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Introduction
Rainfall is probably the most important component in hydrological modelling. It’s representation, both
spatially and temporally, is a critical factor in the confidence in model outputs. However, rainfall also
dominates uncertainties in modelling processes and given the increased awareness of this uncertainty
it has become more important to understand and manage this input-output dynamic.
Recent years have seen several advances in the representation of rainfall which may be applied
through the modelling project timeline from verification through to climate impact assessment. These
advances include:
•
•
•
•
•

Radar and terrestrial raingauge data merging
Introduction of the FEH2013 model for design storms
Improvements in methods for the development of historical and stochastic rainfall time series
Increased availability and use of high resolution live rainfall data
Advances in the representation of climate change through new climate models

The use of rainfall in hydrological modelling must follow good practice and 2016 saw the publication
of the ‘CIWEM UDG Rainfall Modelling Guide’ which provides modelling practitioners and other
relevant stakeholders with an industry recognized good practice guide to rainfall modelling.
This paper summarises a selection of key advances in the development and representation of rainfall
data in hydrological models and the benefits that may be realized through their use. It also
summarises the development of a Rainfall and Climate Toolbox app by Stantec which integrates key
areas of rainfall data processing into a single tool for use in modelling.
Improving verification through Radar and Terrestrial Data Merging
Urban drainage models have traditionally been verified using point rainfall data obtained from
terrestrial raingauges installed at the densities recommended in the CIWEM UDG CoP (now been
superseded by the CIWEM UDG Rainfall Guide for rainfall guidance). Raingauges provide accurate data
for point rainfall. However, they are unable to capture the spatial variability of rainfall which may have
a significant impact on the performance of the urban drainage system, particularly during convective
weather which may cause exceedance of drainage system capacity leading to flooding.
Radar data has been used extensively in meteorology and fluvial hydrology for decades. However, it
is only relatively recently that it has become more commonplace in urban drainage modelling. The
lack of use has been due to a number of concerns including data accuracy, cost, spatial resolution (the
early radar data was to a 4 km2 grid), and historically it has been easier to find suitable raingauge sites
than is presently the case. Radar rainfall has improved in recent years and most WaSCs now have
access to close to real-time data for their region. Radar resolution is now available as standard at
spatial and temporal resolutions of 1km2 and 5 minutes respectively. However, radar data, even at
these resolutions may be of insufficient accuracy for reliable use in modelling at an urban drainage
catchment scale, particularly in the case of extreme rainfall. Radar data may also be subject to
problems as it is an indirect measure of precipitation and may be subject to errors associated with
several factors, such as calibration biases and reflectivity–rain rate relationships. Furthermore, radar
measurements are subject to range degradation and may suffer from blockages in complex terrain,
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which often result in a poor sampling of orographically enhanced precipitation. (Nossent et-al , 2015).
There is also the overriding problem of no redundancy should the radar fail.
To improve the accuracy of radar rainfall estimates while preserving their spatial description of rainfall
fields, it is possible to dynamically adjust them based on raingauge measurements. This combines the
advantages and attempts to overcome the disadvantages of the two sensors, by retaining the accuracy
of the point rainfall information provided by raingauges and at the same time retaining the broader
description of the spatial and temporal variations of rain fields provided by radar (Ochoa-Rodriguez et
al, 2013; Wang et al, 2013; Wang et al, 2015).
Various research projects have looked at improvements in both the accuracy and spatial resolution of
radar data at a local scale. Perhaps, the most relevant of these, in a UK Urban Drainage context was
RAINGAIN project (www.raingain.eu), an EU funded project whose UK partners included Imperial
College London, the Met Office and the Local Government Information Unit.
One of the outputs from the RAINGAIN project was the Rain++ rainfall data merging and interpolation
application (Wang et-al 2013). This bundles several tools into a single software package, enabling the
generation of spatial rainfall fields from point rain gauge measurements (interpolation) and from radar
and rain gauge measurements (data merging).
The methods in the tool include:
1. Thiessen Polygon interpolation (TP)

