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Nowadays people watch the weather forecast as a way of life.
Information from the weather forecast is used in our everyday
lives and influences our lifestyle and behavior. For example, we
may decide whether to bring an umbrella or not when we go
outside based on a weather forecast. The weather decides what
we will wear, what we want to eat, and even what products sell
well. Just like an old saying expressing appreciation for rain, we
should not forget that the almost all the water, which we use as
drinking water, water for daily life, and agricultural and industrial
water, comes from rainfall and snowfall.

On the other hand, too much rainfall or snowfall may cause
disasters. In recent years, we have greater opportunities to watch
news of heavy rainfall, floods, and droughts that cause serious
damage. In August 2013, there were floods caused by heavy
rainfall and tropical cyclones in China, Russia, and India. In Japan,
because of torrential rainfall of “a magnitude never experienced
by local residents” from July to August 2013, Yamaguchi,
Shimane, Akita and lwate prefectures were greatly damaged.
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Even if there was a small fluctuation in the amount and timing
of rainfall or snowfall in areas, it may threaten human life and
infrastructure. Furthermore, characteristics and the behavior of
rainfall are becoming so different from our previous experiences.

Nowadays, our life and economic activities are becoming
increasingly globalized. The severe flooding that occurred in
Thailand in 2011 did not only threaten the lives of the local
people, but also caused heavy damage and economic losses to
factories of foreign companies. To reduce disaster damage and
adapt to the changing Earth’s environment, it is essential to
comprehend environmental information for all of Earth. Satellite
observations that can watch wide areas in a homogeneous way
are the only efficient means to get global-scale rainfall
information, and universal infrastructure of society.

The Global Precipitation Measurement (GPM) mission, which
is led by Japan and United States and promoted trough a
international collaboration framework, will measure rain and
snow for the benefit of all by conducting highly frequent and
highly accurate global rainfall measurements using data from
multi-satellites.
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Why do we measure precipitation from

space?
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é} The significance of “precipitation”

Water circulation in the atmosphere, land, and oceans is a key
feature of the Earth’s climate. “Precipitation” is one of most
essential parameters which compose the water cycle. One of the
reasons for this is that precipitation is closely related to our
everyday lives — precipitation is a source of fresh water which we
use on a daily basis. The estimated amount of water for the entire
globe s 1.4 billion cubic kilometers. However, 97.5 percent of this
is salt water, and only 2.5 percent is fresh water. About 70 percent
of the fresh water is in glacial ice and permanent snow cover;
fresh water lakes and river storage account for only 0.3 percent of
total fresh water. Precipitation on land is the source of renewable
fresh water, but global precipitation is distributed unevenly and
varies regionally and temporally. In addition, precipitation
observation by rain gauges and ground radars only covers about
25 percent of the Earth’s surface, since most regions are covered
with water or inland areas that are difficult to access.
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accelerating or not. (Image provided by
Prof. Taikan Oki, the University of
Tokyo)
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Amounts of the Earth’s Water
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@ The role of the satellites

Dense and highly frequent observation, about every 10
minute, usually cover limited regions in advanced countries, as
do ground-based rainfall observation networks using rain gauges
and/or weather radars. Ground observation data is extremely
lacking in Asia and African regions even though these regions
suffer water related disasters very often. Satellite-based
precipitation data will be the only rainfall information in severe
environments, where humans cannot enter, and in troubled
regions. In addition, international rivers running through a
number of countries are one of a source of conflicts regarding
water acquisition, since countries located in the lower reaches of
international rivers have serious problems in obtaining
precipitation data from countries in the upper reaches.

Therefore, satellite observations that can consistently observe
broad areas are a unique and effective means to achieve global
scale rainfall measurement, and act as a universal “society’s
infrastructure.” Rainfall data observed by satellites will provide
basic information in various fields, such as weather, climate,
disaster, ecosystem, and agriculture.
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The figures show the total amounts of the Earth’ s water and
its breakdown as a three-dimensional pie chart. The
amounts of fresh water lakes and river storage, which we

use in our daily lives, are only 0.3 percent of the total
amounts of fresh water.
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The left figure shows the number of rain gauge available
within 1-degree latitude/longitude (about 100 km) grid
during December 2010. Rain gauge data was collected from
all over the world and compiled by the Global Precipitation
Climate Centre (GPCC). The right figure shows the zonal
ratio of grids that have observations in percentages. While
the distribution of rain gauges is comparatively
concentrated in the European region, United States, Japan,
and South Korea, large blank (non-observed) regions are
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found in the most part of Asia, Africa and South Africa.
Although the ocean is a large part of the globe, only a few
rain gauge observations of islands are available.
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Weather forecast and the flood warnings

