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- Monitoring extreme

precipitation events requires

A healthy constellation of various observing types, including
passive microwave (AMSR2, SSMIS, GPM, AMSU, ATMS ) and
precipitation-capable radars (GPM DPR and CloudSat CPR)
and geostationary visible/infrared for high temporal/low
latency.

« Visible / Infrared (IR) only detect cloud tops and cloud-top
properties (for clouds thick enough for rain) that does not always
relate well to surface rain rate

« Passive microwave (PMW) is sensitive to vertically integrated cloud
water (ocean only) / ice—this is better, but still very indirect

« Active radar is best (vertical detail) but much more expensive than
passive sensors

NOAA National Environmental Satellite, Data, and Information Service



GPM Constellation Status
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B Typhoon

Radial Subset of GPM Surface Precipitation Rate

13 September 2018

Mangkhut - GPM DPR

https://gpm.nasa.gov/resources/videos/gpm-captures-
super-typhoon-mangkhut-approaching-philippines

Vertical Cross-Section of GPM Precipitation Rate Through Eye of Typhoon

13 September 2018 . . . Frozen precipitation
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https://youtu.be/bu3G5FEgXKg

Now-2030s: NOAA JPSS, NASA’s GPM GMI (along with
DPR)

Now-2025: DoD Meteorological Satellite Program (DMSP)
Special Sensor Microwave Imager/Sounder
(SSMIS), NOAA AMSU

2024 - 2030's: DoD Weather System Follow-on Microwave
(WSF-M) Microwave Imager (MWI)

2024 - 2030's: JAXA’s Advanced Scanning Microwave
Radiometer (AMSR-3) on Global Observation SATellite for
Greenhouse gasses and Water cycle (GOSAT-GW)

2024- 2040's: EUMETSAT MetOp Second
Generation Microwave sounder and imager (MWS, MWI1)

2025- 2030: NOAA QuickSounder (ATMS in 5:30 orbit)
2027 NASA INCUS (3 Ka-band radars, 1 radiometer)
2029 - 2040: ESA/EUMETSAT Sterna (3 orbits/2 sats)
Increased Commercial Providers

2028 to 2040: Active Radar from NASA /JAXA AQS

NOAA National Environmental Satellite, Data, and Information Service

PMW Constellation is improving
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GPM Societal Benefit Areas
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Precipitation Monitoring

- Why do we have so many products?
- The accuracy vs. timeliness challenge
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NOAA National Environmental Satellite, Data, and Information Service



- Global Hydro-Estimator: low-
latency “first-look” (5 min after
end of IR image time) rate /
accumulation based on IR data

. https://www.ospo.noaa.gov/Prod

ucts/atmosphere/ghe/

NOAA National Environmental Satellite, Data, and Information Service

NESDIS’ Operational Rainfall
Products: GHE

GHE 24-h rainfall |
total ending 18 .
UTC 9/29/22

U

MRMS 24-h _.
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18 UTC 9/29/22


https://www.ospo.noaa.gov/Products/atmosphere/ghe/
https://www.ospo.noaa.gov/Products/atmosphere/ghe/
https://www.ospo.noaa.gov/Products/atmosphere/ghe/

- NESDIS’ Operational Rainfall
Products: eTRaP
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NOAA National Environmental Satellite, Data, and Information Service


https://www.ssd.noaa.gov/PS/TROP/etrap.html
https://www.ssd.noaa.gov/PS/TROP/etrap.html
https://www.ssd.noaa.gov/PS/TROP/etrap.html
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STAR Satellite Rainfall
Estimates Home

Hydro-Estimator
Self-Calibrating Multivariate
Precipitation Retrieval
(SCaMPR) >>

Ensemble Tropical Rainfall
Potential (eTRaP)

Product Validation
Current Work
Personnel

Links

Data and images displayed on
STAR sites are provided for
experimental use only and are not
official operational NOAA
products. More information>>
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STAR Satellite Rainfall Estimates
Self-Calibrating Multivariate Precipitation Retrieval (SCaMPR)

SCaMPR Precipitation
Estimates

The Self-Calibrating
Multivariate Precipitation
Retrieval (SCaMPR)
algorithm, also called the
Enterprise Rainfall Rate
algorithm, attempts to effort to
combine the separate
strengths of infrared (IR)-
based and microwave (MW)-
based estimates of rainfall. In
particular, IR data are
available from geostationary
Earth orbit (GEO) platforms
with high spatial resolution (2
km immediately below the
satellite) and very frequent
updates (every 10 min over
the Western Hemisphere) and
the observations are sent to

