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Appendix A: 
Flood Warning Procedures – Doniford Stream, Hawkcombe Stream, River Sheppey, River Winniford, Burton 
and Bradstock 
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Appendix B: 

Met Office guide to merged radar and raingauge rainfall data 
 
Overview 
 
This product combines quality controlled rain gauge accumulations with the UK radar precipitation composite. 
This provides a 1km resolution product with the spatial sensitivity of radar data, but with an accuracy that aligns 
more closely with rain gauge point measurements. The product is designed for precipitation monitoring 
applications and for input into flood forecasting models. 
 
Product description 
The 1km resolution accumulation output is blended with 15-minute gauge accumulations from a network of 
around 1000 Met Office, Environment Agency and Natural Resources Wales rain gauges across England and 
Wales. The resulting product maintains the spatial resolution of the radar data but has improved accumulation 
accuracy due to the inclusion of the rain gauge “ground truth” data. 
 

 
 
Figure 1 Locations of all gauges available for use in the merged product, sorted by gaugeowner 
 
The gauge radar merged product combines 15-minute gauge and radar accumulations 
to generate two products: 
 

• A near-real-time product (delivered within 1 hour of the accumulation validity time) designed for 
hydrological applications; and 

• A delayed-mode product (delivered within 24.5 hours) designed for post-event analysis. 
 

The merging region currently covers a 525 km x 580 km region over England and Wales. 
The British National Grid coordinates for the extremes of the area are as follows: 
 

Region Parameter Value 
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Lower-left corner  132500 E, 007500 N 
Upper-right corner  657500 E, 587500 N 
Area of coverage (E x N)  525 km x 580 km 

 
The size of the merging region minimises the processing time whilst ensuring all landbased pixels within the 
coverage area are included in the merging process. To assist with accuracy and processing time, the domain is 
subdivided into four equal-sized, overlapping regions and these are recombined to produce the final merged 
product. 
 

 
 
Figure 2 Illustration of the relative regions defined in the merged product. 
 
Figure 2 shows the area covered by the entire UK radar product: 
 

• The Environment Agency cut-out area, corresponding to the radar precipitation rate and radar 
precipitation accumulation products, shown by the outer black solid line; 

• The dashed inner line shows the region over which the merging is performed; 
and 

• The coloured hatched lines indicate the four sub-regions that the merging is performed over (this data is 
then recombined to generate the final composite). 
 

The domain covered by the file (which aligns with other radar-derived products) is slightly larger than the 
merging region. For pixels outside the merging region, the original radar data is returned. 
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Characteristics of the merged product 
 
The real-time merged product is intended to be the best near-real-time precipitation accumulation product 
available. Applications that require an assessment of recent precipitation accumulations can use this product. 
However, near-real-time polling regimes vary widely across the merging area and so the quality of this product 
will be strongly dependent on how many rain gauges are available shortly after the validity time. 
 
 
The delayed merged product is expected to be the optimum quality product (compared to the near-real-time 
product, and either rain gauges or radar accumulations on their own). This would be most useful for any 
applications where timeliness is not critical, for example, post event reviews, establishing best estimates of 
antecedent precipitation estimates and putting events into context. 
 
The following characteristics were noted in the product trial validation: 
 

• In general, the real-time merged product tends to increase the original radar precipitation accumulation 
estimate; 

• The delayed-mode product significantly reduces the error in the measured precipitation accumulation at 
high precipitation intensities and also has a better detection efficiency than the original radar data; 

• Differences between the merged product and the radar data are particularly noticeable in upland areas 
prone to orographic enhancement; and 

• A delayed-mode product is measurably different from the real-time product in regions where the gauges 
are only polled once or twice a day. However, for the precipitation experienced during the live trial, this 
was on average limited to less than 0.2mm in a 15-minute accumulation period. 
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Appendix C: 

Discussion Paper 

The following are extracts from a discussion paper prepared by Ollie Pollard (Modelling Technical Lead for the 
EA on this project) to help inform the scope for this project.  The extracts provide useful guidance on the tasks 
required to achieve the stated aims and note potential limitations with the available data. 

