
5B.1                      SATELLITE PRECIPITATION ACTIVITIES OF THE    
                        INTERNATIONAL PRECIPITATION WORKING GROUP 
 

Ralph Ferraro* 
NOAA/NESDIS 

College Park, MD 
 

Chris Kidd 
University of Birmingham 

Birmingham, United Kingdom 
 

Phil Arkin 
Earth System Science Interdisciplinary Center, University of Maryland, College Park, MD 

 
Joe Turk 

Naval Research Laboratory 
Monterey, CA 

 
 

1. INTRODUCTION 
 
The International Precipitation Working Group 
(IPWG) was endorsed during the 52nd session of 
the WMO Executive Council in 2000, which 
encouraged the Coordination Group for 
Meteorological Satellites (CGMS) to participate in 
the formation of the IPWG. The foundation 
meeting of the IPWG was held at Colorado State 
University in June 2001, and was subsequently 
endorsed by the CGMS in July 2001. The IPWG 
is the precipitation equivalent of the longstanding 
International TOVS Working Group (ITWG) and 
the International Winds Working Group (IWWG) 
(see Levizzani and Gruber, 2007) 
 
The main function of the IPWG is to provide a 
focus for the international scientific community for 
operational and research satellite-based 
quantitative precipitation measurement, with an 
emphasis on the derivation of improved 
precipitation products through greater scientific 
understanding. The objectives of the IPWG 
include the promotion of standards for satellite 
precipitation measurements and subsequent 
validation and verification of their products; 
procedures for data exchange; stimulate 
international research and development for 
precipitation retrievals and encourage education 
and training activities. The exchange of scientific 
results is facilitated through the organisation of a 
number of international workshops at which 
issues relating 
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to the observation, measurement and validation of 
precipitation have been discussed. The first 
workshop was held in Madrid, Spain, in 
September 2002 and focused upon operational 
rainfall estimates, missions and instruments, 
research activities and validation studies 
(Levizzani and Gruber, 2003).  In October 2004 a 
second workshop was held in Monterey, 
California, building upon the initial workshop: data 
sets, error analysis, precipitation characterisation, 
retrievals and microphysics being he main themes 
(Turk and Bauer, 2005). The Bureau of 
Meteorology in Melbourne, Australia, hosted the 
third IPWG meeting in October 2006, alongside 
the Asia Pacific Satellite Applications Training 
Seminar (APSATS). The most recent meeting of 
the IPWG was held in Beijing in October 2008 
with topics that ranged from data sets and 
applications through to the use of satellite 
retrievals with numerical models.  
 
2. INTERCOMPARISON ACTIVITIES 
 
The validation and verification of precipitation 
data sets addresses two of the main of IPWG 
objectives, namely establishing standards for 
validation and independent verification of 
precipitation measurements, and fostering the 
exchange of data on inter-comparisons of 
operational precipitation measurements from 
satellites. Thus, one of the aims of the IPWG is 
the validation/verification of precipitation products 
to aid both the algorithm/product developers and 
the users to gain better insights into the operation 
and usability of satellite observations for 
quantitative precipitation estimation. A number of 



baseline algorithms, NWP models, quasi-
operational and ‘experimental’ satellite algorithms 
(both geostationary and polar-orbiting, infrared 
and/or passive microwave) are available in near 
real time and are compared against surface 
reference data sets derived from gauge and/or 
radar observations. The near real time inter-
comparisons are focused on a number of regional 
sites that provide at daily/0.25° inter-comparisons: 
Australia (co-ordinated by Beth Ebert); USA (John 
Janowiak); Europe (Chris Kidd) and; South 
America (Daniel Vila). Satellite-surface data 
comparisons are generated in near real-time and 
the results made available on the internet: links to 
other validation regions are provided from these 
main sites. Figure 1 shows the global distribution 
of the near real time inter-comparison regions, 
together with regions with limited-period 
comparisons: web site addresses are shown in 
Table 1. 
 

 
Figure 1: IPWG validation regions. Blue regions 
indicate near real time inter-comparisons, red areas are 
currently being developed as validation regions, while 
beige are regions where fixed-period validation work 
has been undertaken. 
 

