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Tropical Rainfall Measuring Mission (TRMM) Faiflulasannsaanudaniiainugzndna National
Aeronautics Space Administration (NASA) wazJapan Aerospace Exploration Agency
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AN TRMM Iﬁﬁm[%qm@‘ﬂnmﬁmu Passive Microwave WAZWLIL Active
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gunsalidnAyses TRMM g 5 9la Ae 1) wses PR (Precipitation Radar) #1a1ufigas
AR 13.81 GHz flAuazi@en 4.3 Alawms 2) wies VIRS (Visible/infrared Scanner)
nauitaanay 0.60-12lulasums AINaTEEA 2.0 Alales 3) 1A%89 TMI (TRMM
Microwave Imager) & 5 WU $19uRid29 10-00 GHz  ANaBER 5 — 45 Alawms

4) \A389 CERLS (Clouds and the Earths Radiant Energy System) %1471%#1999 0.3-50
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lalasiums AnNazidan ~ 25 Alawms was 5) wAsed LIS (Lightning Imaging Sensor)
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TRMM Microwave Imager

VIRS

Visible infrared Scanner

PR
Precipitation Radar
usj|
Lightng Imagng Sensor

ORBIT PATH

CERES
Clouds and Earth's Radiant Energy System

2 5 anszdslaasuazalnsaldsaareniiay TRMM [9]

2. uan13dngIaaIneaiian (TRMM Product)
uansdnmaLiunniiuaInaaifian TRMM Setlsznevludng 5 18ln deya
[14] 14w Standard Product, Subset Product, Research Product, Near Real-time Product
(Level 1 and 2) az Near Real-time Product (Level 3) FaLaAI8azeealunnse 2 ¥
weniflunadnsatszinndenldan 15 Ussanselunm 6 filszneudlsnadisamedalus

9§18l 3 49134 $189U WAYIEIADL

A154 2 THATBINANITAITILALAIILNLN TRMM

PRODUCT DESCRIPTION

Standard Product Operational product that produced at JAXA Earth Observation
Center (EOC) and NASA/GSFC Precipitation Processing System
(PPS) (formerly, TRMM Science Data and Information System
(TSDIS)).
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PRODUCT

DESCRIPTION

Subset Product

Research Product

Near Real-time Product (Level 1 and 2)

Near Real-time Product (Level 3)

Sub-set of specific region or area, produced from standard

product.

Product that uses research algorithm and is produced mainly for

research objectives. Products are not produced aoperationally.

Product that uses research algorithm and is produced mainly for

research objectives. Products are not produced operationally.

3-hourly global rainfall products at 0.25 deg. grid boxes.

Natioral Aeronautics
and Spate Adminsfration

4 ATMOS COMPORTON * NTOROLOGY

-

TRMM Online Visualization and Analysis System (TOVAS)

Near-Real Time Monitoring Product (For research, use Archive Data.)

xperimental Real Time TRMM Multh Satelte Prrcipitation Analysis
42R1

M
Daily Global and Regional Ratala e

TMPA RT Intermediate IR Product. 384 IRT (VAR)
TMPA RT Intermediate Microwave Product: 1BA0RT (MQ)

Monthly Global Precipitation (GPCP)

Prototype Interactive Intercomparizon of Rainfall Products

3 hourly TRMM and Other Rainfall Estimate (3R42VZ2)

Daily TRMM and Other Rainfall £ stimate (1842 V7 derived)
Monthly TRMM and Other Data Sources Rainfall Estimate (1843 V7)

Monthly Rainfall (1843 V6) Anomaly

Inter Comparison of Rainfall Climatology
Monthly TMI rain, latent heat, cloud liquid water profiles (1A12 V6)

Monthly Rainfall (1A25 V6)

Monthly Willmott and Matsuuras Giobal Precipitation (1950 1999)
Monthly GPCC Rainfall (1986 - Present, Monitoring Product)