Rating Curve Uncertainty 

Rating Curve uncertainty will be reduced by following the technical guidance LIT 14089 High flow rating curve 
development using hydraulic models July 2021  

 
Table Appendix C-1 - Summarised Availability of Continuous Flow Measurement Data 
Flood Warning Site 
or flow 
measurement site 

Continuous flow 
measurement 

Date of highest 
recorded flood 

Period of observed or 
rated flow data 

Chideock No and no spot flows 7th July 2012 No observed or rated flow 
data 

Porlock Parsons 
Street radar 

Yes, nearby but not at 
flood warning site 

30th Oct 2000 Observed flows 
(20/07/2017-present)  
No rated flow data 

Shepton Mallet 
Garston Street  

Yes, immediately 
upstream but not on 
bypass channel.  
 

24th Dec 2013 
21st Nov 2016 
11th Jul 2012 
suspect? 

Observed flows 
(26/07/2016-present) 
No rated flow data 

Sampford Brett No and no spot flows 29th Apr 2012 
25th Nov 2012 

No observed or rated flow 
data 

Burton Bradstock 
flow 

Yes, but not at flood 
warning site 

7th July 2012 Observed flows 
(10/06/2010-present) 
No rated flow data 

Raingauge Coverage 

The raingauge coverage requirements are different for winter and summer flood events; this is because winter 
flood events are often driven by widespread frontal rainfall and summer flood events are often driven by highly 
localised intense convective rainfall that may not get detected by the raingauge network. 
 

Table Appendix C-2 – Raingauge Record Availability 
Flood Warning Site Raingauge 

Name 
Nearest Raingauge Period of Record 

Chideock (4.9km2) Lodge House 
Farm replaced 
by 
Marshwood 
Lodge House 
Farm 

Outside, 4km from 
centroid 

22/04/1995-8/5/2010 
 
30/04/2010-present 

Porlock Parsons Street 
(5.3km2) 

Lucott Farm On boundary, < 1km from 
centroid 

19/08/2008-present 

Shepton Mallett 
Garston Street Bypass 
(8.3km2) 

Doulting On boundary, < 1.5km 
from centroid 

24/03/2010-present 

Sampford Brett 
(47.2km2) 

Quantock Farm, 
Birds Hill 

On boundary (<6km from 
centroid) 
Outside boundary (6km 
from centroid) 

04/05/2006-present 
 
28/02/2002-present 

Burton Bradstock Bredy Farm In catchment (4km from 22/04/1995-present 
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(45.8km2) centroid) 
 

Raingauge coverage is good for winter flooding caused by widespread rainfall.  
 
For summer flood events caused by localised intense convective rainfall, raingauge derived rainfall may fail to 
detect heaviest rainfall; this is likely to be an issue for Chideock, Sampford Brett and Burton Bradstock. In the 
Combe Martin rapid response catchment flood forecasting study (JBA, 2016), the report stated that using radar 
derived catchment rainfall improved the timing error associated with flood events from localised intense rainfall. 
 
It is a requirement of this study that two sets of PDM models are developed for each catchment: 
 
• One calibrated with raingauge derived rainfall suitable for widespread winter floods; and, 
• One calibrated with merged raingauge radar derived rainfall suitable for localised intense rainfall (based 

on the HYRAD radar archive best rainfall observation – 24 hour delay data product (H24) available 
between 10th Aug 2016 to present date and validated on the less accurate HYRAD radar archive radar 
rain rate data product (H17) for flood events between 1st Dec 2003 & 13th April 2010 and radar 
accumulation data product (H19) for flood events between 14th April 2010 and 10th Aug 2016. 

Data Quality/Availability 

 
It is a recommendation that data availability is defined as the availability of flood events which exceed each 
flood warning threshold.  

