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Why measure precipitation?

Precipitation is a key component of the Earth’s energy and
water cycle

- Through evaporation and condensation energy is redistributed
through the atmosphere and across the Earth’s surface

Water is vital to life on Earth

- Less than 1% of all water on Earth is available to us as
freshwater

Water is fundamental to our economic and social wellbeing
- We depend upon water; too much or too little can be disastrous



Surface & Satellite O

pserving Systems

(radar)

Instrument Temporal Spatial Notes
Gauges: | Variable Point Temporal scale dependent upon observation
accumulation frequency
Gauges: Tipping : : Quantisation of bucket (0.1 or 0.2 mm or
]
ks Bucket QUEITISER Point 1/100”) and data logger
(/5) Distrometers Instantaneous |Point Individual drop measurements
Micro rain radar Instantaneous [Point 30 vertical levels
Weather radar Instantaneous |Radial Remapped radial measurements of dBZ
Visible imagery Cloud top 1-4 km [Intermittent (LEO) 15 min sampling (GEO)
Infrared imagery Cloud top 1-4 km [Intermittent (LEO) 15 min sampling (GEO)
g Passive Microwave Column 595 km Intermlt’Fent_sampllng (LEO)
= Imagers Resolution = frequency dependent
& | Passive Microwave Column 16-48 km Interm|t'Fent sampling (LEO) N
Sounders Resolution = frequency/scan position depen.
Active Microwave 80 vertical levels; Intermittent sampling
Instantaneous |5 km

(LEO)

Observations have different spatial/temporal characteristics




Current precipitation-capable systems

Low Earth Orbit # Vis/IR | PMW-I | PMW-S | AMW
NOAA/MetOp 4 | US/Europe V V

DMSP 4 |US v v V

GPM 1 | US/Japan v V
GCOM-W1 1 |Japan \

CloudSat 1 |US \
Megha-Tropiques 1 | France/India X v
Geostationary

GOES 2 (+1) | US v

MTSAT 1+1 |Japan v

Meteosat 2 (+2) | Europe v

PMW-I Passive Microwave Imager
PMW-S Passive Microwave Sounder

AMW Active Microwave (radar)

Other systems such a MODIS and
even Landsat may also be used

NOTE: Other satellite systems exist, but data are not readily available




What i1s GPM ?

The Global Precipitation Measurement (GPM) mission
essentially comprises of two key components:

 The Core Observatory:

- Ajoint NASA/JAXA satellite launched 28 February 2014 to
provide high quality measurements of precipitation

- Comprises of two high-quality instruments for precipitation
measurements

 The international constellation:
- multiple, international satellites/sensors to provide temporal
/spatial coverage necessary for global precipitation studies

- Atotal of 11 satellites/sensors are currently available,
Including those from the US, Europe, Japan and France/India




GPM Core Observatory

Orbit 407 km; 65° inclination; 3-yr life, 5+ yr fuel

GPM Microwave Imager (GMI)
passive microwave radiometer
precipitation over 880 km swath
spatial resolution up to ~5 x 5 km

Dual-frequency Precipitation Radar (DPR)

P e & - KuPR similar to TRMM, KaPR added for
» ; GPM
% _ o - 3D structure, PSD, intensity and distribution
% - spatial resolution to 5 km horiz.; 250 m vert.
KuPR KaPR GMI Frequencies GMI Polarizations
Frequency 13.597,13.603 GHz | 35.547, 35.553 GHz 10.65 GHz ViH
_ _ 18.7 GHz V/H
Min. detectable rainfall rate 0.5 mmh- 0.2 mmh-
23.8 GHz Vv
Data Rate <109 kbps < 81 kbps
36.5 GHz V/H
Mass <472 kg < 336 kg 89 GHz V/H
Power Consumption <446 W <344 W 166 GHz V/H
Size 25X 24 X06m 12X 14X07m 183.31 GHz Va/lVb (£3 & £7)




GPM science: application goals

Science Objectives:

= New reference standards for precipitation measurements from space
- Active and passive microwave sensors

= Improved knowledge of water cycle variability and freshwater availability
- Accurate description of space-time variability of global precipitation

= Improved numerical weather prediction skills
- Better instantaneous precipitation information and error characterization

= Improved climate prediction capabilities
- Better knowledge of latent heat, precipitation microphysics, and surface water fluxes

= Improved predictions for floods, landslides, and freshwater resources
- Better hydrological modeling & high-resolution precipitation data via downscaling
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GPM Microwave Imager — 13 channels
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Channel 183VA! Channel 183VB!

