
 Time lagged ensemble of precipitation 
forecasts over the Eastern Mediterranean  

 Pavel Khain, Yoav Levi, Alon Shtivelman, Elyakom Vadislavsky, 
Eyal Amitai, Evgeniy Brainin and Nir Stav  

 
The Israel Meteorological Service, Israel  

COSMO User Seminar, Offenbach, February 2018  

Zied Ben Bouallegue and 
Susanne E. Theis (DWD), 2014 



20170210 00Z 
+48h 

20170209 12Z 
+60h 

20170209 00Z 
+72h 

~35% of 

population 

~10% of 

population 

Motivation 

Precise precipitation forecast is needed 

20170211 
18-24Z 

RADAR 

http://141.226.2.57:7776/~alon/radar/20170211/radar_06.png


20170211 12Z 
+12h 

20170211 00Z 
+24h 

20170210 12Z 
+36h 

20170210 00Z 
+48h 

20170209 12Z 
+60h 

20170209 00Z 
+72h 

20170211 
18-24Z 

The last available run is not always better 

How can we use the previous runs to improve our forecast? 

Time Lagged Ensemble 

Motivation 
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Smoothing plays the role of additional ensemble members 
(although worse) 

 
Weak smoothing not enough spread  many false alarms 

 
Strong smoothing no sharpness  the forecast is not useful 
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Verification domain 

Period: 
Dec-Feb 2017 
Dec-Feb 2018 
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Example: Lead time ensemble for +18-24h 
Smoothing radius: 20km 
Event:          >1mm/6h 
Non-Event: <1mm/6h 

Reliability: explanation 

For all grid points where the 
forecast was at bin n, count the 
number of events and non-events 

Simple illustration 



Reliability: explanation 

Bin 80-90%: the number of events 

Bin 80-90%: BEST if number of 
events is indeed 80-90% of all 
the grid-points (in that bin) 

Simple illustration 



Bin 80-90%: the number of forecasts 

Reliability: explanation 

Bin 80-90%: BEST if number of 
events is indeed 80-90% of all 
the grid-points (in that bin) 

Simple illustration 
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Minimize 
the area 

If for all occasions when forecast probability Pk is predicted, the observed frequency of the 
event is Ok = Pk then the forecast is said to be reliable. Similar to bias for a continuous variable 
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Example: Lead time ensemble for +18-24h. Smoothing radius: 20km. Event: >1mm/6h 
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Reliability  vs. Smoothing radius  
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From Reliability to ROC 

ROC 



Example: Lead time ensemble for +18-24h 
Smoothing radius: 20km 
Event:          >1mm/6h 
Non-Event: <1mm/6h 

ROC: explanation 

For all grid points where the 
forecast was at bin n, count the 
number of events and non-events 

Simple illustration 
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Example: Lead time ensemble for +18-24h. Smoothing radius: 20km. Event: >1mm/6h 



ROC area vs. Smoothing radius  
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𝐹𝐵𝑆 𝑇𝑟, 𝑅 =
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𝐹𝐵𝑆𝑤𝑜𝑟𝑠𝑡 𝑇𝑟, 𝑅 =
1

𝑁
 𝑀𝑖,𝑗

2 + 𝑂𝑖,𝑗
2

𝑖,𝑗

 

𝐹𝑆𝑆 𝑇𝑟, 𝑅 = 1 −
𝐹𝐵𝑆 𝑇𝑟, 𝑅

𝐹𝐵𝑆𝑤𝑜𝑟𝑠𝑡 𝑇𝑟, 𝑅
 

Brier score: 

Worst Brier score: 

Fractional Skill Score: 

𝐹𝑆𝑆=1 𝐹𝑆𝑆=0 
BEST WORST 

For every threshold and every smoothing radius: 

Roberts and Lean (2008), Ebert (2008)  

𝑀𝑖,𝑗 - forecast probability to path the threshold 
𝑂𝑖,𝑗 - fraction of observations in surrounding R which passed the threshold 

Fractional Skill Score (FSS) 



FSS vs. Smoothing radius  

Optimal smoothing radius vs. threshold and forecast range 
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Optimal Smoothing radius vs. Forecast range 
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Deterministic Time-lagged ensemble 

Typical Spatial Error vs. Forecast range 
                       for COSMO-2.8km (avg. over thresholds) 

Time-lagged ensemble 
improves the rain forecast 



Deterministic Time-lagged ensemble 

Typical Spatial Error vs. Forecast range 
                       for IFS-9km (avg. over thresholds) 



Deterministic Time-lagged ensemble 

Typical Spatial Error vs. Forecast range 
                       for ICON-25km (avg. over thresholds) 



Deterministic Time-lagged ensemble 

Typical Spatial Error vs. Forecast range 
                        for GFS-25km (avg. over thresholds) 
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Summary 

The forecast 
can wait – let’s 

go for lunch  

Thank you for your attention ! 



(Some additional slides …) 



Typical Spatial Error vs. Forecast range for 
deterministic runs 







לקראת צהרים ולקראת לילה  

 !יש פחות משקעים

 FSS בשעות אלה נמוך יותר 

 ?למה הציון מזגזג כתלות בטווח התחזית –חוב מתחילת ההרצאה 
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