IAVAVersion Non

TAVA Yersion Nog
JIAVA Version Nop

JAVA" YepstopiNon
Rainfall Archives

JAVA Yersion N¢
IAVALYER on Non
JAVA Yersion Ne
JAYA Yersion Nor
JAVA Yersion Noo
JAVA Yersion Non
JAVA Yerion Non
IAYA Yer«<on Nen
JAVA Yer-on Non

Ground Observation Archives

TAVA Yersion Non
AVA Version Non

0 JAVA Version
r JAVA Yersh
on JAVA Yer

' JAYA

VA Version
JAVA Yervion
JAVA Version

JAVA Ve
JAVA Ve
JAVA Yersion
IAVA
JAVA Yersion

JAVA Version
JAYA Version

jcoo322IG

2N 6 Bad9235anueluannaafien TRMM Ateaunsnnetiulss [15]

ToelunisAnmafelildimanldgadayasie 3 42Tue TnaldTad1 TRMM Online

Visualization and Analysis System (TMPA-RT : 3B42RT) [15] L‘ﬂumm‘i’@

aa

UANNANAZIDEA

A Y

0.25 x 0.25 89A" (Lszannu 25 x 25 NlaluAs) 1euanIsdnsansauagunte luduien 50

avAwiiauaz15[16] TMPA Hieesiuinuanfiuetassttin 1lausnidu Passive microwave
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fisuannanaianaelnassedusi (Low earth orbit : LEO) Usenausag Microwave Imager
(TMI) anA13 LN TRMM, Special Sensor Microwave Image (SSM/I) AINANNE
Defense Meteorological Satellite Program (DMSP), Advanced Microwave Scanning
Radiometer-Earth Observing System (AMSR-E) nanie Aqua, ka¥ The Advanced
Microwave Sounding Unit-B (AMSU-B) 7NAN3LAEINTAY National Oceanic  and
Atmospheric Administration (NOAA) mﬁmﬁmuﬂu Infrared (IR) anagnaNsialeinag

1%

Anafin (Geosynchronous earth orbit : GEO) sulFundananliann Climate Prediction

a

Center 189AN9M8 NOAA ﬁﬁl?%iﬂﬂqmﬁqﬁmmﬂdw (Brightness Temperature : T,)

sauanslunin 7 Tasfuurtslpastesnomeauianuasuanslun1n 8

=

L TV || e

-

Y
% T -y

Defense Meteorological A TN A g Tropical Rainfall Measuring
Satellite Program (DMSP) | Mission (TRMM)

— AMSU-B

National Oceanic and Atmospheric
Administration (NOAA)

A

Aqua (Huffman,G

Microwave image {SSM Advanced Microwave Scanning Radiometer-Earth Observing System (AMSR-E nfrared (IR)

Microwave imager (TM

PN 7 mmﬁauua:m?m%’ug (Sensor) 1u 3B42RT PRODUCT #l#lunsinun [17]
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AN 8 NUNNLARTURIANWNYNNINNATBS TMPA [16]

Tunn 8 lussatinsuuanlpaseesnadenlu 11a1 0 WA Fuh 25 Hguiew
2004 1a18Ns  wwanlpasdrnapenadian TRMM winaelpas@mndaunaniaiiies

DMSP wuaaalasad@imifamnqiied Aqua uiiaslpasdmidinmeniaiien NOAA

nsd1satlunlemaies

nMsdngaa TNl uAe A IRENANITA139a Aot AN BN RA B AUA T IUULARY
anelaldiuanisd1s9a (Product)  MAe9lARAINAYE 111 ANNATIBEATRINITATIASA
(Resolution) 228212 INNNNTAIE TR (Temporal) fiaudin1sd179af2e1A19LNeN TRMM
Aanamalumngg 3 waznanasaniaaiiay TRMM fauanalumnga 4 [14]