Channel 89V Channel 8SH Channel 166V‘ Channel 166Hi

B

Channel 10V Channel 10H] Channel 18V Channel 18H| Channel 23V Channel 36V Channel 36H
\ \ %

First clear-air GMI brightness temperature data. The 10 to 89 GHz channels show the contrast
between the warm land and cold ocean. The 166 and 183 GHz channels, increasingly sensitive
to ice, clouds, and water vapor, are used to detect and estimate light rain and falling snow.



TRMM extent
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£ Hurricane Arthur Track TRMM‘:’:‘TM|/PR<,‘€u|'y'3m o

http:/ /en.wikipedia.org/wiki/Hurricane_Arthur#mediaviewer/File:Arthur_2014_track.png
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GPM is able to view storms as they
transition to extra-tropical systems
at higher latitudes

GPM: GMI/DPR, July 3




GPM Constellation

- Suomi NPP
AN (vasanoan)

MetOp A/B
(EUMETSAT)

GPM Core Observatory
(NASA/IAXA)
DPR (Ku & Ka band)

GMI (10-183 GH2z)
65° Incl & 407 km Alt.
5 km best resolution

Megha-Tropiques
(CNES/ISRO)

JPSS-1 /
(NOAA) /-

\
\

NOAA 18/19

g (NOAA)
v{ﬁa
DMSP F17/F18/ GCOM-W1
F19/F20 (JAXA)

(DOD)



GPM constellation

2014-07-02 00:00

MHS — MetOp/NOAA; AI\/ISRZ GCOM-W; SSMIS — DMSP;
, ; TMI - TRMM




SSI\/IIS (F16) retrieval (GPROF)
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U SSMISF16 - radar

3 .luIy 2014: Hurrlcane Arthur

The SSMIS retrieval resolution is at the size of the 37 GHz footprint — but sampled at 12.5
x 12. 5 km: over land reliance on high frequency channels (higher resolution?)




MHS (NOAA18) retrieval (GPROF)
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Cross-track retrievals are comparable at identifying and quantifying
precipitation, even at the coarse-resolution edge-of-scan footprints



Mean Annual Global Estimates

MHS SMIS
Mean daily precipitation (mm d?)
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Preliminary results of GPROF2014 and IMERG for Amazon-Brazil

GoAmazon/ACRIDICON-CHUVA IOP#2 (Sept, 2014)
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CHUVA/GoAmazan — Monous (IOP#1)
SIPAM SBAND (CAPPI—2.5km)
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Standard Deviation (Normalized)

SIPAM vs. IMERG

Taylor Diagram: S-band SIPAM radar x IMERG (V03D)
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GPROF2014 (Version 1.4) - All Sat.Sensors Vs. SIPAM radar

Performance Diagram: S-band SIPAM radar x IMERG (V03D)
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Algoritmo de detecg¢ao de granizo utilizando o Advanced Microwave Sounding Unit (AMSU)

O algoritmo é baseado em simples limiares de temperaturas de brilho

NOAATB /AMSU 201 3-05-03
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ROLE OF GPM GROUND VALIDATION

Pre-launch algorithm development & post-launch product evaluation

- Refine algorithm assumptions & parameters :
Characterize uncertainties in satellite retrievals & GV measurements

“Truth” is estimated through the convergence of satellite and
ground-based estimates

Three complementary approaches:

e Direct statistical validation (surface):

- Leveraging off operational networks to identify and resolve first-order
discrepancies between satellite and ground-based precipitation estimates

e Physical process validation (vertical column):

- Cloud system and microphysical studies geared toward testing and
refinement of physically-based retrieval algorithms

‘ * Integrated hydrologic validation/applications (4-dimensional):

- Identify space-time scales at which satellite precipitation data are useful

to water budget studies and hydrological applications; characterization of
model and observation errors



Evaluation of satellite rainfall estimates on hydrological modeling
of Tocantins-Araguaia basin
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Evaluation of satellite rainfall estimates on hydrological modeling
of Tocantins-Araguaia basin
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Estimativa satélite

SREM2D

(Hossain & Anagnostou (2006)

Série de tempo
Estimativa de
precipitacao por
satélite

Série de tempo
Dados de referéncia,
maior precisao
(pluvibmetros, radar)

Chuva como um processo intermitente

/

AREAS CHUVOSAS

[\

ACERTQ? |====+ FALHA?

\—hl

\

AREAS NAO-CHUVOSAS

Qudo bem o satélite delineia
as areas de chuva e ndo-chuva?

/N

ACERTOQ? |-===-+ FALHA?

d

Probabilidade de detec¢do de
chuva {como fungao de
magnitude da referéncia

ou chuva por satélite)
(1)

Probabilidade de detecgdo
de ndo-chuva
(fixado - valor marginal)
(2)

Falso alarme
{pardmetros de
distribuicdo de
probabilidade)

(3)

Comprimento de correlagao de
sucesso de detecgdo de chuva
(4)

i
'
'
.
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1
1
i
i

AN

Como o erro varia
no espacge?