@ =s53Hconm

BET—2IF KR FRTCEAENIEDNTVET, [R
T ClE. 2003 FEL S, BEBHDOIAVOFEERET —4
EFBLIAG. 2013FE8ADSIE. B—HKBREGRAGE
NLeF<UDT—2EBALE L, TNSDT—ZIE HEADE
WO RAERZRELEEBEBRSFROBER LICERKT 2

@ Utilization in weather forecasts

Satellite data is used commonly in weather forecasts. The
Japan Meteorological Agency (JMA) has been using satellite
microwave brightness temperature data in its numerical weather
prediction since 2003, and has been introducing data from the
Global Change Observation Mission 1st - Water (GCOM-W1)
satellite since August 2013. This data contributes to improve the
accuracy of weather forecasts, and also achieves more accurate
typhoon analyses. For example, errors with numerical weather
prediction have decreased by about 25% during the period from
2004 to 2012 through the introduction of satellite data and
improvements in model schemes. For typhoon analysis,
estimates of the position of the typhoon’s eye that is difficult to
determine from geostationary satellites are improved by the
passive microwave imagers, as well as from improvements in the
storm track forecasts. As for GPM era, JMA is preparing for
operational use of itin its system, and meteorological agencies in
the other countries plan to use it too.

Improvements in the accuracy of weather forecasts also
directly contribute to weather information services and society.
Weather information is used in routine work for the service and
retail industries, traffics, agriculture, forestry and fisheries
industries, and the infrastructure-related fields. Furthermore,
improvements in the storm track forecast accuracy of tropical
cyclones will largely contribute to protecting the human lives and
property. It was estimated that the data from the Tropical Rainfall
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The figures show the result of impact studies on the
introduction of data from AMSR2, which is the passive

microwave imager on board the GCOM-W1 satellite,
into the JMA Meso Scale Model for the case of Kyushu
Heavy Rainfall in July 2012. At 6:00 a.m. JST on 12
March 2012, a heavy rainfall forecast for three hours in
the Kyushu area was not well expressed in the case of
21-hour prediction without AMSR2 data (left)
compared to the observation (right). When AMSR2
data was introduced (middle), heavy rainfall is

[mmy/3hr]

forecasted well. (Images provided by the Japan
Meteorological Agency)
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) s and river managements
1988-1997 £ D10EMICONT, HRHBERKEICLOW During 10-year from 1988 to 1997, two thirds of natural

EDR2/BIFHXKPRENICKSE D TL 2 (World Water catastrophes worldwide were caused by floods and storms
Council, 2000) , JAXA DHIERER B T — 2 BENBER T OIS LT (World Water Council, 2000). The GSMaP product, which was
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t,/fl I(l\_CHARM):\b‘_ 1@3%7}(7 Vb 70%5’?%?5% be used in operation in the GPM era. Since the satellite data is
PRESRIMTiH S TRITHICRE I N, GPMEMUTORE(L especially effective in the regions that are lacking in ground
DEARFENTWBRETY, FiIc EERAIHANREL TV Sl observations, efforts toward utilizing satellite data in flood
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The figures show a comparison of 3-month accumulated rainfall

(July-September of 2008-2011) around the Chao Phraya River basin in

Bangkok, Thailand, by the Global Satellite Mapping of Precipitation (GSMaP)

data. Values under the figures indicate basin-average rainfall (region within

red lines). In the summer of 2011, more rainfall than the previous three

o o 3m w0 0 en w0 moewimem=t Y@AIS Was observed and serious flood disasters occurred in the entire basin.

The flooding did not only threaten the lives of the local people, but also

caused heavy damage and economic losses to factories of foreign

Q e HRIKEE AT Ls (IFAS) companies. Studies to prepare for future disasters are currently underway in
Integrated Flood Analysis System (IFAS) collaboration with related agencies. (Images provided by IDI-JAPAN)
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The International Centre for Water Hazard and Risk Management
(ICHARM) has distributed a tool called the Integrated Flood Analysis
System (IFAS). IFAS uses the satellite-based global rainfall map and
ground-based observation data as inputs to the river runoff model
o { developed by using digital elevation data, and calculates river discharge.
mEANDIE #E?E‘[ : By introducing this system, local agencies can obtain information needed
Disseminationofiearlywarning|to res;dems 6 for flood prediction and/or alerts, and can disseminate evacuation
: instructions and information to residents.

