Precipitation Measurement core satellite (GPM DPR) has
expanded our ability to consider such convective latent heating in the extratropical regions, in addition to
tropical regions where we have estimated the latent heating with the Tropical Rainfall Measuring Mission
Precipitation Radar (TRMM PR) observations (TRMM Spectral Latent Heating algorithm; Shige et al. 2004,
2007, etc.). In order to construct an algorithm to retrieve the convective latent heating in the extratropics,
we examined the relationship between the precipitation and latent heating in extratropical environments,
utilizing GPM DPR data with the aid of cloud-resolving numerical model simulations, contrasting it with
tropical precipitation.

For the SLH retrieval algorithm in the tropics, we simulated the TOGA-COARE precipitation with the
Goddard Cumulus Ensemble Model, from which we made three spectral look-up tables (LUT) of latent
heating profiles for convective, shallow stratiform rain, and deep stratiform rain. Utilizing TRMM PR rain
profiles as well as GPM Ku-band Precipitation Radar (KuPR) rain profiles with these tables, we retrieved
the latent heating associated with precipitation in tropical and subtropical regions.

Extratropical precipitation consists of systems very different from the tropics. The most dominant system
there is the extratropical cyclone and associated frontal systems. The largest difference may reside in the
stratiform precipitation. While deep stratiform precipitation is associated with deep convection in the
tropics almost without exception, in the extratropics, large-scale ascent associated with frontal systems
can result in deep stratiform precipitation from the large-scale condensation. The deep stratiform cloud
base in the tropics is, therefore, almost fixed at the freezing level, but it does not necessarily correspond
to the freezing level in the extratropics.

As a strategy to obtain adequate LUTs for extratropical systems, with a collaboration of the JMA numerical
weather forecast group, we collected forecast run outputs for extratropical systems with the JMA Local
Forecast Model (LFM). With these data, we analyzed the simulated precipitation and latent heating for
extratropical systems, to produce LUTs for GPM KuPR.

To this end, we had to overcome several hurdles: (1) To obtain consistent LFM and KuPR precipitation
flux, (2) to attain consistent convective/stratiform separation, (3) to obtain adequate cloud-base and
freezing level relationships, (4) to detect cloud base adequately from the GPM KuPR, and (5) to handle
multi-layer precipitations. After solving these problems, we obtained convective precipitation tables
looked up with precipitation top heights, and stratiform precipitation tables looked up with cloud-base
precipitation intensities. Results from applications of GPM KuPR data to these latent heating LUTs also
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GOES-16 Advanced Baseline Imager (ABI) On-Orbit Performance
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The GOES-16 Advanced Baseline Imager (ABI) is the first of the United States’ next-generation
geostationary imagers for weather and environmental monitoring. The design and capabilities are the
same as Himawari-8 and -9, but with some differences in the spectral bands. With three times the spectral
bands, four times the resolution, and five times the image collection rate, the GOES-16 ABI will
significantly improve the quality and frequency of existing data products and provide many new weather
and environmental products. It is currently undergoing post launch testing and is scheduled to become
operational in November 2017.

The ABI post-launch test campaign takes place from January to June 2017. These tests verify compliance
with requirements as well as thoroughly characterize the performance of the instrument, including
long-term performance trending. This presentation provides measured, quantitative performance results
showing the very high quality of ABI’ s imagery, including SNR and NEdT, MTF, line-of-sight stability,
navigation and registration, and calibration stability. Although the post-launch testing will not be
complete, all of these critical performance aspects will have been measured and trended. Understanding
the quality of this imagery is the first step in assessing the quality of the many ABI-based L2+ data
products.

Keywords: weather, satellite, geostationary, ABI, GOES
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Five years Global Water Cycle Observation by the Global Change
Observation Mission - Water (GCOM-W)
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The Global Change Observation Mission (GCOM) is consists of two medium sized satellites to provide
comprehensive information of the Essential Climate Variables (ECV) of atmosphere, ocean, land,
cryosphere, and ecosystem. The GCOM-W (Water) or “SHIZUKU” satellite that is carrying the Advanced
Microwave Scanning Radiometer 2 (AMSR2), which was launched from JAXA Tanegashima Space Center
on May 18, 2012 (JST); and GCOM-C (Climate) satellite that will carry the Second Generation Global
Imager (SGLI) and is scheduled to be launched in Japanese Fiscal Year of 2017.

AMSR2 on board the GCOM-W satellite is multi-frequency, total-power microwave radiometer system with
dual polarization channels for all frequency bands, and a successor of JAXA” s Advanced Microwave
Scanning Radiometer for EOS (AMSR-E) on the NASA's Aqua satellite, which was launched in May 2002,
and completed its operation in December 2015. Basic concept of AMSR2 is almost identical to that of
AMSR-E. AMSR2 standard products, including brightness temperature and eight geophysical parameters
that related to water cycle, have been introduced to many operational and science applications quickly.
AMSR2 standard products are available from the GCOM-W1 Data Providing Service
(https://gcom-w1.jaxa.jp/). The latest version of AMSR2 products is Ver. 2.0 (as of February 2017) that
was released in March 2015, and JAXA is planning to release new Version 3 standard products for several
geophysical parameters, including sea surface temperature and sea surface wind speed, which do not
satisfy required standard accuracies in Ver.2, in March 2017. With release of Ver.3 standard products, all
AMSR2 standard products satisfy required standard accuracy and achieve mission success criteria of the
GCOM-W mission.

AMSR2 products are used in various operational and research fields, including weather forecast, typhoon
analysis, global rainfall map, ocean monitoring, fisheries, sea ice extent monitoring and maritime
navigation in polar regions. At the meeting, we will highlight major topics of achievements done by the
GCOM-W mission in five years.

Since designed mission life of the GCOM-W satellite is five years and will be achieve in May 2017, we

have started discussion of possible follow-on mission with various user communities as well as expansion
of application of AMSR2 and follow-on data in new fields.
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Development of CloudSat/CALIPSO- and EarthCARE-algorithms for
studies of cloud macroscale- and microphysical properties
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This work improved on cloud mask, cloud particle type and cloud microphysics algorithms that can be
applied to CloudSat-CALIPSO and EarthCARE satellites. We first revised the cloud mask algorithm
designed for CALIPSO lidar developed by Hagihara et al., to increase the detectability of cloud bottom
regions in CALIPSO lidar observations. Algorithm for cloud particle type (cloud phase and orientation of
ice particles) developed by Yoshida et al., is also refined. Introducing the new function, cloud particle
phase near cloud bottom is better characterized by the revised algorithm. Retrieval algorithm for ice cloud
microphysics is also carried out to extend the one developed by Sato and Okamoto with modified look up
tables for ice particles. That for water cloud microphysics was newly implemented.

The refinements were achieved by using the new type of ground-based lidar, Multiple-Field of View
Multiple Scattering Polarization lidar (MFMSPL) with cloud radar. MFMSPL was designed to measure
enhanced backscattering and depolarization ratio comparable to space-borne lidar. The system consists
of five sets of parallel and perpendicular channels with different zenith angles. We first evaluated our
former cloud mask scheme. It was applied to the data obtained by the MFMSPL and it was found that the
cloud mask scheme underestimated cloud top portions. New cloud mask scheme showed improvement in
the detectability of cloud top portions. Co-located 95GHz cloud radar and MFMSPL with the new cloud
mask scheme showed good agreement at the cloud top altitude. The cloud mask scheme also has a
function to identify fully attenuated pixels where lidar and cloud radar signals are to