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1 Introduction and context 

1.1 Introduction  

This project falls within the wider Met Office and UK Research and Innovation (UKRI) 

supported UK Climate Resilience (UKCR) Programme which aims to bring together 

fragmented climate research and expertise to undertake robust, multi-and interdisciplinary 

climate risk and adaptation research to build UK capacity for resilience to climate variability 

and change.  

1.2 Definition of climate information 

Climate information is defined as data, models, forecasts and projections relating to the 

observed historical, or current, climate as well as the simulated future climate over different 

time horizons and spatial scales. Climate information is provided in numerical or graphical 

format, based on observations or model simulations for different spatial and temporal 

resolutions over different time horizons and geographical domains. Derived products such as 

the Environment Agency’s climate change allowances for flood risk assessments are not 

included within this definition, nor are impact assessments, such as the UK Climate Change 

Risk Assessment (CCRA) or reporting required by the Task Force on Climate-related 

Financial Disclosure (TCFD). These are defined as products that use climate information. 

Climate information is used to support decision-making about near, medium, and long-term 

risks across a wide range of sectors, and products based on this information can be 

attributed with different levels of confidence due to uncertainties in the data and production 

methods. However, whilst climate information is used regularly across UK public and private 

sectors for risk management, a changing mean climate state, as well as current and 

projected increases in extreme events, present a major challenge to organisations that 

provide guidance on risk and its management (e.g. environmental or infrastructure 

consultancies as well as public regulatory bodies). 

1.3 Purpose of this report 

This report forms the final project deliverable and the key output from Step 4 of the project, 

as set out below:  

• Step 1: User assessment of the current needs for climate information (March – 

June 2021) 

• Step 2: Production of a climate science ‘ask’ (June – August 2021) 

• Step 3: Development of options (August 2021 – March 2022) 

• Step 4: Prioritisation of options (March - June 2022) 

o Workshop with Steering Committee 

o Deliverable 4: set of recommendations 

Informed by the previous steps of the project, this report concludes with a set of 

recommendations relating to the provision of climate information. Drawing on the insights 

and experience of the UKCR Steering Committee as representatives of a broad user 

community, in this final step, the options for the provision of climate information (from Step 

3) have been prioritised. 

We refer readers to the Development of Options report for more information regarding the 

approach taken to determine the set of options for climate information provision during Step 

3. However, it is important to note that these options were informed by a survey which 

elicited the views of climate information providers on priorities for the production of climate 

information, hereafter referred to as the Provider Survey. We recognise that other options 

for the provision of climate information may exist and therefore this list should not be 

considered as exhaustive.  
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2 Expert Group Workshop  

2.1 Workshop design  

Aim The aim or the workshop was to inform the development of future datasets for 

characterising current and future weather and climate risks in the UK and overseas by 

understanding what a range of existing user requirements might imply for providers of 

future UK climate information.  

Participants The UKCR Steering Committee1 itself represents a broad range of users and so 

it was agreed that it would be both effective and efficient to hold the final workshop with the 

Steering Committee rather than convene another group. This had the additional advantage 

of the group already being aware of the project and engaged in the wider programme. We 

recognise that while there is a broad range of expertise on the group it should not be 

considered as a representative or unbiased sample of the full UK community. 

Agenda Following in-depth consultation, a Workshop Development Team developed a 

workshop agenda as shown in Appendix A.  

Activities The workshop included: 

• A statement on UK Government User Needs (see Appendix B). 

• Breakout rooms for two groups to discuss in greater depth a series of pre-defined, 

user-focused topics. 

• A ‘conceptboard’ function that allowed multiple users to enter textual information in 

response to a range of questions. The output from this conceptboard is provided in 

Appendix C. 

 

 

———————————————————————————————————————————— 

1 https://www.ukclimateresilience.org/about/management/steering-committee/ 
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Table 2-1 Preferred options related to model development 

Model development 

preferred option 

Justification 

Produce 'better' 
models to improve 

understanding of the 
climate system 

Rated highest (4.1) overall by 19 respondents  

Large ensembles Rated second highest (3.9) overall by 19 
respondents – large ensembles will serve to give 

the best estimates of climate extremes, 
especially for high impact low probability events. 

Ultra-high resolution 

local runs 

Although not a stand-out high score overall 

(3.2), we propose that this is highly important to 

understand impacts due to rainfall intensity, 
particularly surface water flooding, rapid-
response catchment flooding, urban pollution 
management and probable maximum 
precipitation (PMP) estimation2 (when combined 
with sufficiently large ensemble size). 

