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estimates. However, underestimation of the adjusted CMORPH data remains at 

reference hourly rain rates below 6 mm/h. Again this is due to the fact that there 

are nearly 70% of CMORPH hourly rain rates over radar domain with values less 

than 0.1 mm/h. CMORPH adjustment is not effective in those low rainfall rates. 

Therefore, the increase in the adjusted CMROPH accumulated rainfall (Figure 

21d) is not enough to reach the radar level (Figure 21a). Meanwhile, WRF 

provides more accurate accumulated rainfall estimates (Figure 21b) than the 

adjusted CMORPH. The hourly rainfall time series (Figure 22d) also indicates 

that the missed detection of CMORPH rain rates cannot be meliorated by the 

adjustment procedure. The bias score plot (Figure 22b) also illustrates that the 

improvement of adjusted CMORPH data is insufficient, while WRF provides 

better estimation at all rain rate thresholds. However, it is important to note that 

bias score only shows the ratio of occurrences number between CMORPH and 

WRF rain rates. HSS plot (Figure 22c) gives more information such as the 

probability of detection and occurrences by chance. The CMORPH adjustment 

provides significant improvement in terms of HSS especially for large rain rate 

thresholds. The adjusted CMORPH data outperformed the other two estimators in 

HSS plot.    

 

6 Conclusions 

This study investigated the use of Weather Research and Forecasting (WRF) 

model analysis in satellite rainfall estimation (CMORPH) over complex terrain 

areas based on five extreme storm cases that occurred in southern Europe. Radar 
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derived precipitation was considered as reference rainfall to evaluate the possible 

improvements of the WRF-based adjusted CMORPH estimates. 

On one hand, CMORPH has a tendency to substantially underestimate rainfall 

magnitude. In some cases, low rain rates are not even detected by CMORPH. 

Meanwhile, CMORPH performs well in capturing the major rainfall peaks 

according to radar hourly rainfall time series. On the other hand, WRF high-

resolution analysis tends to provide relatively accurate estimation in terms of 

overall rain rates intensity. However, a time difference always exists between 

WRF and radar rainfall peaks. WRF also missed rainfall peaks in some storm 

events. Overall, we noted improvements by using WRF-adjusted CMORPH 

estimates relative to the original CMORPH and WRF analysis data. Adjustments 

were applied using a power-law function with parameters determined on a storm-

to-storm basis. The main findings from the analysis of the five storm cases are 

summarized as follows: 

The adjusted CMORPH hourly rain rates exhibit improvements as long as the 

original CMORH observation has detected the rainfall. The missed detections of 

original CMORPH estimates have major limitation in the application of the 

proposed technique. From the five storm events examined herein, the CMORPH 

estimates of Fella2003 and Sesia2006 cases had the least missed detections than 

the other three cases. These cases exhibited the most significant improvements 

from the WRF-based adjustment.  

In most cases, the intense rain bands estimated from CMORPH data were 

slightly misplaced relative to the radar rainfall. This misplacement cannot be 
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corrected by the adjustment procedure and was mainly due to snow contamination 

effects on the microwave retrievals. 

The adjustment was shown to provide significant improvement for the high 

rain rates, which sometimes caused the adjusted CMORPH rain rates exceeding 

the radar rainfall rates. Meanwhile, there was only slight improvement for the 

relatively low rain rates, which was not enough to reach the radar rainfall values.  

In all storm cases, the bias scores of the original CMORPH versus radar 

exhibited strong rain rate magnitude dependence. After CMORPH adjustment, 

this magnitude dependence has been moderated.  

The storms occurring in same area tend to have similar CMORPH 

performance on rainfall estimation. For example, both Sesia2005 and Sesia2006 

CMORPH accumulated rainfall fields show a slight misplacement of intense rain 

band to the eastern direction comparing to radar rainfall fields. This misplacement 

is attributed to the high elevation mountainous area located at the west part of 

Sesia domain. Moreover, relative to HSS, the BS is more sensitive to the 

CMORPH adjustment of Sesia cases. In the contrary, HSS is more sensitive to the 

CMORPH adjustment for the Gard cases than BS. 

Overall, the adjusted CMORPH rainfall performed consistently better than the 

original CMORPH data. Furthermore, in most of the cases, the adjusted 

CMORPH rainfall provided better estimation than the WRF analysis in terms of 

specific skill scores. 
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Figure 11. Sesia2006 case: accumulated rainfall distribution (a) WRF; (b) CMOPRH; (c) adjusted 

CMORPH. The area encompassed by the black rectangle box is the fitting domain; the area encompassed by 

the gray inner rectangle box is the radar domain. 
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Figure 12. Sesia2006 case: plots over fitting domain. (a) Q-Q plot; (b) Bias ratio. 
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Figure 13. Sesia2006 case: accumulated rainfall distribution over radar domain. (a) radar; (b) WRF; (c) 

CMORPH; (d) adjusted CMROPH. 
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Figure 14. Sesia2006 case: plots over radar domain. (a) Q-Q plot; (b) Bias scores; (c) Heidke skill scores; 

(d) Hourly rainfall time series. 
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Figure 15. Gard2007 case: accumulated rainfall distribution (a) WRF; (b) CMOPRH; (c) adjusted 

CMORPH. The area encompassed by the black rectangle box is the fitting domain; the area encompassed by 

the gray inner rectangle box is the radar domain. 
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Figure 16. Gard2007 case: plots over fitting domain. (a) Q-Q plot; (b) Bias ratio. 
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Figure 17. Gard2007 case: accumulated rainfall distribution over radar domain. (a) radar; (b) WRF; (c) 

CMORPH; (d) adjusted CMROPH. 
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Figure 22. Gard2008 case: plots over radar domain. (a) Q-Q plot; (b) Bias scores; (c) Heidke skill scores; 

(d) Hourly rainfall time series. 


