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1. Intent of This Document and POC  
1a) This document is intended for users who wish to compare satellite derived observations with 
climate model output in the context of the CMIP5/IPCC historical experiments. Users are not 
expected to be experts in satellite derived Earth system observational data. This document 
summarizes essential information needed for comparing this dataset to climate model output. 
References are provided at the end of this document to additional information.  
Dataset File Name (as it appears on the ESGF):  

--to be added once file is accepted-----  
1b) Technical point of contact for this dataset:   

Soroosh Sorooshian, Center for Hydrometeorology and Remote Sensing (CHRS) at 
University of California Irvine, soroosh@uci.edu 
Olivier Prat, Cooperative Institute for Climate and Satellites-NC at North Carolina State 
University, olivier.prat@noaa.gov  

 
2. Data Field Description  
CF variable name, units:  precipitation, pr, precipitation_flux, kg m-2 s-1 
Spatial resolution:  0.25 degree in latitude and longitude 
Temporal resolution and extent:  Daily and monthly averaged, from 01/1983 to (delayed) present 
Coverage:  Global (60oN-60oS) 
 
3. Data Origin  
The Daily Precipitation PERSIANN-CDR product is to be generated for each time step by first 
estimating precipitation for each GridSat-B1 Infrared Window (IRWIN) file using the basic 
PERSIANN algorithm, which uses an artificial neural network (ANN) to convert the input IR 
data in degrees Kelvin into rain rate (RR) data in mm/hr. Each month of PERSIANN estimates is 
then bias corrected with monthly GPCP precipitation data and the final PERSIANN-CDR 
product results when those bias correct precipitation estimates are accumulated to daily. The 
final product is produced with bias corrections from the monthly GPCP v2.2 data set, so a month 
of data is processed at the same time. Figure 1 provides the overview for the Daily PERSIANN-
CDR production system. 
 
The precipitation product PERSIANN-CDR is generated using the two datasets described below: 

1. Before being used as primary data, the infrared data gridded from GridSat-B1 is 
converted to a derived format before input into the ANN model. The primary data are 
archived at the NOAA National Center for Environmental Information (NCEI; previously 
the Climatic Data Center: NCDC). NOAA/NCEI maintains an historical archive of data 
from geostationary (GEO) satellites, compiled by the International Satellite Cloud 
Climatology Project (ISCCP). ISCCP B1 (available online at: 
http://www.ncdc.noaa.gov/oa/rsad/isccpb1), includes all-channel observations from a 
number of international GEO satellites including the Geostationary Operational 
Environmental Satellite (GOES) series, the European Meteorological satellite (Meteosat) 
series, the Japanese Geostationary Meteorological Satellite (GMS) series, and the 
Chinese Fen-Yung 2C (FY2) series.  



Figure 1 DAILY PERSIANN-CDR production flowchart. Adapted from Hsu et al. (2014). 
	

The global ISCCP B1 IR brightness temperature from these GEO sources covers the time 
period from 1979 to present, at space and time resolutions of 10-km and 3-hour intervals. 
Better coverage began in 1983, albeit with a gap over the Indian Ocean due to the lack of 
GEO measurements. Other sources, such as AVHRR (Advanced Very High Resolution 
Radiometer) from the NOAA series of satellites (NOAA-7~NOAA-14), can be used to 
fill part of the gap before 1997.  Gridded Satellite (GridSat-B1) is the gridded derived 
product from ISCCP B1 data (available at: 
http://www.ncdc.noaa.gov/oa/gridsat/index.php). GridSat-B1 data provide data for three 
channels: visible data, infrared window (IRWIN) data, and infrared water vapor 
(IRWVP) data. The Infrared Window (IRWIN) data is the main input data for the 
PERSIANN model. The IRWIN data are gridded on a 0.07° latitude equal-angle grid. By 
selecting the nadir-most observations at each grid point, satellite data are merged. The IR 
window brightness temperature; identified as GridSat-B1 CDR (see Obs4MIPS technical 
note for more information) is used as primary data for PERSIANN-CDR. GridSat-B1 
CDR starts from 1 January 1980 and continues to the current time. It covers the globe 
from 70°S-70°N and 180°W-180°E. The GridSat-B1 CDR data are available at 
ftp://eclipse.ncdc.noaa.gov/pub/gridsat/b1-climate-data-record/.  Finally, in order to 
match the coarser PERSIANN-CDR resolution of 0.25°, the GridSat-B1 IRWIN data 
files are converted from their native resolution of 0.07° latitude/longitude to a 0.25° 
resolution in a flat binary format for input to the PERSIANN algorithm system. This 



global coverage array is a 2-byte short integer binary format grid 480-rows by 1440-
columns covering 60°N-60°S and 0°-360° longitude.   
 