 

Table 2-2 Preferred options related to use of models 

Model 
development 
preferred option 

Justification 

Model and data 

providers should 
focus on 
demonstrating how 
the data can be 

used. 

Rated joint highest (4.1) overall by 19 

respondents. We recognise there is strong support 
for this but also recognise and support comments 
that this might be a role for ‘science translators’ 
or should be done through co-development 

between users and information providers. 

Production of 
compound 

parameters e.g. 
combined 
precipitation and 
temperature 
projections 
(especially in 
relation to high 

impact events) 

Rated joint highest (4.1) overall by 19 
respondents. While this is well supported, we 

recognise the importance of co-development in 
defining the parameters and how the model 
information is produced. Users need to define the 
parameters, and important thresholds3 for these. 
As well as compound flood risk parameters, 
combined temperature and humidity parameters 
are important for heat stress.  

Using existing 
models and model 

data  

Rated joint second highest (3.9) overall by 19 
respondents. Important from an economic and 

science perspective, summed up by “Existing 
models should be exhaustively tested and 
assessed to better understand model sensitivities 
before new experiments are planned.” 

Transient 
simulations that run 
from present day to 
some point in the 
future (e.g. 2050 or 
2100) 

Rated joint second highest (3.9) overall by 19 
respondents. Overall, benefits seen to outweigh 
negatives and can support multiple needs: coastal 
and marine environments, socio-economic 
modelling or facilitating projections at industry-set 
time horizons. 

———————————————————————————————————————————— 

2 An on-going project for the Environment Agency is developing new estimation methods for PMP and PMF (Probable Maximum Flood) – engineering estimates used for reservoir safety and other highly vulnerable infrastructure: https://www.gov.uk/flood-

and-coastal-erosion-risk-management-research-reports/improving-probable-maximum-precipitation-pmp-and-probable-maximum-flood-pmf-estimation-for-reservoir-safety 

3 For example, a temperature threshold related to public health, or a precipitation threshold related to a specific return period meaningful to flood risk or water utilities community 

Figure 2-1 Illustration of how 

high priority recommendations 

from the Provider Survey relate 

to discussion topics at the UKCR 

Steering Group workshop 

Workshop user needs topics Provider Survey highest priorities 
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2.2 User needs topics 

The workshop explored three user needs topics recognised (from Step 1) as important user 

needs for climate information: (1) tipping points/ thresholds; (2) extreme rainfall and 

Convective Permitting Models (CPM); and (3) transitioning from current to future 

projections.  

Figure 2-1 shows how these user needs topics relate to the outcomes of the Provider 

Survey. Questions posed to attendees of the workshop are indicated also in this figure under 

the three topic headings. A summary of these three topics areas is provided below. 

2.2.1 Tipping points / Thresholds 

In discussions with users (during Step 1), a key area of interest was in the prediction of 

tipping points or thresholds that result in step changes in impacts as these become key 

decision points for adaptation. One example from Step 1 was to understand when the 

current approach for managing wildfires (e.g. width of fire breaks in forests, or use of fire 

breaks at all) might need to change as a result of climate change. Other examples were 

referred to in the workshop by JBA relating to heatwaves, extreme floods and rainfall 

amounts giving rise to pollution from urban drainage systems – each of which recognise 

specific thresholds that give rise to step changes in impacts. 

We acknowledge that there is potential for confusion in the term tipping point used in this 

way. To distinguish between this term and the official definition of tipping point by the IPCC 

definition4 we subsequently refer to this user need as ‘User impact thresholds’. 

2.2.2 Extreme Rainfall and CPM/UKCP Local5 

This discussion topic focuses on the need for better understanding of rainfall intensity and 

convection-related rainfall in the future, informing understanding of extremes over a range 

of scales (e.g. from 50% to 5 x 10-5 % annual exceedance probability6). While rainfall 

extremes are not the only extreme climatic change of importance for the UK, they have 

relevance to many of the identified climate risks within the Climate Change Risk Assessment 

(CCRA)3, as detailed in the Development of Options report in this project.  

The user needs relating to extreme rainfall and convection-permitting modelling discussed 

under this theme relate to three of the highest priority model areas identified by climate 

information providers, as shown in Figure 2-1. 

2.2.3 Transitioning from current to future climate projections 

This topic focuses on connecting historic, near-term and decadal climate projections to 

longer range projections, for example to the end of the century. The driver behind this need 

is an understanding of the change in risk from current to future periods and the avoidance of 

discontinuities or ‘step changes’ in the climate information with time. Members of the UKCR 

Steering Committee recognise this need for ‘seamless’ information through the time 

continuum as important when communicating impact messaging. There is also an 

acknowledgement that there remains significant uncertainty about extreme events in the 

current climate that do not appear in observations – i.e. climate modelling can estimate 

current climate risks due to extreme events that are plausible but may not appear in 

observed records. 