4. Bayesian data merging (BAY)

2. Block Kriging interpolation tool (BK)

5. Mean filed bias correction (MFB)

3. Kriging with External Drift merging (KED)

6. Singularity-sensitive Bayesian data
merging (Sbay)

Methods 1 and 2 are interpolation methods with the Thiesen Polygon, being the most familiar to
Urban Drainage Modellers in the UK. However, improvements on the TP method may be achieved by
Kriging or Block Kriging which is known to provide the best linear estimates, based upon 2nd statisticalorder spatial association (variogram) between data at different locations. Once a spatial grid of gaugebased rainfall estimates is obtained, it can be applied to subcatchments in the same way as radar data.
This method has been demonstrated to outperform other interpolation methods such as Thiesen
polygon by accounting for the spatial variability of rainfall fields, even if it is in a simple way (Wang,
Ochoa-Rodriguez et al, 2013)
Methods 3 to 6 are raingauge/radar merging methods described in “Improving the applicability of
radar rainfall estimates for urban pluvial flood modelling and forecasting” (Wang et al 2013). In the
simpler methods, such as Bayesian merging, the radar and raingauge data are combined but
smoothing through the merging process may remove or attenuate local extremes captured in the
radar image. The more advanced methods attempt to create a better overall spatio-temporal
distribution. The Singularity-Sensitive (sBAY) Bayesian Gauge-Based Radar Rainfall method for
example attempts to capture the extremes (singularities) and preserve them through the data merging
for recovery at the end of the process. Figure 1 outlines the difference between the Bayesian and
Bayesian Sin methods.
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Figure 1. Schematics of (a) original Bayesian merging method (adapted from Fig. 2 in Mazzetti
(2012)) and (b) singularity-sensitive Bayesian merging method (Wang et al 2013).
Whilst not widely used yet in urban drainage model verification in the UK, rainfall data merging
techniques have been applied and tested in catchments in Edinburgh, London, Birmingham by several
UK consultants and in Manchester by Stantec using the Rain++ (Wang et-al) and RainMusic (Todini etal) rainfall merging software applications. The results show that the merging techniques can
outperform point data or radar data used in isolation. Some of the test results may have been skewed
due to the retrospective application of the techniques to models which had been had a degree of
calibration against point data and a verification from scratch may have yielded a different outcome.
The increased use and further improvements to the methods over time will enable practitioners to
better quantify their benefit.
Typical depth flow and velocity hydrographs for point data and merged gauge adjusted radar data are
shown in Figures 2 and 3 showing improvements that are possible using the merging techniques.

Figure 2: Example 1 Comparative flow hydrograph – Point RG vs Radar/RG merged
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Figure 3: Example 2 Comparative flow hydrograph – point RG vs radar/RG merged
In addition to the benefits provided by the reduction in uncertainty in spatial representation of rainfall,
the methods have been shown to require a less dense network of raingauges than that specified in
the CIWEM UDG Rainfall Guide whilst maintaining or possibly improving the required standards for
input for model verification. . This has the potential to reduce rainfall monitoring costs and help
overcome the recent moves of some WaSCs to preclude the installation of raingauges on flat roofs,
necessitating their installation at ground level opening them up to the risks of accidental or deliberate
damage.
Understanding and applying FEH2013
The FEH13 rainfall model, introduced through the FEH Web Service, has been adopted by several
WaSCs, with the majority of those still using FEH1999 expected to move to the new model for AMP7.
The FEH13 rainfall model was developed through a DEFRA funded project to create a new statistical
model of point rainfall DDF for the UK (Reservoir Safety – Long Return Period Rainfall, Project:
FD2613). This was intended to replace both the FEH DDF model for extreme rainfall analysis and the
then current guidance for spillway design for reservoirs.
The new model is accessed via the FEH Web service which provides point data at 1km grid or user
defined (to 1m) and for natural catchments down to 0.5km2 giving access to data for over 4 million
catchments. Instead of providing DDF parameters for the generation of rainfall externally by modelling
software the new service generates a table of rainfall depths by return period and duration which can
then be used to generate rainfall data through the application of a profile, antecedent conditions and
other parameters needed to run the rainfall in modelling software.
In many areas of England, FEH13 gives lower design rainfalls at short durations than FEH 1999.
However, in parts of Wales and Scotland FEH13 gives substantial increases in short- duration design
rainfall. Figure 4 highlights the ratio of FEH2013 to FEH 1999 for 1 hours 0.05 AEP Storms.
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Errors in design rainfall may have serious consequences
if not spotted before use. The CIWEM UDG Rainfall
Guide provides good practice guidance on design
rainfall including some background on the methods and
underlying science behind these. It also includes the
checks that should be carried out before rainfall is used
in modelling. As a minimum these should include where
not already include in a client specification:
• Antecedent wetness values checked and appropriate
to runoff model
• Winter and Summer profiles applied
• Appropriate storm return
generated and run through model