NOAA National Environmental Satellite, Data, and Information Service

Enterprise Algorithm (SCaMPR) Precipitation Estimates
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https://www.star.nesdis.noaa.gov/smcd/emb/ff/SCaMPR.php
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IMERG: Integrated Multi-satellitE

Retrievals for GPM

IMERG Overview

The Integrated Multi-satellitE Retrievals for GPM
(IMERG) algorithm combines information from the GPM
satellite constellation to estimate precipitation over the
majority of the Earth's surface. This algorithm is particularly
valuable over the majority of the Earth's surface that lacks
precipitation-measuring instruments on the ground. Now in
the latest Version 06 release of IMERG the algorithm fuses the
early precipitation estimates collected during the operation of
the TRMM satellite (2000 - 2015) with more recent precipitation
estimates collected during operation of the GPM satellite (2014
- present). The longer the record, the more valuable it is, as
researchers and application developers will attest. By being
able to compare and contrast past and present data,
researchers are better informed to make climate and weather
models more accurate, better understand normal and extreme
rain and snowfall around the world, and strengthen
icati e disasters, disease
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https://gpm.nasa.gov/data/imerg
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Home > Resources > Documents > GPM Level 3 GPROF Version 07 Information

GPM Level 3 GPROF Version 07 Information

Date Last Updated
Friday, June 3, 2022

Author(s)
Precipitation Processing System

Document Description

The L3GPROF algorithm provides monthly and
daily mean precipitation and related retrieved
parameters from the Level 2 GPROF
precipitation profiling algorithm for the GPM
core and constellation satellites.

Each L3GPROF product contains global 0.250 x
0.250 gridded monthly/daily unconditional
means and pixel counts. Monthly product
filenames start with 3A-MO or 3A-CLIM-MO, and
daily product filenames start with 3A-DAY or 3A-
CLIM-DAY.

File Downloads

B 13GPROF Information_V07.pdf

Data Product Type(s)
3A Radiometer (GPROF)

Document Category
Algorithm Information

Resources

173.82 KB
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Global Precipitation Climatology Project (GPCP)

University of Maryland College Park

Earth System Science Interdisciplinary Center (ESSIC) and Cooperative Institute for Climate and Satellites (CICS)

GPCP Monthly Analysis (GPCP-Interim)--Latest Month
Interim GPCP estimates are provisional estimates of GPCP available ~10 days after the end of the month. They can be used for the most recent months for which GPCP is unavailable.

= GPCP ICDR Precipitation Jan 2023, mm day" 9COPCP ICDR Precipitation Anomaly Jan 2023, mm day" ) 5 GPCP ICDR Precipitation % Anomaly Jan 2023
- -~ - - - - o B b " - — _ =55

Background V253 Monthly V2 3 Monthly

NOAA National Environmental Satellite, Data, and Information Service


http://gpcp.umd.edu/

Science and Technology Infusion Climate Bulletin

NOAA’s National Weather Service

44" NOAA Annual Climate Diagnostics and Prediction Workshop
Durham, NC, 22-24 October 2019

A Preliminary Examination of the Second Generation
CMORPH Satellite Precipitation Estimates

Pingping Xie', Robert Joyce' 2, Shaorong Wu' 2, Li Ren"2, and Bert Katz'-?
'Climate Prediction Center, NOAA/NWS/NCEP
2Innovim, Inc.

1. Introduction

Blending information from multiple sensors and multiple satellites has demonstrated an effective way of
producing analyses for improved monitoring and quantitative analysis of weather, climate and water. At NOAA
Climate Prediction Center (CPC), a technique is developed to construct high-quality, high-resolution global
precipitation estimates through integrating retrievals from passive microwave (PMW) and infrared (IR)
measurements from low Earth orbit (LEO) as well as geosynchronous equatorial orbit (GEO) satellites. Called
CPC Morphing (Joyce et al. 2004; Xie et al. 2017), this technique constructs high-resolution precipitation
estimates in two steps, i.e. a) to define purely satellite-based precipitation estimates (the raw CMORPH) with
complete spatial coverage; and b) to remove the bias in the raw CMORPH through comparison against
concurrent gauge observations.