Runoffianalysis/Calculate riverdischarg
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Climate and water cycle variations
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@ Utilization in global change

and climate variation studies

Future projections of precipitation were reported by the
Intergovernmental Panel on Climate Change (IPCC) Working
Group | in September 2013 as a contribution to the Fifth
Assessment Report that “Extreme precipitation events over most
of the mid-latitude land masses and over wet tropical regions will
very likely become more intense and more frequent by the end of
this century, as global mean surface temperature increases.” The
latest simulations by climate models indicate that changes in the
global water cycle in response to global warming, such as an
increase in the contrast of precipitation between wet and dry
regions and between wet and dry seasons.

Current global climate models, however, still have uncertainty
in projections in precipitation changes in response to global
warming. Information from the GPM mission, especially highly
accurate three-dimensional information of precipitation particles
and systems derived from the Dual-frequency Precipitation Radar
(DPR) will contribute in the validation of climate models and
improvements in the precipitation processes. Another important
role of satellite observation is to monitor long term changes in
precipitation distribution, by combining various satellite and
ground observation. To detect global-scale changes, global
observations by satellites are essential.

Studies of precipitation system climatology have made
substantial progress since the launch of the TRMM satellite and
the Precipitation Radar (PR). Diurnal cycles of rainfall over the
tropical regions were revealed by PR observations, as were the
typical rainfall system of each region and statistics on extreme
rainfall events. Observations that lead to a significant increase in
the frequency of recent extreme rainfall events may be obtained
by long term records, which will be carried on for more than 20
years though the TRMM to the GPM.

@ Utilization in water cycle studies

To assess the global water cycle quantitatively, observations of
precipitation that is observable flux quantity is essential.
Precipitation observations in the mid-latitude whose rainy areas
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Figures show the 7-year variation of accumulated rainfall over
three months estimated from the PR data on board the TRMM

satellite (lida et al., 2010). The left figure shows the average
rainfall of all regions from 36 ° Sto36° N, the middle figure
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shows the average over land, and the right shows average
over the ocean. The green vertical lines indicate sampling
errors, and the red line shows the regression line. There is an
increasing trend of rainfall within 7-year observations by the
PR. To evaluate the continuation of this trend after 2007, an
extended analysis period is needed. It will be a new challenge
to examine the variation and trends of total rainfall amounts
when the observation coverage is extended from 65 °Sto 65 °
N by the GPM Core Observatory.
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are brought by extratropical cyclones follow that in the tropics
and subtropics, and are critical as a new challenge in the GPM
mission.

It is expected that improvements in temporal and spatial
resolution in GPM precipitation observations will contribute to
the refinement of hydrological models. GPM data will quantify the
water cycle and its variations, and be a big step to identify natural
and anthropogenic variations in the water cycle. Studies to
simulate river runoff and use satellite global rainfall map as inputs
to land models are underway and at the evaluation stage for
operational use in flood monitoring and water resource
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To produce a highly frequent global rainfall map, sampling errors caused by un-observed
regions by microwave imagers is a problem. For the GPM mission, the Global Satellite Mapping of Precipitation (GSMaP) project in Japan has
developed a method to interpolate observations between each microwave imager by utilizing information from the Infrared imagers on
board the geostationary satellites, and achieved production of an hourly global rainfall map in 0.1-degree latitude/longitude grid. Currently,
JAXA provides the near-real-time GSMaP product four hours after observation through the “JAXA Global Rainfall Watch” website. In the GPM
era, the GSMaP algorithm will be improved by refining rainfall retrievals over land, considered the orographic rainfall effects, added the rain

gauge corrected rainfall product, and offered as a JAXA GPM product. In the future, information from the Dual-frequency Precipitation Radar
(DPR) will be compiled as a database to improve the retrieval accuracy of weak rainfall in mid-to-high latitudes.
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http://sharaku.eorc.jaxa.jp/GSMaP/
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The figures show the results of detection of extreme rainfall events
obtained from 11-year observations by the PR on board the TRMM
satellite. From upper to lower, each panel shows the intensity of rainfall,
the area of rainfall, and storm height. An archive of long term data
enables us to examine characteristics of “heavy rainfall” in each region
(about 300 km x 300 km grid). Figures show extreme rainfall in the top 0.1
% of intensities. In the Japan area, “heavy rainfall” tends to have larger
areas and storm height is not so big. On the other hand, in the Amazon
River basin in South America, the top list of extreme rainfall events has a
comparatively smaller area but high storm height. (Images provided by
Prof. Yukari N. Takayabu, the University of Tokyo)
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The GPM mission and the Dual-frequency Precipitation Radar (DPR)

