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ABSTRACT 
 
Precipitation is an important atmospheric variable in our daily lives. Each year droughts 
and floods happen around the world and often cause severe property damages and 
human casualties. Accurate measurement and forecast are important for disaster 
preparedness and mitigation efforts. However, precipitation is difficult to measure, 
especially in remote and data sparse regions. Satellite-based measurement takes an 
important role in filling in data gaps. Since the past decade, significant progress has 
been made in satellite precipitation product development. In particular, products’ spatial 
and temporal resolutions as well as timely availability have been improved by blended 
techniques. These products are widely used in various research and applications, such 
as flood monitoring, hydrological modeling, etc. However biases and uncertainties are 
common among precipitation products and an obstacle exists in quickly gaining 
knowledge of product characteristics such as data quality, biases and behavior at a 
local or regional scale, namely user defined areas or points of interest.  
 
At the NASA Goddard Earth Sciences Data and Information Services Center (GES 
DISC), we have developed several prototypes in the Giovanni 
(http://giovanni.gsfc.nasa.gov) TRMM Online Visualization and Analysis System 
(TOVAS, http://disc.sci.gsfc.nasa.gov/precipitation/tovas) to address these issues. 
Users can use these online tools to inter-compare precipitation products in different 
algorithms as well as in different versions without downloading data and software. 
Several popular TRMM Multi-satellite Precipitation Analysis (TMPA) products (3B42, 
3B42RT, and 3B43) and other TRMM products (3A11, 3A12, 3B31 etc.) are included. In 
addition, users can download customized data for further analysis.  Results and 
examples from the prototypes are presented. 
 
Future plans include adding more products/parameters and integrating IPWG 
(International Precipitation Working Group) Validation Algorithms/statistics into 
Giovanni TOVAS. 



1. INTRODUCTION 

Precipitation is an important atmospheric variable affecting our daily lives. Each year 
severe droughts and floods happen around the world and often cause heavy property 
damages and human causalities, such as, a severe flooding event in August 1975 in 
Henan Province, China where ~230,000 people were killed and over 11 million people 
were displaced when No 3 Typhoon became a hovering tropical depression and its 
associated heavy rain caused a dam burst. Accurate measurement and prediction of 
precipitation in both short and long terms will greatly help hazard preparedness and 
mitigation efforts.  However, precipitation is difficult to measure and predict. In data 
sparse continents and remote regions, such as Africa, it is difficult to obtain precipitation 
measurement data due to the lack of rain gauges and ground radar networks, which 
creates an obstacle for applications and forecasting verification. Complicated 
precipitation processes that require heavy parameterization make accurate numerical 
prediction difficult.  
 

In the past two decades, satellite-derived products provide a cost-effective way to 
measure precipitation from space. In recent years, algorithms that utilize multi-satellites 
and multi-sensor that consist of geostationary infrared, microwave sensors and gauges 
provide near-global precipitation products (Huffman et al. 1995; Huffman et al. 1997; 
Huffman et al. 2001; Huffman et al. 2007) every 3 hours and they are widely used in 
hydrometeorological research and applications. However, uncertainty issues do exist in 
satellite-derived precipitation products due to issues such as biases, sampling, etc. and 
it is important to quantify this uncertainty in order for users to apply this knowledge to 
their research and applications.  
 

In reality, it is not an easy task to obtain such uncertainty information. Journal articles 
often provide very limited information over a large scale. It is difficult to find information 
in a specific location where a user is interested in.  It can be a time consuming, 
sometimes a frustrating experience if the user wants to do their own assessment from 
scratch, i.e., from raw data, due to various factors (data format, data subsetting, special 
software, etc.). To help users to quickly gain such knowledge, we developed an online 
prototype (Liu et al. 2009) to assess the uncertainty issue using global daily satellite, 
radar and gauge precipitation products archived and distributed at the NASA Goddard 
Earth Sciences Data and Information Services Center (GES DISC). Functions include 
area plot, time series, scatter plot, ASCII data output, etc. Despite its limited 
functionality and datasets, users can use this tool to generate customized plots within 
the United States for 2005 (Liu et al. 2009). In addition, users can download customized 
data for further analysis, e.g. comparing their own data.  To meet increasing demands, 
we have developed several new prototypes in the GES DISC Giovanni (the GES-DISC 



Interactive Online Visualization ANd aNalysis Infrastructure) TOVAS (Liu et al. 2007; 
Berrick et al. 2009; Acker and Leptoukh 2007). We have added more products, such as 
monthly, 3-hourly, and in the meanwhile increased the temporal coverage and 
expanded the spatial coverage from the United States to the globe. In this article, we 
present the prototypes and the products along with examples. 
 
