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What is IPWG?
• IPWG was established as a permanent Working Group of  the Coordination 

Group for Meteorological Satellites (CGMS) in 2001.
• The IPWG is co-sponsored by CGMS and the World Meteorological 

Organization (WMO).
• Focused on operational and research satellite based quantitative precipitation 

measurement issues and challenges.
• Provides a forum for operational and 

research users of  satellite precipitation 
measurements to exchange information.

• IPWG fosters:
– Development of  better measurements, and 

improvement of  their utilization;
– Improvement of  scientific understanding;
– Development of  international partnerships.

Europe

N.America

Int.
Org. Africa

Asia

SouthAmerica
Oceania

IPWG Membership October 2018

http://www.cgms-info.org/index_.php/cgms/index
http://public.wmo.int/en
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IPWG Meetings
• Under the lead of  the two Co-Chairs, the IPWG organizes Workshops, co-

sponsored by CGMS and WMO, approximately every two years.
• The Workshops promote the exchange of  scientific and operational 

information between the producers of  precipitation measurements, the 
research community, and the user community.

IPWG-1: Madrid (2002) 
IPWG-2: Monterey (2004)
IPWG-3: Melbourne (2006)
IPWG-4: Beijing (2008)
IPWG-5: Hamburg (2010)
IPWG-6: São José dos Campos (2012)
IPWG-7: Tsukuba (2014)
IPWG-8: Bologna (2016)
IPWG-9: Seoul (2018)
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A new validation site over India in 
addition to the US, South America, 
Japan, Europe, Australia

Science Highlight: Validation 1
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OceanRAIN Release 1.0: 
Jun 2010 to April 2017
> 6.83 million minutes of data from 8 ships

Science Highlight: Validation 2
remote sensing  

Article
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Abstract: The performance of Level-3 gridded Global Precipitation Mission (GPM)-based
precipitation products (IMERG, Integrated Multi-satellite Retrievals for GPM) is assessed against
two references over oceans: the OceanRAIN dataset, derived from oceanic shipboard disdrometers,
and a satellite-based radar product (the Level-3 Dual-frequency Precipitation Radar, 3DPRD). Daily
IMERG products (early, late, final) and microwave-only (MW) and Infrared-only (IR) precipitation
components are evaluated at four different spatial resolutions (0.5�, 1�, 2�, and 3�) during a 3-year
study period (March 2014–February 2017). Their performance is assessed based on both categorical
and continuous performance metrics, including correlation coefficient, probability of detection,
success ratio, bias, and root mean square error (RMSE). A triple collocation analysis (TCA) is also
presented to further investigate the performance of these satellite-based products. Overall, the IMERG
products show an underestimation with respect to OceanRAIN. Rain events in OceanRAIN are
correctly detected by all IMERG products ~80% of the times. IR estimates show relatively large
errors and low correlations with OceanRAIN compared to the other products. On the other hand,
the MW component performs better than other products in terms of both categorical and continuous
statistics. TCA reveals that 3DPRD performs consistently better than OceanRAIN in terms of RMSE
and coefficient of determination at all spatial resolutions. This work is part of a larger effort to
validate GPM products over nontraditional regions such as oceans.

Keywords: precipitation; satellite remote sensing; error analysis; triple collocation

1. Introduction

Global precipitation data play a key role across numerous applications such as hazard mitigation,
terrestrial hydrology, climate change studies, as well as agriculture and irrigation practices [1–4].
The National Aeronautics and Space Administration (NASA) and the Japan Aerospace Exploration
Agency (JAXA) launched the Global Precipitation Measurement (GPM) mission in 2014, which
carries an advanced radar (Dual-frequency Precipitation Radar; DPR) and a radiometer system
(GPM Microwave Imager, GMI) to measure global precipitation from space [5]. Certain geographical
locations, such as oceans and impervious terrain regions, entirely depend on satellite measurements as
the only source of precipitation information [6] and the Integrated Multi-satellite Retrievals for GPM
(IMERG) products represent the state-of-the-art product for global precipitation estimation. The IMERG
algorithm fuses information from several satellite-based microwave and infrared precipitation
estimates, as well as ground gauge information.

