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Introduction
Understanding the impacts of changes to rainfall intensities and seasonal patterns in the future is vital for
long-term investment planning in the water industry.
In early 2019, a Newcastle University led consortium involving JBA Consulting was successful in bidding for
NERC UK Climate Resilience funding to use the new UKCP18 high resolution data (UKCP18 Local) to derive
more robust rainfall uplift estimates. The research project is called FUTURE-DRAINAGE. Six UK water and
sewerage companies (WaSCs) provided letters of support for this research project. These WaSCs, and other
WaSCs and regulators such as the EA and SEPA, are involved in an advisory capacity in developing its
outputs.
This paper provides a summary of the latest information on this project and highlights implications for the
wastewater industry of the research.

Background
In 2017, a 3-year UKWIR project run over two stages, Rainfall intensity for sewer designi, produced estimates
of future changes in high intensity and short duration rainfall over the UK. It also produced a tool, RedUP, for
developing synthetic future rainfall time series data based on the rainfall change estimates in RED (Rainfall
Event Data) file format. The change estimates were based on results from the experimental 1.5km resolution
climate model developed by the Met Office Hadley Centre (Kendon et al., 2014iv).
FUTURE-DRAINAGE builds on this UKWIR work, and work initiated in the CONVEX projectii, that explored the
added-value of convection-permitting climate modelling (CPM) for daily and sub-daily precipitation extremes
(e.g. Kendon et al. 2012iii; Chan et al. 2014a,biv), and how CPM projections differ from those of coarserresolution regional climate models (RCMs) (e.g. Kendon et al. 2014v; Chan et al. 2016a,bvi).
FUTURE-DRAINAGE will use an approach consistent with the 2017 UKWIR project to produce rainfall ‘uplifts’
– change estimates to apply to design storms and time series tools. Following on from the recommendations
of that project, it will provide a quantification of the uncertainty in the results, by making use of all 12 CPM
runs provided by UKCP18 Local.
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UKCP Local (2.2km)

On 16 September 2019, new high-resolution climate model projections were made available from
the UK Met Office: UKCP18 Local (Met Office, 2019vii). These projections are available from twelve
simulations of a 2.2km resolution climate model covering the whole of the UK for three 20-year
time slices in the 21st century: 1981-2000, 2021-2040 and 2061-2080 for the high emissions scenario
RCP8.5. An example of the output from these projections is shown in Figure 1, which highlights the
range of mean precipitation change projections for the winter season in the future period of 20612080. This new dataset brings the benefit of being able to quantify uncertainty in the projections
better than in the single model run used to inform the results of the UKWIR project.

Figure 1 – Example output from UKCP Local (2.2km) projections showing percentage changes in winter
rainfall for the UK in the future for the winter season
Note that the UKCP Local (2.2km) projections only downscale a subset of the global climate models, and as
such sample a narrower range of uncertainty than the UKCP18 Global 60km or Probabilistic projections. This
is particularly an issue in summer, where the 2.2km projections only sample outcomes with relatively high
levels of mean warming and summer drying. In this case it is recommended that the 2.2km results are put in
the context of the wider sampling of uncertainty from the range of products in the UKCP18 toolkit. For more
information on the 2.2km projections and their use, please see Kendon et al (2019)viii.
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FUTURE-DRAINAGE Approach
The approach for deriving rainfall uplift estimates is summarised below.
First, for each ensemble member and time-slice, we will calculate 1h, 3h, 6h, 12h and 24-h return levels
using the peaks over threshold method at a relevant threshold (e.g. 99th percentile), and fit the Generalised
Pareto distribution (GPD) using L-moments to estimate return levels.
Secondly, we will produce revised uplifts across the whole of UK by calculating the difference in return levels
between the control and future ensembles for 10-year, 20-year, 30-year and longer return periods and the
five event durations.
Finally, we will produce revised regional uplifts percentages, for each duration/return period. We will be
exploring a range of data pooling approaches, including a more sophisticated pooling approach based on
regional frequency analysis (RFA).

