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1 Overview of the Assessment Tool

The Heavy Rainfall Warning (HRW) Assessment Tool is a todtki Microsoft Excel. The tool
allows the user to configure an assessment framework for iaytartformat of Heavy Rainfall
Warning, enter and save data for forecasts and ground-truths, andtgenesinge of performance
measures and other statistics for new and previously saved data.aButatyles are presented
using Excel's PivotTable feature, from which charts can also be generated.

1.1 System Requirements

1.2

The HRWAssessment Tool runs under Microsoft Excel 97 or lateWomdows 95/98/ME,
Windows NT, Windows 2000 and Windows XP. There are slight differencegeéetthe
workbooks generated for Excel 97, 2000 and 2002. For normal use the rigllavmimum
system specification is recommended:

Desktop workstations

At least 300 MHz Pentium

At least 64 Mbytes physical memory

At least 20 Mbytes free disk space

A display capable of 800x600 by 256 colours
A mouse or other compatible pointing device.

Installation Procedure

This version of the HRW Tool may be run entirely or partially from the CD.

It is recommended that the hrw_tool folder is copied from the CDstored locally. The
templates and examples supplied on the HRW Tools CD have been situpendefault of
expecting the hrw_tool folder to reside under c:\nrw_assessmeritis Ifdider is stored
elsewhere then the templates and examples should be edited andosthatdtlsey point to
the correct locations. This is described below. There should be nomedd the templates
and examples if the c:\hrw_assessment directory is chosen.

If the templates are used directly from the CD the locatfoie workbook or template will
have to be specified each time the tool is used.

The HRW tool is designed so that dll files do not need to be copied the CD. The
programs will look for the dll files on the D drive: thus userd wded access to the CD
whenever they run the HRW tool. If the dll files are locategwhere, or the D drive is not
the CD-drive, then the HRW_results template should be modified to ititet correct
location (see below).

Editing the HRW.xIt template
This operation will be necessary unless the templates aredorathe c:\nrw_assessment
\hrw_tool\templates directory.
(1) Make sure that the templates directory has been moved to the required location.
(2) Set the HRW.xlt file to have read/write access (Right dickhe templates folder in
Windows Explorer and select properties: make sure that the readoxlys not
checked).



(3) Open the HRW.xIt template hbyght-clicking on the file name in Windows Explorer
and selecting "Open". Do not double click to open, as this will simply generate a
spreadsheet derived from the template.

(4) Specify the location of the HRW_RESULTS.xIt template at the dbgphe "Data
Table" worksheet of the HRW template, in the field labelledptt workbook or
template”, as shown in Figure 1. The Browse button can be usedigateaw the
location of the Results template as installed on your machine.

(5) Save the HRW.xIt file

(6) Make the HRW.xIt directory is read-only - right click on thenptates folder in
Windows Explorer and select properties, check the read-only box .

Ed Microsoft Excel - HRW.XLT [Read-Only]
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Mumber of target quantities
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Figure 1 Specifying the location of the Results workbook template.
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Editing the HRW _results.xIt template
This operation should only be needed if the dll is not to be found on tk¢ td&8 CD under
the D drive
(1) —(3) as above, but for the HRW_results.xlt sheet.
(4) The location of the forecasting verfication dll should be smetiéit the top of the
"Data" worksheet Results template, as shown in Figure 2. Ag&noase button is
provided and should be used to navigate to the location of the forecasgtatienfdll,
located on the CD under \hrw_tool_dII\dII.
(5)-(6) Save and make read-only as above.

Editing the examples workbooks

The examples will need to be edited unless the template fites stored in the
c:\nrw_assessment\hrw_tool\templates directory. The examplesdsbeutdited in the same
way as the HRW and HRW_results templates.
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1.3 Assessment Procedure

Assessment using the HRW Tool consists of four stages: confayrdiata entry, data table
export and performance measure generation. Two different Exckbeaks are used in this
process: the Data Entry Workbook for configuration and data entry, arRethdts Workbook
to which data are exported and in which results are calculated.

The starting point for assessment is the HRW.xIt Excel tat@plThis is used to generate the
Data Entry Workbook. The user carries out configuration and data entinjsiworkbook and
then uses embedded worksheet buttons to export the data to thés Réstdktbook where
performance measures and other statistics are generate@& iM@rmation about the
recommended procedure in terms of selection of ground-truths, compai@tecasts and
sample sizes required for different performance measures is givertionSec

1.4 About this User Guide

Sections 2 to 5 of the User Guide present a "walk-though" of espéctaof the HRW

Assessment Tool user interface, presented in the order typaatiyuntered by the user. In
Section 6 an overview of the recommended assessment procedure add togach of the

available performance measures is given. In Section 7 the dath imsthree example

assessments are listed and advice is given as to how touseké the information contained in
the warnings. The Excel workbooks containing these example assgsstan be found on the
CD under hrw_tool\examples. A pdf version of this User Guide can be foutige 6®D under

hrw_tool\documentation.

1.5 Limitations

It is important that the user does not alter the layout of thé&/HRol workbooks in any way.
The correct functioning of the workbook is dependent on the worksheet |dgng
unchanged.



2 Configuration of a Heavy Rainfall Warnings Assessnat

The first stage in the assessment process is configuration of the assessatienis 3.1 to 2.4
describe how to create a new Data Entry Workbook and enter configuration infornhddiny of
the configuration specifications may remain constant for a given format ohftseand so the
construction of a pre-configured template is described in Section 2.6.

2.1 Creating a new Data Entry Workbook

To create a new Data Entry Workbook, navigate to the hrw_tool\tezsfiaider and double click
the file "hrw.xIt". Excel will open and create a new workbook basethe hrw.xlt template. This
workbook is used to configure an assessment and enter data. You mato vgigve the new
workbook immediately with an appropriate name and location.

The new assessment workbook consists of two worksheets named "Cofigjueatd "Data
Table". The Data Table Sheet is described in Section 3. Sectiorne 2.8.describe how to fill in
each part of the Configuration Sheet to configure an assessment.

2.2 Overview of the Configuration Sheet

An example Configuration Sheet filled in for a set of North&esjion Heavy Rainfall Warnings is
given in Figure 2.

The worksheet is headed with the title "Heavy Rainfall WayrAssessment Tool: Configuration
Sheet". Below this title is a grey bar containing a button lethélCreate Tables". This button is
used to create data entry tables on the "Data Table" slneet tive Configuration Sheet has been
completed.

Below the grey bar is a purple area where the configurati@lsiete filled in. Depending on the
resolution of your monitor and font settings, you may wish to view tt@stsat 75 % zoom in order
to view the full width of the configuration area without scrolling.

The configuration area contains three main sections which defined the catidiguBections 2.3 to
2.5 describe the three areas in turn.

When the configuration details have been entered, the Create Tatims $hould be clicked to
generate the data entry tables on the Data Tables She€te&eamn 3 for further information on
data entry.



a) Top half - Assessment Details and Performance Measure Specificati
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Heavy Rainfall Warning Assessment Tool: Configuration Sheet

Create Tables |

“hote: For probability tables, a single forecast entry should be made. The redian Forecast walue and the probability table itzelf will both be azzessed [mmedian only if Brier zcore not requested)

Asszeszment Details

Reference  ME Event 5b Part 1
Motes:

Start Date 29 July 2002

End Date 37 .July 2002

Mumber of areas to be aszessed 7
Marnes of areas Central & M. Pernines Chevict Moors M.E. Coast | S Pernines | Vales & Wolds W Perr
MNurmnber of target quantities ta be assessed 2
Fieference number of target quartities 1 2 3 4 5] B 7
Marnes of target quantities  Spatial Maxirnum Accurnulation Spatial Mean Accurnulation

Linits: o T

. r
Kurnber of warnings to assess 3

@

20 | Performance Measures
Al Tupical size of error |TF|L|E | Vl
o2 | Efficiency TRUE
23 | Biaz TRLE
24| Skill Scores TRLE
25 | Statistics of observations  TRUE
2 | Statistics of forecasts  TRLE
| Comnpare forecasts  TRUE
28 | Compare ground truths - TRUE
29 | Errier Score [Probabilitu]™ FALSE
a0

Bottom half - Target Quantities

Target Quantities
Quantity [1 1
Mame  Spatial Maximum Aceumulation

Units mm
Mumber of forecasts ta assess 3
Mames of forecasts
Tupe TRUE if Faresast is in prabability table farm
Mumber of rainfall categaries for probability tables

HRW Const 20mm_‘onst 2mmdkr

Mumber of ground truths

2

A P R B P O Y Y P O P P
el e Pt bbbt e e o es o =],

Mames of ground truths  Riaingauge]  Riadar
Mumber of skill seore thresholds &
Skill score threshold values = 0 1 23 ez 43 2]
Guantity 2
Mame  Spatial Mean Accumulation
Units  mm
Mumber of forecasts to assess 3
Mames of forecasts HRW Const 20mm_onst 2mmdhr
Type TRUE if forecast is in probability table form
Mumber of rainfall categories For probability tables
Mumber of ground truths 2
Mames of ground truths  Raingauge]  Fiadar
Mumber of skill seore thresholds &
Skill score threshold values » 0 1 23 ] 43 59

Figure 2 Example Configuration Sheet in the Data Entry Workbook.

2.3 Assessment Details

This section of the Configuration Sheet should be filled in with thevaat details for the
assessment. Many of the fields entered here will be common to all assess&ma given format of
Heavy Rainfall Warning. See Section 2.6 for more information about foowreate a pre-
configured template to avoid re-entering common information.

2.3.1 Reference

Optional. Enter a reference number, name or code for this ass#s3inis field will appear in the
output and provides a way of identifying a set of assessment datfidld is not used for
calculation by the software.



2.3.2 Notes

Optional. Enter any further information required about the assessitasatfield is not used for
calculation by the software.

2.3.3 Start Date

Optional. Enter the start date of the assessment period, ifedqiiine date will be reformatted to
the form "01 January 2002" and will appear in the output. This fieldtisised for calculation by
the software.

2.3.4 End Date

Optional. Enter the end date of the assessment period, if requivediate will be reformatted to
the form "01 January 2002" and will appear in the output. This fialdtisised for calculation by
the software.

2.3.5 Number of areas to be assessed

Compulsory. Enter the number of separate areas for which HeanfaR®arnings are issued and
are to be assessed. When deriving performance measurecstailsbe calculated for each area.
If desired, assessment can be carried out separately for eschirawhich case "1" would be
entered here. Note however that if this approach is taken therenayntm compare performance
across different areas using the HRW Assessment Tool.

2.3.6 Names of areas

Compulsory. Enter a name for each area in a separate column. arbaseames appear in the
output. Note area names and order of appearance in the list rmasih reonsistent for different
assessments if results are to be merged.

2.3.7 Number of target quantities

Compulsory. Enter the number of different target quantities to esset A target quantity is a
single quantity that is forecast in the Heavy Rainfall Warnings. Thesést quantity should always
be able to be assessed against the same ground-truths and comfuastasts. For example, in
some regions the forecast quantity is always describediafalraamount”, and so there would be
just one forecast quantity. In other regions a rainfall amount andxanum rainfall are usually

given. Try to include all quantities that could be given in a warmngjust those included in the
set of warnings to be assessed immediately.

2.3.8 Names of target quantities

Compulsory. Give a name for each of the target quantities. Heehelpful to use a name that
describes how the quantity would be derived from the true rhifiéddl. An example set of
guantities is:

"Spatial Mean Accumulation” - the areal average rainfall accumulatedrm/appropriate time.
"Spatial Maximum Accumulation” - the areal maximum point rainfall in tfeeienulated field.
"Spatial Maximum Rainfall Rate" - the areal maximum point rainfadl dauring the period.

Performance measures will be pooled across the same target quantagtforalifferent warnings.

Note that for some regions (e.g. Thames/Southern/Anglianptheaf of Heavy Rainfall Warnings

includes two target quantities, each of which have two fore@gobability forecast and a 'most
likely' forecast. See Section 7 and the accompanying example woskbmofurther examples of

target quantities contained in Heavy Rainfall Warnings from various regions.



Note quantity names and order of appearance in the list mustnremasistent for difference
assessments if results are to be merged, and so it is veoytamt to define the quantities clearly
before starting any assessment.

2.3.9 Units
Compulsory. Enter the units for the quantity, usually "mm" or "mm/hr".

2.3.10 Number of warnings to assess

Compulsory. Enter the total number of warnings to assess. Thigsually be the physical number
of Heavy Rainfall Warnings issued in the assessment period. ldowesre may be cases when a
single warning contains more than one forecast of a single gudotitexample a forecast of
spatial mean rainfall for two different time periods. In ttése the simplest solution is to include
this as two warnings. See Section 7.2 for an example of this.

2.4 Performance Measures

In this section of the Configuration Sheet there is a drop downolistdch set of performance
measures; setting the value to TRUE will result in the apptepparformance measure being
calculated, setting it to FALSE will mean the statistices ot produced. Note that the Brier Score
should only be used when the warnings contain probability forecastsSe&ttion 6 for a guide to
each set of performance measures.

2.5 Target Quantities

The last section of the Configuration Sheet contains a sub-sectieadbrof the target quantities
named in the Assessment Details section.

2.5.1 Quantity

Compulsory. This is the reference number of the target quantity given in therAsaefxetails
section. This number is automatically filled in.

2.5.2 Name

Compulsory. The name for this target quantity. This field is filled in automigticam the name
give in the Assessment Details section.

2.5.3 Units

Compulsory. The units for this target quantity. This field is filled in automéatifraim the units
give in the Assessment Details section.

2.5.4 Number of forecasts to assess

Compulsory. The number of different forecasts to be assesstuilsfguantity, including the Heavy
Rainfall Warning forecasts and any comparative forecastsNergod/Gandolf) or naive forecasts.
In the example shown in Figure 2 the Heavy Rainfall Warningcésteand two naive forecasts
have been included for both forecast quantities.

2.5.5 Names of forecasts

Compulsory. Names for each of the forecasts to be assessele Fteavy Rainfall Warnings this
would normally be the name given in the warning (e.g. "Most likeiynt maximum®), or simply
"HRW" if there is only ever one Heavy Rainfall Warning forecast typéhisrquantity.



2.5.6 Type TRUE if forecast is in probability form

Compulsory for probability forecasts. For other forecasts this field canti#dek. Note only one
probability forecast is allowed for each target quantity.

2.5.7 Number of rainfall categories for probability tables

Compulsory for probability forecasts. The number of rows in the probability tabledingla row
for a lower bound of zero, even if this is not included in the probability table.

2.5.8 Number of ground-truths

Compulsory. The number of ground-truths to be used in the assessment of this quantitgyThis m
include truth derived from different sources, e.g. raingauge and radar, anendiffeethods of
obtaining the ground-truth value, e.g. median or mean raingauge.

2.5.9 Names of ground-truths

Compulsory. A name for each form of ground-truth. It is helpful for the name to beagptiee as
possible in defining how the ground-truth was derived.

2.5.10 Number of skill score thresholds
Compulsory if skill scores requested in Performance Measures section.

2.5.11 Skill score threshold values

Compulsory if skill scores requested in Performance Measures section. Uiée efdhe thresholds

to be used. These are used to derive measures of the performance of forecatitsimgpeenfall

above or below a given amount or rate. A range of thresholds should be specified, inclwding zer

and the Heavy Rainfall Warning trigger values if known. Note that the skillsstmk for

forecasts and observation greater than the threshold value, so a common forecast o B@sthm i
tested using a threshold slightly less than 30 mm, e.g. 29, 29.5 or 29.9 mm. Units for the thresholds
are the same as those of the target quantity.

2.6 Creating a pre-configured template

Many of the fields in the Configuration Sheet can be defined onca fpven format of Heavy
Rainfall Warning. This is advisable to ensure consistency across difteesgessments and to enable
the merging of data to derive pooled measures over largeresampk. Once the fields have been
decided upon, a template can be created as follows.

Open the HRW.xIt template file by right clicking on it inimlows Explorer and selecting Open.
Now save the file under a different name as a templateefide HRW_Thame.xIt). You may need
to navigate back to the HRW Tool directory as Excel often has-eopfegured directory in which
to save template files. Add the configuration details to theiQunaftion Sheet of the new template
and save again as a template. Close the template and then omekbaok from it by double
clicking on the file name in Windows Explorer. Check the configurabyrclicking the Create
Tables button. Make changes to the template file as necessangewhemplate can now be used
in place of HRW.xlt to generate new Data Entry Workbooks.