  

———————————————————————————————————————————— 

4 Tipping point: A large-scale change in the climate system that takes place over a few decades or less, persists (or is 

anticipated to persist) for at least a few decades, and causes substantial disruptions in human and natural systems (IPCC, 
https://www.ipcc.ch/sr15/chapter/glossary/) 

5 https://www.metoffice.gov.uk/binaries/content/assets/metofficegovuk/pdf/research/ukcp/ukcp18-factsheet-local-2.2km.pdf 
6 i.e. 2-year to 20,000 year probability 

https://www.ipcc.ch/sr15/chapter/glossary/
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3 Recommendations drawn from workshop output 

The following recommendations are drawn from the contributions of those attending the 

workshop and are organised within the three user need topics discussed. Final 

recommendations are provided in section 4.  

The recommendations in this section are numbered sequentially to enable them to be linked 

to the final recommendations in Section 4. 

A conceptboard output file containing anonymised workshop attendee inputs is included in 

Appendix C. The conceptboard information has been used to inform the recommendations in 

this section.  

3.1 Recommendations related to user-focused thresholds: 

1. Establish quantitative confidence limits in the tails of distributions for extreme events. 

2. Understand user impact thresholds better and examine regional disparity in these. 

However, understanding of all user impact thresholds is not seen as realistic, or 

helpful (view of some members of the UKCR Steering Committee) – there are many 

thresholds and they change over time; but greater appreciation of the user need for 

information related to impact thresholds of importance to them is recommended. This 

could include drawing on members of the UKCP18 development and knowledge 

sharing network (DAKS) to extract more user-relevant information on thresholds. 

3. Consider relevant data and climate experiments from the UK community including 

Met Office and academic sector; in particular, those which will explore possibilities for 

improved understanding of thresholds and extremes. 

4. Examine the interaction of thresholds within systems – this could give rise to 

cascading impacts, where one impact triggers another from the same or different 

climatic hazard. 

3.2 Recommendations related to extreme rainfall intensity  

5. Provide better information on reliability / validity of CPM projections of rainfall – 

several views were expressed that there is a need for more extensive validation of 

the way the UKCP Local CPM simulates current climate. However, it should be noted 

that some useful validation has already been carried by the UKCP18 team following 

consultation with members of the UKCP18 Non-Government User Group7. 

6. Explore other ways derive rainfall extremes using validation e.g. climate analogues – 

prior projects have examined analogue approaches with varying levels of success8. 

7. Provide a narrative description of rainfall extremes from the model outputs9.This 

would aid the understanding of the benefits of CPM modelling, including when CPM 

are useful, how they should be used and what uncertainties are associated with CPM. 

While the UKCP Local Fact Sheet10 does this to some extent, information could be 

made simpler for a wider audience and less scientific for non-scientific users and 

decision makers, e.g. large-scale infrastructure owners. 

 

———————————————————————————————————————————— 

7 The UKCP18 Non-Government User Group had a sub-group that provided guidance on user needs for CPM model output and 

2.2km resolution was selected as it gave better agreement with observations than 4km while was at a resolution that could 
have a sufficiently meaningful ensemble size (12-member). 
8 Climate analogues were used within a UKWIR project in 2014-15 involving a research team from Newcastle University. 

Results were published in: Dale et al (2015) New climate change rainfall estimates for sustainable drainage. Proceedings of the 
Institution of Civil Engineers Engineering Sustainability http://dx.doi.org/10.1680/jensu.15.00030 
9 This has been addressed in part through the UKCR / UKRI project FUTURE-DRAINAGE project and its outputs, e.g. 

https://artefacts.ceda.ac.uk/badc_datadocs/future-drainage/FUTURE_DRAINAGE_Guidance_for_applying_rainfall_uplifts.pdf 
and Environment Agency climate change allowances for flood risk: https://environment.data.gov.uk/hydrology/climate-
change-allowances/rainfall  
10 https://www.metoffice.gov.uk/binaries/content/assets/metofficegovuk/pdf/research/ukcp/ukcp18-factsheet-local-2.2km.pdf  

https://artefacts.ceda.ac.uk/badc_datadocs/future-drainage/FUTURE_DRAINAGE_Guidance_for_applying_rainfall_uplifts.pdf
https://environment.data.gov.uk/hydrology/climate-change-allowances/rainfall
https://environment.data.gov.uk/hydrology/climate-change-allowances/rainfall
https://www.metoffice.gov.uk/binaries/content/assets/metofficegovuk/pdf/research/ukcp/ukcp18-factsheet-local-2.2km.pdf
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3.3 Recommendations related to transitioning from current to future climate 

projections  

8. Assess the probability of past observed extreme events. Historic events provide users 

with a wealth of information about what happened (e.g. heavy rainfall) and the 

impact that it had and provide an invaluable reference for planning responses/ 

adaptations should such events become more likely as a result of a changing climate. 