2. Monthly precipitation data from the Global Precipitation Climatology Project (GPCP) are 
used as ancillary data to correct for biases in the ANN model output. Briefly, GPCP was 
established in 1986 by the World Climate Research Program (WCRP) to document the 
spatial and temporal distribution of precipitation at climate scale (Adler et al. 2003). 
There are three GPCP global precipitation products available (version 2.2): (1) Monthly, 
2.5° merged analysis (1979-present), (2) Pentad, 2.5° merged analysis (1979-present), 
and (3) Daily, 1° merged analysis (Oct. 1996-present). Briefly, the GPCP-v2.1 Monthly 
2.5° merged analysis was constructed using multi-satellite (SSMI and IR) precipitation 
estimates, adjusting the latter using gauge analysis to remove large-scale bias, and then 
merging satellite and gauge analysis into a final product (Huffman et. al, 1997). The 
GPCP-v2.2 monthly product (available at http://precip.gsfc.nasa.gov) is the one used in 
the bias correction of the PERSIANN model output. More information on the GPCP v2.2 
monthly precipitation product can be found at: 
http://precip.gsfc.nasa.gov/gpcp_v2.2_comb_new.html.  

 
The merging procedure for GridSat-B1 and GPCP v2.2 is performed according to the following 
steps: 

1. Subset (96 overlapping subgrids) and resample (0.25° resolution) GridSat-B1 IR data 
(0.07° resolution) for ANN model input. 

2. Run ANN model for each subgrid file and generate PERSIANN-B1 rain rate. 
3. Merge PERSIANN-B1 subgrids into a global rain rate grid (0.25° resolution) covering 

60°N-60°S (480 x 1140 grid cells). (Figure 2) 
4. Accumulate PERSIANN-B1 3-hourly rain rate estimates to monthly accumulation. 
5. Resample PERSIANN-B1 monthly accumulation to 2.5° resolution to match GPCP 

(Figure 2). 
6. Calculate monthly bias adjustment coefficient w = GPCP/PERSIANN-B1. 
7. Apply bias correction to each 3-hourly 0.25° PERSIANN-B1 pixel. 
8. Accumulate each 0.25° 3-hourly pixel to 0.25° daily rain rate PERSIANN-CDR (Figure 

2). 
9. Add appropriate metadata and finalize output format to NetCDF-4 for PERSIANN-CDR.  

 
Finally, in the context of Obs4MIPS and in order to facilitate Observation/Model 
intercomparison, the daily PERSIANN-CDR files are accumulated to create the monthly 
PERSIANN-CDR files so that both daily and monthly precipitation estimates are available. A 
conversion is made to convert the daily and monthly accumulations expressed in (mm/day) into a 
precipitation flux (kg m-2 s-1) more suitable for model intercomparison. The conversion from 
[mm/day] into [kg m-2 s-1] is made according to: 

[kg m-2 s-1]=[mm/day]x[1000 kg/m3]x[1/86400 day/s]x[1/1000 m/mm]=[1/86400 mm/day] 
 



 
 
Figure 2 Global average monthly rainfall maps (mm day-1) from (top) GPCP 2.5° (Adler et al. 
2003), (middle) PERSIANN-B1 0.25°, and (bottom) PERSIANN-CDR 0.25° for August 2005. 
Adapted from Ashouri et al. (2005). 
 
4. Validation and Uncertainty Estimate  
The ANN model forced with the GridSat-B1 IRWIN followed by the bias correction algorithm 
was evaluated over for 1983 to 2012.  Figure 3 that displays the Mean Areal Precipitation (MAP) 
for Northern and Southern Tropical regions for GPCP, PERSIANN-B1, and PERSIANN-CDR 
shows that the GPCP precipitation dataset is correctly assimilated into the PERSIANN-CDR 
product, and that there is an adequate match between the PERSIANN-CDR and the GPCP 
datasets. 
 



 
 
Figure 3 Mean areal precipitation (mm/day) for Northern (0°-30°N, top) and Southern (0°-30°S, 
bottom) Tropics from monthly GPCP (red, Adler et al. 2003), PERSIANN-B1 (green), and 
PERSIANN-CDR (dashed blue) datasets. Adapted from Ashouri et al. (2015).  
 
Further verifications were made at the daily scale between PERSIANN-CDR and GPCP-1DD 
(daily version of GPCP at 1° resolution starting 10/1996). Comparison performed over different 
areas (Global, Tropics, Northern Hemispheres, Higher latitudes), showed great consistency 
between PERSIANN-CDR and GPCP-1DD (Hsu et al. 2014).    
 