3 Data Entry

When the configuration has been completed, click the Create Tablesa buttthe Configuration
Sheet. This triggers a process to validate the configuratiormation and then use the information
provided to create a set of data entry tables on the Data $hbkt. Note that once the data tables
have been generated, clicking the button again will overwrite the tabtesding to the current
configuration. This is not recommended. To amend the data table strugptmerate a new Data
Entry Workbook from the HRW template and then copy and paste theantlfields into the
Configuration Sheet of the new workbook. Then use the Create Tables tugenerate new data
tables.

An example Data Table Sheet is shown in Figure 3. Sections 3.1desx:8be how to add data to
the tables.

a) Data Table Sheet derived from the configuration shown in Figure 2.
& T E 1] T [ F | ! I L

I c I E I G I H [+ T « w1 H =
, |Heaus Rainfall Vaming Assessment Tool: Data Entry Shest —_
3 | Epon 13m Export workbeok or template: A Painfal fest AHRWT o.ol_Demattemplatesthra_resultzzlt
| 4| Aedd to sxisting table: FALSE
| & | Swmmary of Assessment information
z
[0} T
B Humber of warnings &
| 16| Data Estry Tables
|15 | Enantity 1 Ho_ Growsds 2 Usits mm
| 13 | Ham: Spatial Mazimem Aci Mo. Forecasts 3
| - Forecast 1 [Forecast 2 |Forecast 3 | Grousd truth| Grousd trath 2
| : Warning Humber Issue Ti idity TimelDat Trigger Area Ho. Arca Start TimefDate End TimefDate| HRY Const 20ms Const Zmmfhr | Raingawge | Radar
I 1 147 06:3329-Jul-02 1500 25-Jul-02 Thumderste 1 Cantral & M. Pennine: 15:00 25-Jul-02 15:00 30-Jul-02 30 20 18 206 55.03]
| 23 | 1 M7 06:33 29-0ul-02 1500 23-Jul-02 Thumdersto 2 Cheviot
| o4 | 1 147 06:5329-0ul-02  15:00 25-Jul-02 Thumderste 3 Moors 15:00 25-Jul-02 15:00 30-Jul-02 £ 20 48 22 3463
I 1 M7 06:33 23-0u-02 1500 23-Jul-02 Thumdersto 4 NE. Coast
| : 1 147 06:53 29-0ul-02  15:00 28-Jul-02 Thumdersto 5 5. Pennines 15:00 25-Jul-02 15:00 30-Jul-02 a0 20 48 354 159,568 b
| : 1 147 06:33 23-Jul-02 1500 23-Jul-02 Thumderste £ Wales & Wolds 15:00 25-Jul-02 15:00 30-Jul-02 30 20 18 1.2 196,66
Ea 1 147 0633 2-0ul-02 1500 23-Jul-02 Thumdersto T W. Pennines
[ 29 | 2 45 OTAS29-Mu-02 1500 03-Jul-02 Heavy Fain 1 Contral & M. Pannine: 16:00 30-Jul-02  15:00 31-Jul-02 &0 20 48 04 3558
[ 2 48 OT1523--02  15:00 03-Jul-02 Heavy Pain 2 Cheviot
E 2 45 OTASEIM-02 1500 03-Jul-02 Heavy Fain 5 Moars 16:00 30-Jul-02  15:00 31-Jul-02 &0 20 18 32 55.84
I 2 45 OTAS23-Jul02 1500 03-Jul-02 Heavy Fain 4 NE Coazt
| 53 | 2 45 OTA5E3-Mu-02 1500 03-Ju-02 Heavy Fain 5 3.Fennines 15:00 30-Jul-02 1500 31-Jul-02 0 20 18 Ba 10278
[ 54 | 2 5 OTAS29-Mu-02 1500 03-Jul-02 Heavy Fain £ Valoz & Wolds 1:00 30-Jul-02  15:00 31-Jul-02 &0 20 48] 338 33,26
[ 2 ME  OTI5 2302 1500 03-Ju-02 Heavy Fain T W, Pennines 15:00 30-Jul-02  15:00 31-Jul-02 60 20 15 a0 52.35
E 3 115 0338 51-0-02  030001-Auq-02 Heavy Fain 1 Central & M. Pennine:  03:00 01-Aug-02 03:00 02-Aug-02 &0 20 45 a7 54.38
| 3 115 0336 3tJul-02  03:00 01-Aug-02 Heawy Fain 2 Cheviot 0300 01-Aug-02 0300 02-Aug-02 60 20 4 36
| 56 | 3 115 0356510u-02 0300 01-Auq-02 Heavy Fain 5 Moors 0300 O1-Aug-02 0300 02-Aug-02 60 20 45 T 56,84,
59 | 3 115 03368 51-Jul-02 0300 01-Auq-02 Heavy Fain 4 NE Coast 0300 0-Aug-02 0300 02-Aug-02 6l 20 45 31.2]
| 4 3 115 036 510-02  030001-Aug-02 Heavy Fain 5 5. Fennines 0300 01-Aug-02 D300 02-Aug-02 0 20 45 352 4547
| 4 3 115 0338 51-0u-02  030001-Auq-02 Heavy Fain £ Walez & Walds 03:00 O1-Aug-02 0300 02-Aug-02 &0 20 45 55 56.34
| a 3 105 0338 3-Jul-02  03:0001-Auq-02 Heawy Fain T W, Pennines 0300 01-Aug-02 0300 02-Aug-02 60 20 435 50 43.25
| a3 | 4 16 2505 0l-Aug-D2  06:00 02-Aug-D2 Heavy Frain 1 Central & P Pennine:  06:00 02-Aug-02  15:00 D2-Aug-02 a0 20 24 365 24.47
4| 4 i 2505 0-Aug-02  0B00 02-Aug-02 Heawy Frain 2 Cheviot 12:00 02-Aug-02 0000 05-Auq-02 1 20 24 e
| 4 4 16 2503 01-Aug-D2  05:00 DE-Aug-02 Heawy Frain 3 Moors 0F:00 02-Aug-02 15:00 02-Auq-02 0 20 24 214 1
K 4 6 250% 0l-Aug-02  0B:00 02-Aug-02 Haawy Frain 4 ME Coact 12,00 02-Aug-02 0000 D3-Aug-02 30 20 24 13.8]
| a 4 16 2303 01-Aug-02  06:00 02-Aug-02 Heavy Pain 5 %.Pennines
[ 45 | 4 6 2503 01-Aug-02  0B:00 02-Aug-02 Heavy Frain 6 Walz & Waolds 0F:00 02-Aug-02 15:00 02-Auq-02 30 20 24 25 1703
43| 4 i 2505 0-Aug-02  0B00 02-Aug-02 Heawy Frain 7 W Pennines 06:00 02-Aug-02 18:00 02-Auq-02 0 20 24 232 26.98]
| 5 47 0543 0d-Aug-02 0543 0d-Aug-02 Heavy Frain 1 Central & M. Pennine:  06:00 0d-Aug-02 20:00 04-Aug-02 15 20 24 10 15.34,
K 3 47 0543 04-Aug-02 0543 04-Aug-02 Heawy Frain 2 Chaviot
| 5 4T 0543 04-Aug-02 0643 04-Aug-02 Heawy Frain 5 Moors 05:00 04-Aug-02 20:00 04-Aug-02 15 20 24 10 1369
| 55 | 3 47 0543 04-Auq-02 0543 04-Auq-02 Heawy Frain 4 ME Coazt =
M 4 » MY Configurstion } Data Table Jil | _>r

b) Section of Data Table Sheet showing columns for entry ofrgbability forecast data,
example for Thames region "Probability of at least this Rainfall Rate" foreast.

o]

| 45|

| 45 |Forecast { Probability of rainfall rate [Prob.) Ground t
| 47 |Most likel| Lower Bound 1| Probability (%) Lower Bound 2 Probability () Lower Bound 3 Probability () Lower Eound 4 Probability (%) Lower Bound 5 Probability () Median |raingaug:
| 4z | i 4 10 20 50

| 43 | i 4 10 20 50

| 50 | 1 [ a0 4 0 10 &0 20 40 50 0 15 a
| 51 | i 4 10 20 50

| 52 | 18] i} an 4 a0 10 B0 20 40 A0 o 15 7
| 52 | i 4 10 20 50

| 54 | 1 i a0 4 £ 10 40 20 10 50 i 35 10
| 55 | i 4 10 20 50

| 56 | [ 4 10 20 50

| 57 | [ 4 10 20 50

| 52 | g [ 100 4 %0 10 20 20 10 50 [ g 20
| 5a | [ 4 10 20 50

| &0 | E [ 100 4 E 10 20 20 10 50 [ g 5
| 61 | [ 4 10 20 50

| 62 | [ 4 10 20 50

| 63 | [ 4 10 20 50

| 64 | 32 i 100 4 100 10 100 20 i 50 0 30 25
| 65 | i 4 10 20 50

| 65 | 32 [ 100 4 100 10 100 20 0 50 0 30 45
| &7 | i 4 10 20 50

| 62 | i 4 10 20 50

Figure 3 Example Data Table Sheets.



3.1 Header information

The Data Table Sheet is headed with the title "Heavy Rlaiifarning Assessment Tool: Data
Entry Sheet". Below this is a grey bar with a button labellEdport Data" and two fields
specifying how to export the data. This area is used when thdaatabeen entered in the table.
The path specified in the field labelled "Export workbook or template" caritiss aitemplate for a
new workbook to export the data to, or an existing export workbook contairengusly loaded
data. The field marked "Add to existing table" specifies whetherexport should be to a new
workbook using the template or to an existing workbook. The export procdssdsbed fully in
Section 4.

Below the grey bar is a white area containing a summary @fsbessment details used to construct
the data entry tables. This area is for information only; the gar#iion sheet is used when the data
are exported.

3.2 Data Entry Tables

A yellow bar marks the start of the data entry tables orslieet. Each target quantity specified in
the configuration has a separate table headed by a yellovofi@irsng the number, name, units,
number of ground-truths and number of forecasts for this target quantitjhe@der details are for
information only; the configuration sheet is used when the data are exported.

As shown in Figure 3(a), each data entry table has a set offeowach warning specified in the
configuration. Within each warning section there are rows fdn eaga. A single row is therefore
used to represent a single target quantity for a single waanicgingle area. In each row there are
columns to enter information about the Heavy Rainfall Warningdésthaurple), values for each
single-valued forecast and probability forecast (shaded ommd)®lue respectively) and values for
each form of ground-truth (shaded green).

Because rows in the table are generated for every combinatigmaafity, warning number and

area, there may be a number of rows in the table that do nespond to an existing warning. In

this case the cells should simply be left blank. Blank cellsga@red when the data are exported
for assessment. Similarly cells corresponding to missing data should berl&ft bla

In the current version of the HRW Assessment Tool, a row in theedétatable is ignored in the
calculation of performance measures if any of the foreaastgound-truths values are missing.
This will not be the case in the release version of the software.

Sections 3.2.1 to 3.2.13 describe each column in the data entry table. Nethehaentering data
in the table, common fields will be copied automatically from ih& fow in the table or table
section to all other relevant rows for convenience.

3.2.1 Warning Number

Compulsory. This gives the number of the warning within the curresgisasent and is filled in
automatically. Do not edit this field.

3.2.2 Reference

Optional. This field can be used to store the warning reference numbede, if applicable. This
field is not used for calculation by the software.
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3.2.3 Issue Time/Date

Optional. This field can be used to store the issue time and dé&e whtning, if applicable. Both a
time in the 24 hour clock and a date with year should be entered.figkiisis not used for
calculation by the software.

3.2.4 Validity Time/Date

Optional. In some regions, e.g. North West, warnings are givenid tirak”: this may be the time
up until which the warning is valid, or a period of validity. In regions where a validigyisiratated,
the validity field may be used to store the validity time and dathe warning. Both a time in the
24 hour clock and a date with year should be entered. The field ipumhded for reference
purposes and is not used for calculation by the software.

3.2.5 Trigger

Optional. This field can be used to store the trigger for warnfrapplicable. This might be the
type of warning e.g. Thunderstorm, or Heavy Rainfall, or migter re specific type of event and
use local terminology, e.g. "Event A" in Northwest region. Thiksl fig not used for calculation by
the software.

3.2.6 Area No.

Compulsory. This field is automatically filled with the referemaumber of the area. Do not edit
this field.

3.2.7 Area
Compulsory. This field is automatically filled with the name of the area. Dedibthis field.

3.2.8 Start Time/Date

Optional. This field can be used to store the start time and d#te wfarning, to aid in the manual
data entry of ground-truth and forecast values. For ease ofnedetiee time is best converted to
GMT before entry. Both a time in the 24 hour clock and a date e should be entered. This
field is not used for calculation by the software.

3.2.9 End Time/Date

Optional. This field can be used to store the end time and date wfarning, to aid in the manual
data entry of ground-truth and forecast values. For ease ofnedetiee time is best converted to
GMT before entry. Both a time in the 24 hour clock and a date i should be entered. This
field is not used for calculation by the software.

3.2.10 Forecast(s)

Each single-valued forecast (i.e. not probability forecast)ifspedn the configuration has a
column headed by the configured forecast name. The forecastfonlie corresponding quantity
and area should be entered here. Missing or non-existent values should be left blanke thotsea
given in the header bar for the target quantity.

3.2.11 Probability Forecasts

As shown in Figure 3(b), if a probability forecast is speciftethe configuration, columns shaded
blue appear in the data entry table. From left to right in the efdty table, the probability table
should be entered in the form: lower bound 1, forecast 1 (%), lower bouark@adt 2 (%) ,etc.
The lower bounds must increase from left to right and the probesilitiust stay constant or
decrease. The first lower bound must always be equal to zero, et dioes not appear in the
Heavy Rainfall Warning probability table. For the current formaiThames/Southern/Anglian
forecasts, this means that a probability for a rainfall re¢atgr than zero needs to be inferred from

11



the value for a lower bound of zero in the accompanying "ProbyabfliRainfall Amounts” table.
For an example, see Section 7 and the accompanying example workbooks.

Any probabilities left blank in the table are treated as zero. The estimgdian (50% point) of the
entered distribution is calculated automatically and appears iolteme to the right of the
probability table values. If the median value does not appear, cleeskitbadsheet cell values have
been recalculated by pressing the F9 key. If still no median eppba entered probability table
may be invalid.

3.2.12 Ground-truth(s)

Each form of ground-truth specified in the configuration has a corresponding colduhantable to
enter the ground-truth value. The units are the same as those specified in théohdlael¢éarget
guantity. For more information on the computation of ground-truth to enter into the table, see
Section 6.

3.2.13 Notes

The final column in the table is headed "Notes" and provides spaaeyf@momments on the values
entered. This field is not used for calculation by the software.

3.3 Export Data Button

When the data entry has been completed, the next step is to dwpaidta to a new workbook
where calculation of performance measures and other staisstiagried out. The export process is
carried out automatically by the tool when the "Export Data'obu clicked. The export process
is described in Section 4.
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4 Export Data Table Creation

The third stage in the assessment process is the export of dhfeodathe Data Table Sheet of the
Data Entry workbook to a Results Workbook where performance measeresleulated. The
export process is carried out automatically by the tool wher'Export Data" button on the Data
Table Sheet is clicked.

There are two ways to export the data: to a new Results Workbotdk @n existing Result
Workbook that has been previously created using the HRW Assessment f@sledond method
is used when new data need to be combined with previously loaded datdemtmrderive

performance measures from the combined dataset. When adding kistmgevorkbook both

datasets must have the same configured areas, quantities, ®randsground-truths. Some
consistency checking is performed by the software when the eipart existing workbook is
requested.

Figure 4 shows an example Data Sheet in a Results Workbook.