Sapaino [18] léMnn1slFauiieuaanis4199a (Product) anATReNATIanY
mm@:@mzﬂa (High-Resolution Satellite Precipitation) 2416 0.25x0.25 841 U 5
18a laun 1) TRMM Mutisatellite Precipitation Analysis (TMPA), 2) Climate Predition
Center morphing Technique(CMORPH), 3) Naval Research Laboratory Blended
Technique(NRL), 4) Preciptation Estimation from Remotely Sensed Information using

Artificial Neural Networks(PERSIANN) tLlae 5) National Enviromental Satellite, Data and
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Information Service Hydro-Estinator (NESDIS) fusanisdrssasinantiidndulunmams
wilAneas Tropical Atmosphere Ocean (TAQO) WazTriangle Trans-Ocean Buay Network
(TRI-TON) ua:uanﬁ?éﬂifmuuamﬁ";’mlumﬂﬁyuaumm Southern Great Plains(SGP) sfq@gg
Bummeunastelszmaanizaning e lifeyaduse 3 daluasmingdl 2003 fa 2006
uan1sAnesryi B iuay TMPA  MA1aanuasaraeusniign dauluitug

naynsuLiin TMPA uaz CMORPH linarauaaianfaulndiperiy
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Product (organization) Hori. res. Temp. res. NRT (delay) Data source and major characteristics

GPCP (WCRP/GEWEX) 2.5 deg 1-month % Merge satellite (IR,SSM/, TOVS/MSU) with gauge data
http://cics.umd.edu/~yin/GPCP/main.htm!

GPCP 1DD (NASA/GSFC) 1 deg 1-dy x Merge satellite (IR,SSM/I, TOVS/MSU) with gauge data
http://precip.gsfc.nasa.gov/

CMAP (NOAA/CPC) 2.5 deg 5-dy x Merge satellite (IR,SSM/, TOVS/MSU) with gauge data.
http://mww.cpc.ncep.noaa.gov/products/global_pre (1-dy)

cip/html/wpage.cmap.htm|

Gi
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Product (organization) Hori. res.  Temp. res. Data latency Data source and major characteristics
TRMM TMPA 3B43/3B42/3B42RT 0.25 deg 1-month 1-month Combine passive microwave sensors (radiometer
(NASA/GSFC) (3B43) /sounder) & IR estimated rainfall. Direct use of monthly
http:/trmm.gsfc.nasa.gov/ rain gauge.
0.25 deg 3-hr 1-month Combine passive microwave sensors (radiometer
(3B42) /sounder) & IR estimated rainfall, indirect use of monthly
rain gauge.
0.25 deg 3-hr 10-hr Real-time version of 3B42. Not use rain gauge data.
(3B42RT)
GSMaP MWR/MVK/NRT 0.25 deg 1-/24-hr Not in real- Merging microwave radiometer rainfall using PR indirect
(JST, JAXA, NICT, etc.) (MWR) time information. Not use rain gauge data.
hitp://sharaku.eorc.jaxa.jo/GSMaP/index.htm  ¢.1 deg 1-hr 2-3 days Combine MWR and whose features are transported via
{(MVK) spatial propagation information by IR, combinational use
of Kalman filtering approach. Not use rain gauge data.
0.1 deg 1-hr 4-hr Real-time version of MVK. Using forward propagation
(NRT) only. Not use rain gauge data.

91
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Product (organization) Hori. res. Temp. res. Data latency  Data source and
major characteristics
CMORPH/QMORPH ~8 km 3-hr 18-hr Merging passive microwave sensors
(NOAA/CPC) (CMORPH) (radiometer/sounder) estimated rainfall & whose
http://www.cpc.ncep.noaa.gov/products/janowiak/ features are transported via spatial propagation
cmorph_description.html 0.5 deg S information by IR. Not use rain gauge data.
(CMORPH)

~8 km/ 30-min 3-hr Real-time version of CMORPH. Using fbrward

0.25 deg (QMORPH) propagation only. Not use rain gauge data.
PERSIANN 0.25 deg 1-hr 2-day Calibration and training IR estimated rainfall
(UCI/HyDIS) using microwave sensor (radiometer & sounder)
http://hydis8.eng.uci.edu/ rainfall. Not use rain gauge data.
persiann/
NRL Biended (NRL) 0.25/0.1 3-hr 3-hr Blending IR estimated rainfall and passive
http:/iwww.nrimry.navy.mil/ deg (image only)  microwave sens

sat-bin/rain.cgi

ors. Not use rain gauge data.