periods/durations

• Rainfall profiles applied correctly in model
• Application of areal reduction factor
• Application of evapotranspiration
Figure 4: The ratio of FEH2013 to FEH
1999 for 1 hours 0.05 AEP storms
(source CEH)

• Application of antecedent depth
• Application of Seasonal Correction Factors
• Application of climate change uplift if any

Errors in some of above may have serious consequences
if before the rainfall data is used. Figure 5 demonstrates an example error caused by applying a legacy
UCWI profile for the Wallingford Runoff model to a New PR model developed for the same catchment.
The peak flow is 3 times and the volume 5 times what it should be. This would have serious
consequences if used in a design context.
Generating, understanding and applying time series rainfall
Long term rainfall time series lengths of up to 25 years are generally used for project environmental
projects (e.g. UPM and general CSO assessments). However, much longer series of up to 200 years
have been generated by some WaSCs for flooding projects. The use of long time series in place of or
in combination with design storms been an aspiration of the UK water industry for some time.
However, it is considered that the process still requires some refinement and guidance from
academics to address uncertainties regarding extreme events as discussed below.
The large CSO programmes of AMP3 and AMP4 required the development of many rainfall series by
some WaSCs. For example, for one water company, close to 40 series were generated for a UID
programme involving over 900 separate assets. These series were generated using stochastic methods
and checked against historical rainfall records. However, for many regions of the UK, sufficient good
quality historical data is available from the Met Office, WaSC or from the Environmental Regulator at
15minute or as time of tip formats, with the latter often providing the best source for modelling as it
can be applied at short timesteps, e.g. 5 minutes. As a result, some WaSCs have replaced stochastic
series with historical series that they continue to extend periodically as more data becomes available
(Figure 6). These series can have the advantage that they represent real rainfall and can be used,
subject to the limitations of spatial coverage, to assess historical flooding and CSO spills.
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Figure 5: The effects of erroneously applying an UCWI value the New PR model

