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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
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Typhoon Mangkhut - GPM DPR
https://gpm.nasa.gov/resources/videos/gpm-captures-

super-typhoon-mangkhut-approaching-philippines

https://youtu.be/bu3G5FEgXKg
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PMW Constellation is improving
• 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, MWI)

• 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 AOS
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Precipitation Monitoring

• Why do we have so many products?

• The accuracy vs. timeliness challenge 
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GPM Societal Benefit Areas

Disaster risk management 
Reinsurance

Agriculture

NWP; TC Forecasting; 

S2S Modeling

CyStellar; JBA Risk Management, Ltd; Pacific Disaster 
Center; Monarch Weather Consulting; Information 

Technology for Humanitarian Assistance (ITHACA); 

ZonaGeo; United Nations Office for the Coordination 
of Humanitarian Affairs (UN OCHA)

U.S. Department 

of Agriculture; 

Cargill, Inc.; 

Nutrien™; 

aWhere, Inc.; 

PrecisionAg®; 

Ecoclimasol; 

BASF 

Corporation; 

Embrapa

Swiss Re; Munich Re; Microinsurance Catastrophe Risk 
Organisation; CelsiusPro; Agvesto; Syngenta®; Pacific 

Catastrophe Risk Insurance Company

NOAA; NRL; U.S. Navy Fleet 

Numerical Meteorology and 

Oceanography Center; European 

Centre for Medium-Range 
Weather Forecasts; United 

Kingdom Met Office; Météo

France; Australia Bureau of 

Meteorology; Environment and 

Climate Change Canada; 
Indonesia Meteorology, 

Climatology, and Geophysical 

Agency; Meteorological 

Connections, LLC
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Precipitation Monitoring
• Why do we have so many products?

• The accuracy vs. timeliness challenge 
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NESDIS’ Operational Rainfall 
Products: GHE

• 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/

MRMS 24-h 

rainfall total ending 

18 UTC 9/29/22

GHE 24-h rainfall 

total ending 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/
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NESDIS’ Operational Rainfall 
Products: eTRaP

• Ensemble 
Tropical Rainfall 
Potential (eTRaP): 
probabilistic 
forecasts for 
tropical systems

• Produced every 6 
hours worldwide

• https://www.ssd.
noaa.gov/PS/TRO
P/etrap.html

eTRaP predicted 24-h 

rainfall accumulation 

starting 18 UTC 9/28/22

eTRaP 0-24h 

¥probability of > 200 

mm of rain starting 

18 UTC 9/28/22

MRMS 24-h 

rainfall total ending 

18 UTC 9/29/22

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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SCAMPR

https://www.star.nesdis.noaa.gov/smcd/emb/ff/SCaMPR.php
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IMERG

https://gpm.nasa.gov/data/imerg
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GPCP

http://gpcp.umd.edu/
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https://www.nws.noaa.gov/ost/climate/STIP/44CDPW/44cdpw-PXie.pdf
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CMORPH2 system. (Pingping Xie, CPC)
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NOAA Flood Proving Ground Website

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

https://www.ssec.wisc.edu/flood-map-demo/precipitation-and-ice-products/
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GHE using the Real Earth Interface
https://realearth.ssec.wisc.edu/.      

https://realearth.ssec.wisc.edu/
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SCAMPR – Self-Calibrating Multivariate Precipitation Retrieval 
https://www.star.nesdis.noaa.gov/smcd/emb/ff/SCaMPR.php

https://www.star.nesdis.noaa.gov/smcd/emb/ff/SCaMPR.php
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NPreciSE

https://precip-val.umd.edu/
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Potential Opportunities: SmallSats and Future 
Operational Sensors (e.g. TROPICS)

• MiRS extended to TROPICS TMS data (collaboration 

with TROPICS science team).

• 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)

– EPS-SG/MWI+ICI (Q4 2025)

– Sterna (MW constellation ~ 2025 +)

TROPICS NOAA-20 Stage IV

2021-10-10

Hurricane Ida: 2021-08-30

Ref: Yang et al., 2023: Atmospheric humidity and 

temperature sounding from the CubeSat TROPICS

mission: Early performance evaluation with MiRS. 

Remote Sensing of Environment
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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 0.25olat/lon grid and for each pentad period using 

CMORPH1 data from 1998 to 2017;

Sample CMORPH1 1-

day (left) and 7-day 

precipitation 

climatology for pentad 

37 (June 30-July 04)

Top:

Mean precip;

Middle:

% of raining 

Bottom:

99 percentile



25NOAA National Environmental Satellite, Data, and Information Service

• 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

CMORPH1 Applications 
Monitoring Hurricane Harvey 
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▪ CMORPH1 satellite precipitation products 

provided to the WMO Space based Extreme 

Weather and Climate Extremes Monitoring 

(SWCEM) program for the monitoring of 

precipitation over Southeast Asia;

▪ Weekly / Monthly summaries of precipitation 

extremes (heavy rainfall and drought)

▪ https://ftp.cpc.ncep.noaa.gov/precip/PORT/SE

MDP

CMORPH1 Applications  
Applications in the WMO / SWCEM 

Program

SPI 30-day ending at 2023.01.08
(left)

Derived from CPC Daily Gauge Analysis

(center)

Derived from CMORPH_CRT

(right) 

Derived from CMORPH_BLD
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NOAA CPC CMORPH2  Precipitation Rate Product  - 5  
GEO and 12 LEO satellites – providing 30-minute 
temporal precipitation rates.    

Accumulated Precipitation Applications

Europe Heavy Rain Event – July 13, 2021 
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Central China Heavy Rainfall
Accumulation over 17 – 21 July, 2021  (mm)

Zhengzhou, China
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VIIRS 5-day flood composite vs 6-day accumulated 
precipitation from satellite-based CMORPH2

Tropical Storm Imelda 
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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

LEO Satellites: DMSP-16/17/18, NOAA-15/18/19/20, SNPP, METOP-A/B, GCOM-W1, and 

GPM 

GEO Satellites: Himawari-8 (141E), GOES-17 (137W),GOES-16 (75W),Meteosat-11 (0-deg), Meteosat-8 (41.5E) 
17 Satellites!!

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
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Temporal Coverage from PMW is important.
Hurricane Sally example:

CMORPH2 for 11Z, 16 September 2020. ~ 6 AM 
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CMORPH2 – Stage IV 6-Hourly Precipitation Correlation 

Dropping satellites with PMW sensors would cause substantial degrade in the quantitative accuracy of CMORPH satellite 
precipitation estimates, compromising capacity to monitor the heavy precipitation.
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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.
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Direct Broadcast Provides Real-time Information

36
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From International Precipitation WG
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