Li
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Product (organization) Hori. res. Temp. res.  Data latency  Data source and

maijor characteristics
Hydro-Estimator 4~6 km 30-min~ 10-min Regional IR estimated rainfall calibrated by
(NOAA/NESDIS) 3-hr (local) numerical weather prediction and ground-based

http://Awww.orbit.nesdis.noaa.gov/smed/emby/ff/auto.htm!

radars.

8l



19

nsilszenalddeyaduan TRMM

Valeriano, 0.C.S., Masahiro, R., and Kazuki, T. [19] 1#Anwn1slddiayaeluain
At TRMM (3824) lun1sdnaesaniniinyian luiwiigain Huong Tutlsvmadaauna
wazgaiith Usznelne mansuBeuieuBinnduiiiatusswsiidannndduiitdann
nransaalaganadion TRMM uazlfuusinliinasasindeyaduainanaias TRMM 1l
ﬂsanﬁﬁuﬁuﬁ%"uq

Al-Dousari, A., et al. [20] 1§14 %eyaduann TRMM meanadalislunsdiudeys
iealfifuundnaas SWAT iitelssnmaningawdulinu o maneumilerestlszing
auALAZAUTgu1 Umm Al Aish lupaunatsilszinagian vinisAnmludasiney
WOAINIEL D9 NUANE naLlsingdaduanataiien TRMM inanugnsiesna 90 % 189
Wanoshiiniaduase

Tobin, K.J. and Bennett, ME. [21] limasectifiayadusin 5 18ia Feldud
1) National Weather Service(NWS), 2) NWS Mutisensor Precipitation Estimator(MPE), 3)
Tropical rainfall Measurement Mission (TRMM 3B42-V6), 4)TRMM Muti-Satellite
Precipitation Analysis(TMPA-RT) uas 5) Climate Predition Center (CPC) Morphing
Method(CMORPH) luuuiudnaas SWAT iiednsnisinalugniniy 7 quirludszna
anigewisni nalsgdn feyacuain TRMM uaz TMPART Hitlse@ngnnlunisdnasenis
nalimidefauiudeyaduanunaday

Seppelt, R. [22] nenadadufiannntsdnsaadaaniaiiauasiifasidniananu
waiugn aair’ﬂ’ﬁﬁma‘uﬁ%msﬁmqmﬁmmduﬁaﬁwwﬁim%‘% Inverse  Distance
Weighting(IDW) Weruiueluainnisdnsaalaeaiaiias TRMM (3B42 V.6) qu{uziu‘tfﬂe NA
nsAnsmudinsw Banududiufifens oW flanunaiaeieutionndnBunndy
annaaidinn TRMM TaansLlsznausnduissesuuasidfannninidaliananiisas
nstABumduainataiien TRMM  ieAruammAnian TagliAdsan i
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A9 5 AMUSNNUSTRITSALBUONEBRLNNN LSS AUATINLTIT By
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(e nTaiden) (%) (%) TG duthunane  duwidn
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4 -60 04 -74 7.62 92.38 29.83 60.93 7.62
5 ﬁ"m‘}"] -74 7.41 92.59 16.20 36.11 40.28
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doyde wigyaze [27] iszdiwnduaindeyaaaiiougalies@nen se3gui1am
Smdauassadun annmotaaafian GMS-5 wasdiayaain Radar fuEunudunds
TRananlidanidu seudnameu famnan — aataN 1 2000-2002 LEAanduiufsrudng

grunisemuniufzinaniay luglvesdunts 6



22

P =aTP | (6)
1o P fe By Hsdmg)
T AD gUU)REAANT (BIAARIN)
a, b Ae AR AVENIALULL AR LT

dyw 1 o d‘ 1 - = o &
uanaINULIWLIN BuNUlY ol AR naanan (Lag Time) HAu&uRUS

Augoungiiseamslugiuuy

Ph = 3 x 1033Thr—13:859 7)