 
Table Appendix C-3 - Data Availability of Flood Events Exceeding Flood Warning Result or 

Act Thresholds 
Flood Warning Site FW Warning Threshold Times Exceeded 
Chideock 1.33m (Result FW) 3 between 15/03/2007-present 
Parsons Street 0.7m (Act FW) 0 between 1/1/1998-present 
Shepton Mallett 
Garston Street 
Bypass 

0.6m (Act FW) 4 between 22/04/2011-present 

Sampford Brett 1.4m (Result FW) 4 between 17/05/2004-present 
Burton Bradstock 2.0m (Result FW) 2 between 01/11/1992-present 

 
Based on a review of the available data, several key questions to be explored by this study include: 
 

• Is it correct to assume that Hawkcombe Stream at Parsons Street not flood very often?  
• Is the Parsons Street 0.7m flood warning threshold representative? 
• The velocity variation (0-3 m/s) at the Parsons Street radar flow gauge is significantly more sensitive 

than the water level variation – Is velocity better correlated with flood impact at Porlock and the 
Hawkcombe valley? 

 
The lack of crossings of the 0.7m Act FW threshold at Parsons Street between Dec 1992 and the present date, 
the relatively steep nature of the catchment (gradient of slope or DPSBAR =247m/km) and the relatively high 
velocity variation (0-3 m/s) means that the river flow may be supercritical for this rapid response catchment.  
 
It is recommended that there is a project task to review the flood warning thresholds at Parsons Street and 
derive Flood Warning Thresholds based on both river level and river flow and comment on the pros and cons 
of each option. 

Hydrological/Hydraulic Complexity 

Table Appendix C-4 – Details of Potential Hydraulic/Hydrologic Complexity 
Flood Warning Site Hydrological complexity Hydraulic complexity 
Chideock Yes, very small size means that delivering 

forecast lead time will be a challenge and 
n/a 
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there is a need to minimise timing error 
(4.9km2). BFIHOST=0.65 significant 
baseflow 
DPSBAR=132m/km (steep) 

Parsons Street Yes, very small size means that delivering 
forecast lead time will be a challenge and 
there is a need to minimise timing error 
(5.3km2) 
BFIHOST=0.65 significant baseflow 
DPSBAR=247m/km (very steep) 
4 inconsistent observed water level time 
series not co-located 

Yes, the velocity recorder 
uses different water level 
data to flood warning site.  

Shepton Mallett Garston 
Street Bypass 

Yes, very small size means that delivering 
forecast lead time will be a challenge and 
there is a need to minimise timing error 
(8.3km2) 
BFIHOST=0.77 significant baseflow 
DPSBAR=60m/km (not steep) 
11 Jul 2012 flood event looks suspect. 
7 inconsistent observed water level time 
series not co-located 

Yes, the FW site is on a 
bypass channel 
downstream of the 
velocity recorder.  

Sampford Brett Area=47km2,  
BFIHOST=0.64 significant baseflow 
DPSBAR=125m/km (steep) 

n/a 

Burton Bradstock Area=46km2 
BFIHOST=0.61 significant baseflow 
DPSBAR=105m/km (steep) 
 

Yes, the velocity recorder 
uses different water level 
data to flood warning site. 

 
It is recommended that the inception stage report reviews the lessons learnt from developing a PDM flood 
forecasting model for the Combe Martin rapid response catchment in North Devon and for the Cheddar rapid 
response catchment in Somerset. The false alarm ratio of the Combe Martin flood forecast PDM model was 
reduced by development of a dual-PDM model and timing error was improved through calibration against radar 
derived catchment rainfall. 
 

