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 Verification has always been recognized as important, an 
essential ingredient in the flash flood forecasting process, but in 
reality has been poorly understood and not well implemented, 
and often not maintained as a continuing activity; 

 
 Flash flood warnings verification studies are used to help to 

understand the uncertainties and limitations in forecasting 
models, and the ways in which they can be improved; 
 

 Verification scores and post-event assessments can improve the 
quality of the future flash flood warnings; 
 

 Publishing verification results and making them available to the 
stakeholders and partners is reinforcing the NHMSs credibility, 

    user-oriented policy and dedication to the cause. 
 
 
 
 



Contingency Tables and Verification Scores 
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 Contingency tables are highly flexible methods that can be used to estimate 
the quality of a deterministic forecast system and, in their simplest form, 
indicate its ability to anticipate correctly the occurrence or non-occurrence of 
predefined flash flood events.  
 

 For verification with two categories, the 2x2 contingency table is commonly 
defined.  
 

 Based on contingency tables, the scores can be computed.  
 

 Computation of these scores should be considered part of analysis and 
diagnosis functions that are routinely performed by forecasters.  
 

 The scores provide the most meaningful information if they are computed 
from large enough samples of cases. However, severe weather occurrences 
are rare events, thus the number of forecasts and observations of severe 
weather may be small, which makes the task of verification not only more 
important but also more challenging (WMO-No. 1132). 



Contingency Tables 
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 The "a" box indicates the number of 

observed flash floods that were 
correctly forecast to be flash floods, 
or hits.  

 The "b" box indicates the number of 
observed non-flash floods that had 
been incorrectly forecast to be flash 
floods, or false alarms.  

 The "c" box indicates the number of 
observed flash floods that were 
forecast to be non-flash floods, or 
misses.  

 The "d" box indicates the observed 
non-flash floods that were correctly 
forecast to be non-flash floods, or 
correct negatives.  
 
 
 
 

 
 It is a simple yes/no table where the rows represent forecast 

categories and the columns represent categories for observations. 



Probability of detection (PoD) or  
Hit Rate (HR) 
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𝑷𝑷𝟎𝟎𝑫𝑫 = 𝑯𝑯𝑯𝑯 =
𝒂𝒂

𝒂𝒂 + 𝒄𝒄
 

 

 The hit rate (HR) has a range of 0 to 1 with 1 representing a perfect forecast.  
 

 As it uses only the observed events a and c in the contingency table, it is 
sensitive only to missed events and not false alarms.  
 

 Therefore, the HR can generally be improved by systematically 
overforecasting the occurrence of the event.  
 

 The HR is incomplete by itself and should be used in conjunction with either 
the false alarm ratio or the false alarm rate. 

Presenter
Presentation Notes
These scores all have specific interpretations, which help the forecaster perform these diagnosis tasks. 



False alarm ratio (FAR): 
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𝑭𝑭𝑭𝑭𝑭𝑭 =
𝒃𝒃

𝒂𝒂 + 𝒃𝒃
 

 

 The false alarm ratio (FAR) is the ratio of the total false alarms (b) to the total 
events forecast (a + b).  
 

 Its range is 0 to 1 and a perfect score is 0.  
 

 It does not include c and therefore is not sensitive to missed events.  
 

 The FAR can be improved by systematically underforecasting rare events.  
 

 It also is an incomplete score and should be used in connection with the HR. 
 



False alarm rate (RA): 
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𝑷𝑷𝑷𝑷𝑷𝑷𝑷𝑷 =
𝒃𝒃

𝒃𝒃 + 𝒅𝒅
 

 The false alarm rate (RA) or  false detection (POFD) is unfortunately often 
confused with the false alarm ratio; 
 

 The false alarm rate is simply the fraction of observed non-events that are false 
alarms; 
 

 By contrast, the false alarm ratio is referenced to the total number of forecasts; it 
is the fraction of forecasts that were false alarms; 
 

 The best score for the FA is 0, that is, the wish is to have as few false alarms as 
possible. The FA is not often used by itself but rather is used in connection with 
the HR in a comparative sense. The HR is also referenced to the observations, 
specifically, the total number of observed events. 