Two versions of the CMORPH have been developed. The first version (CMORPH1) produces estimates of
30 minute precipitation on an 8 km » 8 km grid over a quasi-global domain (60°S-60°N). The CMORFPHI is
reprocessed for a 22-year period from 1998 to the present to form a Climate Data Record (CDR) (Xie et al.
2019b). CMORPH1 is updated on a near real-time basis at a latency of two hours. The second generation
CMORPH (CMORPH2) is developed in recent years to provide full global coverage (90°S-90°N) at a refined
spatial resolution (0.05°1at/lon) with improved aualitv especiallv for cold season precipitation (Xie ef al. 2018).

https://www.nws.noaa.gov/ost/climate/STIP/44CDPW/44cdpw-PXie.pdf

What are CMORPH-2 Precipitation
Rates?

The second- ion Climate P

Center (CPC) MORPHing (CMORPH-2) technique
employs microwave precipitation estimates
that interpolate precipitation features from
geostationary (i.e., GOES) and Low-Earth
Orbiting (LEO) infrared data. The merged
satellite product encompasses the magnitude
guidance of precipitation rates from microwave
sensors integrated with the movement of

p features from y
satellites. CMORPH-2 is a global product and is
accessible in AWIPS for Alaska users.

Gulf o
Alaska

CMORPH-2 observations of high rain rates (~1 inch per hour) along the
southeastern Alaska coastine at 1100 UTC, 26 October 2020.

Algorithm: Microwave — LEO/GOES Morphing Process Attributes & Resolutions

Microwave precipitation rates from all available satellites are combined into | Unit: inches per hour

a single global field that governs the and shape of precij at |Spatial: 0.05*

each time step. Precipitation estimates derived from GOES and LEO infrared | Latency and Availability: AWIPS
i es are calib with the microwave data, and used to | product latency is 1-4 hours and is

fill gaps where microwave retrievals are not available. GOES wind vectors are |available every 30 minutes.

used to propagate this precipitation field in time.

NOAA National Environmental Satellite, Data, and Information Service

Impact on Operations Limitations

P Appli n Snow: Snow covered ground ]
results in precipitation
Satellite Derived Precipitation: LEO and GEO unde,em;a“: Rt
Sl together to esti the difficulty in differentiating

’h‘:’" e an:oﬂ'shm ofp cloud ice from surface snow.
v anan % Liquid Clouds: Microwave precipitation rates over land is
Satellite versus Radar Precipitation dependent on the presence of ice clouds. Observations

estimates: Satellite derived precipitation can be mainly comprised of liquid clouds (i.e., warm rain
dy over radar-based p: of of
estimates (i.e., Multi-Radar Multi-Sensor, MRMS). Precip Mode: shallow and
CMORPH-2 can provide better coverage of deep convection precipitation modes can affect CMORPH-2
precipitation compared to MRMS since satellite accuracy due to differences in cloud ice concentration that
sampling is more uniform, especially over areas of influence precipitation rates.
high terrain and data-sparse regions (e.g. offshore Bias Correction: The current CMORPH-2 version is not
precipitation) where radar ge and bias corrected. An updated version with magnitude of
rm':;tﬂﬁw gauge networks are poor and or CMORPH-2 adjusted against gauge observations is coming
imited. soon.

bl ihme FEVLIAIBA AMIEA feammms AU FIAAEE FIAIA i FAE




CMORPH2 system. (Pingping Xie, CPC)
Observation Only CMORPH nputs from Model
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NOAA Flood Proving Ground Website

° 2023-02-25 11:59UTC
10.40%8 171.56°



https://www.ssec.wisc.edu/flood-map-demo/precipitation-and-ice-products/

GHE using the Real Earth Interface
https://realearth.ssec.wisc.edu/.

2023-02-25 12:00UTC
15.20°N 129.81°F

NOAA National Environmental Satellite, Data, and Information Service


https://realearth.ssec.wisc.edu/

‘ SCAMPR - Self-Calibrating Multivariate Precipitation Retrieval
https://www.star.nesdis.noaa.gov/smcd/emb/ff/SCaMPR.php

Estimated 001—hour rainfall accumulation ending 1200 UTC 25 FEB 2023
Enterprise Rain Rate Algorithm version 1.3.17 (EXPERIMENTAL)
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NOAA National Environmental Satellite, Data, and Information Service


https://www.star.nesdis.noaa.gov/smcd/emb/ff/SCaMPR.php
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NOAA Satellite Precipitation Validation System
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https://precip-val.umd.edu/

NPreciSe

NOAA Satellite Precipitation Validation System
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NOAA National Environmental Satellite, Data, and Information Service




NPreciSe

NOAA Satellite Precipitation Validation System

Daily Search m Standard
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NOAA National Environmental Satellite, Data, and Information Service