= = L = 1 2 L £ = C L S iy C L = L = L =
; Heavy Rainfall Warning nsséssment Tool: Data Table |
2I Specify location of dil: [
& . Calculate
i | Full path and file name of dil: M
5 |"Mote: For probability tables, 3 single farecast entry should be made. The median farecast valus and the probability table itzelf will both be assessed (median anly if Birier score not requested)
il
. _éConﬁgulalion
& Typical Size Err. - EFfificieny Biaz Skill Stats Obs Stats Fosts CmpF Cmp O
& | MAreas 7 Perf Measures TRUE TRUE TRUE TRLE TRUE TRLE TRUE TRl
o | MNGuantities 2 Arealames Central & M. Penr Chewiat Modirs ME.Coast 5. Pennines Vales & Wolds W, Pennines T
il M arnings a
2| a1 132
13| NCols 4
14 |'Workbook created: HHHHHE
15| Datatable last modified: R
|
17 _|Data Table
|
1 2 & 4 5 & 7 8 | 10 i %
Assessment Reference Start Date  End Date Mo._ Areas  Mo. Quantities Quantity Mo_ Quantity  Units  NumSSCats  SS5Catl S5Catz §5C
ME Event Gb Part 1 V22002 TEINE00Z 7 2 1! Spatial Ma mm E o 14
23 ?NE Event 5b Fart 1 V22002 TEIE00Z v 2 1 Spatial Ma mm [ o 14
24 | NE Event 5b Part | TIZAf2002  TINEOOZ 7 2 1 Spatial Ma mm [ 1] 14
25 | NE Event 5b Fart | TIZAf2002 | TIWEO0Z 7 2 1] Spatial Ma mm ] 1] 14
_ 26 |ME Event Sb Part | VIZA2002 | THINEOOZ v 2 1) Spatial Ma mm [ 1] 14
27 | ME Ewent 5b Fart 1 TiZaf2002 | TAME00Z 7 2 1! Spatial Ma mm ] 1] 14
ME Event 5h Part 1 TIZAf2002 | THAWE00Z 7 2 1 Spatial Ma mm [ 1] 14
ME Event b Part 1 VIZHI2002 | 7ANE002 7 2 1! Spatial Ma mm [ 1] 14
30 |ME Event b Part 1 VIZSI2002 | FANE002 ¥ 2 1! Spatial Ma mm ] n 14
“# |ME Event 5b Part 1 VIZAf2002  FaNz00z Y 2 1 Spatial Ma mm B 1] 14
32 |ME Event 5b Part 1 VIZHf2002 | FiANz00z v 2 1 Spatial Ma mm 3 1] 14
33 |ME Event 5b Part 1 TIZaf2002  Tianz00z ¥ 2 1 Spatial Ma mm E 1] 14
24 |ME Event BbPart 1 TIZAf2002 | TANz00z ¥ 2 1 Spatial Ma mm [ 1] 14
35 | ME Event b Part 1 22002 | 72002 7 2 1 Spatial Ma mm 3 0 0
36 ENE Event b Part 1 T2af2002  TE002 7 2 1 Spatial Ma mm E 1) 14
37 _|ME Event 5b Fart 1 TIZAZ002  TEINEO0Z 7 2 1! Spatial Ma mm B o 14
38 |ME Event Bb Fart 1 VIZAZ002  TEINEOO0Z 7 2 1 Spatial Ma mm E 1] 14
39 ?NE Event 5b Fart 1 VIZAZ002  TEINE00Z 7 2 1 Spatial Ma mm B o 14
40 :NE Event b Fart 1 TIZ2002  TEINE00Z 7 2 1 Spatial Ma mm E o 14 v|
W« nl\Data / L«1 | A

Figure 4 Example Data Sheet created when data are exported
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4.1 Creating a new export workbook

Below the title of the Data Table Sheet in the Data Entry Workbook is a grepiitaining the two

fields which specify how to export the data. To export the data to a new Resukisodlqrthe path

specified in the field labelled "Export workbook or template” should tieefull pathname of the
"hrw_results.xlt" export workbook template as installed on your systhis pathname should
appear by default if the HRW Assessment Tool has been set ngetborThe check box labelled
"Add to existing table" should be unchecked.

4.2 Adding data to an existing workbook

Below the title of the Data Table Sheet is a grey bar auntathe two fields which specify how to
export the data. To export the data to an existing Results Workltaogath specified in the field
labelled "Export workbook or template” should give the full pathnameeoiviirkbook to be used.
The check box labelled "Add to existing table" should be checked.

Data can only be exported to a Results Workbook previously createdthsiftRW Assessment
Tool. The datasets in the existing workbook and the data addedhawestthe same configured
areas, quantities, forecasts and ground-truths. Some consistency ghegiérformed when the
export to an existing workbook is requested.

4.3 The Results Workbook

When the Export Data button is clicked, a new or existing Resuwt&kiok is opened and the data
from the Data Table Sheet in the Data Entry Workbook are wiittéme end of the large data table
on the Data Sheet of the Results Workbook. An example is shown in Bigusers of the HRW
Assessment Tool will not normally need to look in detail at the contents of the table.

At the top of the Data Sheet in the Results Workbook is a buthetidd "Calculate” which is used
to calculate performance measures and other statisticstfreroontents of the data sheet. The
configuration specified in the Data Entry Workbook is automaticaltitten to the Results
Workbook when the data are exported and so the Results Workbook can be upeddediy
when calculating performance measures.

In order to store data for future use, the export workbook should be dathesl point, before the
performance measures and other statistics are calculatedddawannot be added to a workbook
which contains calculated performance measures. If this form of the workboolsa/edt datasets
should be merged in future by creating the Results Workbook agamthe original Data Entry
workbook, and then other datasets exported to the newly created Results Workbook.
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5 Results Tables and Charts

The fourth and final stage in the assessment process is thiataic of performance measures and
the generation of summary tables and charts.

5.1 Generating Results

Performance measures and other statistics can be calculateg Results Workbook that contains
a Data Sheet only. This workbook may have been newly generatedafsmhof data, recently
added to with new data, or previously saved without results beingatald. Results are calculated
based on solely the information and data contained in the Data Shest HredResults Workbook
is completely self-contained.

Results are generated by clicking the "Calculate" button abfhef the Data Sheet in the Results
Workbook. Performance measures and other statistics are autolpatadaulated and pairs of
worksheets are added to the workbook, one pair for each of the groupssttstegquested in the
configuration. Within such a pair of worksheets, one sheet contaisisfartnatted table of results.
The other sheet contains a summary table generated from tth&rhatted table. The summary
tables are presented using Excel's built in Pivot Table feaftable 5 shows the names of the
worksheets and the statistics contained in each.

For target quantites where there is only a single warning it is only possible tdgpeorgstricted set
of statistics. Section 5.4 details what is available for single warnings.

Table 5 Statistics generated using the HRW Assessment Tool

Configuration

Description Results Table Sheet Summary Sheet

Name
\
Typical size of Mean absolute error and
error root mean square error.
Efficiency R? statistic. > Performance Statistics PerformanceSummary
. Mean, median and

Bias

percentage errors.

: Categorical performance . .

Skill Scores measures Skill Scores SkillScoresSummary
Statistics of Mean, median and

standard deviation of Stats Obs StatsObsSummary

observations .
observations.
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Statistics of Mean, median and

forecasts standard deviation of Stats Fcsts StatsFcstsSummary
forecasts.
Standardised differences of
Compare Typical size of error Cmp Forecasts CmpFcstsSummary
forecasts measures across different
forecasts.
Standardised differences of
Compare ground- Typical size of error Cmp G truths CmpGSummary
truths measures across different
ground-truths.
Brier Score Continuous Brier Score for Brier Score BrierSummar
(Probability) probability forecasts. y

5.2 Results tables

The results tables provide access to all the statistics generated by\hAs#essment Tool and
are used to generate the pivot tables presented in the summary sheets.

5.3 Summary tables

The summary sheets provide pivot tables of the results allowingigbeto view the statistics
generated in an easily readable form. The exact appearartbe pivot tables depends on the
version of Excel used.

Users are advised to read the information about pivot tables Exted online help if they are not
already familiar with this feature of the software. laiso advisable to keep a back-up copy of the
automatically generated workbook before attempting to modify the mbtes Examples of the
pivot tables generated for each set of statistics are givEigures 5.3.1 to 5.3.7. These examples
demonstrate the format of the pivot tables. More information abouinteepretation of the
statistics found in the tables is given in Section 6. A blankgiveat table indicates that it was not
possible to calculate this particular quantity.

By default, the page fields (those appearing at the top of thetpivie) in the pivot tables include

"all" as one of the categories. Before using the values itatie, it is important to specify a single
option (e.g. a ground-truth, a single quantity). This is to ensurdhbatalues in the pivot tables

correspond to unique values in the source tables. By default, Excel sgesmary function on the

data, in this case the average. So for example, if "(all)"spasified in the Quantities field shown
in Figure 5.3.1 instead of a single named quantity, the values talileewould be the average of
the values for all quantities, which would be meaningless. The autathatienerated pivot tables

have been set up so that as long as a single option is specifestioof the page fields, the values
in the tables should correspond to unique values in the source table.
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/Page fields - must be specified

Ground Truth Raingauge -
Cuaritity Spatial Mazimum Accumulstion (mm) -
Forecast Mame |

Diata - |&rea w |Zonst 20mm Const 2mmdbr  HRW

Mean Absolute Error Central & M. Pennines 16.13 1960 1110
hdoars 18.70 2503 2140
=. Pennines 19.56 1986 13.25
Wales & Wolds 12.80 1887 1510
Y. Pennines 13.84 1544 1316

Root Mean Sguare Error Central & M. Pennines 20.31 2193 1366
hoors 24 B6 3281 2778
5. Pennines 24.52 2209 1584
Wales & Wiolds 15.66 2235 1669
Y. Pennines 16.05 1985 16.489

Mean Error (Bias) Central & M. Pennines 9.47 -1053 803
Moors 0.50 -19.50 -17.00
=. Pennines 11.56 1164 744
Wales & Wolds 2.40 =17 60 -15.10
Y. Pennines 5.54 1256 1316

% Error in Maximum Qhbs (%) Central & M. Pennines EE.89 2053 O0EE
hdoars 7265 3443 1803
5. Pennines 70.93 3023 1279
Wales & WWalds 51.39 7.34 15835
. Pennines E0.00 4.00 -20.00

Median Error Central & M. Pennines 5.80 12500 720
hoors -10.00 -26.00 -12.80
=. Pennines 13.20 -14.00 =500
Wales &Wolds -5.60 -14.10 -15.E0
Y. Pennines 9.20 -14.00 -10.00

R-zquared for Root Mean Sguare Error (dimensionless) (Central & M. Pennines -0.25 049 042
Moars 0.00 075 027
=. Pennines -0.29 004 046
Yales & Wolds -0.02 109 016
. Pennines 015 079 -0.28

— A A _/

—~ ~ ~
Performance measures Areas Values of performance

measures for each area

and forecast

Figure 5.3.1 Pivot table generated for "Performance Statisti¢s Note units of performance
measures are the same as that of the quantity unless siedd otherwise in the name of the
performance measure.
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/Page fields - must be specified

Ground Truth Fadat o
Guantity Spatial Maximum Accumulstion (mim «
Areg 5. Pennines -
Forecast |
Data w |Threshaold (=1 w |Climatology Const 20min | Const 2mmir HREW
| 2SI, Critical Success Index (010 1%) o 1.00 1.00 1.00 1.00
| 14 1.00 1.00 1000 1.00
| 29 1.00 0.00 050 050
| o] 0.67 0.00 1.00 0.0
i 49 0.43 0.00 000 025
a9 0.25 0.00 000 0.33
_| FAR, Falze Alarm Rate (0*to 1) 0 0.00 0.00 0,00 0.00
| 14 0.00 0.00 0,00 0.00
| 29 0.00 0,00 0.00
i 39 0.20 000 0.00
| 49 0.40 0.50
29 0.560 0.50
_| P2y, Probahility of Detection (0o 1*) 0 1.00 1.00 1000 1.00
| 14 1.00 1.00 1000 1.00
i 29 1.00 0.00 050 080
| 39 0.50 0.00 1.00 0250
| 49 0.560 0.00 000 033
] 0.40 0.00 0.00 0.0
_| B, Bias Ratio (0 to 1* ta infinity) 0 1.00 1.00 1000 1.00
i 14 1.00 1.00 1.00 1.00
| 29 1.00 0.00 050 050
| e 1.00 0.00 100 02350
| 49 1.00 0.00 000 057
29 1.00 0.00 000 1.00
_| LR2, Likelihood Ratio for above threshold (0 to infinity* 1]
| 14
| 29
| 39 1.00
| 49 1.00 0.7
59 1.00 1.50
| LR1, Likelihood Ratio for below threshold (0 to infinty* 1]
| 14
| 28
| 39 1.00 1.00 2.00
| 49 1.00 1.00 1.00 0.75
28 1.00 1.00 1.00 1.33
_| Theta, Odds Ratio (0 to infinity*) a
| 14
| 29
| 39 1.00
| 49 1.00 0.s0
] 1.00 2.00
— AN /AN /)
Skill Score and range of values, Threshold Score for each forecast

best value marked with *

Figure 5.3.2 Pivot table generated for "Skill Scores". Scores ardisplayed for a single area.
Blank cells in the table correspond to scores that are incalculable kagese of the need to divide
by zero. The "Climatology" field gives the score obtained by usip a forecast generated
randomly with the same number of values above the threshold ds the observations (see
Section 6.1.3).
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Cluantity |Spatial Maximurn Accurnulation (mm) |
Forecast |

Data ¥ |Area »|Const 20mm  Const 2mmdhr HRWY
| Median Farecast |Central & M. Pennines 20.00 45.00|30.00
| foors 20.00 48.0030.00
I =. Pennines 20.00 45.00 30.00
I Yales & YWolds 20.00 458.00|30.00
WY, Pennines 20.00 45.00 30.00

| Mean Forecast  [Central & M. Pennines 20.00 40.00) 37.50
| foors 20.00 40.00| 5750
I =. Pennines 20.00 43.20/35.00
| Yales & YWolds 20.00 40.00 | 37.50
WY, Pennines 20.00 36.40 39.00

| 5t Dev Forecast (Central & M. Pennines 0.00 12.39/18.57
| Moors 0.00 12.3918.57
I 5. Pennines 0.00 1073 2012
I Yales & YWolds 0.00 12.3918.537
W, Pennines 0.00 13.15 2012

| MOccasions Central & M. Pennines a] ] ]
I Moors a] ] ]
I =. Pennines & & &
I Yales & YWolds B B B
VY. Pennines ] ] ]

Figure 5.3.3 Pivot table for statistics of forecasts. The NOccas®ffield gives the sample size
used to compute the performance measures.

A E C | D |
Cluantity spatial Maximum Accumulation imm) w
Ground Truth |
Data w | Area w |Radar Faingauge
Median Ohseration Central & M. Pennines 47 .10 28.80
hoors 2564 10.00
=, Pennines a1.85 3320
“ales & Wolds 41.42 14.40
W Pennines 48 Bk 20920
Mean Ohseration Central & M. Pennines 4R 27 2947
Moors 33.43 20.50
5. Pennines a5.02 .56
“ales & Wolds BR.25 22.40
W Pennines 3993 26084
=t Dey of Ohservations [Central & M. Pennines 2539 19 (3
Moors 2232 2701
=, Pennines G421 2417
“ales & Wolds G297 165.95
W Pennines 19 .8h 16.69
MOccasions Central & M. Pennines G =]
Moors G =]
=, Pennines o 5
“ales & Wolds G B
W Pennines o 5

Figure 5.3.4 Pivot table for statistics of observations. The NOccasis field gives the sample
size used to compute the performance measures.

19



Forecast HEWY -

Ground Truth Radar -

Cluantity Spatial Maximum Accumulation imm)  w

Base Forecast |

Data - |Area w|Const 20mm Const 2mimthr

| Mean Absalute Errar Central & M. Pennines -2.39 0.14
Moors -1.31 -2.42
=. Pennines -1.686 1.63
“ales & Wolds -1.54 -0.48
W Pennines -2.25 .28

| Foaot Mean Square Errar |Central & N. Pennines -1.70 -0.09
Moars -1.43 -1.67
=. Pennines -1.85 0.91
Yales & Wyalds -1.93 0.76
W, Pennines -1.80 0.32 E

Figure 5.3.5 Pivot table for comparison of forecasts. This table shawhe results of comparing
each of the two naive forecasts with the Heavy Rainfall Warningprecast. A value larger than
2.2 in the table indicates strong evidence that the "Base Ferast" is better than the HRW
Forecast. A value less than -2.2 indicates strong evidence thhe "Base Forecast" is worse
than the HRW forecast.