 
Table 1: List of IPWG home page and inter-comparison 
web site links  
 
The validation/verification of products through the 
IPWG differ from other ground-validation 
campaigns in a number of ways. While many 
ground validation campaigns are designed 
specifically to investigate certain criteria, such as 
specific events for a new sensor or a particular 
physical precipitation process/regime, the IPWG 

validates regional-scale products on a regular 
quasi-operational basis. In particular, the IPWG 
validation relies upon the availability of existing 
surface precipitation observation networks to 
provide validation data sets: over Australia and 
South America these are gauge data, over 
Europe, radar data, while over the United States, 
both gauge and radar. Although the IPWG 
validation concentrates upon these main regional 
sites, one aim of the IPWG is to encourage the 
development of other validation regions: these are 
often in regions where the distribution of surface 
data sets may be restricted, but participants in 
that country can access the satellite products, 
validate the results locally and present these 
results, thus expanding the range of climatic and 
geographical regions. A final difference between 
many ground-validation campaigns and that of the 
IPWG is that the time/space scales tend to differ: 
the IPWG set the goal of validation/verification of 
precipitation products at 0.25/daily scales, while 
much specific ground validation is performed at 
sensor-resolution and instantaneous time scale.  
 
 
3. PRECIPITATION PRODUCT ANAYSIS 
 
3.1 Processing steps 
 
The IPWG validation sites are organised in a 
similar manner: liaison between the different 
regional sites discussed the range of statistics 
that should be used to provide users with clear, 
yet understandable results. In addition, a common 
graphical display of the results was agreed upon, 
including the colour scale, to permit ease in the 
cross-comparison of products between the 
different validation regions. 
 

Each of the regional sites follow a similar 
processing mechanism: although the 
programming/graphics software varies the 
processing sequence is listed below: 

 

 Initial setup: involving the setting of the dates 
of data required, usually the current day minus 
one; clearing out of old data and any data that 
was deemed corrupted from previous analysis;  

 Data acquisition: searching through existing 
data for a set number of data days prior to the 
present and listing missing data; creation of a 
file for use by ftp, followed by ftp to the data 
sources (note that this gets whatever the data 
is on the server, even if it is bad); an ftp limit of 

IPWG 
home page 

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

Australian 
validation 

http://www.bom.gov.au/bmrc/SatRainVal/sat_v
al_aus.html 

European 
validation 

http://kermit.bham.ac.uk/~ipwgeu/ 

US 
validation 

http://cics.umd.edu/~johnj/us_web.html 

S. America 
validation 

http://cics.umd.edu/~dvila/web/SatRainVal/daily
val.html 



4kB on the macro files usually requires 
individual ftp for each data set; 

 Data preparation: Initial quality-control of data 
for precipitation products and surface data 
sets; remapping of ingested data to local 
regional validation grid: note that lat/lon grids 
are used for analysis except in the case of 
European region where a polar-stereographic 
projection (optimised by means of look up 
tables) is used to ensure equal area analysis 
from 30°N to 70°N; 

 Results generation: generation of statistical 
output and incorporation into graphical output 
with imagery and scatterplots of data; 

 Web page generation: generation/updating of 
HTML files; copying over to web-server 

 
It should be noted that while these processing 
steps are executed as scheduled tasks, they are 
not necessary ‘automatic’ and require user-
intervention when problems arise. 
 
3.2 Validation output 
 
Figure 2 shows the output for the European 
validation region, but the layout is common across 
all regional validation sites. The two main images 
provide a display of the surface rainfall products, 
whether this is radar, gauge or both, together with 
the satellite/model precipitation product. Zero 
rainfall is denoted as white, while no data regions 
are denoted as grey. It should be noted that only 
regions that have both surface and satellite/model 
precipitation product are analysed in the statistics. 
In the lower left is a scatterplot of the surface 
(observed) vs product (estimated), while in the 
bottom centre (for the European region only) is a 
plot of cumulative rainfall occurrence and 
accumulation: the closer the estimated and 
observed lines are the better the overall 
relationship between the two precipitation fields 
are. In the top right are displayed bar graphs of 
the distribution of rainfall by occurrence and by 
accumulation to allow a visual analysis of how 
well  
the satellite/model matches the surface data for 
the areas covered by each rainfall category: in 
this case it can be seen that the overall area of 
precipitation retrieved by the satellite algorithm is 
very close to that of the surface radar, while the 
satellite estimate underestimates the overall 
rainfall slightly. Below these are the statistical 