NPreciSe

NOAA Satellite Precipitation Validation System
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NOAA National Environmental Satellite, Data, and Information Service



Potential Opportunities: SmallSats and Future PN
Operational Sensors (e.g. TROPICS) cisess

MiRS extended to TROPICS TMS data (collaboration . T . SO o
with TROPICS science team). - A ’ 2

NOAA QuickSounder/EDU (2025-2026)
MIRS planned for EPS-SG/MWS (Q1 2025)
Other opportunities:

— TEMPEST-D (INCUS, 2026)

— tomorrow.io (active PR constellation > 2025) 0 m‘f ;e IV 023 —A-_h humidity and
ef: Yang et al., : Atmospheric humidity an
— EPS-SG/MWI+ICI (Q4 2025) temperature sounding from the CubeSat TROPICS
—  Sterna (MW constellation ~ 2025 +) mission: Early performance evaluation with MiRS.
Remote Sensing of Environment

STAGE—IV Rain Rate (mm/h} 2021-08—30 Des (r110821204)

MIRS TROPICS HR Rain Rate {mm/h) 2021-08-30 Asc {r110922234)

MIRS N2Q HR Rain Rote (mm/h) 2021—08—-30 Des (r110821294)
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- CMORPH1 Applications

Extreme Precipitation Climatology

. Construction of extreme precipitation climatology enables the monitoring of
extreme precipitation events (both heavy rainfall and drought) from a climate
perspective.;

" Extreme precipitation climatology (99-, 95-, 90-pct, mean, % of raining days)

constructed for each 0.25°at/lon grid and for each pentad period using
CMORPH1 data from 1998 to 2017;

1-Day CMORPH Precip Accum (Pentad—37) 7—-Day CMORPH Precip Accum (Pentad—37)

Sample CMORPHL1 1-
day (left) and 7-day
precipitation

60E 120E 180 1200 60N

climatology for pentad L T
37 (June 30-July 04) centoge of Roinng Pe

Top:
Mean precip;
Middle:
% of raining
Bottom:
99 percentile

NOAA National Environmental Satellite,



- CMORPH1 Applications

Monitoring Hurricane Harvey

CMORPH Rainrate (mm/hr) 2017-Aug-23 12Z

EQ.
130W 125w 120w 115w 110w 105w 100W

o 0.5 1 2 4 6 8 10 15 20 25 30 40

. CMORPH captured Harvey precipitation and its
evolution very well, over both land and ocean;

. Historical precipitation with the mean rate
averaged over a 8 day period more than twice of
the 99 percentile over a wide area over southern
Texas

NOAA National Environmental Satellite, Data, and Information Service
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CMORPH1 Applications

Applications in the WMO / SWCEM
Program

SPI 30-day ending at 2023.01.08 . CMORPH1 satellite precipitation products
(left) provided to the WMO Space based Extreme
Weather and Climate Extremes Monitoring

Derived from CPC Daily Gauge Analysis (SWCEM) program for the monitoring of

(Cer_“er) precipitation over Southeast Asia;
Dy e CIIRIRIEE . IR = Weekly / Monthly summaries of precipitation
(right) extremes (heavy rainfall and drought)
Derived from CMORPH_BLD = https://ftp.cpc.ncep.noaa.gov/precip/PORT/SE
MDP
CPC Gauge 30day—SPI ending at 2023-01-08 CMORPH_CRT 30day—SPI ending at 2023-01-08 CMORPH_BLD 30day—SPI ending at 2023-01-08

; “on - o - .
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Monthly CMORPH_BLD 2023-01 CMORPH_BLD 30day—SPI ending at 2023-01-31
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Accumulated Precipitation Applications

Daily Rainfall (mm)
[ 13 Jul, 2021 ]

NOAA CPC CMORPH2 Precipitation Rate Product -5
GEO and 12 LEO satellites — providing 30-minute
__temporal precipitation rates. Europe Heavy Rain Event — July 13, 2021

NOAA National Environmental Satellite, Data, and Information Service



entral China Heavy Rainfall
Accumulation over 17 — 21 July, 2021 (mm)

Map Information
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Projection: UTM, Zone 49 N
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Unit: meters
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VIIRS 5-day flood composite vs 6-day accumulated
precipitation from satellite-based CMORPH2

Tropical Storm Imelda

CMORPH=-2 Precipitation Accumulation
2019.09.16 00:00Z ~ 2019.09.21 23:59Z
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CMORPH2 Captured TS Imelda