Ground Truth Radar -
Forecast HRW -
Cluantity spatial Maximum Accumulation -
Base Ground Truth
Data v |lArea »|Faingauge
Mean Absolute Error {Lune -0.80
south Lakes (1) 1.80
south Lakes () -0.54
Upper Eden -4.11
West Lakes 1.37
Foaot Mean Sguare Error Lune -0.82
=outh Lakes (1) 1.40
=outh Lakes () -0.45
Upper Eden -2.75
West Lakes 0.93

Figure 5.3.6 Pivot table for comparison of ground-truths. This d@ble shows the results of
comparing the use of each of the two sources of ground-trutio assess the performance of the
Heavy Rainfall Warning forecast. A value larger than 2.2 in the table ridicates strong
evidence that the performance of the HRW forecast as measureising the raingauge ground-
truth is better than the performance measured using theadar ground-truth. A value less
than -2.2 indicates strong evidence that the opposite is true.
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Sround Truth raingauge -
Cuantity Spatial Maximum -
| Distribution «|Forecast Nare -
100 % Error Cperational
host likely point Probability of rainfall Probability of rainfall
Data - |Area w [maximum arnount (median) araunt
Mean Absolute
|Errar (certain) Mortheast 11.67 15.83
Southeast 10.00 1267
Continuaus Brier
|Scare Mortheast B.99 11.41 8.72
Southeast 7.32 8.54 8.81

Figure 5.3.7 Pivot table for Brier Score. The table shows theean absolute error for the two
single-valued forecasts (the Most likely point maximum and thenedian of the probability

forecast), along with the continuous Brier Score for the singhvalued forecasts with a 100%
error band and the probability forecast itself.

5.4 Single warnings

Single warnings necessarily contain only a very limited amoudiat#d and are of limited use in
assessing heavy rainfall warnings. The Heavy Rainfall Wgr#issessment Tool is primarily
designed for use with multiple forecasts.

For a single warning only a limited number of statistias loa calculated. The most useful statistic
(see section 6.2) is the bias (mean error). This is simplgittezence between the observation and
forecast. Note that the root mean square error and mediaralsaagive an identical value, as does
the mean absolute error but without the sign. Rhé&fficiency is undefined. The % error in the
maximum observation provides a scaled, dimensionless measure aktloé siror and thua is also
of possible value.

Other statistics such as the mean of the forecasts or theahtee observations are determined for
single observations — but they simply reproduce the single value(s)tifie warning. Skill Scores
are not calculated for single observations — their values areinedefr are equal to 1 or O and are
not useful. Forecast and ground-truth comparison statistics arenatsprovided as they are
undefined for single observations.

Figures 5.4.1-5.4.4 show results that are obtained from the Tool wheratbeoaly data for a
single warning. The data are based on a cut down version of thdlasttated in 7.2. For this
instance, the Lune has only one warning, whilst the other 2 argasdh#a for 3 warnings. The
Skill Scores summary pivot table is not included in the figures because it is blah& fare.
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Sround Truth Radar -
! Buantity Spatial Maximum Accumulation (mm)
i |
| Forecast Narne ]|
i |Data « |Ares | Canst 20mm HRWY
1 | Mean Absolute Error Lune 1360 6.40
i Upper Eden 38.680 18.80
} West Lakes 2833 833
1 | Root Mean Square Errar Lune 1360 B.40
a Upper Eden 4000 1917
1 WWest Lakes 28,458 1059
2 | Mean Errar (Bias) Lune 13.60 -B.40
3 Lpper Eden 38.80 18.80
4 WWest Lakes 2833 833
& | % Error in Maximum Obs (%) [Lune 4045 -19.05
B Upper Eden F0.24 25 B0
7 WWest Lakes B1.B9 4.2
g | Median Error Lune 13.60 -B.40
g Upper Eden 44.00 17.20
a Wast Lakes 27400 540
1| R-sguared (dimensionless) Lune
2 Upper Eden -15.98 0 -2.80
3 West Lakes 9569 1279

Figure 5.4.1 Pivot table generated for "Performance Statistics”. Th Lune has only a single
warning and thus the R-squared cannot be calculated.

Cluantity |Spatial Maximum Accurnulation (mm) |
[ 1 Forecast |
Data w[Area w|Const 20mm HRWY
Median Forecast [Lune 20,00 40.00
Lipper Eden 2000 40.00
YWest Lakes 20,00 40.00
Mean Forecast  |Lune 20,00 40.00
Upper Eden 20.00 40.00
YWest Lakes 20.00 40,00
St Dev Forecast |Lune
Upper Eden 0.007 10.00
West Lakes 0.0010.00
MOccasions Lune 1 1
Upper Eden 3 3
West Lakes 3 3

Figure 5.4.2 Pivot table for statistics of forecasts. The Lune hamly one warning so for this
site this table simply reports the observed values. The stdard deviation cannot be calculated
for the Lune, so this cell is blank.
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Cuantity | Spatial Maximurn Accurnulation {mm) |
Ground Truth |
Data w | Areg w |Radar Faingauge
Median Obseration Lune 3360 15.00
Upper Eden B4.00 22.00
Wiest Lakes 47 .40 2200
Mean Obseration Lune 33.60 15.00
Upper Eden 58.80 2033
West Lakes 43.33 2033
St Dev of Observations |Lune
Upper Eden 11.89 473
West Lakes 3.49 473
MOcocasions Lune 1 11.
Lpper Eden 3 3
West Lakes 3 3

Figure 5.4.3 Pivot table for statistics of observations. The Luneals only one warning so for
this site this table simply reports the observed values.

b it = 1
Forecast Const 20mm -
Ground Truth Radar -
Cluantity ISpatial Maxirum Accurmulation (mm)
Base Forecast
Data w |Area « |HRWY
Mean Abzolute Error Lune
Upper Eden 346
West Lakes 3.45
Hoot Mean Square Error |Lune
Upper Eden 276
Wiyest Lakes 4.03

Figure 5.4.4 Pivot table for comparison of forecasts. This table stvs the result of comparing
the naive forecast with the Heavy Rainfall Warning forecast. Thentry for the Lune is blank
as it is not possible to calculate the comparison statistics with only laming.

5.5 Charts

The method of generating charts from pivot tables depends on the version of Edc&eiseration
of charts in Excel 97 is described in Section 5.5.1 and generationrté an&xcel 2000/2002 is
described in Section 5.5..

5.5.1 Charts in Excel 97

In Excel 97, the process of generating a chart from a pivot isife same as generating a chart
from any other table of data. Figure 5.5.1 illustrates an exanf@echart being generated for the
CSI Skill Score. To simplify the appearance of the cham®emgeed, it is advisable to select just a
single performance measure or summary statistic to be yksplan the chart. The most
recommended chart type to use is the Column chart type, subtype 1.
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Step 1. With the threshold and forecast columns for a singlekll Score selected, choose

"Chart" from the "Insert" menu.

@ File Edit Yiew | Insert Format Tools Data ‘Window Help

DEE G Chedfed. .- @@z A% BIH ™ - 0 [
Rlows - -
frial 2 |§ o +s0 -°°| L&A
Colurns GO TN e
= it B C 1 1] 1 Fl & H | [
1 | Ground Truth g |_ Fiadar |
2 | Quantity B | | Spatial Maximum Ac: w hulation [mm]
3 |Area Page Break || Central & M. Pennine: =
; e Function...
6 _|Data Mame »
| TSI, Critical Succes:
= iﬁ Comrent
| 9 | )
[0 | Picture 3
|1 | @ .,
1 :
1| FAR False Alamp 200t I I
| 1 B Hyperlink.., Gtk I} 0.00 0.00 000 0.00
15 29 023 0o 0.zo
18 o] 023 000 000
17 43 050 0.0
12 ] 0.23 0.50
13| POD, Probability of Detection [0 to 17 a 100 100 100 100
20 14 100 100 100 100
21 29 0E7 0.0 100 100
22 ) 0E7 Q.00 100 050
23 43 050 0.0 000 0Ee7
24 53 017 0.00 000 100
25 | B, Biaz Ratio [0 to 17 toinfinity) a 100 100 100 100
26 14 100 100 100 100
2 28 100 .00 100 125
28 o] 100 0.0 100 050
29 43 100 0.00 000 087
30 ] 100 0.00 000 200
3 | LRZ, Likelihood Ratio For above threshaold [0 to infinity®) 1}
3z 14
k] 29 100 2.00
34 o] 100
35 43 100
36 ] 100 5.00
37 | LR, Likelihood Ratio for below threshold [0t infinity®) 1]
38 14
Step 2. Select the Column chart sub-type 1 and click Next.
el uls
Jsﬂﬁ b Wiew Insert Format Tools Data Window Help
IDd SRV iR -« 2@ =s8% B8 ™= -0 [ » o u|#
| G -0 -|B s e
F12 | =05
A B c | [ | E Exl @ [ H (i i
| 1| Ground Truth Fadar |
| 2 | Suantity ‘Spatial Marimum Act » hulation {mm)
3 [Area Central & M. Pennine: ¥

4
]
| & [Data
| 7 | C5l, Critical Success Index (042 17
BE
| 3 ]

13 | FAR, Falze Alarm Rate [0°to 1)

19| FOD, Probability of Detection (0 1o 7]

26 | 5, Bias Ratio (0t 1" ta infinity)

A | LR2, Likelihood Ratio for above threshold (0 ko infinity™)

37 | LRI, Likelihood Ratic for below threzhold [0 to infinity®]

| 43 | Theta, Odds Ratio [0 to infinity”)

ategories,

Clustered Colurn. Compares walues across

Press and hold to wiew sample

Fimmdi

o

Cancel

I Next = I

Einish

Figure 5.5.1 Generation of a chart from a pivot table in Excel 97
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Step 3. Remove "Threshold" as a series since this should instead fothe x-values.

M Microsoft Excel - HRW__ NEresults.xls

Eﬁila Edit Wiew Insert Format Tools Data Window Help

|B|B|B|B|5 5|-ﬁ|5|a|3|6 Nl-‘l:l“lwl""l“ = &|Q|N|_‘

T
FOD, Probability of Detection [0to T
-l
50 = —— [@Threshald 3]
W0 _ B Climstalegy
0O Canst 20mm
24 £ [ |oGenst ammen
25 | B, Bias Fiatio [0 to 1" to infinity) o m HR
a2 L ———]—
27 1
28 0
23 1 2 3 4 5 B
20
31| LRz, Likelihood Fistio for above threshold (0 to infinity”)
32
—gi Mame: |=Shl\5coressummary!$8$6 E3|
35
36 Consk Zmmyfhr
37 | LR, Likelihood Ratio for below threshold [0 ta infinity”) HE LI Values: |=SkiI\ScoresSummary!$B$?:$E:j_]
38
28 Add | Remove
40 S
# =
12 Category (%) axis labels: | _J
43 | Thets, Odds Ratio [0to infinity’)
+
T
4| 4[» [M]" Dakta / Performance Statistics 4/ Performanc @ Cancel | < Back | Mot I e |
Ready

D dHERY|[spRrs - [A@®[= £ U MEB[= - T | » e
il S R AR 5 @ % 5 W5
F12 | =05
B c | b ] E [F[ & T H T 1 7

Ground Truth Fiadar |

Quantity Spatial Magimum &c ¥ hulation [mm]

Area Central & K. Pennine: ¥

Diata

T8I, Critical Suceess Index (0 1017)

FAR: Falze Alarm Rate (0" ta 1] x|

Step 4. Specify the x-values for the first true seriesylselecting the range of threshold values

on the worksheet.

asoft

IJB Eile Edit Wiew Insert Format Tools Data Window Help

|DeEH EhY | $mRd|a- - a®|z s 85 meag|= |0 | » & |t
|| s =, W LD A
57 | =05
A B [+ 1 D { E | = | e H I ] | J |

1| Ground Truth Radar |

2 | Quantity Spatial Makimurm fc: w hulation [mm]

3 |Area Central & M. Pennine: =

4

13

& |Diata
|_¥ | CSlCritical Success Index [0t 17)
EX
EX

13 | FAR,False Alarm Rate [07ta 1]

Chart Wizard - Step 2 of 4 - Cha

I=Ski|\ScnresSummary|$B$7:$B$12| =

4 050 | oo
53 053 050
3 | OO, Frobability of Detection (0 to 1 [ 100 100 100 100
i 100 100 100 100
2 057 000 100 100
EE] 057 000 100 050
4 050 000 000 067
59 07 0.00 000 100
5 | B, Bias Fratia (0 to 1" ta infinity] [ 100 100 100] 100
i* 100 100 100, 100
2] 100 000 100, 125
] 100 000 100 050
43 100 i 000 087
53 100 il 000200
1 | LRZ, Likelihood Fatio for above threshald [0 ta infinity’] 0
E 1"
23 100 200
k2] 100
43 100
53 100 500
37 | LR, Likelihood Riatio for below threshald (0 ta infinity’) 0
1t
3 100 o0
33 100 100 200
43 100 100 100, 300
53 100 100 100
| 43 [ Theta, Odds Riatio [0 to infinity’) [
a4 1

ar | 1
4[4 » (W Dats § Performance Stetistics §  FerformanceSummary 4 Skl Scores 3, SkillScoresSummary | 4]

Figure 5.5.1 cont' Generation of a

chart from a pivot table in Excel 97
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Step 5. Add an appropriate x-axis label and title.

ﬁﬁ\le Edit Wiew Insert Format Tools Data Window Help
D W SRV iRS |- - |A®|= 545 @S -
i -1 -|B 7 U |2 % , 5| ==
= =05
A

1 | Ground Truth Fadar hd

Quantity Spatial Magimum A w |
Area Central & M. Pennine: »

@ |» e

E € [ b [ E T[F[ & [ H T 1 7

hulation [mm)

Diata
5, Critical Success Index [0ta 17

13 | FAR, Falze Alarm Rate [0° o 1]

18 53 083 0.50
| 19 | POD, Probability of Detection [0 to 17 1} 100 100 100 100
20 14 100 100 100 100
21 28 0E7 0.00 100 100
2z 38 0E7 0.00 100 050
23 43 0.50 0.00 000 067

24 hart Dptions 2lxl

25 | B, Biaz Ratio [0 to 17 ta infinity)
27 Titles | Bxes I Gridlines I Legend I Data Labels I Data Table

Chart Wizar

26

ol Chart title:
—— 120

31| LRZ, Likelihood Ratio for above threshold [0 toinfinity .
3 Category (%) axis:

33 Threshald
L3

5 Walue () axis:

3% |c51 (0 ko 1%

37 | LR, Likelihood Ratio for below threshold [0 o infinity”
38 Second category (X)) axis:

33
40

| 4| Second value () axis: 0 14 23 33 43 53
4z Threshold
43 | Theta, Odds Ratio (0 to infinity")

44

4|4 » [M] Data £ Performance Statiskics 4(_ @ | Cancel | < Back "m Finish

Ready

1.00

=
@
2

O Const 2mmihi
m HRW

=
=
s

CS1 [0 o 1)
=
o
z

et
w
=

o

=1

=2
=

Step 6. Embed the chart in the Skill Score Summary worksheet.
=lslx]

37 Fle Edt View Insert Format Tools Chart Window Help ISEIE|
DB ERY {2a Y - a® >, 85 e d =
arial +85+m 1 U =B |5 % , 4
Chart 9 | =]
= o A ————
1 Ground Truth F!adair b4 — ’_ 2
2 [Guantiy Spstisl Mamum e, Chart Area - E e B8l e P
3 | Area Central & M. Pennine: »
+
5 Forecast | | w
& [Dam Thigshold ;] Climatoloqy Const Z0mm _Constzmmy HFE_\J+ 5
| 7 | CSl, Critical Success Index (0 to 17) 0 100 100 100 1.00]
@ " 100 100 100, 100
3 050 000 100, 0:80) o,
29) 050 000 100, 050)
19 033 0.00 000 0E7| _ oz0 L | [
2 | 003 000 0 osql [ £ [ECTmaEeg
FAR, False Alarm Rate [ to 1] [} 0.00 0.00 000 000| i oConst20m
" [ 0.00 000 000 000 s 40 B el .= o Canst 2mm
23 033 000 ozo| M@ mHAW
) 033 000 ogof [ © os0 Y =
43| 050 | buo
59 043 050) o | |
3 _| FOD, Probability of Detection [0 to 17 0 100 100 100 100
" 100 100 100100 I
23 087 0.00 100 100 0.00
29 0.7 000 100, 050 0 1 23 39 19 59
43| 050 0.00 000 0E7| Threshald
59 o7 000 000100 .
B, Bias Ratio [0 to 1" ta infinity] 0 100 100 100 1.00]
" 100 100 100 100
23] 100 0.00 100 125
) 100 000 100 050
43| 100 0.00 000 0E7
59) 100 000 000200
_| LR2, Likelihood Ratio for abowve threshold [0to infinity”] 0
"
23| 100 | 200
) 100
43| 100
59) 100 5.00)
37 | LR, Likelihood Ratio For below threshold [0t infinity”) 0
"
23] 100 100
) 100 100 20|
43| 100 100 100 3.00]
59 100 100 100
| 43 | Theta, Odds Ratio (0 ta infinity’) [
e "
14 4 [ M\ Data f Performance Statistics £ Perf esummary £ Shill Scores Skillsc v {504

Figure 5.5.1 cont' Generation of a chart from a pivot table in Excel 97
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5.5.2 Charts in Excel 2000/2002

Figures 5.5.2 (a) and (b) illustrate the process of generatoigara from a pivot table in Excel
2000/2002. The chart is generated automatically by clicking the bbo#ton on the pivot table
toolbar. The most suitable chart type to use is the Column clpastSubtype 1. You may wish to
remove some items from the pivot chart to make it easier ta Wete however that the chart and
table are linked so items removed from the chart are also sghfovm the table! These items can
be put back by dragging the name from PivotTable Field List taldfte area of the chart (Excel
2002) or dragging the names onto the data area from the Pivot Tiadilear (Excel 2000). Note
that when items are added to the pivot table, Excel may carsomg undesirable reformatting of
the names and numbers displayed. See the Excel online help on pivot tables for moréiamiorma

Step 1. With the top left cell of the pivot table activated, click the Chart Wiard button on the
PivotTable toolbar. A chart is automatically created on a new worksheet. For St 2 and 3
see Figure 5.5.2.