 
 
Figure 2: Typical output of IPWG daily/0.25 degree 
satellite-surface validation for the European region for 
the MSG Multi-satellite Precipitation Estimate (MPE) 
technique: note the polar-stereographic projection 
used. 
 
output which include simple categorical analysis 
of the rainfall for both rain/no-rain and for 
rain>1mm/rain<1mm, together with the 
associated scores for the probability of detection 
(POD), false-alarm ratio (FAR) and Heidke skill 
score (HSS). Below these are descriptive 
statistics, including the total number of points 
analysis, number of raining points, number of 
raining points >1mm/day, mean daily rainfall, 
mean conditional rainfall (i.e. mean rain-only data) 
and the maximum daily rainfall. Finally in the 
lower right are the standard statistical measures 
including the bias (estimated-observed), the ratio 
(estimated/observed), the root mean squared 
error (RMSE) and the correlation coefficient 
(Pearson’s product moment correlation 
coefficient). 
 
To further aid the intercomparison of the products 
the regional validation sites may include further 
tables or analysis. The European site also 
generates tables for each of the basic statistics 
(bias, ratio, RMSE and correlation) to allow 
algorithm developers and users to cross-compare 
the performance of the precipitation products 
easily. Figure 3 shows the table for the 
correlation: across the top are the different 
algorithms, while each row relates to each of the 
previous 30 days of data. To further aid 
comparisons each cell in the table is color coded: 
for the correlations a good positive correlation is 
indicated as a green, fading through to yellow and 
white for no correlation, then orange and reds for 



negative correlation. It can be seen from Figure 3 
that some precipitation products produce 
generally positive correlations for most cases – in 
this case the NOGAPS model. However, it can 
also be noted that the good correlations are often 
stratified more by dates than by product, 
indicating that the type and form of precipitation 
within the validation region is often critical in 
achieving good statistical score: high correlations 
tend to occur on days with widespread rainfall 
across the whole region. 

 
 
Figure 3: Table of correlation statistics for all products 
for previous analysis period to allow intercomparison of 
product performance. 
 
3.3 Surface data sets 
 
As noted above, different validation regions use 
either radar and/or gauge data for verification of 
the satellite/model precipitation products. 
However, the quality-control of these can at times 
be problematic. Often, the need to acquire the 
verification data within near real time limits the 
type of data available, and the amount of cross-
checking to ensure the highest quality control of 
the data sets. A good example of some of 
difficulties that are encountered, and therefore 
should be borne in mind in interpreting the results, 
is described. 
 
For the European region radar data from across 
Europe is acquired by the UK Meteorological 
Office and processed to form a 5 km product 
every 15 minutes: these 15 minute estimates are 
then accumulated into daily estimates for use 
within the IPWG validation site. Gauge data is 
generally only fully available one month (or more) 
in arrears and therefore cannot be used for the 

near real time analysis of the satellite/model data 
sets. The upper pair of images shown in Figure 4 
shows the radar data (left) and the corresponding 
gauge data (right) for a significant rainfall event. 
Note that over the UK land areas the agreement 
between the radar and the gauge is good, not 
least because the radar undergoes real time 
adjustment from selected gauge data within each 
radar domain. However, the effects of range are 
seen over the sea areas and over France, thus 
questioning the usefulness of such data. In 
particular, as shown in the lower two images in 
Figure 4, there are occasions when atmospheric 
conditions produce significant amounts of 
anaprop errors (false rain echoes, including that 
from shipping) in the radar signal – while the 
gauge data show no rainfall.  
 