 
The flood forecast inception stage project needs to be aware that the preferred option to consider in the flood 
forecasting main stage project will be the delivery of a dual PDM model for all five rapid response catchments 
based on the following requirements:  
1. the primary PDM model to simulate the storm event runoff is calibrated on merged radar raingauge 
derived catchment rainfall available since 10th Aug 2016 and described in Appendix B; 

• It is important to identify flood events due to intense localized rain (ie convective rain) that is 
not well detected by the raingauge network in addition to flood events caused by widespread 
winter rainfall and multi-peaked flood events where catchment is saturated prior to 2nd peak;  

2. the primary PDM model is validated using raingauge derived catchment rainfall events for the same 
flood events used for calibration and for rainfall events that precede the 10th Aug 2016; 
3. sensitivity analysis is carried out to assess the impact on amplitude and timing error of the flood forecast 
due to using catchment rainfall based on merged radar data and based on raingauge data.  
4. the secondary PDM model to simulate the seasonally varying baseflow is calibrated on raingauge 
derived catchment rainfall.  

 
The flood forecast inception stage project also needs be aware that the preferred option to consider in the 
main stage flood forecast project will be the development of a hydraulic model & associated cross-section 
survey data to predict water levels at the Shepton Mallet Garston Street Bypass flood warning site from the 
upstream PDM model at Shepton Mallet Garston Street.  

 
It is anticipated that well calibrated PDM models at Chideock, Parsons Street and Shepton Mallet Garston 
Street Bypass flood warning sites will deliver 1 hour of accurate flood warning lead time in the winter. Well 
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calibrated PDM models at Burton Bradstock and Sampford Brett will deliver 1.5 hours of accurate flood warning 
lead time in the winter 
 
It will be very challenging, if not impossible, for the PDM rainfall-runoff models to deliver accurate flood warning 
lead time for flash flood events caused by severe convective rainfall; these flash flood events occur mainly in 
June,July and August.  

 
During flash flood events due to severe convective rainfall, it is recommended that the probabilistic radar 
rainfall nowcast alerts configured in the Incident Management Forecasting System (IMFS) for high priority 
rapid response catchments (RRC) are used in conjunction with the PDM models to deliver at least one hour 
flood warning lead time in the Chideock, Parsons Street and Shepton Mallet Garston Street high priority RRC’s 
and at least two hours flood warning lead time in the Burton Bradstock and Sampford Brett RRC’s. 

Figure Appendix C-1 - IMFS screenshot showing the location of high priority RRC 
and probabilistic radar nowcast alerts for 40mm/3hr occurring in next 6 hours  

 
It is recommended that an internal project is set up to identify the MFDO and FWDO actions associated with 
the following radar rainfall forecast likelihoods at both the 1, 2 and 3 hour lead times: 

 
• <10% (1-2 members) very low  
• 10%-20% (3-4 members) low  
• 20-40% (5-9 members) medium  
• 40-60% (10-14 members) high  
• >60 % (15-24 members) very high  
 
Note that the proposed nationally consistent radar nowcast rainfall depth-duration alert thresholds will be: 
40mm/3hr and 65mm/6hr CatAvg and 40mm/1hr, 65mm/3hr and 80mm/6hr CatMax and could be triggered 
with between 1 to 6 hours lead time. 
 
It is recommended that the sensitivity to extreme rainfall of the best performing PDM model and the PDM 
model calibrated with raingauge derived rainfall for each rapid response catchment is assessed under both 
“dry” typical summer and “wet” typical winter initial starting conditions for the 40mm/1hr, 40mm/3hr, 
65mm/3hr, 65mm/6hr and 80mm/6hr rainfall depth-durations. Areal reduction factors will be applied to the 
Catmax thresholds (40mm/1hr, 65mm/3hr and 80mm/6hr). This sensitivity test will deliver a set of water level 
hydrographs with all the flood warning thresholds and a tabular assessment of the cumulative time taken 
from crossing the 75% Flood Alert threshold (i.e. time zero) to crossing the Act or Result Flood Warning 
thresholds and Actcon Severe Flood Warning thresholds.  
 