Ed Microsoft Excel - HRW__ NEresults.xls - 5'1'
J File Edit Wiew Insert Format Tools Data ‘Window Help = ﬁllll
u HE L ¥ == i = = = [ *. o »
DEESRAY 2BEC o |[@ A 4 Z|Imse -2 87w ro0-BrU(sE==EWS LAY
Al j =| Ground Truth
T A E [5] [ [x] [ E F [ElFivotTable =]

1_[Ground Truth Fiadar - ) e

2 | Guantitg ‘Spatial Mssimum Ao w pulation (mm) EfvotTable ~ | ﬁ!" | == | ! ‘ Ll

3 |Area Central & M. Pennine:

4 Area NOCC. Chart W\zard|"t|tv Thresho...  Ground ... 4

5 Forecast |

6 [Dats [ Threshald -] = | Climatology | Const 2mm | Conzt 2mmit | HEY FeEeEs G Ew GG @G FRy o

7 | ©5), Critical Suscess Index [01ta 1) [] 100 100 100 100 FAR, F... FAR, F... POD, F... PQD, F... FOD,F... W

g i 100 100 100 100

a 23] 050 0.00 100 050

10 £ 050 0.00 100 050

1 43| 032 0.00 000 067

12 54| 0.03 0.00 0.00 050

13_| FAR, False Alarm Fate (07t 1) [l 0.00 0.00 0.00]0.00)

" ] 0.00 0.00 0.00 0.00)

15 23] 032 0.00 0.20)

18 £ 032 0.00 0.00)

17 43| 050 0.00)

18 54| 082 0.50)

19_| POD, Probability of Detection (0 ta ) [l 100 1.00 100] 100

20 ] 100 100 100 100

21 24| 067 0.00 1000 100l

Figure 5.5.2 (a) Generation of a pivot chart in Excel 2000
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Step 1. With the top left cell of the pivot table activated, click the Chart Wiard button on the
PivotTable toolbar. A chart is automatically created on a new worksheet.

Fd Microsoft Excel - HRW _ MNEresults.xls

File Edit Miew Insert Formak  Tools  Data Forecask Werification  Window  Help
DEEAESRY IBR-F oo @ -4 @@ -0.
RivotTable = | #7 n =2 e |t  EE S B .

A - £ CSround Truth
Chart leard| B C | ) | E B G |

1 | Ground Truth Fadar -
2 | Gluantity Spatial Magimum Accw hulation [mm)
3 | Area Central i M. Fennine: =
4
5 Forecast |
E [Data | Threshald [] | Climatology | Const 20mm | Const 2mmidhr | HEW
T | CEl, Critical Success Index [0 0o 17) 0 1.00 1.00 100 100
g 14 1.00 1.00 100/ 100
] 24 0.50 0.00 100/ 080
10 33 0.50 0.00 100/ 050
1 43 033 0.00 000 Qg7
12 ] 0.03 0.00 0.00, 050
13 | FAR, False Alarm Rate (07 ta 1) a 0.00 0.00 0.00/ 0.00
14 14 0.00 0.00 0.00/ 0.00
15 24 0.33 000/ 0.20
15 33 0.33 0.00/ 0.00

Step 2. Reformat the chart as required. To change the chart to a more suitalchart type,
select Chart | Chart Type, and choose the Column chart sub-type 1.
You may also wish to embed the chart in the pivot table worksheet (Chart | Lation).

E3 Microsoft Excel - HRW__ NEresults.xls |8 I_)i!
@ Eile Edit Miew Insett Format Tools | Chart | Window  Help Type aguestionforhelp = o & %
DG SRY § @ S |2z @ -0.
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Locatian. . -
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6.00 m m
k| e
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4.00 I: o ;u;tegzsscmumn Campares values across
‘ I~ Default formatting th OHRWY
OCanst 2Zmm/‘h
_ Press and Hold to Yiew Sample
B Caonst 20mm
3.00 = Sek as defoult chrt | ok | concel W Ciimatalagi
2.00 J
1.00 H
L
0.00 . ]
— ey ey I=r huny — o ey I=r — Iy oy I=r — ey Ity I=r — ey ey I=r = 10 0y I=r ) — 0y Iy I=r )
C3l, Critical FAR, False FPOD, Probability| B, Bias Ratio (0 | LR2, Likelihood | LR1, Likelihood Theta, Odds
Success Index (0] Alarm Rate (0% to| of Detection {0 to| to 1% to infinity) | Ratio for above | Ratio for below Ratio {0 to
to 1% 1 1 threshold (0ta | threshold (0 to infinity™)
infinity™) infinity™) S
Thrashald (=)
4 4 b K[ Chartl / skilscoresSummary  { Staks Obs / StatsObsSummar Stats Fests £ StatsFestsSummar |4 | le

Figure 5.5.2 (b) Generation of a pivot chart in Excel 2002
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Step 3. Add or remove fields from the chart using the Data drop down menu. Youawy need
to adjust the Y-axis once you have done this.

Ed Microsoft Excel - HR¥W__ NEresults.uls =18 =
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6 Guide to Performance Measures

An overview of the performance measures and statistics geddrnathe HRW Assessment Tool is
given in Table 6 (a). The table gives a desciption of eaclststatind its location in the Results

Workbook. The individual performance measures along with a briefipisorof each are given in

Table 6 (b).

Section 6.1 presents a basic guide to assessment, covering theafhgriound-truth, comparative
forecasts and routine for assessment. Section 6.2 contains a guidsetect#zon of the most
commonly used performance measures with examples for eaclonS28tcontains an overview of
the performance measures not covered in Section 6.2. A guide to congliéfiengnt sources of
forecasts and ground-truths is presented in Section 6.4.

Table 6(a) Overview of statistics generated by the HRW Assessment Tool

Type of Statistic Configuration Details Results Table Summary Sheet
Name Sheet Name Name
Statistics of Mean, median gnd
. . . standard deviation Stats Obs StatsObsSummary
Basic statistics of observations .
. of observations.
observation and Mean. median and
forecast values %gf;gz of standard deviation Stats Fcsts StatsFcstsSummary
of forecasts.
Mean absolute
_ Typical size of error and root
Relative error mean square
Performance error.
Measures . Performance
Bias Mean, median and Statistics PerformanceSummary
percentage errors.
Non-continuous
Performance Efficiency R? statistic.
Measures
Categorical Categorical
Performance Skill Scores performance Skill Scores SkillScoresSummary
Measures measures
Standardised
Performance differences of

Measures for

Typical size of

. Compare forecasts Cmp Forecasts CmpFcstsSummary
comparison of error measures
forecasts across different
forecasts.
Standardised
Performance differences of
Measurgs for Compare ground- Typical size of Cmp G truths CmpGSummary
comparison of truths error measures
observations across different
ground-truths.
Performance Continuous Brier
Measure for Brier Score Score for Brier Score BrierSummary
Probability (Probability) probability
Forecasts forecasts.
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Table 6(b) Overview of performance measures

Continuous variable:

Bias (mean error) over- or under-estimation

Median error over- or under-estimation

Mean absolute error typical size of error

Root mean square error typical size of error

R? (Efficiency) size of error relative to a naive forecast (eqoahe mean)
% Error in maximum obs size of error for the “biggest” event

Categorical variable:

Critical Success Index balanced measure of forecast success

False Alarm Rate emphasises events incorrectly forecasted

Probability of Detection emphasises events correctly forecasted

Bias Ratio too many or too few events forecasted

Likelihood Ratios measure of information provided by having forecasvice,
separately for events and non-events

Odds Ratio overall measure of information provided by havingetast
service

Where probability forecasts are analysed:

Brier Score error in probability terms
Continuous Brier Score balanced measure of location and spread of forecalsttive to
outcome

6.1 Guide to Assessment of Heavy Rainfall Warnings

The Tool's assessment procedures for Heavy Rainfall Warniegaimwed at answering the basic
guestion:

What is the typical size of error in rainfall forecasts, or rate of success in forecasting high
rainfalls?

The Tool can also be used to monitor changes in forecast performance over time.

The Assessment Tool provides facilities for comparing foredasts a number of sources using a
number of different versions of ground-truth. In the following sectionsjis@iss the selection of
target quantities and of suitable forecasts and ground-truths.

6.1.1 Selecting Target Quantities for Assessment

Use of the HRW Assessment Tool requires that the target iigsrfor the forecasts can be
properly identified, so that suitable ground-truths can be sdlestaluated by the user and entered
into the Tool. Target quantities should normally be chosen to make leesif tise information
given in warnings, and are therefore usually tailored to the tgpeal of warning. If more than one
type of information is provided on the warning, then there should norbmalhne target quantity to
match each piece of information provided within a warning.

The target quantity of a forecast may be an average forean ar a maximum within an area.
Similarly, the target may be a total rainfall for a tipexiod (or equivalently an average rate over a
time-period), or a maximum rate within a time period. Thus, tymzaimples of target quantities
would be maximum rainfall accumulation, mean rainfall accumulation and maxraiofall rate.
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Where the target quantities relate to “maxima”, difficulaese over defining this concept in a way
that gives a meaningful value, taking into account the effectiof wata of differing spatial or
temporal resolution. There can also be questions over defining a ftymaafall value if the
average value (specifically the mean value) is not quite what is required.

Examples of selection of target quantities based on represertigie® of warnings are given in
Section 7.

6.1.2 Selecting and Determining Ground-truths for Assessment

For each target quantity, suitable ground-truth values need to edlletypically these will be
radar data and/or raingauge network data.

If ground-truth is obtained from a raingauge network, then thesestiauld be adequately quality-
controlled. Procedures for simple inter-gauge comparisons are egqMalues of ground-truth
should be prepared according to whatever interpretation of “ground-teuitteptable, bearing in
mind any discussions between the Met Office and the Environmentygencerning what targets
of the forecast should be. For merged radar-raingauge produgmmghbible effects of incorrect
raingauge data having been used would need to be considered.

In principle, merging of information from raingauge networkd aveather radar should be the best
source of ground-truth but this is problematic at present. Spatialgegeraay be adequately
estimated by raingauges alone, by (adjusted) radar alone, osebpf a fully merged product.
Theoretically, spatial maxima would be best estimated usday data because of the higher spatial
resolution, but experience has shown that forecasts of maxiayabm better matched to the
maxima obtained from a raingauge network.

The Nimrod “merged” product does not yet exist to provide experienc&hich advice can be
based and the Nimrod “Quality Controlled” product is still undergainanges and development.
The suitability of locally-archived Nimrod data for post-event ysed has not yet been assessed:
there may be a need for post-event quality control of Nimrod 8atalar problems arise for other
radar-raingauge products constructed for real-time use.

Note that the time period used to calculate the ground-truths shouédelstéed to match the time
period given in the warning. The examples shown in Section 7 beloait@xamples of how the
period of the event should be estimated from various forms of warningors& also gives

examples of the practical selection and use of ground-truthsalynrite level of spatial averaging
should be tailored as closely as possible to the target quantities.

6.1.3 Selecting Forecasts

The primary forecast(s) will usually be obtained from the ommerat Heavy Rainfall Warnings.
However, in order to assess how good an operation warning is, the forecast can bedcaggast
selected naive forecasts. Naive forecasts are genexalistructed according to simple rules, and
they provide a performance baseline. One naive forecasbidy ever forecast a fixed amount, say
20mm. In this case, we would construct a forecast that was for 2@memever a warning is issued.
Use of this naive forecast allows comparison of whether the opeffatiecast values are better or
worse than the much simpler naive forecast. Another common naivagoan be constructed by
forecasting an amount which is proportional to the length of the easrdofitained in the Heavy
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Rainfall Warning). For example, one could forecast at a ratenwh/Br for the duration of the
event, so for a 9 hour event, we forecast 18mm.

The aim of naive forecasts is really to allow assessment of therparfoe of operational warnings.
If operational warnings do no better than naive forecasts, teetaw conclude that the operational
warnings are not doing particularly well and it might be apprapriatmake allowance for this
when interpreting warnings.

Selection of the actual values at which to set the naive valdedepend on what issues are of
interest. If rainfall warnings are triggered at a certamfall value, then this might make an
appropriate choice of naive forecast. If the naive forecastsares low, or very high, then the
HRW Tool results are unlikely to be very useful as they ardylik@ simply show very poor
performance. The HRW tool allows for a range of constant rfanezasts to be tested, so given
sufficient data, one could compare naive forecasts and determine which gikesttperformance.

Examples of selection and calculation of naive forecasts itiael@ specific warnings are given in
Section 7.

A further type of forecast is used by the HRW Tool when ssésg Skill Scores: this is the
climatology forecast. The climatology forecast aims to mithe characteristics of the observations
in terms of the frequency of different sized events, but with ran@imng. Thus it contains the
same number of exceedances and non-exceedances of the selestarldifa® the observed data,
but the timing of these exceedances/ non-exceedances is rantentliiatology forecast is
included because any reasonable forecast should outperform the climatotmggtfor

6.1.4 Practicalities and limitations of using the Assessment Tool

The interpretation of individual Heavy Rainfall Warnings for usihiw the Tool can be
problematic where the Warnings do not have a fixed structure. Therdaates matched sets of
forecast amounts or rates and corresponding ground-truths, which, irplgrimeiquires that the
Warnings be interpreted as providing quantitative forecasts forfispaeas and specific time-
periods. If there are missing values amongst the ground-truths andsiovalues for a warning at
particular site, then this warning will be excluded from thelysma It is necessary to exclude
warnings with missing values because cross-comparison betwéererdifforecasts and ground-
truths could otherwise easily give very misleading results. NatBcularly that because missing
values will lead to data from a warning being excluded, imipartant to balance the desire to
compare different ground-truths and forecasts, against the desimake the most use of the
available data. In general it is not sensible to include extrand-truths or forecasts if there are
several missing values. If it is necessary to use a groutid-or forecast that contains several
missing values, it may be best to exclude them from the maiyseand then to carry out a
separate analysis in which they are included.

The HRW Assessment Tool is designed for the situation whenrg einall data required will be
accomplished manually. This has affected the choice of assesgrocedures, leading to the
adoption of a forecast-by-forecast based assessment procdthisemeans that the Tool's
assessment procedure measures how well the forecasts @l raoritained in the Warnings
perform in matching the eventual outcomes. The HRW Tool and methodmlgrelesigned to
handle analysis of warnings that have been issued. In particularoitedures used by the tool do
not allow for assessment of non-issued (missed) warnings: itdweqglire a different approach
(e.g. continuous assessment) and would need substantially more dataathdme handled
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conveniently using manual data-entry. More detail on the choiceettiodology and assessment
proceedures can be found in the technical report on which the H&ONIST based (Jones et al.,
2003).