Lt 13)
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maFawmAeudFuaussruduwus

AR lunsmseseUmMAuTLSIasRiuFeu R liaan TRMM fu
Burnsluanantidnedusnlusi® lAun  Mean Absolute Error (MAE) AeA1ANY
ﬂameﬂéaunaﬂqgaﬁﬂaugini, Multiplicative Bias (Bias) Aefilafifunnunsainday

]{INAA3Y, Probability of Detection (POD) &g False-alarm Ratio (FAR) [33]

MAE = =3|(S - G)| (12

Bias =),S/). G (13)
A

POD = A_+C (14)
B

FAR = m ' (15)

e G fAe Buraludnunnlfanaaridndudniub® (uu)
Aa Buaunliainanaies TRMM (R3.)

A AuuATesdiaynIzndne S uaz G Neglusunisiezionn
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< o
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v 1 k2 t (] 1
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Gusiunldainanoaiien TRMM Aduaninsiisine Tumiesne 8 uazlunan 12
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A1914 8 nTalaInsilFEUgUIERIeT I duBsNunLazeuaInn19dnsaa

INANANLH
.L..“fﬁﬁ‘i}n atat RIS A | ot
NIESHRT 2 0.1 s chagaiiun < 0.1 wn.
TRMM = 0.1 wu. A B
TRMM < 0.1 uu. C D
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Observation Prediction
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Combine Scheme (CoSch) Fuilun1s39u3s ADD uay RAT indaniu laelddeysdu
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Chumchean, S., Sharma A. and Seed A. [37] l#An®ALARIALRRBRAINNNS
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Forero, Carlos A.Valasco., et al. [38] 1#iaen1498n19M19 Geostatistical 1Auwd
Ordinary Kriging (OK), Kriging with External Drift (KED), & Collocated CoKriging
(ColCOK) lunnsszaunauaneluannaaniidaclunazduisans wsandunmagaunanisAnm
1nei35 Cross Validation Wu9135n13 KED iudanisdszunmuardunangadeliidiaaiu
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Chumchean, S., Seed A. and Sharma A. [39] Mn1sUSULAAIAINARIALARD Y
TunrsdszunaeAnduanneans tneldaueds Mean Field Bias (G/R) Wa¥as Kalman
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i’iﬂﬂwqmmﬁamﬁfaﬁ?c)uﬁwmumn (Useuns 70 swilawsissiaqn) 2) Kaiman
Filltering T1AIMAMANZANNINTE Mean Field Bias Wafinumnuiuaasaniiidutionndn
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Ozturk, K. and Yilmazer A.U. [40] EnnnstunddnBunnduannisan Fluii
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30.61 WAL 16.46 . AN elieuilszAnEnaannan RMSE wudisuisaninnemas
asUfuuinnliien RMSE Hentiaandrdwsandnaudfuud 17.26 Nadwas
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Vernimmen, RRE. et al. [42] WBufuuliBaunardusisifauainuanisdsms
(Product) @n TRMM Multisatellite Precipitation Analysis (TMPA) uazanatidaunsludnuan
6 antlufuntsanasulatidefatsedagntazeuudslutaasendndil 2003-2008 Tnerld

3% Power Transforﬁations Aanansluannis 17
TRMM,4; = a * (TRMM)P® (17)

loe  TRMM,, Re Eniadudfuud (mm)
TRMM fa  1Bunnluainnisdiralassiadieun TRMM (mm.)

a,b Aa  ANAmas (Dimensionless)
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TRMM,4; = (0.295 * TRMM) + 8.638 (18)
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TRMM fn  Bunnuitfainnisdnsalatamoiiay TRMM
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