If it is important to increase the flood warning lead at Burton Bradstock above 1.5 hours, then it is 
recommended that a request is submitted to the Incident Management Forecasting System (IMFS) 
configuration team to add the Burton Bradstock medium priority rapid response catchment polygon to the 
set of high priority rapid response catchment polygons configured in the IMFS.   
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Technical risk assessment, calibration event selection and agreement of calibration target ranges (defined 
in pages 8-13 of the RT model development guidance) 
 
A key source of uncertainty/error is the number and magnitude of observed flood events relative to flood 
warning thresholds and the record length. 
In order to carry out the technical risk assessment, the bank full and flood warning thresholds need to be 
derived before calibrating the PDM models in order to provide context and to assess the flood event data 
availability relative to each flood warning threshold. 
 
At least 10 calibration flood events need to be identified and these need to be primarily above bank full flows, 
and cover the range of levels where key flood warning thresholds are reached. Some flood events due to 
heavy rainfall which remain in-bank and do not cross thresholds are also required. 
 
A score should be derived for each of four contributing components of modelling uncertainty/’challenge’ 
following the inception stage data/catchment review: 
 

1. rating curve, 
2. raingauge coverage,  
3. data quality/availability (i.e. flood events that exceed the flood warning thresholds), 
4. hydrological / hydraulic complexity.  

The Environment Agency has deliberately not defined the criteria to achieve very good, good, fair or poor 
status for these four sources of uncertainty. Justification should be provided by the model developer for the 
choice of scores, within the model documentation; and score agreed with the Environment Agency, before 
proceeding with model calibration.    
 
For example, for winter flood events caused by widespread frontal rainfall, may be accurately detected by a 
raingauge that is not located in the catchment. However, for summer/early autumn flood events due to 
localised intense thunderstorms or embedded convection, there will be a requirement to have a raingauge 
in the catchment in order for the heavy rain to be accurately detected. 
 
It is an opinion that the small, rapid response catchments defined in this project will be vulnerable to flooding 
due to both summer and winter heavy rainfall events. There are quality issues with both radar derived 
catchment rainfall and raingauge derived catchment rainfall.  
 
There is large random error in most of the weather radar rainfall data product due to the practice by the Met 
Office of applying a raingauge adjustment over the whole of the radar domain and allowing it to vary on an 
hourly basis. Raingauges are sometimes not located within the small catchments identified by the FWEP 
project which means that they will not detect localised intense rain that falls in the summer and is sometimes 
responsible for severe flash flooding.  
 
The best quality grid radar rainfall dataset suitable for accurately detecting localised intense rain will be the 
merged radar raingauge rainfall dataset available in the Environment Agency HYRAD radar rainfall archive 
since 10th Aug 2016 and known as “best rainfall observation – 24hr delay (H24)”; more information on this 
dataset is in a presentation on “Merging rain-gauge and radar data” by S. Jewell, Feb 2014 (downloaded 
from the internet on 17th Sep 2020). 
 
The Environment Agency was impressed with the quality of the PDM modelling carried out for the Combe 
Martin rapid response catchment and feel that the lessons learnt from this project could be usefully applied 
to the Wessex rapid response catchment flood forecasting project; A 5 page extract of the PDM modelling 
approach for the Combe Martin Flood Forecasting project, (JBA, April 2018), will provide useful background 
information for the project Consultant.  If there is a risk of flash flooding in the small rapid response 
catchments during the summer months, then it is essential that they are calibrated using the merged radar 
rainfall data described above.  
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Appendix D: 

In accordance with Schedule 19 of the conditions of the contract, the Consultant shall adhere to the 
Environment Agency’s Employers Information Requirements (EIR) framework level minimum technical 
requirements. 

All Client issued information referenced within the Information Delivery Plan (IDP) requires verifying by the 
Consultant unless it is referenced elsewhere within the Scope. https://www.asite.com/login-home 

The Consultant shall register for an Asite Account and request access to the project workspace to view the 
IDP. 
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