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Source Merits Demerits

Rain gauge Accurate at given points No measurements at complex 
terrain, ocean ……

Radar good spatiotemporal coverage Part coverage, bad quality in 
China

Satellite Global coverage at near real-
time

Indirect measurements with 
large systematic bias and 

random error

Motivations

merging precipitation measurements by different sources to 
maximize the merits of each individual sensor  has been becoming 
a major way to obtain better precipitation

a two-step merging conceptual model of the PDF-OI is proposed 
and tested  for gauge-satellite merged precipitation analysis at 
daily/0.25º (Xie and Xiong, 2011)

 Is this conceptual model suitable to generate gauge-satellite 
merged product with hourly/0.1º resolution?



Check error features of CMORPH precipitation for PDF matching



check error structures of gauge and bias-corrected CMORPH fields for 
daily/0.25º and hourly/0.10º resolutions in OI

The random error curves for the gauge‐
based precipitation analysis

The random error curves for bias‐
corrected CMORPH field

daily/0.25º : ~2400 national  automatic weather stations (AWS) obs.
hourly/0.10º :~ 30,000 national and regional AWS obs.



Data

 Hourly gauge data from 
~30,000 AWS for 2008-2010

 Interpolated AWS through 
the optimal interpolation (OI) 
algorithm developed by Xie 
et al. (2007)

 CPC MORPHing technique 
product of CMORPH is used 
as satellite data

23z, July 2, 2009



PDF-OI technique at hourly/0.10º 
 PDF matching strategy: 

 20 days and 6 hours before the target date as the temporal window

 A  4º in latitude/longitude centered at the target grid box as spatial domain 
because hourly precipitation shows a stronger local feature

 We select 1200 or more collocated pairs to guarantee at least 400 non-zero 
pairs owing to higher frequency of zero rain events in hourly gauge and 
CMORPH data. If 1200 pairs is not satisfied spatial domain will be 
expanded. 23z, July 2, 2009



PDF-OI technique at hourly/0.10º 
 OI merging: error correlation of 

the bias-corrected 
CMORPH precip. 
with the distance 
between any two 
points: exponential 
declining function 

the error variance for 
the gauge-based 
precipitation analysis is 
proportional to the 
precip. intensity and 
inversely proportional 
to the gauge density

the error variance for 
the bias-corrected 
CMORPH precip. Is 
linearly increase with 
gauge-based precip. 
analysis



Validations

 Cross validation is conducted for the 
period of JJA of 2009

 systematic bias between the improved 
merged products and the gauge-based 
precipitation analysis is the smallest.

 RMSE (Cor.Coe.) between the 
improved precipitation and gauge 
analysis keeps lower (higher) than the 
one between the original estimates 
and gauge data. 

 The improved PDF-OI works well

-0.009, -0.038, -0.002mm/h

1.056, 0.678, 0.594mm/h

0.453,0.728,0.800



Gauge-based Pre. Ana.

Merged results by Orig. PDF-OI

Original CMORPHMon. accumulated hourly Pre. In July, 2009

Merged results by Impr. PDF-OI



Intercomparison of products from 2008 to 2010
 Frequency of bias with the its value less 

than -0.2 mm/h is 88.4% and 10.1% for 
the original and improved PDF-OI 
products, respectively. 

 The maximum frequency of bias is 
49.0% existing in the interval of -
0.5mm/h≦Bias<-0.3 mm/h for the 
original product while the 
correspondence is 41.2% in the level of 
-0.2mm/h≦Bias<-0.1mm/h for the 
improved one. 

 The frequency with bias within ±
0.1mm/h accounted for about 48.7% in 
the improved data while only 3.3% in 
the original one 

Bias

Min. Max. Mean

Orig_PDF‐OI ‐0.108 ‐0.004 ‐0.046

Impr_PDF‐OI ‐0.030 ‐0.001 ‐0.012



Intercomparison of products from 2008 to 2010

RMSE

Min. Max. Mean

Orig_PDF‐OI 0.077 0.992 0.444
Impr_PDF‐OI 0.028 0.784 0.237

 The maximum frequency of RMSE is 
36.8% in the level of 1.0 
mm/h≦RMSE<1.5 mm/h for the 
original merged data as the related one 
is 31.9% existing in the interval of 0.3 
mm/h≦RMSE<0.5 mm/h for the 
improved estimate. 

 The frequency of RMSE with the 
interval of RMSE <1.0 mm/h is 45.5% 
and 91.6% for the original and improved 
ones, respectively. 

 The frequency with RMSE larger than 
1.0 mm/h is reduced dramatically from 
54.5% to only 8.4%.



Intercomparison of products from 2008 to 2010

Rainfall（mm/h） 
Orig_PDF-OI Impr_PDF-OI 

Bias RBias RMSE Bias RBias RMSE 
0.1-1.0 -0.09 -0.23 0.23 -0.004 -0.01 0.13 
1.0-2.5 -0.37 -0.23 0.68 -0.08 -0.05 0.27 
2.5-8.0 -1.02 -0.24 1.74 -0.35 -0.08 0.83 

8.0-16.0 -2.79 -0.26 4.15 -1.15 -0.11 2.22 
≥16.0 -6.31 -0.28 8.82 -2.72 -0.12 5.02 

 

The errors in the precipitation products are also rainfall-dependent

 The systematic and random errors are dependent on the rainfall and increased with the 
rainfall rate;

 Bias is changing from -0.09 mm/h (-0.004 mm/h) for the small rainfall to -6.31 mm/h (-
2.72 mm/h) for the heavy rainstorm in the original (improved) estimates, respectively;

 The RMSE is falling between 0.23 mm/h (0.13 mm/h) for the small rainfall and 8.82 
mm/h (5.02 mm/h) for the heavy rainstorm in the original (improved) estimates, 
respectively. 



Summary
 Errors of gauge-based precipitation analysis and satellite data are dependent on the 

spatial-temporal resolutions and rainfall amount over China;

 Parameters and strategies in daily PDF-OI merging algorithm is improved to create 
merged precipitation analysis at hourly and 0.10º grid over China by merging gauge-
based analysis and satellite-based CMORPH estimates;

 The cross-validation results show that the improved PDF-OI merging algorithm over 
mainland China has more capability of removing the errors and improving the spatial 
pattern correlation consistently than the original method during the testing period.

 Intercomparison shows that the merged products by the improved PDF-OI method 
have a better agreement consistently with the gauge observations than the one by 
original PDF-OI.

 Further wok is to construct long-term hourly gauge-CMORPH merged datasets over 
China since 2003 and to strengthen cross validation for merged products.



 A daily gauge-based precipitation analysis datasets has been  
constructed since 1960 using ~ 2400 AWS on the 0.25°and  
0.5°resolution;

 A daily gauge-satellite merged precipitation analysis datasets is 
developed for the period of 1998-2011 on the 0.25°resolution based 
on the ~2400 AWS and CMORPH estimate;

An hourly gauge-satellite merged precipitation analysis datasets is 
generating from the year of 2003 on the 0.1° resolution based on the 
~30,000 AWS and CMORPH estimate.

What can we do for IPWG?



Thanks for your attention! 
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