2. ONLINE INTER-COMPARISON OF SATELLITE-DERIVED GLOBAL 

PRECIPITATION PRODUCTS AT GES DISC 

2.1 PRODUCTS AND FUNCTIONS 

Precipitation products in Giovanni TOVAS consist of those from the Tropical Rainfall 
Measuring Mission (TRMM) and other satellites. TRMM is a joint U.S.-Japan satellite 
mission to monitor tropical and subtropical (40 S - 40 N) precipitation and to estimate 
its associated latent heating (TRMM special issue 2000). TRMM provides the first 
detailed and comprehensive dataset on the four dimensional distribution of rainfall and 
latent heating over vastly under-sampled tropical and subtropical oceans and 
continents. TRMM was launched on November 27, 1997 and its data are archived at 
and distributed by the GES DISC (Liu et al. 2012). All TRMM products can be 
searched, ordered and downloaded via Mirador (http://mirador.gsfc.nasa.gov/). Several 
data services, such as, format conversion, are available in Mirador as well. Additional 
information about TRMM and its products can be obtained from the official TRMM web 
site (http://trmm.gsfc.nasa.gov/) and the GES DISC precipitation portal 
(http://disc.gsfc.nasa.gov/precipitation). Due to limited spatial and temporal sampling in 
TRMM, new algorithms have been developed to merge microwave and infrared sensors 
from different satellites, such as the TRMM Multi-satellite Precipitation Analysis 
(TMPA).   
 
Table 1 lists all products in the inter-comparison prototypes in Giovanni TOVAS. They 
are composed of 3-hourly and daily TMPA products (archive and near-real-time) and 
monthly TRMM Level-3 products. Both Version 6 and Version 7 are available for inter-
comparison. Two types of TMPA products are available, research quality (3B42, daily 
derived from 3B42, 3B43) and near-real-time (3B42RT, daily derived from 3B42RT). 
Additional information regarding TMPA can be found at the product web site (near-real-
time: ftp://trmmopen.gsfc.nasa.gov/pub/merged/V7Documents/3B4XRT_doc_V7.pdf; 
research: ftp://meso-a.gsfc.nasa.gov/pub/trmmdocs/3B42_3B43_doc.pdf) 
 
Functions (Table 2) in Giovanni TOVAS include area plot, time series, scatter plot, 
animation, overlay, HDF/NetCDF/ASCII data output, etc. Figure 1 is the newly designed 
landing page for Giovanni TOVAS. The inter-comparison section is found at the bottom. 
Figure 2 is a screen shot of the monthly inter-comparison prototype. At the top, there is 
a global map for area selection (a rectangular lat-lon box). Below the map, there are 



different parameters in Version 6 and Version 7 Level-3 monthly products, time and 
function selection. Users can fine tune their output plots by editing preferences 
including plot size, color bar, projection and smooth flag. Users can download data in 
ASCII, HDF and NetCDF formats. Google Earth KMZ is available as well. Finally, 
Giovanni user manual, publications, newsletters and FAQ can be found in the Giovanni 
web site (http://disc.sci.gsfc.nasa.gov/giovanni/overview/index.html) .  
 

Temporal 
Resolution 

Products 

3-hourly 3B42RT (near-real-time), 3B42 (satellite-gauge combined) 
daily 3B42RT (derived), 3B42 (derived) 

Monthly 3B43 (satellite-gauge combined), 3A11 (TRMM microwave 
imager (TMI) oceanic rainfall), 3A12 (TMI), 3A25 (TRMM 
precipitation radar (PR)), 3B31 (TMI and PR combined),  

Climatology 3B43 (satellite-gauge combined), GPCC (gauges), Willmott 
(gauges) 

Table 1. List of global precipitation products in Giovanni TOVAS for inter-comparison. 

 

Function Description 
Lat-Lon Map, time 

averaged 
Lat-lon map averaged over any available data period within 
any rectangular area 

Lat-Lon Map, time 
averaged differences  

Lat-lon map differences, averaged over any available data 
period within any rectangular area 

Overlay of Lat-Lon 
Maps 

Overlay of Lat-lon maps averaged over any available data 
period within any rectangular area 

Time Series, area 
averaged 

Time series averaged over any rectangular area 

Time Series, area 
averaged differences 

Time series differences averaged over any rectangular area 

Scatter Plot 
Two parameters in the selected time period and rectangular 
area 

Scatter Plot, time 
averaged 

Two parameters, averaged over any available data period 
within any rectangular area 

Correlation Map 
Correlation coefficient for two parameters over a specified 
time period and within any rectangular area 

Animation 
Lat-lon maps for the selected time period and rectangular 
area 

Table 2. Functions supported by Giovanni TOVAS. 