€ GPMEELIE

BARHEREFEELTI997F 11 BIcH 5 EIF SN TRMME
BEDMIh7ERZ T T 2BRMEKERA (GPM) FHEIFIRE Y E LT,
GPMETEIG. BRHEBEIFEDGPM EFE L. X7 IRMETET
ZRELICOVATL—YaVEREICK T £FDBEKDE
BE - REERAZRBEIZERBIIV a2 THY, Bt
HENRELLTRMMBEZXEE S €T @EMAETOR
KEAZTWE T BADBFE L ZEKEKL—4 (DPR) 13,
GPMEBEICEHINE T, THE L. XIFFERPNEZED
TET. BAKDOBELDERAZ TRMMEZL 55| EMELTH.
INICR L, VAT L= 3V EEEI. ERET LIFFRIC
BB EIF 220 THY, HRABELALSEER LICE
MLET,

@ DPRORE

DPRIFEG S DD EAKBDER CIRKD=RTIEEZ #
ATRHTLITKY, BOMA SV RE T ERICERIRIRETH
2ED MELL TS TEDRANAIREICZYET . DPROER
Ald. PREMIGET 2. 2iE - BAEROBHEEGRERORMT
=2y MTMAT, PRTIFHATEG L > fch - BIREDRT
BERESHOBOMESGEAT -2y bERERTELLE
9. E5IC. DPRIE ZOB/DEEED DRIBEEDEAICL ST,
FIEFEED GPM X 7 IS5 28 U T GPMETEICSIY
DEBOI AV ORMAFH N T HERERE L THELE T,
DPROBIAIKEEZREL T B &b, JAXAISBIRIEBI L1 71L .
# FRAICKSREE T CLET,

2w iEmRER (TRMM) HE

@ What is the GPM mission?

The Global Precipitation Measurement (GPM) mission has
started in response to the success of the TRMM satellite, which is
a U.S.-Japan joint project that was launched in November 1997.
The GPM mission consists of the GPM Core Observatory jointly
developed by U.S. and Japan and Constellation Satellites that
carry microwave radiometers. The GPM mission is an
international collaboration to achieve highly accurate and highly
frequent global precipitation observations. Observation
coverage will be extended to the mid-to-high latitudes in the
GPM era. The Dual-frequency Precipitation Radar (DPR) was
developed by Japan, and installed on the GPM Core Observatory.
It chooses a non-sun-synchronous orbit to carry on diurnal cycle
observations of rainfall from the TRMM satellite, while the
Constellation Satellites will be launched by each partner agency
sometime around 2014 and will contribute to expand
observation coverage and increase observation frequency.

@ Role of the DPR

The DPR has two different frequencies to measure the
three-dimensional structure of precipitation, and is capable of
observing snowfall from space for the first time, in addition to
observing both strong and weak rainfall. The DPR'’s observations
will provide global precipitation dataset including weak rainfall by
extratropical cyclones in mid-to-high latitudes, in addition to
carrying on the archive of long-term rainfall dataset in the tropics
and the subtropics by PR. Furthermore, through its
high-resolution and highly accurate observations, DPR will play a
role of the reference standard for the microwave radiometers
carrying on the Constellation Satellites who join the GPM mission,
through the GPM Microwave Imager on board the same platform.