Threat score (TS): 
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 The threat score (TS), or critical success index (CSI), is frequently 
used as a standard verification measure; 
 

 It has a range of 0 to 1 with a value of 1 indicating a perfect score; 
 

 The CSI is more complete than the HR and FAR because it is sensitive 
to both missed events and false alarms. 
 

𝑻𝑻𝑻𝑻 =
𝒃𝒃

𝒂𝒂 + 𝒃𝒃 + 𝒄𝒄
 

 



Verification of FF Warnings in Croatia 
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Presenter
Presentation Notes
Because of the steep mountains and hilly areas with torrents, urbanization process along Adriatic coast, insufficiently developed drainage system, and insufficient sewage capacity, Croatia is quite vulnerable to flash floods.
In Croatia, MHS collects information from the press and from National DMA who every few months delivers GIS shape file with the locations of their interventions related to flash floods.
The 2016 was the first year for which Croatian MHS has made flash flood warning verification.
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Presenter
Presentation Notes

2) monthly distribution of flash flood events in 2015, which also revealed that most of flash floods occurred in June (80), and emphasized the seasonality of flash flood occurrence



Verification of FF Warnings in Croatia 

11 First Steering Committee Meeting of the SAOFFG System 10 – 12 July, Jakarta, Indonesia 

Contingency table of flash flood warnings for Croatia in the period from 
10th of October 2015 to 29th of February 2016 

The scores for flash flood warnings for Croatia  
from 10th of October 2015 to 29th of February 2016 

Presenter
Presentation Notes
In this period, 22 flash flood events happened and spatial distribution reveals that majority of flash floods occurred along the Adriatic coast and in the hilly areas with torrents. Only one event was missed – flash flood in the city of Rijeka. The reason is that Croatian Meteorological and Hydrological Service still does not have forecaster resources to operate a 24/7 - monitoring, analysis and forecasting system. 
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Verification of FF Warnings in Turkey 
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Hit Rate (POD): (a/(a+c)) 0.70 
False Alarm Ratio (FAR): (b/(a+b)) 0.36 

False Alarm Rate (POFD): b/(b+d) 0.07 

Threat Score: (a/(a+b+c)) 0.5 

Hit Rate (POD): (a/(a+c)) 0.55 
False Alarm Ratio (FAR): (b/(a+b)) 0.15 
False Alarm Rate (POFD): b/(b+d) 0.04 
Threat Score: (a/(a+b+c)) 0.5 

Presenter
Presentation Notes
verification process in Turkey is very challenging, because Turkey has more than 11.800 subbasins, with an average drainage area of 64 km2. 
map of location frequencies of flash flood events in 2014 reported by TSMS, State Hydraulic Affairs (DSI) and press. 
Spatial distribution reveals that majority of the flash floods occurred along the coastal regions. 

Probability of Detection (PoD) was 70% in 2013, while it was 55% in 2014. He concluded his presentation explaining that PoD was lower in 2014 because of the fact that frequency of the convective storms was high and that satellite estimation and numerical weather forecasts of precipitations intensity and amount are relatively poor in comparison with synoptic and mesoscale systems. 
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 Participating countries should be advised to collect flash flood 
events reports as much as possible and create maps and 
contingency table; 
 

 Verification of flash flood warnings is essential for evaluating and 
improving operational forecast products, including FFG System, 
and holds great potential for advancing predictability of flash 
flooding; 
 

 Framework guideline for cunducting verification study on flash 
flood warnings based on scientific verification methodologies is 
needed which participating NMHSs should use in their 
verification studies. 
 

 
 

 
 
 



Thank you 
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Paul Pilon 
ppilon@wmo.int 

Ayhan Sayin 
asayin@wmo.int 

Petra Mutic 
pmutic@wmo.int 
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