Comprimento de correlagdo
de sucesso de detecgdo
de ndo-chuva
(5)

Quanto que o valor de chuva estimatido

distancia-se do valor real sobre dreas chuvosas?

Referéncla
Chuva Nao-chuva
Chuva Na (acerto) Nb (falha)
Nao-chuva

Nc (falha)

Nd (acerto)

Erros sistemadticos e aleatérios na recuperagdo

(6) and (7)

Comprimento de correlagdo de recuperagao

(8)

Correlagdo temporal do erro sistemdatico na recuperacdo

{9)




Implementacao SREM2D

Entrada Parametros Processamento




Modelo hidrolégico distribuido (MHD-INPE)
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Implementacao do MHD-INPE

Bacia do Tocantins-Araguaia
Res. espacial 0,25° x 0,25° (total 1008 células) + Rede de drenagem

Res. temporal diaria Rosim et al. (2008)
Calibracéo: 01/01/2000 a 14/10/2008
Verificacao: 15/10/2008 a 14/10/2011

grade de alta resolucdo

de de bai luca
grade de baixa resolugao (resolucdo do MINT disponivel - pixels)

(células do modelo hidrolégico)
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Modelo Digital de Discretizacdo da bacia em células e a rede de drenagem

Elevacao Fonte: Paz e Collischonn (2001)
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Remote rainfall from cell phone antenna : Principle

Rainfall attenuates the
microwave signal
between telecom

towers.
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Based on Megha-Tropiques

GV network
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Excellent agreement with the
rain gauge (correlation 0.8 for
the whole season)

Probability of detection =95 %

Better or as good as satellite
rainfall products !

Very Low overall bias

But RMSE ~ 40%

Accumulated rain [mm]
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=
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Rain Gauge VS Link Rainfall accumulations
Ouagadougou 2012
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Let’s test it Campinas I

with SOS CHUVA data for
validation
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' World Bank Projet in Burkina Faso / Mali

Advantage :

High RES :

Dense networks of MWlinks
available ~free of charge for
science !!!
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Data Access (http://pps.gsfc.nasa.qov

PRECIPITATION MEASUREMENT MISSIONS

Home GPM TRMM Science Applications Meetings Data Access Resources Education

a Access GPM Data Downloads

v Data Downloads & NOTE: The GPM Core Observatory launched on February 27th 2014 and the pipeline for generating data

Documentation products is still being developed, therefor not all planned GPM data products are currently available. Click here
TRMM for a projected schedule of when these products will be released. Please check back at http://pmm.nasa.gov

GPH S and http://twitter.com/NASA_Rain for the latest news.
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Data Recipes

Data Updates Level 3 Level 2 Level 1
Google Earth

R hysical r h n ially an lly r led fi |
Connect With Us (E::ep} 2yzl;:aparamete s that have been spatially and/or temporally resampled from Level 1 or

s Twitter . IMERG: Rainfall estimates combining data from all passive-microwave instruments

in the GPM Constellation
n Facebook

B Youtube (Pending Release) This algorithm is intended to intercalibrate, merge, and interpolate

"all” satellite microwave precipitation estimates, together with microwave-calibrated
infrared (IR) satellite estimates, precipitation gauge analyses, and potentially other
Need Help? precipitation estimators at fine time and space scales for the TRMM and GPM eras
Pt over the entire globe. The system is run several times for each observation time,
«View Frequently Asked first giving a quick estimate and successively providing better estimates as more
Questions data arrive. The final step uses monthly gauge data to create research-level
*View the PMM Glossary products. Full Documentation

* Contact Us , o
Learn about the upcoming transition from TMPA (3B42x) to IMERG

Resolution @ [Regions - Dates @ |Latency ® |Format®@ |Source@ -

0.1° - 30 Gridded, 4 hours HDFS RT: FTP
minute 90°N-90°S, March (RT) (PPS)*
2014 to present Sy
HDF5S Mirador
Giovanni Giovanni
TOVAS

NETCDF Simple Subset
Wizard
0.1° - 30 Gnidded, 12 hours HDFS RT: FTP
minute 90°N-90°S, March (RT) (PPS)*

2014 to present
OPeNDAP OPeNDAP

GDS GrADS Data
Server (GDS)
0.1° - 30 Gridded, 4 months HDFS Prod: FTP
minute 90°N-90°S, March (Prod) (PPS)*
2014 to present

HDFS Prod: STORM
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