The measurement and validation of oceanic precipitation are vital for understanding the global
water cycle, as most of the global precipitation occurs over oceans [7]. Due to the scarcity of surface
measurements over oceans, satellite-based precipitation observations often represent the only source
of information. It is critical to characterize errors associated with these products, as these errors may

Remote Sens. 2019, 11, 255; doi:10.3390/rs11030255 www.mdpi.com/journal/remotesensing
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becomes larger at coarser resolutions. Other IMERG products maintain similar distributions when
moving from finer to coarser resolutions, except for IMERG early, which flattens out significantly at 3�.
The distribution of OceanRAIN is similar across the four resolutions, albeit slight variations at small
rain rates (<0.01 mm·h�1).
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Figure 2. Probability density functions of GPM precipitation products and OceanRAIN precipitation
over the Pacific and Atlantic Oceans during March 2014–February 2017 at (a) 0.5�, (b) 1�, (c) 2�,
and (d) 3� spatial resolution.

In order to further investigate the performance of the satellite-based precipitation products with
respect to the ground reference, cumulative distribution functions (CDFs) of daily IMERG products
and 3DPRD are compared to the CDF of OceanRAIN at 0.5� and 3� resolutions (Figure 3). All IMERG
products and components show an overall underestimation with respect to OceanRAIN, both at finer
and coarser spatial resolutions. This underestimation increases when moving from the finer to the
coarser resolution. When analyzing the CDF of 3DPRD at 0.5�, we observe an overestimation of
precipitation rates ranging between 0.01 mm·h�1 and 0.9 mm·h�1 and an underestimation at larger
rain rates. However, at the coarser resolution, 3DPRD consistently underestimates the reference,
similarly to the other satellite-based products.

As mentioned above, the performance of the IMERG products and components is further
investigated against two different references: OceanRAIN and 3DPRD. The performance metrics
considered in this work are illustrated in Figures 4 and 5 in terms of performance and Taylor
diagrams [40,41]. The performance diagram displays categorical statistics such as probability of
detection (POD), success ratio (SR), critical success index (CSI), and hit bias. The upper right corner
of the diagram represents the perfect score with POD, SR, CSI and hit bias approaching 1. Both
performance and Taylor’s diagrams are presented at the four different resolutions: 0.5� (a–b); 1� (c–d);
2� (e–f); and 3� (g–h) for each one of the five IMERG precipitation products. The left panels in
each Figure present results for OceanRAIN as reference, whereas the right panels show 3DPRD as
the reference.

Probability density functions of GPM precipitation 
products and OceanRAIN precipitation over the Pacific 
and Atlantic Oceans during March 2014–February 2017
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Science Highlight:
New ways of  observing precipitation

Polarimetric Radio Occultations
F. Joseph Turk, E. Cardellach, R. Padulles, 

C. O. Ao, M. de la Torre Juarez, S. Hristova-Veleva, J. David Neelin

Rainfall retrieval from commercial 
microwave links

Marielle Gosset, Matias Alcoba, Frederic Cazenave, Maxime
Turko, ApolineYapi, Modeste Kacou, François Bella, Evrad

Kamtchoum, Armand Nzeukou
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Science Highlight: Research

Þ Need continuity of  conical scanning 
microwave imagers for a 
homogeneous climate data record

GPCP Monthly Analysis provides high 
quality, long-term global precipitation
information, including a “real-time” 
climate monitoring product
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Prospects for assimilating micro- and 
macrophysical details of precipitation

in global weather forecasting
Alan Geer, Richard Forbes, Philippe Lopez, et al

Þ More advanced radiative transfer can also 
highlight forecasting model biases

Science Highlight: Data Assimilation and Scattering

Þ The computation of  single scattering properties of  frozen 
hydrometeors reaches a high degree of  reaslism (e.g. 3D 
aggregates) for accurate and consistent forward modeling 
of  multi-frequency observations

Three-Dimensional Sensor Forward Modeling
of Clouds and Precipitation in the Multi-

Instrument Inverse Solver Testbed
Ian S. Adams, S. Joseph Munchak, Kuo-Sen Kuo, Craig Pelissier, Thomas Clune, 

and Rachael Kroodsma
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IPWG Scientific Outreach
• IPWG-8 Special Issue in the 

QJRMS (29 papers!)

• IPWG-9 Special Issue in the Asia-
Pacific Journal of  Atmospheric 
Sciences (APJAS)

• “Satellite Precipitation 
Measurement”, Ed. Levizzani, 
Springer (Forthcoming 2019)

• Training lectures by experts in the 
area at the bi-annual meeting
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IPWG-10 / IWSSM-6
• Joint meeting with IWSSM (International 

Workshop on Space-based Snowfall 
Measurement)

• June 1-5, 2020
• Meeting location: Fort Collins, USA
• Host: Cooperative Institute for Research in the 

Atmosphere, Colorado State University 

IPWG Web Site: http://www.isac.cnr.it/~ipwg/index.html

http://www.isac.cnr.it/~ipwg/index.html

