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1. Tropical Rainfall Measuring Mission : Legacy

2. Global Precipitation Measurement : Current
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Tropical Rainfall Measuring Mission
Global Precipitation Measurements

TRMM & GPM



Tropical Rainfall Measuring Mission
1997.11.28-2015.4.8
TMI

TRMM Microwave Imager
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VIRS

Visible Infrared Scanner
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Clouds and Earth’s Radiant Energy System
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conjunction with the ongoing (1985-1995)
international Tropical Ocean and Global
Atmosphere (TOGA) program, which is
designed to improve our understanding of
ocean-atmosphere interaction and to
develop coupled models for long-range
forecasting and climate prediction.
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TRMM Goals

e advance the Earth system science objective of under-
standing the global energy and water cycle by means of = £30K - TH)LF—fBRODER
providing distributions of rainfall and inferred heating
over the globe,

. . . . EEIFK & T DEENHRERATEIR
¢ understand the mechanisms through which tropical rain- (:EE‘Z{;;}J;@?%:; E}EE@R

fall and its varability influence global circulation and
to improve our ability to model these processes in order
to predict global circulation and rainfall variability at
monthly and longer time scales, and

e evaluate a space-based system for rainfall measurement. EEKELHS 25 A D

A secondary goal closely connected to the main goals is
to better model and ynderstand .c:unvectﬁwelx dn‘venﬁ precipitat- ..o =5, 5 =, iz
ing cloud systems in the tropics, their organization on the
mesoscale, and their interactions with the ocean and the am- _
bient atmosphere. &




Table 6. TRMM Priority Science Questions
1) What is the four-dimensional structure of latent heating in the tropical atmosphere? How does

it vary diurnally, intraseasonally, seasonally, and annually? x5 4 oIz

2) What is the role of latent heat released in the tropics in both tropical and extra-tropical circula-
i L.'II == — e == == / oo 7, =
tons: HEATDBHINAOIE - PREER DR

3) What is the monthly average rainfall over tropical ocean areas of about 10°> km? and how does

this rain and its variability affect the structure and circulation of the tropical oceans?
AwEiB LED10° km?2 (Y5ESF) ORFERKE -BEBF DR

4) What is the relationship between precipitation and changes in the boundary conditions at the
Earth’s surface (e.g., SST's, soil properties, vegetation)? sy =crmirae -2k &~ DEIZ

5) What is the diurnal cycle of tropical rainfall and how does it vary in space?
BHZA1b
6) What are the relative contributions of convective and stratiform precipitation and how does

their ratio vary in different parts of the tropics and in different seasons?
IR - BIARDE S

7) How can improved documentation of rainfall improve understanding of the hydrological cycle
in the tropics? 1 (C DU\ TDIBRDNE > B DK IBER DI RO E

AORI



Table 8. Remote Sensing Science Goals

1) Development, test, and validation of improved rain retrieval algorithms from space

BEERC K DFMHEE7ILT U XLDEFE - TR b A&

2) Tests of and improved methods for rain_estimation from geosynchronous satellites — past,
present, and future S8 EIEN S OMIEEDS R

3) Further development of multi-data source analysis techniques, blending several types of space

and in situ sources with different coverage of cloud systems 5x4/& 22304 F L\ /= BT = ER R

4) Use of improved knawledge and models of internal precipitating cloud structure to relate to
ive signals received in different microwave channels (active and passive)

RKEIEISE &Y A DVORDEREREBES £ OR%

5) Parameterization of diurnal cycle for potential future sun-synchronous measurement oppor-
tunities HZELD/\SASIUE—-23>
6) Better precipitation statistics for planning future spaceborne precipitation measurement systems

FFRDF/KELR D=8 DPF/KEisT D R

7) Use of mission-obtained improved knowledge of convective/stratiform rain ratio to improve
sampling techniques for future space missions BT - BRI ZDME,

8) Use of mission- and otherwise-obtained improved knowledge of ice phase structure and variabil-
ity in raining cloud systems to design improved instrument complement for future space missions