 



 

Figure 1. Newly designed landing page for Giovanni TOVAS. The inter-comparison 
section is found at the bottom. 
 

 

 
 



 
 

Figure 2. Screen shot of the TRMM monthly Version 6 and Version 7 inter-comparison.  



2.2 EXAMPLES 

As mentioned earlier, the TMPA products of both research quality and near-real-time 
have been widely used in research and applications. When, for example, Version 7 of 
the TMPA monthly product, 3B43, was implemented, users want to know changes 
between Version 6 and Version 7, which can be done with Giovanni TOVAS. Figure 3 
(top) is time series of the two versions of 3B43, averaged in the whole product domain 
(50° S – 50° N, 180° W – 180° E). It is seen that there is a “sag” in Version 6 (black 
line), centered in 2004 and 2005, which has been corrected in Version 7 (red line). 
Overall, rain rate in Version 7 is higher than that of Version 6 over the entire period from 
January 1998 to December 2010. Figure 3 (bottom) is the time series of difference and 
the “sag” is also visible, where the largest difference is located.  
 
Operational users, such as those who monitor flooding around the world, would like to 
understand the differences between the 3-hourly near-real-time product (3B42RT) and 
the gauge adjusted final product (3B42). Figure 4 contains several maps of such inter-
comparison. The top left is for the 2009 wet season. It is seen that the differences are 
quite complicated with positive and negative areas scattered on the map where a large 
positive (3B42RT > 3B42) area  is located on the Big Island of Hawaii and a large 
negative area (3B42RT < 3B42) is found over the ocean in the southwest of the Big 
Island. The large positive difference is also found during the dry season (top right) and 
the whole year of 2009 (bottom left). The bottom right is a satellite view of the Big Island 
and it is seen that the positive difference area is associated with the volcano on the 
island.   
 
One of the main goals of the Tropical Rainfall Measuring Mission (TRMM) has been to 
accurately define the climatological surface rainfall in the tropics.  The TRMM 
Composite Climatology (TCC) consists of a merger of selected TRMM rainfall products 
over both land and ocean to give a "TRMM-best" climatological estimate (Adler et al.  
2009). There are 78 data files in this TCC product suite: 13 each (annual and month-of-
year) for TRMM data products 2A12, 2A25, 2B31, 3B43, TCC, and standard deviation 
of TCC. A beta visualization and analysis tool (http://disc.sci.gsfc.nasa.gov/daac-
bin/tcc_basic.pl) has been developed to provide the user community with a user friendly 
interface to do quick analyses and generate visualization of this data collection without 
downloading any data. Figure 5 is the web interface and its functions are listed there as 
well.  
 
Figure 6 contains samples of TCC during the summer and winter Indian monsoon 
seasons. During the summer monsoon, it is seen that heavy rain areas are located 
along the windward coastal oceans in the western Indian, Burma and Thailand. By 



contrast, during the winter monsoon, the rainy areas shift to the south, away from the 
continent and heavy rain areas are found near the equator region.  

 

Figure 3. Samples plots from Giovanni TOVAS: Time series (top) and difference 
(bottom) of TMPA 3B43 Version 6 and Version 7 monthly products. 



 

Figure 4. Examples of inter-comparison between TMPA 3B42RT and 3B42 during the 
wet (top left) and dry (top right) seasons in 2009 and during 2009 (bottom left) in 
Hawaii. Bottom right is a true color image of the Big Island. 



 

Figure 5. Web interface of the TRMM composite climatology (TCC). Inter-comparison 
of different TRMM derived climatology products can be done through a number of 
functions listed in this figure. 



 

Figure 6. Sample maps generated from the TCC online tool. 

 

3. CONCLUSION AND FUTURE PLANS 

This paper presents an ongoing development of online tools to assess uncertainty and 
differences in satellite-derived near-global precipitation products and allow users to 
quickly understand product characteristics in the region or at the point of interest 
without downloading data. The tools also allow inter-comparing several satellite-derived 
precipitation products in their current and previous versions. Several functions are 
available, such as, differencing, overlaying, scatter plot, area-averaged time series, etc. 
Examples show that differences of precipitation products are distributed unevenly in 
space and it is necessary to have tools such as those presented here for customized 
and detailed investigations. 
 

Future plans include the integration of IPWG (International Precipitation Working 
Group) validation algorithms/statistics 
(http://cawcr.gov.au/projects/SatRainVal/validation-intercomparison.html) and adding 
more parameters/products.   
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Appendix A.32: “Earth System Data Records Uncertainty Analysis” and the NASA GES 
DISC. Special thanks to the GIOVANNI development team. 
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