Involvement from the UK water utility companies, Environment Agency (EA) and Scottish Environment
Protection Agency (SEPA) within FUTURE-DRAINAGE
In order to produce results that are considered useful and appropriate for both the water and sewerage
companies, their consultants and also the wider surface water flood risk stakeholder community,
consultation with WaSCs, the EA and SEPA is embedded within the FUTURE-DRAINAGE project.
Aspects of the research concerning return periods of the results, regionalisation of the uplifts, uplift
confidence and how to use the uncertainty estimates in practical ways in sewerage planning are being
considered through the project with the involvement of a wide range of stakeholders.
In late September 2019, a stakeholder workshop was held in London that brought together the project
research team leaders with representatives of eight WaSCs, the EA and SEPA. The key outcomes of the
workshop that will be used to inform the research were:
1. Return periods of 30 and 100-years are useful and 200-year return periods would be of interest if
these were possible to provide. The project team have discussed options for the derivation of higher
return period estimates – for example, using pooling approaches – and will report on this aspect as
the project progresses.
2. Regional groupings of the uplift results were in three UK regions in the UKWIR project. Early results
from the 2.2km UKCP data are indicating that potentially fewer regions may be needed. The team is
aware of the need to be aware of water company regions when developing regions for different
uplifts.
3. It was pointed out by WaSC representatives that 2050 is an important for the WaSCs in the delivery
of Drainage and Wastewater Management Plansix (DWMPs) and that developing a consistent
approach to applying climate change to both design and time series rainfall would be beneficial. For
this reason, the research team agreed to include uplift estimates for the 2041-2060 period
representing a 2050 horizon.
4. Some water company representatives referred to the need for understanding how design storm
profiles might change in the future (away from the classic ‘summer’ and ‘winter’ profiles in the Flood
Estimation Handbook) and the need for understanding whether current UCWI (Urban Catchment
Wetness Index) and NAPI (Net Antecedent Precipitation Index) calculations related to antecedent
conditions and evaporation rates might change in the future. (However, we note the finding in the
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UKWIR project that rainfall intensity uncertainty is likely to overshadow issues of future evaporation
change1). These research questions are outside the FUTURE-DRAINAGE scope but they are recorded
here for interest and can be included in the project’s recommendations.
5. Discussion was made of the need for possible seasonal uplifts that could be used for the ‘bathing
season’ from May to September and the non-bathing season. The project team offered to examine
annual as well as specific seasonal uplifts to assess their differences.
6. The workshop discussed the relative merits of using a perturbation tool such as RED-UP for
representing future time series rainfall and of using UKCP18 Local 2.2km data directly. Further
information will be provided as guidance on this subject later in the project.
The project team plans to remain in contact with the stakeholder group on this project and provide updates
on research progress related to stakeholder interest areas.

How will FUTURE-DRAINAGE outputs be used?
The outputs will be used in the following ways:
1. A revised series of rainfall uplifts for sub-daily duration rainfall intensity will be produced that will
supersede those developed in the UKWIR project. These uplifts can be applied to the Flood
Estimation Handbook (FEH) Design Stormx as future design rainfall events.
2. The results will also be useful to assess whether there is a need to revise the perturbation tool, REDUP, developed in the UKWIR project, so that it better reflects the rainfall conditions (event
intensities, frequency and water balance per season) identified within the UKCP Local projections
data.
3. Uplift results will be run through hydrological models to examine potential impacts on surface water
flooding, by JBA and Loughborough University (FUTURE-DRAINAGE partners).

Implications for the water and sewerage industry
The UKWIR project from 2017 and the FUTURE-DRAINAGE project are making use of the Met Office climate
modelling projections at convection-permitting scales – a world first for national climate scenarios. This
work is enabling us to understand better the types of future rainfall events that we are likely to experience:
their frequency, seasonal distribution, intensity and spatial distribution.

1

Note on future changes in evaporation. (Extract from Rainfall Intensity for Sewer Design, Phase 2, Technical Report)
The UKWIR project team decided that uncertainties in rainfall intensity change estimates would likely overshadow
impacts of changes in evaporation on runoff rates. While it is likely that the projections of climate in the future will
increase evaporation in the summer (with longer, drier summers being a general message, despite heavier rain when it
falls) it is less obvious how they might change in the winter (more info is available in the UKCP09 Projections Report).
Key to this issue is whether the changes are significant in terms of their impact on runoff generation affecting flows in
sewer systems - this is not easily answered and would require separate research. A feature of the perturbation tool
developed on this project is the introduction of a ‘dry day perturbation’- this allows rainfall to be removed so as to
achieve the same number of dry days for each quartile of the year over the record. This is likely to influence affect
antecedent conditions in the perturbed time series. It is also worth considering that other factors are likely to affect
run-off generation in the future such as urban creep and urbanisation.
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FUTURE-DRAINAGE will provide us with information that can be used to plan for avoidance of sewer flooding
and reduce pollution from sewer systems with more confidence than ever before.
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