In addition to elementary check of the algorithm stability and dataset consistency previously 
mentioned, the PERSIANN-CDR Daily dataset has been the focus of performance estimation 
against other products (satellite, radar, in-situ) and was used for various applications. The list of 
reference provides examples of those applications and of the validation against other products 
derived from satellites, radar, or in-situ data from local to global scales and various time scales. 
For instance, Ashouri et al. (2015) have compared PERSIANN-CDR with radar, gauges, and 
other satellites products for selected events (hurricane, extreme daily precipitation). The authors 
found globally comparable precipitation patterns with however significant local differences in 
term of rainfall accumulation. Further comparison with other satellite precipitation datasets 
showed similar long-term global daily averages and variability between the different products 
(Prat et al. 2014, 2015, 2016, Nelson et al. 2015). Differences between products were more 
important at the seasonal scale with respect to the location (N/S hemispheres) and when looking 
at extremes (Prat et al. 2016). A comparison with in-situ data showed overall consistent biases 
and correlations between products (Prat et al. 2016). Other validation of PERSIANN-CDR with 
satellite products and in-situ data have been conducted for domains over China and Central Asia 
(Guo et al. 2015a,b, Miao et al. 2015, Yang et al 2016, Yong et al. 2016, Zhu et al. 2016). 



Although being primarily infrared (IR) based, PERSIANN-CDR was found to perform 
adequately with respect to rain gauge observations when compared to passive microwave 
(PMW) satellite products (Guo et al. 2015a,b). Better performance was found for PERSIANN-
CDR during the cold season (Guo et al. 2015a), while lower performance was observed with 
respect to PMW products during Typhoon season (Yong et al. 2016). A limitation between most 
satellite products concerns the detection of light rainfall (Guo et al. 2015b). Although relatively 
satisfying, the performance in the detection of extreme precipitation events depends of the area 
considered and is lower over regions of complex topography (Miao et al. 2015).      
 
5. Considerations for Model-Observation Comparisons  
One point to take into consideration concerns the coverage of the primary sensor data 
GRIDSATD-B1 (Figure 4). Due to GRIDSAT coverage some PERSIANN-CDR daily files can 
have missing data over certain locations for the earlier years of the entire period of record. 
However, the PERSIANN-CDR entire period of record starting 01/1982 that is at a time where 
coverage was relatively satisfying the lack of coverage is limited to portions of the Indian Ocean. 
Furthermore, the inter-comparison of PERSIANN-CDR with other multi-satellite precipitation 
products, radar and in-situ datasets (Prat et al. 2014, 2015, 2016) indicate that this may have only 
a limited impact on the products accuracy at the daily scale or almost non-existent at the monthly 
scale. 
     

	
 
Figure 4 (a) Time series of ISCCP B1 geostationary satellite coverage at the equator (limited to 
a view zenith angle of 60° for illustrative purposes. (b)-(e) Sample GridSat coverage for typical 
satellite coverages: (b) two-satellite coverage with only GOES-East and -West in 1980, (c) four-
satellite coverage that is typical of most of the period 1982–98, (d) typical three-satellite 
coverage when the United States was operating only one satellite (1985-87 or 1989-92), and (e) 
five-satellite coverage that is typical of the current era (1998-present). Adapted from Knapp et al. 
(2011). 



 
Another point to take into consideration is the spatial resolution of the final PERSIANN-CDR 
(see Figure 2). While the native resolution of PERSIANN-B1 is 0.25°, the calibration using 
lower resolution GPCP at 2.5° resolution tends to smooth the precipitation features within each 
0.25° pixels with respect their neighboring counterparts in the final PERSIANN-CDR product 
with respect to PERSIANN-B1 or comparable satellite merged precipitation products (Prat et al. 
2016). 
 
6. Instrument Overview  
The primary input data for the PERSIANN-CDR algorithm comes from another CDR: Gridded 
Satellite Data from ISCCP B1 (GridSat-B1) IR Window Channel. The GridSat-B1 data are 
combined from the various geostationary satellites available over the years from 1980-present. 
The infrared (IR) data from the imager instruments on board these satellites varies in wavelength 
but should be approximately 10.0 - 12.0µm. The GridSat-B1 data set merges and calibrates these 
inputs to provide the best available near global coverage (70°N to 70°S) for every 3 hour time 
step (Knapp et al. 2011). 
 
The other input data is the Global Precipitation Climatology Project (GPCP) v2.2 2.5° monthly 
precipitation analyses derived from both satellite and ground data sources (Adler et al. 2003).  
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