The Tropical Rainfall Measuring Mission (TRMM) satellite

BEICKBMEMEVAICE VT 1997F 11 BITIT S EIF SN e TRMME 2 DEI5 IS E
M EEREL GO, BAEKEEDOHROHE 7OY 1Y N THBTRMMEED
FEENIE 2R DOERENR T 2w DREACEEN IO PEKEDIERGIE
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TERAR TNV, A DRBSEHIMA T, BAPBRL L RAOEHE R —
BHABERL—4 (PR) DMEHFEDEICK ST ERORBLUHNRENICHE SN, —_ Rl .
CNETCOE S| LB - VI DS RRE RS E A M E LT, &5Ic. T PRAOVERAIL 7z, 200710 B5H D 108 (H A K f#) t8
T N J‘k IR - IR z Bém_*iﬁ’z_*ﬁr; LT, EBIe. T e 155 (ROSA) 12 & B 00476 00 1 4418
FTHANFEALGD OB L TCOBRD=RTHEEP TV Z—=3. T =—Z+ &
J&@'ﬁﬂ%ﬁ@]%ﬁiéCc‘:LCﬁEIﬂLTCO :@J::)f;TRMM U)ﬁEIﬂLi\ i&ﬁ@*ﬁiﬁ@ The figure shows the three-dimensional rainfall
EEPGRFRBEDA LG LI, GEBAHINEMR TETHTLEARLTVS, structure of the Super Typhoon “KROSA” at 01Z on
The TRMM satellite, which was launched in November 1997 and a joint mission Oct. 5,2007, observed by the PR.
between U.S. and Japan, became a turning point of global rainfall observations by
satellite remote sensing. The major objective of the TRMM satellite is to determine accurate rainfall amounts associated with tropical
convective activities, which is a driving source of global atmospheric circulation. To this purpose, it focuses on rainfall observations, and
carries the world's first satellite-borne Precipitation Radar (PR) developed by Japan, in addition to conventional instruments, such as an
infrared imager and microwave imager. The combined use of the PR and microwave imager has greatly improved the estimation of rainfall
amounts over the tropics and subtropics by one digit compare to previous satellite observations. It has also revealed the three-dimensional
() structure of typhoons over the ocean and climate variations such as El Nifio and La Nifa, which were rarely observed before the TRMM. The

success of the TRMM satellite shows the potential of satellite remote sensing contributions for understanding the water cycle on Earth and
(") improving weather forecasts.
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Concept of the GPM Mission
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Observations by the Dual-frequency Precipitation Radar (DPR)
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Major Characteristics of the DPR
B2t Kuispgk L —4 Kamspgk L —4
Name KuPR KaPR
A TOT74TTTAXRTLAL—4
Radar Type Active Phased Array Radar
TVTF EREAOY T VTF
Antenna Slotted Waveguide Antenna
E—L—BEE
Beam-matching Accuracy <1,000m
AIRE
Frequency 13.597, 13.603GHz 35.547,35.553GHz
wle
Swath Width 245km 125km
BHASE ~@E19%km
Observation Altitude Up to 19 km
K5I AREE 5.2 km (BIEET)
Horizontal Resolution 5.2 km (at nadir)
%) 13
Range Resolution 250m 250m/500m
BRIPERRE
Minimum Detectable Rain Rate 0.5 mm/h ~ 0.2mm/h ~
HEES BIETY 446WILTF BT 344W IUT
Power Consumption <446 W orbit average < 344 W orbit average
gE
= <4724 <336kg
TS".-E 2.5mx2.5m x 0.6m 14mx1.2mx0.8m
ize
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The concept of the GPM mission is to apply highly accurate
observations by the GPM Core Observatory to highly
frequent observations by the Constellation Satellites. Targets
of the Core Observatory, which carries the Dual-frequency
Precipitation Radar and the multiple frequency microwave
imager, are to understand the horizontal and vertical
structure of precipitation systems, obtain information of
precipitation particles, and improve accuracy of precipitation
estimates by the Constellation Satellites. The Constellation
Satellites will be launched by the GPM partner agencies
around the same time as the launch of the Core Observatory,
and enables global precipitation observations in highly
frequent temporal resolution.
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The DPR on board the GPM Core Observatory is composed of
two radars: a Ku-band (13.6-GHz) Precipitation Radar (KuPR)
and a Ka-band (35.5-GHz) Precipitation Radar (KaPR). The
KaPR instrument aims at sensitive observations, and can
detect weak rainfall and snowfall that cannot be measured
by the KuPR. Since the KuPR instrument can detect heavier
rainfall, simultaneous observations by the KaPR and KuPR will

enable accurate measurements of precipitation from heavy
rainfall in the tropics to weak snowfall in high-latitudes.
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The GPM Partner Satellites

GPM Core Observatory
TRMM
Megha-Tropiques
DMSP series

GCOM-W series
MetOp series

NOAA series

Suomi NPP

JPSS series

/ Dual-frequency
Precipitation Radar
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