Accumulated Precipitation
Since 00:00UTC, 17 Sept., 2019
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Hydrology & Flood Proving Ground Initiatives
Supporting Hurricane Dorian

CMORPH—2 Precipitation Accumulation

* (inches)

Joint VIRS/ABI Flood Map In Caribbean islands.
Sep 04 20

PreCipitation rate estimates (@ 30 minutes interval, 2-hour latency)
derived from 12 LEO and 5 GEO satellites

Accumulated precipitation, nearly 2 feet of rainfall over Bahamas

NOAA NESDIS response to International Disaster charter |=>
flood information for the Bahamas

17 Satellites!!

NOAA National Environmental Satellite, Data, and Information Service



Temporal Coverage from PMW is important.
Hurricane Sally example:

Hurricane Sally Composite Precipitation
[ mm/hr, 14—18 Sept.,2020 ]
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CMORPH2 - Stage IV 6-Hourly Precipitation Correlation
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Dropping satellites with PMW sensors would cause substantial degrade in the quantitative accuracy of CMORPH satellite

CMORPHZ vs Gauge—Corrected Radar
[0.25deg/Hourly, 15—18 Sept., 2020 ]
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precipitation estimates, compromising capacity to monitor the heavy precipitation.




Concluding remarks

According to current plans the constellation looks healthy.

Need to increase our efforts in user engagement and user understanding — we
need to develop the applications that will mitigate impacts of weather and
climate on societies.

We need to improve our access to real-time products for emergency response.
Different applications have different latency requirements.

We need to continue to provide training and we need to continue to learn from
our users.

Ultimately latency will always be a driving need, therefore new approach
like space data relays should be considered to reduce latency from LEO
satellites, or existing approaches such as direct broadcast should
continue. LEO missions should include a low latency (< 15 minutes)
option.

NOAA National Environmental Satellite, Data, and Information Service




- Direct Broadcast Provides Real-time Information




- From International Precipitation WG

Key Point 1. Constellation Continuity

Maintaining a constellation of satellite sensors is fundamental to provide the necessary temporal and spatial sampling
to properly capture the variability of precipitation. To address this requirement:

- Missions that provide core, high-quality passive microwave observations across a wide range of frequencies (e.g.
AMSR-2/3, GMI category), to act as standard references for:

- Contributing missions, that augment passive microwave observations between the core missions, each providing
well-calibrated, multi-channel observations;

- Satellite-based precipitation-capable radars (e.g. GPM DPR and CloudSat CPR) to provide a calibration source for
the above passive microwave radiometers, and a climate data record for extreme events and precipitation types that
are inherently difficult for passive microwave sensors to detect.

- The organisation of these sensors into complementary syn-synchronous orbits is crucial to provide observations
across the diurnal period to avoid duplication of observations, or observation-poor periods.

-Continuity of observations from deprecated, but still functioning sensors: The IPWG recognizes the value of these
continued observations to augment the prime constellation at different times of day as their orbits drift.

NOAA National Environmental Satellite, Data, and Information Service



Key point 2: Value of Geostationary Observations

The contribution of information from Infrared observations, primarily from Geostationary sensors, is invaluable for
providing regular information on cloud development and movement which can be combined with passive (and active)
microwave retrievals to provide high spatial and temporal resolution precipitation products.

- The contribution and continuation of the global infrared composite product, derived from all available geostationary
sensors, is crucial for providing the infrared data for the above combined precipitation products.

- As an input to the above, the provision of observations over the Indian Ocean is a crucial component of the global
infrared product: IPWG recognises the challenges and appreciates the achievements of providing continuing
observations over this region.

- The expansion of the global infrared data set to include the geostationary water vapour channel is deemed
extremely important for further improving the combined products: the IPWG supports the inclusion of this information.

NOAA National Environmental Satellite, Data, and Information Service



Key Point 3: New technologies

Development of new technologies provides exciting new opportunities, although the full impact of these upon global
precipitation estimates have yet to be fully determined: initial results from missions, such as the TROPICS pathfinder

cubesat are very promising. However,

- integration of such missions into the greater constellation needs to be fully analysed, (e.g. related to impacts on
temporal sampling);

- calibration and long termlong-term stability of such sensors and their derived products, particularly in climate data
records;

- impact of channel selection: cubesats typically exploit the high-frequencies due to the need for smaller antennas —
this impacts their response to precipitation.

NOAA National Environmental Satellite, Data, and Information Service
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