Figure 6: Spatial and temporal coverage by raingauges is excellent in some regions, for example
northwest England
When undertaking analysis of large catchments, it is possible to use more than one raingauge to
provide rainfall inputs, dependant on the availability of data, allowing an element of spatial variation
of rainfall across the catchment. The advantage of using historical data for this purpose is that the
data are recorded in real-time, and therefore events are linked. This is not possible with standard
stochastic rainfall generators because of the random element in the separate series. Spatio-temporal
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stochastic generators are known to exist, but to the author’s knowledge these are not commercially
available. Radar rainfall may eventually overcome the problem of spatio-temporal variation, especially
where the merging techniques discussed earlier become routine. Currently the duration of the
available rainfall radar data set usually precludes its use in long time series development. If there is a
suitable duration of data available, checks should be made on the perceived accuracy of the data when
compared to terrestrial raingauges data. Retrospective gauge-based adjustments to radar data may
be possible where suitable terrestrial data exists for a catchment.
Regardless of the method of generation of time series rainfall data, a series of checks must be
undertaken to validate the series as formalised in CIWEM UDG Rainfall Modelling Guide (2016).
Historical rainfall data should always be checked for missing and erroneous data sequences. The
inclusion of data quality flags/comment in the raw data makes this task simpler, allowing missing data
periods to be identified before carrying out further checks for unflagged missing data or periods of
unusually high or unusually low rainfall totals. Once erroneous or suspected data periods have been
identified, they may be replaced with data from a near neighbour raingauge with similar climate
characteristics, providing that the replacement data periods have also been checked and are of good
quality. The data should be checked against SAAR for the catchment and graphed for distribution of
annual rainfall totals to assess rainfall variability in the series and establish that this is sufficient to
provide a representative series.
Where there is insufficient high resolution historical data, it will be necessary to create a stochastic
rainfall series. The full set of checks in Table 4 of the CIWEM UDG Rainfall Guide should be carried out
by comparing the stochastic series with the cleaned up historical data.
Figures 7 and 8 demonstrate how some of the above checks can be made graphically. Figure 7 shows
a comparison of a stochastic series a historical series at the same location for daily rainfall thresholds
at 2mm increments. This check seeks to ensure that the two series contain a similar number of rainy
days of a similar magnitude. A good correlation here will ensure that the stochastic series generates
the desired performance when run through the model in terms of for example CSO spills or flooding.
Figure 8 shows a comparison of mean monthly rainfall totals for the same data. Correlation here
demonstrates that the seasonal distributions of rainfall are similar. This is important the prediction of
spills at assets that have permits with seasonal requirements (e.g. 3 spills per Bathing Season)

Figure 7: Daily rainfall threshold check - Historical vs stochastic
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Figure 8: Monthly average rainfall totals check - Historical vs stochastic
It has been as aspiration of urban drainage modelling community to use time series rainfall for the
analysis of flood risk and in the design of flooding interventions. The use of a long-time series using
continuous simulation would much better represent the full range of storm types and catchment
hydrological conditions that occur. This would also remove the need to estimate the catchment
hydrological and sewer system hydraulic state at the start of rainfall events as these would be
continuously updated through the simulation. However, the time series used needs to be long, as
flooding protection requirements are for relatively low return periods. For example, a rainfall series
of a minimum of 100 years is required for flood risk assessment and design up to a 30-year return
period, and preferably longer. It is therefore challenging to run the whole series. Therefore, in practice
the top n (e.g. 100) events by depth and intensity may be selected and run with an appropriate “run
in” period to establish the critical storms for design.
Extreme event analysis must be undertaken as part of the rainfall series validation checks. Stochastic
generators tend to generate very large rainfall events with a return period far in excess of the length
of rainfall series requested by the user. These events typically have durations of several days and very
high rainfall depths. It is possible that an event of return period much longer than 100 years could be
found in a 100-year simulation. The probability of this happening is small but not negligible. (Onof
2006). Methodologies exist to identify the extreme ‘outlier’ events which may be dealt with by
removal or adjustment bearing in mind the impact that this may have on the overall statistics for the
series. This is an area that needs further research and development as flooding projects will be
designed to events at the extremes of the series for example the top 3 events in a series from a series
that may contain over 15,000 events (extracted at a 9-hour ADWP from 100-year rainfall series).
Generating several series can yield quite different results and there is a need to address this
uncertainty in the method and provide some guidance.
Once modified the series should be further validated against FEH and the original input data for a
number of storm durations e.g. of 15, 30, 60, 120 and 360 minutes. This data can be used to create
total depth vs return period plots as shown in Figure 10 for each of the durations to confirm that the
stochastic data follows similar trends to the FEH data output and the input rainfall data. The series
must satisfy this check in addition to other checks in Table 4 of the CIWEM UDG Rainfall. Series that
8

Advances in the Application of Rainfall in Hydrological Modelling

Titterington and Digman (2018)

do not comply should be assessed in terms of the risk of using them on projects and regenerated if
necessary in attempt to achieve compliance.