Therefore, increasing confidence in the calculation of the probability of an historic 

event occurring again in the future, given current (and future projected) climate 

conditions, could increase the benefit of using historic events as important case 

events for assessing risk and resilience. Historic events could be characterised within 

a distribution of possible outcomes and users could see whether they fall near the 

centre or tail of the distribution to understand risk better. 

9. (As for thresholds recommendations) Examine the interaction of user-focused 

thresholds within systems – this could give rise to cascading impacts, where one 

impact triggers another from the same or different climatic hazard.  

10. Understand better the UK’s and sectors’ vulnerability and exposure to combined 

hazards and events increasing in frequency through historic to current to future 

timescales. How this should happen depends on future collaboration between climate 

information user and provider groups (discussed in section 4.2). 

11. Conduct research into potential sources of, or mechanisms which could lead to, high 

impact ‘surprises’, either because of unexpected changes in climate or because of 

poor understanding of current and future changing vulnerability/exposure. 

12. Develop statistical methods for estimating instantaneous probabilities of extremes in 

a non-stationary climate1112. 

13. Use a large ensemble of transients that resample past variability and transition 

through the present into the future. To enable improved understanding of climate 

risks in the current climate and how this has changed from historic (past) climates.  

14. Assess the skill in seasonal to decadal predictions to aid decision-making using 

information from decadal forecasts. 

  

———————————————————————————————————————————— 

11 For flood risk, work is on-going in this area and new guidance from the Environment Agency is available: 

https://www.gov.uk/flood-and-coastal-erosion-risk-management-research-reports/development-of-interim-national-guidance-
on-non-stationary-fluvial-flood-frequency-estimation#full-publication-update-history  
12 UKCP18 probabilistic extremes products are another example of how this can be done, with 20, 50 & 100 year return levels 

estimated for every year between 1950 and 2100. See: 
https://www.metoffice.gov.uk/binaries/content/assets/metofficegovuk/pdf/research/ukcp/ukcp-probabilistic-extremes-
report.pdf 

https://www.gov.uk/flood-and-coastal-erosion-risk-management-research-reports/development-of-interim-national-guidance-on-non-stationary-fluvial-flood-frequency-estimation#full-publication-update-history
https://www.gov.uk/flood-and-coastal-erosion-risk-management-research-reports/development-of-interim-national-guidance-on-non-stationary-fluvial-flood-frequency-estimation#full-publication-update-history
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4 Final recommendations 

4.1 Recommendations to inform future datasets for characterising current and 

future weather and climate risks and wider research gaps 

The recommendations below have been drawn from information from the Provider Survey 

and the workshop. These are summarised in the table below. For ease of reference, in the 

second column, the user needs recommendations from section 0 have been mapped to 

seven broader recommendations. 

 

Recommendation Relevant user 

need discussion 

recommendations 

Need: To better understand extremes and the transition along the 

continuum from historic through current to future climate. 

Addressed by: Continued use of large ensembles. 

4, 9, 12, 14 

Need: Validate CPM projections, especially of rainfall extremes at 

short (e.g. 1- 6-hour or shorter)and long (e.g. 24-hour +) 

durations, against observations. 

Addressed by: Validation to provide confidence limits in estimates 

of current and future projections. 

2, 6, 7, 9, 12 

Need: Better understanding of important compound parameters, to 

identify and provide estimates of current and future likelihood of 

extremes and ‘threshold breaking’ events  

Addressed by: Interaction between users and providers of climate 

information. 

3, 5, 10, 12 

Need: Estimate very extreme (i.e.>100-year return period) and 

probable maximum precipitation values in current and future 

climate across the UK, needed for highly vulnerable locations e.g. 

reservoir safety and other vulnerable infrastructure  

Addressed by: Use of CPM modelling, possibly with UNSEEN13 

approaches, to estimate these high extremes better. 

4, 6, 9, 11 

Need: Understand user impact thresholds better.  

Addressed by: Ensuring ongoing, close engagement between users 

and providers of climate information as well as ‘science translators’. 

Science translators are key intermediaries who can translate 

climate science for appropriately for users and also inform 

providers of evolving user needs that might inform future science. 