BEIRPEKDIZIE EZ{LDFN R

9) Improved ways to achieve large dynamic range for spaceborne rain radar, which still stays

within achievable power, good resolution for passive microw: 25| —4 — DA 1F=w oL

SOA
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Science Questions
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Figure 19. A newly discovered teleconnection characteristic of
anti-El Nifio years. Schematic pictures show the relationships
SST anomalies, convective activities and atmospheric
JUN 4 Rossby wave trains. During summers corresponding to anti-El
Nifio years in which SST in the tropical western Pacific is warmer
than normal, intense convection regions are shifted northward
by about 5° to 10° latitude from the normal position south of the
Philippines. Atmospheric Rossby waves respond to this tropical
JUN & heating and propagate downstream over the North Pacific to
North America. As a result of the Rossby wave response, east
Asian 'hina and J:
Figure 2, Schematic diagram showing the key role of tropical rain systems in ocean-atmosphere and ‘nry“;:-n;,y::_;m circulations, resulting in extremely hot days
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latitude coordinates are located relative to the equatorial trough, specified as 0 degrees and the subtrop- heating profles associated with comvective (ot top) and straiform (right top) precipitation. The lower
* = diagram contrasts the hypothesized heating profile that would be associated with active convective cells
ical ridge line, specified as 30 degrees. The thick arrows denote the mean circulation, with subsidence only against that postuiated to be produced by  cluster such as llustrated in Figures 9a and b and

in the equatorward-flowing trades and rising motion in the equatorial trough, which is concentrated Figure 11. Schematic diagram of a tropical oceanic convective cloud cluster (after Houze and Betts, 12a and b, where there is a significant contribution from stratiform rain. Note that the more realistic
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Global Satellite Mapping of
(GSMaP)

http: //sharaku eorc. jaxa jp/GSMaP/ GSMaP_NRT hOU”y rain with

. H_|Imawar| -8 cIoud 12 20 Oct 2016)
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GSMaP is a blended Mlcrowave IR product and has been developed in

Japan toward the GPM mission. — : —
P SRIGE. SIEDSIREKTY T — 5\

U.S. counterpart is “IMERG”

GSMaP (v6) data was reprocessed as reanalysis version (GSMaP_RNL) since Mar. 2000
period , and was open to the public on Apr. 2016, and new version, GSMaP (v7) was
released on 17 Jan. 2017.

GSMaP realtime product (GSMaP_NOW) in the domain of GEO-Himawari, GSMaP

: Riken Nowcast (GSMaP_RNC) data developed by RIKEN/AICS (Otsuka et al. 2016) are
_L.¥ now available from JAXA/EORC ftp site.
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&EL : Significance of Cumulus Congestus Rainfall
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Figure 5.9 Global distributions unconditional mean Q1-QR (apparent heat sourc
minus the radiative heating) averaged for December—February seasons of 1997-2005
Upper panel (a) shows those at the level of 7.5 km and the lower panel (b) is for the 2.(
km. Unit in the gray scale is K d"1.
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GPM-Retrieved SLH Latent Heating :

16Apr2016 An Extratropical Cyclone

‘ﬁ ;
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KuPR d prm sector in
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4 Verification of the new scheme )
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Cloud microphysics were changed by comparing the
model with the GPM obs.
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Aerosol, Cloud, Convection and Precipitation

ACCP




Decadal Survey 2018

ESAS 2017
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Designated

» $500MZTHEZ T 371 DITDONVTIE . A
CATEAR 2ICRIVEE. ThUSNEEEHAE .,

< JAXA EORC ILAK(C LD

( Aerosol properties, aerosol vertical Backscatter lidar and mult- f@ﬂﬁ’é\ié*ﬂ
Aerosols profiles, and cloud properties to updersrand f:ham_lel-“mul_ti-anglcfpolarization CATE cap
. their effects on climate and air quality imaging radiometer flown together $800M .
0 the e vl e Designated Observables
Clouds, Coupled cloud-precipitation state and Radar(s). with multi-frequency
Convection, dynamics for monitoring global hydrological passive microwave and sub-mm CATE L
and cycle and understanding contributing radiometer $800M A + C C P
ecipitation processes includmng cloud feedback )
Itflarg;-scgle Earth dtilyn%mi_cs me..ix;;:;'ed E}' Spac.ecraft ranlgi.ﬂg measurement of Est cap
. e changing mass distribution wi any ravity anomaly
Aiins Chance behveengthegEarﬂx's atmosphere, oceans. R - $300M Eﬁgﬂug%ﬂg:n b vty
ground water. and ice sheets
Sarface Earth surface geology and biology, B Hyperspectral mger} n the_visi'ble CATE ca p
: ground/water temperature, snow reflectivity. and shortwave mnfrared, multi- or
Biology and ;e seolog; egetation traits b tral imagery in the $650M
Genlogy active geologic processes, vegetation traits yperspec gery
and algal biomass thermal IR
Surface  Earth surface dynamics from earthquakes Interferometric Synthetic Aperture Est. cap
Deformation and landshides to ice sheets and permafrost  Radar (InSAR) with 1onospheric $500M
and Change correction
XERHZRRS
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AEW 1 (Qualitative) G Architecture Construction Workshop

Authorization
Q Concurrent Design Centers

. Qualitative Science Evaluation

3 cDC 1 . Quantitative Science Evaluation
ki) Arch. 8G

coc24 4

Top 3 Architecture
AEW 4-6 Selection

(Quantitative)

Arch 8G Eval
(1°t quantitative scoring)

Figure 9-1. General roadmap of the architecture design and evaluation process that led to the final
architecture selection.
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From Aerosol, Cloud, Convection, and Precipitation (ACCP) Science and Applications, 2021, NASA



ACCP Narratives 2021
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Figure 1.1 Earth system processes across time and space scales with emphasis on ACCP processes.
The architecture strategy of ACCP seeks to observe consequences of processes across multiple time
scales.