Figure 9: Stochastic vs FEH vs Historical rainfall depth vs return period analysis
Application of Climate Change to Time Series Rainfall
The representation of climate change in urban drainage models is a key consideration for system’s
performance analysis and the design of resilient and adaptive strategies and interventions. This
representation needs to be suitable for application to both discrete design storm and time series
approaches.
For the past decade, the information on climate change has been taken from the UK Climate Change
Projections UKCP09, although there have been a number of other projects that have been undertaken
since its development. Some of these have sought to overcome the significant limitation of UKCP09 in
projecting likely changes in convective rainfall intensities at sub daily timescales.
UKCP09 provided a significant improvement on previous methods, providing tools and outputs that
were freely available the user. These allowed the creation of probabilistic projections in changes in
precipitation and other variables for three separate emissions scenarios, high, medium and low. One
of the key outputs from UKCP09 was a weather generator which could be used to produce synthetic
rainfall time series of baseline and future scenario daily and hourly weather conditions at a 25km grid
square resolution for the whole of the UK. This gave modellers a valuable resource to generate
spatially detailed, hourly or daily synthetic weather data, both for the historical baseline (1961-1990)
and for future epochs (Squibbs et-al, 2016).
The UKCP09 weather generator facilitated the production of time series at an hourly resolution
disaggregated from daily data. However, the simple disaggregation rules were based on observed
climate and assumed not to change for future scenarios and as a result, no allowance was made for
future changes in rainfall intensity in the hourly data. The weather generator was used to synthesise
100 different 30-year period rainfall at hourly timesteps for both control and climate changed
perturbed conditions.
A robust method of considering the impact of climate would be to produce a comprehensive set of
weather generator runs and to carry out sensitivity analysis using a range of probabilities. However,
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this would be extremely time consuming and given the number of locations involved and the time
constraints, possibly impractical.
Simplified methods were therefore developed and used by WaSCs. One of these methods, by WRc,
was successfully used by Stantec to generate over 40 climate perturbed historical rainfall series for
the north west of England. This method used an automated process to analyse control and scenario
(epoch/emissions) data for the 100 No 30-year series and calculate the mean changes in rainfall depth
and also the seasonal distribution of rainfall events by depth and duration in defined data bins over 4
seasons. A semi-automated process was then used to edit the historical series by adding or removing
events in an event sorter to replicate the seasonal uplift and event distributions to create a climate
perturbed historical series which retained much of the structure of the original series.
Although the above process was successfully used, it inherited the underlying uncertainties of UKCP09
and was based on arithmetic means to generate climate change factors from the range of weather
generator series.
Another approach that has been adopted by a UK WaSC, generated perturbed series with a range of
probabilities (10%, 50% and 90%), emissions scenarios (high and medium) and epochs (2030s and
2080s). This created 12 series of 25 years in length for 7 strategic locations. Users of the series could
therefore consider strategies across the probabilistic projections which would allow development of
resilient and adaptive strategies that recognise the levels of uncertainty. However, in practice running
12 series through typical urban drainage models would be prohibitive and it is anticipated that the
modelled scenarios will be based on attitude to risk, sensitivity of location and current understanding
of emissions (Squibbs et-al 2016).
Uplifts to design storms are normally currently applied based on Defra Guidance in the document
Flood risk assessments: climate change allowance. These change factors, examples of which are
reproduced in Table 1, are based on UKCP09 or research using UKCP09 data.
Table 1: Reproduction of Table 2: from Defra Guidance: Flood Risk Assessments: Climate Change
allowances, Table 2 (2017) - Peak rainfall intensity allowance in small and urban catchments (use
1961 to 1990 baseline)
Total potential change
anticipated for the
‘2020s’ (2015 to 2039)

Total potential change
anticipated for the
‘2050s’ (2040 to 2069)

Total potential change
anticipated for the
‘2080s’ (2070 to 2115)