Note also that when using Skill Scores, use of a comparison threshold that eseotodhe ends of
the range of values occurring or forecast will not give usefullteesA consequence of this is that
you cannot use the Tool to assess the performance of Warningst digaitigeshold level criteria
used for their issue. The Skill Scores analysis is most usefas$assing threshold levels where the
chance of a warning being missed at this level is small. Ictipea warnings should not often be
missed because even if a HRW is not forecast in advancd|, itswally be issued after the start of
an event. If a user chooses thresholds of reasonable size somawthereniddle of the range of
observed and forecast values, this should provide useful information abgiutlitioé the forecasts
particularly when compared with the naive and climatology forecasts.

Many of the assessment statistics are not applicable wirthle warning case, and only a limited
amount of information will be produced in such cases. In particular, stolles and forecast /
ground-truth comparisons cannot be provided for the single s& &bote that where it is not
possible to calculate a statistic because only a single vgaiawvailable, then the pivot tables will
show a blank entry for this statistic.

The Tool is primarily designed for use where there are melt@rnings available. As described
above, single warnings do not provide a useful basis for comparisooremfasts. The more
warnings there are the better the basis for comparison.vasyaough practical guide, 5 or more
warnings should be considered the minimum for informed comparison.

6.2 Guide to Performance Measures, Part 1

6.2.1 Example
For the purposes of illustrating the performance measures, the example telosehaised.

A set of 5 forecast Heavy Rainfall Warnings of the SpMiakimum Accumulation (mm) are to be
assessed for Northeast Region South Pennines Area. Radar datad(N)@ 2km) have been
selected to provide the ground-truth. Radar has the potential to providieaspatial maximum
rainfall estimate than use of data from a raingauge netwiddke (that this may not be the case in
practice due to problems with radar rainfall estimation.) The values cedcare tabulated below.

Table 6.1 Example data for illustrating performance measure and skill scores
Start Time/Date  Forecast HRW  Ground-truth Radar

15:00 29-Jul-02 30 189.88
15:00 30-Jul-02 60 102.78
03:00 1-Aug-02 60 46.47
08:00 4-Aug-02 15 34.09
06:00 9-Aug-02 30 51.88
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6.2.2 Guide to Notation
y, is the observed (ground-truth) value of rainfall for samgkel,2...,n).

Y, is the forecast value of rainfall for sample i.

Summation operatory |

DVIED Vi EVi Y, Y,
i=1
Example: Mean ofr=5) radar observations

1 1 1
y=EZyi =g2yi =g(y1+y2 Y3+ Y.t Ys)
i=1
= 0.2 (189.88+102.78+46.47+34.09+51.88) = 85.02 mm

6.2.3 Continuous Performance Measures

The performance measures that are describe in this section arequtesetite performance

measures summary sheet. An example of performance measures output forgshewlata Table
6.1 is presented in Figure 6.2.

Ground Truth Radar hd =
Cluantity Spatial Maximum Accurmulation (mm) -
Forecast Name ]|

Data w|Area w|const S0mm HRWY

hean Absolute Errar 5. Pennines 4280 51.43

Root Mean Square Error 5. Pennines B7.26 75,29

hWlean Error (Biasg) 3. Pennines 35.02 46.02

% Errorin Maximum Obs (%) |S. Pennines 7367 84.20

Wedian Error 3. Pennines 1.88 21.6858 b
R-sguared (dimensionless) 5. Pennines -0.37 072

Figure 6.2 The performance measure summary sheet for the data presentedrable 6.1. The
HRW forecast column shows the performance statistics based on the Heavy Raih
Warnings data. A constant naive forecast of 50mm is also shown.

Bias (mean error)

Mean of the rainfall forecast errors.

bias=n">(y, - ¥;)

Use: Indicates over-estimation (negative) or undemaation (positive) of rainfall forecast.

Example: Bias of Heavy Rainfall Warning forecasts

Forecast errorsy, -y, , are: 159.88, 42.78, -13.53, 19.09, 21.88.
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bias = n'lz:(yi -y.)=0.2 (159.88+42.78-13.53+19.09+21.88) = 46.02 mm
This indicates that forecasts typically undereatarby 46 mm.

Median error bias

Median of the rainfall forecast errors.

50% point of errors

Use: Indicates over-estimation (negative) or undemeation (positive) of rainfall forecast.
Example: Median error of Heavy Rainfall Warning forecasts

Forecast errorsy, -y, , ranked in order of size are: 159.88, 42.78, 211889, -13.53
The Median Error is given by the 50% point of esravhich is 21.88 mm.

This indicates forecast underestimation by 22 mhilsiymean error bias is 46 mm.

The median error as a measure of biamsaie robust to outliers than the mean error, giving a more
typical bias value in this case.

Mean absolute error

Mean of the absolute values of the rainfall foréeasors.
mae=n") |y, - |

Use: Typical size of rainfall forecast error.

Example: Mean absolute error of Heavy Rainfall Warning tasts

Absolute value of forecast errofy, - |, are: 159.88, 42.78, 13.53, 19.09, 21.88.
mae=n"Y|y, - §|= 0.2 (159.88+42.78+13.53+19.09+21.88) = 51.432 mm.

Root mean square error

Square root of the mean of the squared rainfadldast errors.

rmse = \/n_lz(yi -9, )2
Use: Typical size of rainfall forecast error.

Example: Root Mean Square Error of Heavy Rainfall Warniogetasts

Square of forecast errorgy, - ¥,)?, are: 25562, 1830, 183, 364, 479.
rmse = \/n‘lz:(yi - ¥.)? ={0.2 (25562+1830+183+364+479)} = 75.39 mm.

Compare theypical size of error given bymae of 51.432 mm with themse value of 75.39 mm.
Thermse is more sensitive to outliers, as seen in thisrgta where the value calculated is inflated
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by taking the square of the single large error &a@fi1159.88. Themse is arguably lesgypical than
the estimate provided by tineae estimator.

Percentage error in Maximum observation

The error in the largest observation, as a pergenta

%%error = 100(ymax - 9max)
Yimax

wherey, ... is the maximum observation, any,, is the forecast value for this observation.

Example: The maximum observation of the 5 Radar values 8.888 and the corresponding
forecast value is 30. Thus
% error = 100 (189.88-30)/189.88 = 84.2%

6.2.4 R? Efficiency
Proportion of variance in observations accountedyjoforecast.

2 Z(Yi _9i)2
R=1-=S"——"
Z(yi _37)2

y= n‘lz y, is the sample mean of the observations

Use: Size of error relative to a simple (sample meamgdast (dimensionless)
Example: R Efficiency of Heavy Rainfall Warning forecasts

The sample mean of the radar observations hasqu#yibeen calculated §s= 85.02 mm.
The observed deviations from the megn;-y, are: 104.86, 17.76, -38.55, -50.93,-33.14.
The sum of squares of these deviations is

> (y; = ¥)? = 10996+315+1486+2594+1098 = 16489.

The termZ(yi —y.)%is obtained from themse value of 75.39 previously calculated, by squaring
and multiplying by 5 to give 28418. Then:

&\ 2
R? :1—M: 1-(28418/16489) = -0.72.
Z(yi - y)
An R of 1 indicates that we have a perfect forecast,anR? of 0 means that we would do just as
well if we had used a naive constant forecast ahatys predicted the mean value (note that this
naive forecast is not practical because the medneofadar observations is not known in advance).
A negativeR? means that the forecast is doing worse than tfens® is a poor forecast.

6.2.5 Categorical Skill Scores

Categorical skill scores can be used to providerimétion about how well forecasts perform for
different sizes of rainfall event. For example, mvight find that events bigger than 20mm are well
forecast, but events larger than 50mm are not feedicast. The Skill Scores are defined from
information contained in a Contingency Table cardtrd from a set of forecasts and observations
provided for assessment. This Contingency Tabdeimed below.
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Contingency table:

Event Event Observed Total
Forecast Yes No
a b
hC hit false alarm a+b
No (.: d L c+d
miss correct rejection
n=a+b+c

Total atc b+d +d

An Event is defined as an exceedence of a raitifiadshold value.

a, b, c andd are the number of entries in each Event categony fainfall forecasts and their
corresponding observations.

If forecasts are provided in terms of probabildables, then the HRW Tool requires that the skill
thresholds should be the same as the probabibtg tavels. If forecasts are for a particular qugnt
then the thresholds are normally selected to cavange of event sizes (ranging from small to
large; see Section 7.1 below).

Example: The performance of the Heavy Rainfall Warning éast in warning of rainfall events in
excess of 49 mm is to be assessed for the dagd listTable 6.1.

The Contingency Table for this rainfall event thralsl and tabulated set of rainfall values is rgadil
calculated as:

Event Event Observed Total
Forecast Yes No
1 1
Yes hit false alarm 2
No 2 1 . 3
miss correct rejection
Total 3 2 5

This indicates that there are 3 observed eventseeleg the 49 mm threshold, of which 1 is
correctly forecast (a hit) and 2 are missed, witiiste is 1 false alarm and 1 correct rejectioarof
event.

The Skill Scores calculated for the above exampeshown in Figure 6.3, illustrating how the
results are presented on the skill scores summarksheet. Each skill score is described below
including its calculation and interpretation.
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Ground Truth Radar -
Quantity Spatial Maximum Accumulation (mm)  w
Area 5. Pennines -
Forecast |
Data w |Threshaold (=) = |Climatology const S0mm HEW
CEl, Critical Success Index [0 to 17) 49 0.43 060 0.25
FAR, False Alarm Rate (0% to 1) 45 0.40 0.40 0.50
FOD, Probability of Detection ([0 to 1% 43 0.60 1.00 0.33
B, Bias Ratio (0 to 17 to infinity) 45 1.00 167 D67
LR2, Likelihood Ratio for above threshald (0 to infinity™) 49 1.00 1.00 067
LR1, Likelihood Ratio for below threshald (0 to infinity™®) 43 1.00 0.75
Theta, Odds Ratio [0 to infinity™) 49 1.00 [ 00

Figure 6.3. Skill scores summary data for the data presented ihable 6.2. The HRW column
shows the result based on the predictions contained inghwarnings. The climatology column
shows the results when a randomized forecast is made for which theage the same number of
values above and below the threshold as for the observed datae¢Bon 6.1.3). The “const
50mm” column shows the results for a naive forecast of 50mm. Blerentries indicate that it is
not possible to calculate a particular statistic for the giverfiorecast. For this particular dataset
the HRW performs quite poorly — overall it is outperformed by the other 2 foreast types.

Critical Success Index (Threat Score), CSI

Number correct (hits) divided by number forecast/anobserved (the threat: a+b+c)

CS :L
a+b+c

Use: Balanced measure of forecast success.

Example: CS performance of the Heavy Rainfall Warning foredastarning of rainfall events in
excess of 49 mm is to be assessed. Using the @entiy Table entries gives:

g=—2 -1 _n
at+b+c 1+1+2

A CSI of 1 would mean the forecast is doing veryiwehile a score of 0 indicates that the forecast
is not detecting anything correctly. A value of®idicates that the forecast is under-detecting
events.

False Alarm Rate, FAR

Proportion of forecast events that fail to matésal

b
a+b

FAR =

Use: Emphasises events incorrectly forecasted.

Example: FAR performance of the Heavy Rainfall Warning foregastarning of rainfall events in
excess of 49 mm is to be assessed. Using the @entiy Table entries gives:

b -1 _os.

a+b 1+1

This can be interpreted as saying that about Hidkfeoforecast events fail to materialize.

FAR =
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Probability of Detection (Hit Rate for observed ‘yes’), POD

Proportion of occasions when an event does ocetiatie forecasted to experience the event.

POD=_2_
atc

Use: Emphasises events correctly forecasted.

Example: POD performance of the Heavy Rainfall Warning foreg¢asvarning of rainfall events in

excess of 49 mm is to be assessed. Using the @enty Table entries gives:

POD:L:L: 033-
atc 1+2

In other words, we correctly forecast 1 in 3 events

Bias Ratio, B
Ratio of “yes” forecasts with “yes” observations.

_a+b
a+c

B

Use: Indicates too many (greater than 1) or too fewner@ess than 1) forecasted.

Example: Bias Ratio performance of the Heavy Rainfall Warning foregasvarning of rainfall
events in excess of 49 mm is to be assessed. W&rgontingency Table entries gives:

This shows that we are tending to under-forecast.

In summary, the Skill Scores are: CSI=0.25, FAR=®®&D=0.33 and B=0.67. Thus there is a
tendency to under-forecast, with a Bias Ratio B tkan 1 and a low False Alarm Rate.

6.3 Guide to Performance Measures, Part 2

The results of the example calculations descrilovibare also presented in Figure 6.3

6.3.1 Relative Categorical Skill Scores
Likelihood Ratios, LR;and LR»

LR is the Likelihood Ratio for correct forecast oferent.
LR, = a(b+d)
b(a+c)
The chance of forecasting that an event will oaehen that event does happeii® of the chance
of forecasting the event will occur when it actyalbes nat

LR; is the Likelihood Ratio for correct forecast ai@n-event.
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LR = d(a+c)

c(b+d)
The chance of forecasting that an event will n@uoevhen that event does not happeRs of the
chance of forecasting the event will not occur whectually does happen

A good forecast service will have Likelihood Ratgeater than 1.

Use: Measure of information provided by having forecaatice, separately for events and non-
events

Example: Likelihood Ratio performance of the Heavy Rainfall Warning foregastiarning of
rainfall events in excess of 49 mm is to be asskedsssing the Contingency Table entries gives:
- a(b+d) _ 11+1) _ 067
b(a+c) 11+2)
The chance of forecasting that the event will oaehen the event does happe2/3 of the chance
of forecasting the event will occur when it actyalbes nat

LR = d(a+c) _ 11+ 2) _

c(b+d) 2@0+))
The chance of forecasting that the event will reaiuo when the event does not happedi4f the
chance of forecasting the event will not occur whercttually does happen.

We can conclude that for this example, the foréegss not doing particularly well because the
likelihood ratio is less than 1.

Odds Ratio, 4

Compares the conditional odds of making a goodcse(a hit) to those of a bad forecast (a false
detection).

Theodds (or risk) Q of an event is the ratio of the probabilityf it occurring to it not occurring,
1-p,and soQ = p/1-p.

ad
=—=LRLR,.

Odds of an observed event being correctly foresabieOdds Ratio times the odds of a no-event
being forecast as an event.

Use: Overall measure of information provided by haviogecast service.

Example: Odds Ratio performance of the Heavy Rainfall Warning foregastarning of rainfall
events in excess of 49 mm is to be assessed. W&rgontingency Table entries gives:

Alternatively, the product of the two Likelihood fre#s, 0.67 times 0.75, gives the same result.

Thus, the odds of an observed event being corréatbgast idalf the odds of a no-event being
forecast as an event. A good forecast service in@slds Ratio greater than 1.
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For this example, an odds ratio of 0.5 suggeststiieeforecasting is not doing particularly well
because the odds ratio is less than 1.

6.3.2 Skill Scores for Probability Forecasts
Brier Score (Categorical)

Mean square probability error.

BS=n"Y (Y, -Y,)
Y, indicator of eventy, < xin the observed sample,
equal to 1 if eventy, < xdoes occur, O if not

\?i probability of eventy, < xoccurring ,
as stated in the probability forecast, value ardinge 0 to 1

Herey, is the observed value of samplg=1,2...,n), andx s a threshold value defining the
categories of event-occurrence or non-occurrence

Use: Typical size of error in probability terms.
Brier Score (Continuous)

Integrated mean square probability error.
BS=n"Y" [(Y,() =Y, () dx

Y, (x) indicator of eventy, < xin the observed sample,
equal to 1 if eventy, < xdoes occur, 0O if not

\?i (x) probability of eventy, < xoccurring,
as stated in the probability forecast, value erdnge O to 1

Herey, is the observed value of samplg=1,2...,n), andxis a variable threshold value covering
all possible values of rainfall amount or rate.