1, 3, 11, 16 

Need: Clearer information on the skill in seasonal to decadal 

climate predictions14.  

Addressed by: Closer collaboration between users and providers to 

extract decision-relevant information from these. 

14 

Need: Maximising use of existing models and model outputs. 

Addressed by: Exhaustively testing and assess existing models to 

better understand model sensitivities before new sets of climate 

integrations designed to inform adaptation planning are initiated. 

(Provider Survey) 

———————————————————————————————————————————— 

13 https://www.metoffice.gov.uk/binaries/content/assets/metofficegovuk/pdf/research/wcssp/unseen-infographic.pdf  
14 Skill in such forecasts is available from the Met Office but it may be that improved or clearer information on skill and 

appropriate decisions that can be taken (e.g. low regrets decisions) would be useful. 

https://www.metoffice.gov.uk/binaries/content/assets/metofficegovuk/pdf/research/wcssp/unseen-infographic.pdf
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4.2 Wider recommendations for the provision of new climate information 

It has become clear through this project that there is significant opportunity for improving 

understanding of climate information needs by encouraging and enabling further 

collaboration between climate information providers and users. 

Many of the responses from the Provider Survey, the workshop participants and participants 

in the July 2021 workshop have pointed to a strong need for these groups to work together 

more. JBA considers that the UKCR programme, and any subsequent evolution of the 

programme, would be a good vehicle to facilitate this. The benefits of closer collaboration 

would include: 

• Increased understanding by information providers of:  

o the decisions users need to make with climate information 

o the thresholds that impact certain sectors that could encourage climate 

science and modelling to focus on better estimates of these threshold 

conditions 

o the uncertainties that the users understand to exist and their tolerances of 

different uncertainty levels, noting that these vary across and within both 

sectors and organisations 

• Increased understanding by users of information about: 

o Modelling and science limitations – what is and isn’t possible to predict or have 

projections for and why not 

o What climate model output is available to inform the decision they need to 

make 

o The role ‘science translators’ can play in using the climate information within 

tailored models or systems that provide user-oriented decision-support, 

(Science translators are also termed ‘boundary managers’ in recent 

research15. 

An illustration of why we recognise this need for greater collaboration is shown in Figure 4-1. 

When posed with a question about what might be an optimum spatial resolution for CPM to 

estimate rainfall extremes, one comment (from a user) indicates this is for climate scientists 

and the other (from a provider) says scientists need to be informed by users. To gain the 

best answer to this question, relevant users and CPM model information providers need to 

work together, potentially with a ‘science translator’ who can help explain concepts, 

language etc., to arrive at the optimum spatial resolution. This is just one example in one 

technical area. There are many such cases for other climate information sources and for 

many other user sectors.  

———————————————————————————————————————————— 

15 Suhari, M. Dressel, M. Schuck-Zoller, S. Challenges and best-practices of co-creation: A qualitative interview study in the 

field of climate services. Climate Services. Volume 25, January 2022, 100282 https://doi.org/10.1016/j.cliser.2021.100282  

https://doi.org/10.1016/j.cliser.2021.100282
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Figure 4-1 Excerpt from the Workshop conceptboard output exemplifying the need 

for closer user-provider collaboration 

In this project, there has not been the opportunity to explore in depth how closer 

collaboration between users and providers of climate information might occur. Previously in 

this project the image in Figure 4-2 was developed to highlight a ‘twin track’ concept in 

which users and providers each have priorities and needs. The central part of this diagram, 

highlighted in the red box, proposes that increased collaboration between users and 

providers of climate information should be ‘periodic and strategic’. This is because we see 

benefit in the interaction being structured and occurring with a periodicity that is practical 

(not too frequent) as well as sufficient (frequent enough) to have the most benefit for both 

communities. Strategic interaction implies that it occurs when there is an accepted 

important user need that should be discussed, or when there is a known ‘step change’ in the 

science and modelling information that is likely to impact decisions users will take compared 

to what they would decide using existing climate information. 

There are also considerations such as which body should coordinate the interaction (if it 

needs formal coordination), which user and provider groups should be involved (ideally all, 

being as inclusive as possible), whether funding would be needed to promote and establish 

the interaction and how interaction is recorded and outcomes shared. To make effective use 

of public money, we would recommend that this be initiated by a publicly funded, cross 

sector body. 

We recognise this an important recommendation in this project and one meriting more 

detailed analysis. 
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Figure 4-2 Graphical illustration of the user and provider ‘tracks’, and interaction  
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B UK Government user need information (presented by Katy Peat, Defra, 24th May 2022) 
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C Workshop results (Conceptboard export) 
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