Upper end

10%

20%

40%

Central

5%

10%

20%

Applies
across all of
England

The UKWIR research project Rainfall Intensity for Sewer Design (Dale et-al 2017) was instigated by UK
water companies to overcome some of the limitations of UKCP09 and other models by providing a
method to improve the estimation of changes in convective rainfall. This was considered particularly
challenging because climate models typically have spatial and temporal resolutions that are coarser
than is necessary to resolve convective rainfall processes effectively (Fowler & Ekström, 2009; Chan
et al., 2014). Furthermore, climate models are known to be relatively poor at simulating precipitation
extremes (Flato et al., 2013).
The research project used very high-resolution climate model in (Kendon, et al., 2014) to examine 1.5
km land-based cells over the UK. Data analysed were from two time periods:
1. A ‘current climate’ simulation representing the period 1996-2009 – a 13-year, 1-hour resolution
time series
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2. A ‘future climate’ centred on the year 2100 (RCP8.5 scenario) – also a 13-year, 1-hour resolution
time series
One of the key findings of the research project was the inconstancy in the way that climate change
has been applied to time series rainfall, with only 3 WaSCs undertaking this adjustment and all
applying using different methods.
The outputs from the project were based on a single emission scenario and from a single future
simulation. These outputs included:
1. A series of regional design storm uplifts (see Table 3 below) for design storms
2. A fully automated climate perturbation tool to derive and apply time series data representative
of future climates at a convective scale. These can be generated for 9 regions London, Glasgow,
Aberdeen, Plymouth, Newcastle, Liverpool, Leeds, Cardiff, Cambridge and Birmingham. The tool
can generate a climate perturbed series from historical data for the 2030s, 2050s and 2080s.
Table 2: Reproduction of Table 4-3 from the UKWIR Rainfall Intensity for Sewer Design – Stage 2
Technical Report (Dale et-al 2017) Uplift mean percentages (across all durations) for 30-year return
period, including 90th percentile from spatial analysis
2030s

2050s

2080s

Central estimate

20%

35%

55%

High estimate

35%

65%

110%

Central estimate

10%

20%

35%

High estimate

30%

50%

85%

Central estimate

10%

15%

25%

High estimate

20%

35%

65%

North West UK

North East UK

South UK

The above table shows marked regional differences in uplifts for the 3 regions. For the South UK,
uplifts are similar to those in the existing DEFRA Guidance (see Table 2). However, uplifts for the North
West are well in excess of current DEFRA guidance.
General trends from the research output were:
•

Increased high intensity rainfall events.

•

Increased dry days in all quartiles

•

Reduced low-intensity rainfall events.

•

Reduction in average annual rainfall

The UKCP09 website will be retired in December 2018 and replaced with UKCP18 which will update
the UKCP09 projections over UK land areas giving greater regional detail. In terms of precipitation, this
will include high resolution probabilistic climate realisations (10No) at a 2.2km spatial and sub-daily
temporal scales for 3 future epochs for a high emissions scenario. This will avoid some of the
limitations associated with statistical downscaling (e.g. the use of weather generators), such as the
extrapolation of hourly values from daily model output and the empirically defined relationships that
constrain how the weather generator responds to a climate change signal (UKCP18).
It is currently unclear how this data will be adapted in practice by the UK Water Industry for
hydrological modelling. For example, developing a series of regional uplift factors similar to that
developed for UKCP09 and/or method for time series rainfall perturbation similar to that created for
the UKWIR Rainfall Intensity for Sewer Design Research Project.
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Development of a Rainfall and Climate Toolbox
The generation, manipulation and checking of rainfall for use in hydrological modelling can be a timeconsuming process. Stantec has therefore developed a rainfall and climate toolbox to speed up,
standardise and add functionality to it an existing rainfall application, RedFiler. Functionality was
added in 5 key areas:
Module 1 improved and expanded on the existing RedFiler functionality for data import, data format
conversion and data analysis. The enhancements included the functionality to process a wider range
of terrestrial/radar rainfall raw data formats, automate data clean-up processes and create user
friendly visualisation of data in tabular and graphical format. This includes the ability to compare
rainfall series and undertake the checks in Table 4 of the CIWEM UDG Rainfall Guide.
Module 2 Integrated the tool with input and output from the stochastic rainfall generator “TSRSim”
into the proposed rainfall toolbox. These checking processes are easily adaptable to output from any
stochastic generator.
Module 3 Provides a link to the terrestrial merging application developed by Imperial College (Wang
et-al) as part of the RAINGAIN.EU project. The module facilitates data format conversions for use in
modelling as well as data visualisation.
Module 4 Provides enhanced graphing and analysis for checking output from climate perturbation
tools for time series rainfall
Module 5 Links the rainfall tool to commercially available database applications and info-matics and
will add the functionality to analyse and process historical data sets contained within the database for
modelling and to process live or forecast rainfall data for operational management and warning
systems.
Figure 10 outlines the general structure of the Rainfall and Climate Toolbox app. Figures 11 and 12
show some extracts of outputs from the app.