Use: Balanced measure of location and spread of raiof@casts relative to outcome.
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6.4 Guide to Making Comparisons with the HRW Assessment Tool

6.4.1 Guide to Comparing Forecast Sources

The value of naive forecasts for comparison agdinstoperational forecasts was indicated in
Section 6.1. Good operational forecasts shouldpetierm naive forecasts. This leads to the
guestion of comparing the performances of foredasts different sources. When sample sizes are
small, or when there is little difference in perfance, any apparent difference may be due entirely
to chance. Thetandardised difference of a performance measure for two forecast souscesed to
indicate the extent of evidence that one sourderetasts is better than another.

The standardised difference is available for peméoice measures of the basic form
P=n"">" g(outcome, forecast)
wheren is the number of forecasts assessedg{ng is some error function of the forecast and

outcome (ground-truth) values (for example, theedast error squared fomse-type performance
measures).

Then the difference in the performance measuresvior sources is the average value of the
differences

x. = g(outcome, forecast ™) — g(outcome, forecast ®).
One forecast is better than another if the longauerage of thex s is different from zero. The
evidence for or against one source being better &mmther can be quantified by the value of the
standardised differencé, where
_ meanof X 's
- typicalerrorof mearof x. 'sin estimatingong- runaverage

The standardised differendeis evaluated from the sample mea&n,and sample variance?, of
the differencesy;, as follows:

X=n"Yx
$=(n-173{x -
X

t=

n—lSZ

The standardised difference should be comparedsigtie following suggested limits to assess
whether there is reasonably strong evidence thafanecast source is better than another:

2 if sample siza is large
2.1 if sample siza =20
2.5 if sample siza =10
+3.5 if sample size =5.
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6.4.2 Guide to Comparing Ground-truths

There are often several different ways in whichugibtruth for rainfall quantities can be
determined, particularly where the targets of @inforecasts is unclear. The HRW Assessment
Tool can be used to make a comparison of grourttgrwith the aim of assessing whether the
forecasts are better matched to one version ofngkdiwth than another. The method for doing this
is rather similar to comparing different sourcegasécasts (Section 6.4.1), and a full accounbis n
given here. Once again a standardised differenggoaph can be used for some types of
performance measure.

The standardised difference is available for peméoice measures of the basic form
P=n">" g(outcome, forecast) .

Then the difference in the performance measuresamorgound-truths is the average value of the
differences

x. = g(outcome® , forecast) — g(outcome®, forecast).
Then the procedure for treating thesés is exactly the same as in Section 6.4.1.

44



7 Example Assessments

This section gives 3 examples of how to set updaie required for warning assessments. The
warnings and ground-truth data are provided beldhe data and comments provided below
correspond to the example workbooks provided orCihes part of the HRW-Tool.

The examples are deliberately selected from speEifivironment Agency regions. This allows

illustration of the practical issues in interpreiatof the data presented in typical warnings. The
regions used here are intended to provide a remase selection of the different types of warning
that are available. Users should be able to aygytinciples to their own region.

7.1 Northeast Region

The following example is treated in 2 parts, withn8ial warnings (part 1), and then a further
warning in Part 2.

Users may wish to refer to the following exampleesplsheets:

HRW__NE_1_ ConfigPartl.xls — shows the configuration

HRW__NE_2 DataPartl.xls - shows the configuragilus the data for the first 3 warnings,
HRW__NE_4 Datapart2.xls — shows the configuratilus the data for the final warning.

These workbooks demonstrate how the data from #aings and the ground-truths have been
translated into the worksheets.

7.1.1 Heavy Rainfall Warnings

Part 1: 29 -31 July 2002
The Heavy Rainfall Warnings issued in Part 1 ofahsessment period are given below.

In order to configure that data sheet, it is neamgst decide on appropriate target quantities and
ground-truths, and to select appropriate foredastsomparison.

First we consider what the target quantities shdadd We note that the first 2 warnings give
possible local totals (30mm and 60mm). This suggistt a spatial maximum accumulation would
be an appropriate target quantity. Warning 3 presi@ quantities. Here, we interpret the total
(40mm) as a spatial mean accumulation, and theefgianally 60mm” as a spatial maximum
accumulation. The spatial mean accumulation pes/alsecond target quantity to be evaluated.

Appropriate ground-truths for (i) the spatial maxim accumulation are maximum radar and
maximum raingauge values, and for (ii) the spatiean accumulation are the mean radar and mean
raingauge totals for the spatial mean rainfall. Vakies of these are given in 7.1.2.

The warnings provide a HRW forecast value. We cadoscompare these warnings with 2 naive
forecasts, one of constant value, one of constdat A constant prediction of 20mm is selected as
the first naive forecast. An alternative naive @t is chosen to correspond to rainfall falling at
constant rate of 2mm/hr over the period of the evEme choice of values of 20mm and 2mm/hr is
relatively arbitrary and was selected so as to giveasonable comparison with the HRW forecasts.
If the naive forecasts are set very low, or veghhthen the results are unlikely to be very useful
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For this example, calculation of skill scores isidsd. This requires selection of a number of
thresholds. In this case we choose a range ofhbids that vary from small to large events. The
thresholds are set at 14, 29, 39, 49, 59. Thegetréo just below typical storm sizes (eg just elo
40mm) in order that a 40mm event is included in*B8 threshold band. The actual selection of
values is relatively arbitrary, but covers bottatiely small and relatively large events.

Note that the Northeast weather warnings applyhéofollowing 7 areas: Central & N. Pennines,
Cheviot, Moors, N.E. Coast, S. Pennines, Vales &d&aind W. Pennines.

Warning 1

WEATHER WARNING

Tel: 0845 300 0300 www.metoffice.gov.uk

A\

Environment Agency Leeds (Ref: M037)

Warning Issued at 06:39, Mon 29 Jul 2002

Warning of: Thunderstorms

Text: Isolated thunderstorms are expected to develop after about 1500 today and
persist overnight. Local totals of 30mm or more are possible, with Vale and
Wolds, South Pennines, Central and North Pennines and Moors being most
at risk.

Warning Number: 147
Warning Valid from: Mon 29 Jul 2002 1500
Warning Valid until:  Tue 30 Jul 2002 15:00

Please telephone 0161 932 7161 if you require further information.

The following information is extracted from this mang. The start time is 15:00 29 July, and the
end time is 15:00 30uly, i.e. 24 hours later. The HRW forecast of sppahaximum rainfall is
30mm: this applies to the 4 areas listed. The na@ram constant forecast is 20mm, and the naive
2mm/hr constant rate forecast is 48mm as the dastst 24 hours.
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Warning 2

\/‘*-
WEATHER WARNING =~
Tel: 0845 300 0300 www.metoffice.gov.uk m
Environment Agency Leeds (Ref: M037)

Warning Issued at 07:15, Mon 29 Jul 2002

Warning of: Heavy Rain

Text: Periods of heavy rain are expected to develop on Tuesday. Some large
totals of rain are expected in the following 24h, possibly up to 60mm locally.
All areas at risk, except, perhaps Northeast Coast and Cheviot.

Warning Number: 148
Warning Valid from: 30 July 1500
Warning Valid until: 31 July 1500

Please telephone 0161 932 7161 if you require further information.

This warning is interpreted similarly to the fivgarning. It is taken to apply to 5 regions (ie not
Northeast coast or Cheviot).

Warning 3
=
WEATHER WARNING ==
Tel: 0845 300 0300 www.metoffice.gov.uk m
Environment Agency Leeds (Ref: M037)

Warning Issued at 09:38, Wed 31 Jul 2002

Warning of: Heavy Rain

Text: Another rainfall event is expected to begin tonight. Totals of 40mm and
exceptionally 60mm, are possible in the 24 hour period beginning around
0300 tomorrow. All areas are at risk.

Warning Number: 175
Warning Valid from: Thursday 1st August 0300
Warning Valid until: Fri 02 Aug 2002 0300

Please telephone 0161 932 7161 if you require further information.

The following information is extracted from Warni8gThe start time is 03:00 1 August, and the
end time is 03:00 2 August, i.e. 24 hours latee HRW forecast of spatial maximum rainfall is
60mm and of spatial mean rainfall is 40mm: thisli@spo all 6 areas.

The naive 20mm constant forecast is 20mm and tive 2anm/hr constant rate forecast is 48mm as
the event last 24 hours. The naive forecasts aredme for both target quantities.
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Part 2: 1 August 2002

The Heavy Rainfall Warning issued in part 2 of #issessment period is given below.

\/\—'
WEATHER WARNING =~
Tel: 0845 300 0300 www.metoffice.gov.uk m
Environment Agency Leeds (Ref: M037)

Warning Issued at 23:03, Thu 01 Aug 2002

Warning of: Heavy Rain

Text: Further heavy rain is expected right through Friday with 15-30mm possible in
12h periods. Initially Moors, Vale and Wolds, C+N Pennines and West
Pennines will be affected, but from around midday the areas with heavy rain
will transfer northwards. NE Coast and Cheviot, with the north of C+N and W
Pennines will be affected then, whilst more southern areas become dry by
evening.

Warning Number: 16
Warning Valid from: 02 Aug 2002 0600
Warning Valid until: 03 Aug 0300

Please telephone 0161 932 7161 if you require further information.

For this warning, a range of values is providedie;ieie assume that the upper value (30mm) is
equivalent to a spatial maximum rainfall, and deaidt to use the lower (15mm) value. This
interpretation is subjective. The warning stated the duration of the event is for 12 hours. The 4
regions Moors, Vales and Wold, Central and Northnitezs and West Pennines are initially
affected. So for these catchments, the start tinseti to the start of the warning (06:00 2 August)
and the end to 18:00 2 August. For NE Coast andiGhehe start time is taken to be midday
(12:00) and the end time is set to 12 hours later.

7.1.2 Ground-truth

The radar and raingauge ground-truth values fopém®d 29 July - 1 August are given in Table
7.1.2.
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Table 7.1.2 Ground-truth data for Northeast demonstration event. Only data used ithe
example workbook are included.

Maximum Maximum Mean Mean
Period Start Period End Area Raingauge Radar Raingauge Radar
(mm) (mm) (mm) (mm)
Central & N. Pennines 20.60 58.03
Cheviot 20.32
Moors 2.20 34.69
N.E. Coast 50.13
150029 July - 15:0030duly - o 50 hines 35.80 189.88
Vales & Wolds 16.20 196.66
W. Pennines
Central & N. Pennines 60.40 85.59
Cheviot
Moors 3.20 63.84
15:00 30 July  15:00 31 July N.E. Coast
S. Pennines 68.80 102.78
Vales & Wolds 33.80 83.25
W. Pennines 30.00 62.38
Central & N. Pennines 37 54.38 21.9 17.16
Cheviot 3.6 1.29 .0.89
Moors 73.2 56.84 51.00 32.71
03:00 1 Aug 03:00 2 Aug N.E. Coast 37.2 12.53 6.32
S. Pennines 33.2 46.47 27.63 19.31
Vales & Wolds 51.8 56.84 30.37 17.64
W. Pennines 50 49.28 8.73 32.71
Central & N. Pennines 38.80 24.47
Cheviot
Moors 24.40 17.00
06:00 2 Aug 18:00 2 Aug N.E. Coast
S. Pennines
Vales & Wolds 12.65 17.03
W. Pennines 29.20 26.28
Central & N. Pennines
Cheviot 34.60 25.30
Moors
12:00 2 Aug 00:00 3 Aug N.E. Coast 13.80
S. Pennines
Vales & Wolds
W. Pennines

Note that for some of the dates, there are raidg&th but not radar data. The HRW Tool does not
process warnings unless the data are completerégian. Thus, at any sitenly the warnings with
complete ground-truth information will be used in the calculations.
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7.2 Northwest Region

7.2.1 Heavy Rainfall Warnings

The Heavy Rainfall Warnings issued between 31 Jgrarad 2 February 2002 are shown below.

The basic type of information contained for thigiom’'s warning is fairly similar to that of
Northeast Region. We therefore select the same r@ettagquantities, the spatial maximum
accumulation, and the spatial mean accumulatiod, wse the same ground-truths and forecast

types asin 7.1.1.

The configuration and data for these warnings aaaxamined in the

HRW__NW_1 ConfigAndData.xls workbook.

Warning 1

TO THE ENVI RONMVENT AGENCY

FROM THE MET OFFI CE ( MANCHESTER)
| SSUED AT 0648

ON Thursday 31/01/2002

TEXT: Event A; Heavy rain from around 1100, will
in areas 3,4 5 and 6.
CONFI DENCE LEVEL: 30%

VALI D UNTI L: 2200

(© CROM COPYRI GHT 2002. ALL RI GHTS RESERVED.

give up to 30mm

The heavy rainfall value of 30mm is taken to begpatial maximum accumulation. Only the start
of the rainfall event is given (11:00 31 Januak®wever the warning is given a “valid until” time

(22:00) and this is used as the End time, thumgithhe event a duration of 11 hours. The 20mm
naive forecast is 20mm, and the 2mm/hr naive fateisa2x11 = 22mm. Note that no use is made

of the confidence level data.
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Warning 2

TO THE ENVI RONMENT AGENCY

FROM THE MET OFFI CE ( MANCHESTER)
| SSUED AT 2058

ON Thursday 31/01/2002

TEXT: Event A: Another period of heavy rain is expected to start
around 0600 on Friday. Totals of up to 40mmare likely in 6-9h, with
12h totals locally 50mm Areas nost at risk are 3,4,5,6,7.

CONFI DENCE LEVEL: 60%

VALI D UNTIL: 01/1800

(© CROM COPYRI GHT 2002. ALL RI GHTS RESERVED.

Warning 2 contains 2 predictions which span diffiérgurations. In order to deal with this, it is
easiest to treat this warning as 2 separate wasnonge for an event of 40mm over 7.5h ( the mean
of 6 and 9 hours) and one for an event of 50mnnigsit2 hours. The values are taken to refer to
spatial maximum accumulations.

Warning 3

TO THE ENVI RONMVENT AGENCY

FROM THE MET OFFI CE ( MANCHESTER)
| SSUED AT 2058

ON Friday 01/02/2002

CONFI RVATI ON COPY OF RAI NFALL WARNI NG

TEXT: EVENT AL - 30mmof rainis likely in the next 12 hours in
exposed sout hwest facing catchnments in Cunbria and North Lancashire

Catchments at risk are 3,4,5,6 and 7.

10 to 15mmof rain is possible over remaining parts of Lancashire but
further south only 5 to 10 mmof rain is likely in the 12 hour

peri od.

CONFI DENCE LEVEL: 60 per cent.

VALI D UNTIL: 020900

(C) CROAN COPYRI GHT 2002. ALL RI GHTS RESERVED.
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This warning refers to expected values of rainfather than maximum rainfalls and so is taken as a
measure of the spatial mean accumulation. As wewarking with mean rainfall, we use the
average rainfall amount where a range is given12e5 ( = (10 +15)/2 ) mm, for the remaining
parts of Lancashire (Areas 8-10), and 7.5 mm ferAheas 11-15. The start time for this event is
taken as 20:58 and the end time is 12 hours later.

7.2.2 Ground-truth

The radar and raingauge ground-truth values forpégreod 31 January - 2 February are given in
Table 7.2.1.

Table 7.2.2 Data for Northwest Region 31 Jan - 2 Feb 2002. Only data used in the example
workbook are included.

Maximum Maximum Mean Mean Radar
Period Start Period End Area Raingauge Radar Raingauge
(mm) (mm) (mm) (mm)
West Lakes 47.4 451
Upper Eden 45.2 40.3
11:00 31 Jan 12:00 31 Jan  South Lakes (1) 54.5 53.9
South Lakes (2) 19.2 51.6
West Lakes 45.4 53.5
Upper Eden 64 53.4
06:00 1 Feb 13:30 1 Feb South Lakes (1) 42.4 51
South Lakes (2) 24 51
Lune 33.6 48
West Lakes 52.2 61.9
Upper Eden 67.2 61.2
06:00 1 Feb 18:00 1 Feb South Lakes (1) 47 61.2
South Lakes (2) 24.4 55.2
Lune 34.8 50.9
West Lakes 3.2625 6.11
Upper Eden 9.05 13.3
South Lakes (1) 1.75 4.7
South Lakes (2) 2.4 6.9
Lune 4914 6.2
Wyre 1.95 2.7
Ribble 2.75 4.2
. ) Douglas 0.5 0.7
20:58 1 Feb 08:58 2 Feb rwell 26 28
Glaze, Sankey
and Ditton / Alt 0.06667 0.5
and Crossens
Mersey 1.7846 2.8
Weaver and 1.7429 2.1
Gowey
Wirral 0.2 0.2
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7.3 Thames Region

7.3.1 Heavy Rainfall Warnings

The quantitative elements of the Heavy Rainfall kiegs issued in July and August 2002 for
Thames Region Northeast Area are shown below.