4. FUTURE DIRECTIONS 
 
The main IPWG validation regional sites 
(Australia, United States and Europe) were 
established at the start of 2003 and have be 
ingesting, processing and displaying surface-
product comparison each day since then. After 
this five year period it is an opportune time to 
review the work of the validation sites and to map 
out future directions. Some of the key questions 
include: 
 
What are the key requirements in the future to 
make best of our own limited resources? The 
current validation sites are unfunded and rely 
upon resources provided by their host institutions. 
This includes the daily upkeep of the sites, which 
can be significant at times when software or 
communication problems occur requiring manual 
intervention. 
 
What are the requirements of the 
algorithm/product developers? The 
algorithm/product developers are one of the main 
drivers of the validation sites: they can view the 
performance of their particular product in 
relationship to other precipitation products and to 
the surface reference data sets – do the current 
set of displays/statistics adequately reflect what 
they require? 
 
What are the requirements of the user 
community? The other main interested group are 
the “users” – these may range from hydrologists 
interested in river flows or for soil moisture etc. 
Does the analysis of the products and the 
verification of them match their requirements? 



What new sources of data are available? Are 
we using the best available sets of data available, 
for both the satellite/model data sets, as well as 
the surface verification data sets? There are 
several encouraging short-term regional 
intercomparisons available – should be these be 
expanded further? 
 
Should we go beyond daily regional 
comparisons (local-global, instantaneous-
seasonal)? At present the IPWG validation sites 
have concentrated upon the daily 0.25 degree 
comparisons. However, there is a perceived 
requirement for statistical analysis over other time 
periods and regions. For example, local scale to 
global scale is feasible, particularly since the 
precipitation products currently available are 
generally available on a global basis (or at least 
60°N to 60°S). Similarly, many instantaneous 
products are available – and are the subject of the 
Program for the Evaluation of High-Resolution 
Precipitation Products (PEHRPP; Turk et al. 
2008), but, should we also consider seasonal 
analysis too? 
 
In terms of the representativeness of the current 
sites, the IPWG should pursue the expansion of 
the existing validation area to regions poorly 
represented by the IPWG and other 
intercomparisons/validation studies. Possible 
regions include the well-instrumented BALTEX 
region, high-latitude oceanic regions, as well as 
expansion of existing regions (e.g. United States 
into Canada, and Europe into Eastern Europe).   
 
In addition to the inclusion of new regions, new 
analysis/comparison techniques need to be 
investigated. For example. high temporal/spatial 
resolution comparisons will need to rely upon 
more descriptive statistics due to the non-linear 
nature of high-resolution precipitation products. 
However, the implementation of fuzzy-logic 
statistical techniques might provide useful, 
informative analysis of such data sets. 
 
The analysis of the performance of satellite/model 
precipitation products on longer-time scales has 
been somewhat limited, although seasonal 
performance of daily estimates was discussed by 
Ebert et al. (2007). Intercomparison of results 
over Australia are available at a number of results 
on the Australia IPWG validation web page, and 
exemplify what can be achieved. Figure 5 shows 
the results of a seasonal intercomparison of 
precipitation products for December, January, and 

February 2006-07 for the TMPA-RT algorithm 
alongside other precipitation products. 
 
5. CONCLUSIONS 
 
The IPWG provides a focus and support for 
precipitation research through and number of 
activities, including workshops, meetings and 
education. Through these it encourages the 
development, exploitation and testing of new 
techniques, together with the inter-comparison of 
techniques for operational applications. It also 
provides a means to represent the precipitation 
scientific community, and to make 
recommendations to the national and international 
agencies responsible for overseeing precipitation-
related programmes. 
 
A main focus of the IPWG activities is the inter-
comparison of precipitation products: analysis of 
the precipitation products at daily/0.25 degree 
scales is performed in near real time to provide 
algorithm developers and the user community 
with an indication of the performance of the 
different products over the regional validation 
sites. Future direction of the intercomparisons is a 
balance of community-driven requirements and 
achievable goals. 
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Figure 4: Radar (left)  versus gauge (right) comparisons over the UK for a widespread rainfall event (top) and for an 
anomalous radar rainfall event (bottom). 
 

 
 
Figure 5: Results of a seasonal intercomparisons of precipitation products for December 2006 – February 2007. 
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