Figure 10: The general structure of Rainfall and Climate Toolbox App
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Figure 11: Raw Rainfall Series Graphical Analysis

Figure 12: Raw rainfall data clean-up interface
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Conclusion
Rainfall is probably the most important component in hydrological modelling but one that also carries
with it a high degree of uncertainty that must be recognised and managed. Recent developments in
rainfall representation, both spatially and temporally have given modellers and other urban drainage
stakeholders processes and tools to assist in the management of these uncertainties:
•

The CIWEM UDG Rainfall Modelling Guide (2016) provides modelling practitioners and other
relevant stakeholders with an industry recognized good practice guide to rainfall modelling. The
checks included in the guide should be applied as a minimum and should be completed and signed
off before rainfall is used on modelling projects.

•

New and emerging technologies and research output will reduce uncertainty in the representation
of rainfall. A key example of this is the use of radar and terrestrial raingauge data merging which
can minimise the disadvantages whilst maximising the advantages of each. The benefits realised
through more accurate spatial verification will lead to greater confidence in modelling output and
reduces a significant uncertainty. Benefits may also be realised through the reduction in the
number of raingauges required in surveys whilst improving the overall accuracy of rainfall
representation when compared to raingauges or radar in isolation.

•

The introduction of the FEH13 rainfall model should give increased confidence in design rainfalls,
with some marked increases in rainfall depths at for short duration storms at higher elevations in
Wales and Scotland but small to moderate changes elsewhere.

•

New climate change research output has attempted to overcome the limitations of UKCP09, which
is scheduled for retirement in December 2018 when it will be replaced by UKCP18. Recent UKWIR
research output, using a high-resolution climate model at a sub-daily temporal scale, indicates
that, whilst overall annual rainfall totals may not change significantly, there will be an increase in
high intensity rainfall whose effects must be managed by urban drainage stakeholders. New uplifts
published in the research document will generate moderate changes relative to existing UKCP09
data in some areas but marked increases in others, particularly in the northwest of the UK.

•

The new 2.2km high resolution climate model in UKCP18 will enable the generation of climate
change data at a sub-daily temporal scale, enabling probabilistic analysis of climate impact
including convective rainfall. The water industry and other urban drainage stakeholders will need
to evaluate and adapt the data to create readily useable processes for hydrological modelling.

•

The increased availability of live rainfall data feeds and short-term forecasting will provide a key
component in data analytics and informatics for use in an operational context. This will feed
warning systems and inform automated or “on the ground” manual interventions to protect
communities and the environment from flooding or pollution. It will also enable the assembly of
better historical rainfall data sets from fixed raingauges and radar data including merged data to
create more accurate spatial representation of historical rainfall.

•

Stochastically generated rainfall series have been replaced by good quality high resolution
historical series in many areas. These “real series” have the advantage of allowing the creation of
multiple profiles from several raingauges to represent spatial variation in rainfall. They can also
be used at a high level for the historical verification of CSO spills or flooding. Stochastic generators
will still have a place for the development of very long time series and for series in areas with
insufficient high resolution historical data.
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All the above will play a key role in improving confidence through the modelling project timeline, from
verification through to climate impact analysis, leading to increased efficiencies, reduced uncertainties
and better outcomes as we tackle the urban drainage challenges of AMP7 and beyond.
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