This Area provides a typical example of where mrioins are supplied as a probability table.

The warnings refer to the point maximum of the fi@inand to the point maximum rate. Suitable
target quantities are thus the maximum rainfallanglation and the maximum rainfall rate.

For the maximum rainfall accumulation, the datapdied from the warning can be used to provide
2 forecasts. The first is the “most likely point xiraum” a single value. The second forecast is the
“probability of rainfall amount” supplied in probgiby table form. Thus the configuration file needs
to be set to indicate that this is the case andtliegae are 7 rainfall categories. Since Skill $sor
are required to be calculated, it is necessanpézify the Skill thresholds. Whenever probability
table data is available, the skill thresholds maestset to match the probability categories. Thus 7
Skill thresholds are used: 0, 10, 20, 40, 60, 8(180.

Raingauge maxima can be determined for this regmehare used as the ground-truth for this target
guantity.

For maximum rainfall accumulation, two forecasts again be extracted from the warnings:
“most likely point max rate” and “probability of ithrate”. The probability table categories andlskil
thresholdd are set up in a similar way as for #iefall accumulation above. There are 2 available
ground-truths for this target quantity: gauge maxmrate and radar maximum rate.

When entering the warning data into the HRW Todadables, the probability tables and the most
likely maximum values can be directly entered itite appropriate columns of the worksheet. The
start and end times, are taken from the timindhefdvent and timing of maximum rate data i.e. for
Warning 1 below, they are 17:00 29 July to 00:0Q18ly for maximum rainfall accumulation and
17:00 29 July to 22:00 29 July for maximum rainfadite. No use is made of the uncertainty in the
timings information contained in the warning. THos calculation of ground-truths the period is
simply taken to be defined by the start and enésigiven above.

All the warnings below are processed in an idehticanner.

The configuration and data for these warnings aaxamined in the workbook
HRW__Thames_1 ConfigAndData.xls.
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Warning 1

EA (Ref: MO334)

War ni ng | ssued on Monday, 29 July 2002 at 17:30
Heavy Rain Warning for EA Thames - Northeast Area
Fromthe Met Ofice London. Tel ephone 020 7204 7254

Probability of Rainfall Amunts

Rai nfall anmounts (nm Probability of this ambunt at any location in the
area
(%
>0 - 10 80
10 - 20 50
20 - 40 20
40 - 60 10
60 - 80
80 - 100
100 +
Most |ikely point nmaxinmum 15
Ti m ng of event 17-00
Uncertainty of timngs +2

Probability of at least this Rainfall Rate

Rai nfall rates (nm / hr) Probability of this rate at any location in the
area
(%
4 90
10 70
20 60
50 10

Most |ikely point nmax rate 20
Time of max rate 17-22

Valid from 1730 on Monday 29 July 2002 to 2400 on Monday 29 July 2002

Warning 2

EA (Ref: MO334)
War ni ng I ssued on Tuesday, 30 July 2002 at 21: 36

LWCHRWNE Heavy Rain Warning for EA Thanes - Northeast Area
Fromthe Met Ofice London. Tel ephone 020 7204 7254

Probability of Rainfall Amunts

Rai nfall amounts (m Probability of this amount at any location in the
area
(9
>0 - 10 100
10 - 20 80
20 - 40 60
40 - 60 20
60 - 80 10
80 - 100
100 +

Most |ikely point nmaxinmum 25
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Ti m ng of event
Uncertainty of timngs

Probability of at least this
Rainfall rates (mm / hr)
area

4

10

20

50
Most |ikely point max rate

Time of max rate

2130 to 0600
+ -1

Rai nfall Rate

Probability of this rate at location in the

(%
100
100

60
20

any

15
2130 to 2400

Valid from 2130 on Tuesday 30 July 2002 to 0600 on Wednesday 31 July 2002

Warning 3

EA (Ref: MO334)

War ni ng | ssued on Wednesday,
LWCHRWNE Heavy Rai n Warni ng
Fromthe Met OFfice London.

31 July 2002 at 06:16
for EA Thanes - Northeast Area

Tel ephone 020 7204 7254

Probability of Rainfall Amunts
Rai nfall anmounts (nm Probability of this ambunt at any location in the
area
(%
>0 - 10 100
10 - 20 70
20 - 40 50
40 - 60 20
60 - 80 5
80 - 100
100 +
Most |ikely point nmaximm 25
Ti m ng of event 06-12
Uncertainty of timngs +3
Probability of at least this Rainfall Rate
Rainfall rates (mm / hr) Probability of this rate at any location in the
area
(%
4 90
10 70
20 50
50 20
Most |ikely point nmax rate 20
Tinme of max rate 06- 12

Valid from 0600 on Wednesday 31 July 2002 to 1200 on Thursday 01 August 2002

Warning 4

EA (Ref: MO334)
Warni ng | ssued on Wednesday,

31 July 2002 at 12:20
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LWCHRWNE Heavy Rai n Warni ng
Fromthe Met O fice London.

for EA Thanes - Northeast Area

Tel ephone 020 7204 7254

Probability of Rainfall Amunts
Rai nfall anmounts (nm Probability of this ambunt at any location in the
area
(%
>0 - 10 90
10 - 20 50
20 - 40 20
40 - 60 5
60 - 80
80 - 100
100 +
Most |ikely point nmaximum 15
Ti m ng of event 12 to 24
Uncertainty of timngs +- 1
Probability of at least this Rainfall Rate
Rainfall rates (mm / hr) Probability of this rate at any location in the
area
(%
4 90
10 60
20 20
50 5
Most |ikely point nmax rate 25
Tinme of max rate 14 to 20

Valid from 1200 on Wednesday

Warning 5

EA (Ref: M334)
War ni ng | ssued on Sat urday,

LWCHRWNE Heavy Rain Warning for
Tel ephone 020 7204 7254

Fromthe Met O fice London

Probability of Rainfal

Rai nfall amounts (m
area

>0 - 10
10 - 20
20 - 40
40 - 60
60 - 80
80 - 100
100 +

Most |ikely point maximm

Ti m ng of event
Uncertainty of timngs

Probability of at

03 August 2002 at

| east this Rainfall

31 July 2002 to 2400 on Wednesday 31 July 2002

14: 24

EA Thanmes - Northeast Area

Anmount s

Probability of this anmount at

(%
80
40
10

any location in the

10
16-21
+ -1

Rat e
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Rainfall rates (mm / hr) Probability of this rate at any location in the
area

(%9
4 80
10 40
20 10

50

Most |ikely point max rate 12
Time of max rate 16-21

Valid from 1500 on Saturday 03 August 2002 to 0900 on Sunday 04 August 2002

Warning 6

EA (Ref: MO334)

War ni ng | ssued on Saturday, 03 August 2002 at 23:28
LWCHRWNE Heavy Rain Warning for EA Thanes - Northeast Area
Fromthe Met Ofice London. Tel ephone 020 7204 7254

Probability of Rainfall Amunts

Rai nfall amounts (m Probability of this amount at any location in the
area
(9
>0 - 10 90
10 - 20 50
20 - 40 20
40 - 60
60 - 80
80 - 100
100 +
Most |ikely point nmaximum 20
Ti m ng of event 21-03
Uncertainty of timngs +/ -3

Probability of at least this Rainfall Rate

Rainfall rates (mm / hr) Probability of this rate at any location in the
area
(9
4 90
10 30
20 10
50

Most |ikely point max rate 8
Time of max rate 23-02

Valid from 2300 on Saturday 03 August 2002 to 0600 on Sunday 04 August 2002
Warning 7
EA (Ref: MO334)
War ni ng I ssued on Sunday, 04 August 2002 at 12:44
LWCHRWNE Heavy Rain Warning for EA Thames - Northeast Area
Fromthe Met O fice London. Tel ephone 020 7204 7254

Probability of Rainfall Amunts
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Rai nfall amounts (m
area

>0 - 10
10 - 20
20 - 40
40 - 60
60 - 80
80 - 100
100 +

Most |ikely point nmaximm

Ti m ng of event
Uncertainty of timngs

Probability of at least this
Rainfall rates (mm / hr)
area

4

10

20

50
Most |ikely point nmax rate

Time of max rate

Probability of this anmount at

(%
100
80
60
20
10

any location in the

25
13-21

Rai nfall Rate

Probability of this rate at any location in the
(9
100
100
70

10

32
13-18

Valid from 1300 on Sunday 04 August 2002 to 2100 on Sunday 04 August 2002

Warning 8

EA (Ref: MO34)

War ni ng | ssued on Monday, 05
LWCHRWNE Heavy Rai n Warni ng
Fromthe Met OFfice London.

10: 42
Nor t heast Area

August 2002 at
for EA Thanes -

Tel ephone 020 7204 7254

Probability of Rainfall Amunts
Rai nfall anmounts (nm Probability of this ambunt at any location in the
area
(%
>0 - 10 100
10 - 20 80
20 - 40 50
40 - 60 20
60 - 80 10
80 - 100
100 +
Most |ikely point nmaxinmum 30
Ti m ng of event 11-22
Uncertainty of timngs 2
Probability of at least this Rainfall Rate
Rai nfall rates (nm / hr) Probability of this rate at any location in the
area
(%
4 100
10 100
20 80
50 40
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Most |ikely point nmax rate

Time of max rate

32
13-19

Valid from 1100 on Monday 05 August 2002 to 2200 on Monday 05 August 2002

Warning 9

EA (Ref: MO334)

Warni ng | ssued on Wednesday,
LWCHRWNE Heavy Rai n Warni ng
Fromthe Met O fice London

07 August 2002 at 11:52
for EA Thames - Northeast Area

Tel ephone 020 7204 7254

Probability of Rainfall Amunts
Rai nfall anmounts (nmm Probability of this ambunt at any location in the
area
(%
>0 - 10 90
10 - 20 60
20 - 40 20
40 - 60
60 - 80
80 - 100
100 +
Most |ikely point maxi mum 30
Ti m ng of event 15-09
Uncertainty of timngs +/ -3
Probability of at least this Rainfall Rate
Rai nfall rates (nm / hr) Probability of this rate at any location in the
area
(9
4 70
10 40
20 20
50
Most |ikely point nax rate 15
Time of max rate 15-03

Valid from 1500 on Wednesday

Warning 10

EA (Ref: M334)

Warni ng | ssued on Friday,
LWCHRWNE Heavy Rai n Warni ng
Fromthe Met O fice London

07 August 2002 to 0900 on Thursday 08 August 2002

09 August 2002 at 05:44

for EA Thanes - Northeast Area

Tel ephone 020 7204 7254

Probability of Rainfall Ampunts
Rai nfall anmounts (nm Probability of this ambunt at any location in the
area
(9
>0 - 10 100
10 - 20 70
20 - 40 30
40 - 60 0
60 - 80
80 - 100
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100 +
Most |ikely point nmaximm
Start of event
End of event
Uncertainty of timngs

Probability of at least this
Rai nfall rates (nm / hr)
area

4

10

20

50
Most |ikely point nmax rate

Time of max rate

Warning 11

EA (Ref: MO334)

Warni ng | ssued on Sat urday,
LWCHRWNE Heavy Rai n Warni ng
Fromthe Met O fice London

10 August 2002 at

25 mMm

09/ 0600
09/ 2359
+/- 2 hrs

Rai nfall Rate

Probability of this rate at | ocation in the

(%
100
80
50
10

any

24 mm/ hr
15-22 hrs

11: 52

for EA Thanes - Northeast Area

Tel ephone 020 7204 7254

Probability of Rainfall Amunts
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7.3.2 Ground-truth

The radar and raingauge ground-truth values foH#vy Rainfall Warnings issued for Thames
Northeast area in July and August are given indat3.2.

Table 7.3.2 Ground-truth values for Thames Northeast Area

Max Max Max

Rai ngauge Rai ngauge Radar

Accurmul ati on Rat e Rat e
Period Start Peri od End (mm (mt hr) (mt hr)
16: 00 29 7 2002 23:00 29 7 2002 3. 60 5. 60 191. 75
20:30 30 7 2002 05:00 31 7 2002 29. 20 49. 60 76.09
05:00 31 7 2002 11:00 31 7 2002 28. 20 27.20 37.28
11: 00 31 7 2002 23:00 31 7 2002 26. 60 77.60 79.12
15:00 3 8 2002 20:00 3 8 2002 22.00 52.80 109. 56
20:00 3 8 2002 02:00 4 8 2002 19. 80 30. 40 66. 97
12: 00 4 8 2002 20:00 4 8 2002 22.60 45. 60 124.78
10: 00 5 8 2002 21:00 5 8 2002 11. 20 26. 40 76.09
14:00 7 8 2002 08:00 8 8 2002 23.40 42. 40 133.94
05:00 9 8 2002 23:00 9 8 2002 41. 80 56. 80 170. 44
11: 00 10 8 2002 20:00 10 8 2002 6. 00 19. 20 88. 28
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Appendix A Probability interpretation of Relative Categorical Skill
Scores

Contingency table in probability form

Event Observed
Event Total
Forecast Yes No
Yes p(f,o) p(f,o) p(f)
No p(f,0) p(f,0) p(f)
Total p(0) p(0) 1

p(f,0) : joint probability of a hit being forecast and ohsl (a yes/yes event)
p(f): marginal probability for an event being forecasted
p(f | 0) : conditional probability of a yes forecast given a yes observation

Overbar: signifies a no event etﬁ. indicates forecast is that an event will not occur

Likelihood Ratios, LR;and LR,

LR, is the Likelihood Ratio for correct forecast afi@n-event.

_d@+c) _ iy n(F
L@—m— p(f [0)/ p(f |0)

LR, is the Likelihood Ratio for correct forecast ofarent.
_a(b+d) _ _
LR, =————==p(f |0)/ p(f |O)
b(a+c)
Use: Measure of information provided by having &a& service, separately for events and non-events
Odds Ratio, 8

Compares the conditional odds of making a goodcse(a hit) to those of a bad forecast (a falseatien).

Theodds (or risk) Q of an event is the ratio of the probabilityf it occurring to it not occurrind,-p, and so

Q=p/l-p.

Use: Overall measure of information provided byihg\orecast service.
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Appendix B Glossary of terms

Bias The mean of the errors in the rainfall forecasindicates over-estimation (negative values) or
under-estimation of rainfall by a forecast.

Bias Ratio An indicator of whether too many (greater thamiljoo few events are forecast.
Brier Score A statistical measure which provides the typiczé f error in probability terms.

Climatology ForecastA forecast generated randomly with the same nurobealues above a
threshold as in the observations.

Contingency TableA table giving the number of events that are, errat, observed and/or
forecast.

Critical Success IndexThis is the number of correct forecasts divideddtgl number of events
that are either forecast or observed. A Skill seanech provides a balanced measure of forecast
success.

Efficiency See under fEfficiency.

Event An exceedance of a rainfall threshold value.

False Alarm Rate This is the proportion of forecast events thattéamaterialise. A Skill score
that emphasises events incorrectly forecasted.

Ground-truth An observed value, often derived from raingaugd/@radar data, that is used to
approximate a true rainfall quantity at the grogndace.g. maximum rainfall rate.

Likelihood Ratio A statistical measure used here to measure hotulestorecast is.

Mean absolute error The mean of the absolute values of the rainfakdast errors. In indicates
the typical size of rainfall forecast error.

Median error The median of the rainfall forecast errors. Ititates over-estimation or under-
estimation of rainfall by a forecast.

Naive forecastA simple forecast to be used for comparative psepgo

Odds Ratio A statistical measure that provides an overall messf information provided by
having a forecast service.

Probability of Detection The proportion of events that are correctly forecasSkill Score that
emphasises events correctly forecasted.

Probability Table A table giving probabilities of whether an eventlwkceed a series of
threshold sizes.

Root mean square errorA measure of the typical size of rainfall forecasor.
R? Efficiency The proportion of variance in observations thatdsounted for by a forecast.
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Skill ScoresStatistics that can be used to provide informagibout how well forecasts perform for
different sizes of rainfall event.

Target Quantity A target quantity is a quantity that is forecastie Heavy Rainfall Warnings.

Validity Time The time up until which the warning is valid, operiod of validity.
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