AOS (ACCP) Science Objectives

DS Science Question DS Science Objectives ACCP Science Goals ACCP Science Objectives
./w-4 (MI): Convective Storm W-4a (MI). Measure the vertical motion within G2 Storm Dynamics
Formation Processes. deep convection to within 1 m/s and heavy Improve our physical understanding and model 03: Convective Storms
Why do convective storms, heavy precipitation rates to within 1 mm/hour to representations ofcloud, precipitation and
preciptation, and clouds OcCr exactly improve model representation of extreme dynamical processes within convective storms
e and where they do? (03) DC precipitation and to determine convective
/TN—5 (MI): Air Pollution Processes (

and Distribution.

What Processes determine the
spatio-temporal structure of important
air pollutants and their concomitant

. aerosols to weather, climate and air quality removal & vertical
W-5a (MI). Improve the understanding of the related impacts. distribution

processes that determine air pollution distributions
and aid estimation of global air pollution impacts ﬁﬂ Storm Dynamics

transport and redistribution of mass, moisture, G4 Aerosol Processes 05: Aerosol attr. & air quality’
momentum, and chemical species. /| Reduce uncertainty in key processes that link 06: Aerosol processing, wet

idf.ifﬁéﬂpg.ﬁ?e'lgf ﬁi?nﬂf?étgh%) DC on human health and ecosystems by reducing Reduce the uncertainty in low- and high-cloud 01:Low Clouds
- ' e uncertainty to <10% of vertically-resolved climate feedbacks by advancing our ability to 02: High Clouds

tropospheric ﬁelds (including surface concentra- predict the properties of low and high clouds
tions) of speciated particulate matter (PM), ozone [G2. Storm Dynamics]

(03), and nitrogen dioxide (NO2). /| G3Cold Cloud and Preciditation j

-éz (1-M1): Climate Feedback and\

Sensitivity.
m’zfﬁguwnf ;??Sflfréhﬁ;ﬁfr:;aé?%rltnh |F1Pf0‘iff understqnding of cold (supercooled 04: Qo'ld c!oud &
improve our ability to predict local and C-2.a (MI). Reduce uncertainty in low and high qumd_, ice, and l_n!xeq phase) ciqud processes and precipitation processes
regional climate response to natural cloud feedback by a factor of 2. associated precipitation and their coupling to the
and anthropogenic forcings, and reduce C-2.h (MI). Reduce the IPCCARS total aerosol water and energy cycles |
the uncertainty in global climate radiative forcing uncertainty by a factor of 2. G5 Aerosol Impacts on Radiation
sensitivity? g Reduce the uncertainty in Direct (D) and Indirect 07: Aerosol DE & Absorption
(01,02, 03, 04, 04, 08) R / (I)aerosol-related radiative forcing of the climate 08: Aerosol IE

sttem.

https://aos.gsfc.nasa.gov/science-goals.htm @



AOS Science Objectives : 8 DOBE
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Table 6.1. ACCP mstruments are derived from technologies of Technical Readiness Level (TRL)
4 or greater. Related sets of instruments are shown here along with their airborne or spaceborne

heritage.

ACCP Instrument Airborne Heritage Space Heritage

U.S. Radars - AirSWOT, Airborne Precip. CloudSat, RainCube
| Radar (APR)
- JAXA Radar - TRMM PR, GPM DPR
HSRL Lidars | Airborne HSRL | CALIOP
 Backscatter Lidar | CPL | CATS
- U.S. Passive Micro. CoSMIR TWICE (IIP)
 Radiometer _
CNES Passive Micro. Megha-Tropiques SAPHIR,
Radiometer METOP-SG (MWS, MWI, ICI)
Polarimeters AirHARP HARP, HARP2
Shortwave Spectrometer High-altitude balloon flights CLAREO Pathfinder on ISS
(2024)
Longwave Spectrometer Airborne flights
Tandem stereo cameras Star trackers, LEO/GEO
cameras, MISR technique
Aerosol Limb Imager High-altitude balloon flights
Moisture Limb Imager High-altitude balloon, ER2
flights
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Figure 8.3: Categories of information included on the front and back of the ACCP “Baseball Cards.
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