
1. Introduction
How has climate change affected the intensity 
of extreme weather?

If extreme events from the past were to occur 
today, in a warmer and wetter world, would 
their impacts be different?

The ReBASE project uses reanalysis-based 
storylines to answer these questions.

The focus here is on how the summer of 1976 
might be experienced in a modern climate.

2. Reanalysis storylines
We reconstruct the weather of 1975-1976 using the 20th

Century Reanalysis (20CRv3) system which uses:

▪ observed SSTs, sea ice, and atmospheric CO2

▪ assimilates only surface pressure observations

We then re-run the reanalysis with:

▪ modern SSTs, sea ice, and atmospheric CO2… 

▪ …while assimilating the same pressure observations

This translates the global weather patterns of 1975-1976, and 
the impacts of extreme events, into a warmer modern climate. 

Reanalysis-based storylines of 1976
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Figure 1: The summer of 1976, translated into a modern climate, is 
around 1.5°C warmer, with the largest changes over England in Tmin.

Caveats
▪ The reanalysis does not include changes in 

tropospheric aerosols which may mean that 
temperature changes are underestimated

▪ 20CRv3 runs at 0.7deg resolution which is much 
coarser than e.g. ERA5

Summer 1976 Translated 1976 Difference

Figure 2: The length of the longest heatwave at each location 
around the UK gets longer in a warmer translated summer of 1976

3. Wider context
The ReBASE project is producing similar historical reconstructions 
for other past extreme events, including heatwaves, wildfires, 
floods, droughts and windstorms. It is also producing a reanalysis 
for the modern 2014-2025 period, which is translated into a cooler 
climate to highlight how climate change has already affected 
recent extreme events.

All data will be made openly available.

Figure 3: Change in average soil moisture content 
(top 40cm) during last month of the drought
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The 1976 Drought Revisited: 

50 years on, does it remain the benchmark?

Farmers in Lincolnshire, one of the worst-hit drought areas, 

face a crop irrigation ban and are being urged to store water 

in case supplies dry up all together.
‘Lincolnshire farmers face a ban on irrigation’ Farmers Weekly, 6 Aug 

1976, p 48 5

Mixed signals across the UK.

Increases and decreases in low flows 

are broadly balanced, with limited 

statistical significance.

47% 

increasing

53% decreasing

Low flow (Q95) trends for spring-summer (March to August) using 60 years 

of observed data from NHMP stations (1965–2025).

Standard NRFA trend testing method6.

ARE LOW 
FLOWS GETTING 

LOWER?

~7% of decreasing trends are 

statistically significant to the 5% 

level  (hollow triangles).

Compare 
current 

hydrological 
conditions to 

1976

WHAT WERE 
THE IMPACTS?

The 1976 drought remains one of the most severe hydrological events in the UK and is 
entrenched in the national memory. After recent droughts in 2025, 2022 and 2018, we 

assess the severity and impact of 1976 using long hydro-climate data records

WHAT HAPPENED 
AND WHEN?

HOW DO RECENT
DROUGHTS COMPARE?
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Transition intensity

Steve Turner, Rachael Armitage, Lucy Barker, Jamie Hannaford, and the National Hydrological Monitoring Programme Team
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Read the 
landmark 
report on 
the 1976 
drought

March-August 1976 river flow 

accumulation shows widespread 

below-normal flows across the UK and 

many new low flow records (circles).

For England 

& Wales, 

1976 set 

record low 

outflows 

throughout 

the summer –

well below 

those of 

recent 

droughts.

Hydrological transitions linked with the 

1976 drought identified from the 

Standardised Streamflow Index 3-month 

accumulation period1.
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Drought impact reports for the UK in 1976 from the 

European Drought Impact report Inventory3 (EDII)

Most of England and Wales this summer faces 

the worst drought for more than a century
The Times, 10 Apr 1976

Following a relatively wet early winter, most 

months from February 1975 onwards 

were drier than average.

The 1975–76 winter was notably dry, limiting 

groundwater recharge, unlike some recent 

droughts (e.g. 2025), which followed 

wetter winters.

Dry conditions persisted through spring 

and summer 1976, culminating in 

extreme drought by August. 

A rapid transition to wetter 

conditions occurred in September 

1976, bringing the drought to an 

abrupt end.

Number of NHMP catchments with monthly 

mean record low flows during March-August:

170
in 

1976

13
in 

2018

17
in 

2022

45
in 

2025

Every time you went out, you had five-gallon 

containers in the car…you never came home, 

or arrived at somebody’s house without water
Historic Droughts Oral Histories2
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The Drought Act 1976 was introduced as an emergency 

legislative response, enabling rapid implementation of 

measures to manage water shortages.
The 1975-76 Drought - a contemporary and retrospective review4
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Spatial configuration of 
WREW, representing major 
supply infrastructure, river 
networks, and water 
transfers (>2 Ml/d) used to 
simulate and optimise water 
allocation on a national 
scale.

WREW modelling workflow, showing how meteorological inputs drive 
hydrological and groundwater models to generate inflows, which are 
then allocated through the water supply network to meet demand and 
produce reservoir storage and level-of-service outputs.

Example of LoS aggregation from NUTS3 (Nomenclature of 
Territorial Units for Statistics 3) areas (orange outline; Durant & 
Counsell, 2020) to WRZ scale (blue outline) for the Bristol WRZ in 
August 1976 .

Left: maximum historical LoS in each NUTS3 area overlapping the 
WRZ. Middle: WRZ LoS calculated using a weighted mean of the 
NUTS3 values. Right: WRZ LoS defined by the maximum NUTS3 
value.

Historical Level of Service (LoS) for the 1976 Drought 

Comparing Historical LoS to Predicted Modern LoS

National-scale comparison of Level of Service (LoS) in August 1976, showing raw NUTS3 restrictions (left), WRZ-level 
historical LoS aggregated using a weighted mean (centre-left), WREW-simulated LoS under 1976 conditions (centre-right), 
and the difference between historical and modelled LoS (right).

Comparison of LoS timeseries for the London WRZ, showing observed historical LoS (top), WREW-simulated LoS under 
1976 conditions (middle) and from selected drier stochastic realisations (bottom; AtkinsRéalis  et al., 2025). The stochastic 
results highlight the possibility of increased severity and duration of restrictions during 1976-equilvalent scenarios.

Stochastic analysis shows system failure (LoS 4) occurs when River Thames flows are ~≥24% lower than modelled for 1976, 
equivalent to a ~7.5% (~150 Ml/d) reduction in London supply; with an additional ~400 Ml/d required to prevent LoS 4 in the 
driest realisation.

What Alternative Outcomes Could a 1976-Equivalent Drought Have?

1. Summary 2. Method – National Water Resources System Simulation Modelling

3. Results

1dan.bazely@environment-agency.gov.uk, 2alice.blackwell@environment-agency.gov.uk, 
3david.pritchard@environment-agency.gov.uk, 4jonny.wilson@environment-agency.gov.uk 

This study assesses how the present-day water resources 
system would perform under equivalent 1976 climate 
conditions using a national scale water resources system 
simulation model.

• Modelling results suggest that the present-day supply 
system is much more resilient to a repeat 1976 
event, with the occurrence of level 4 restrictions 
(rota cuts/standpipes) removed or reduced to less severe 
level 1 and 2 restrictions (media campaigns and TUBs).

• Improvements in modelled supply system resilience may 
be partly explained by a 37% increase in reservoir storage 
since 1976. However, the results are likely overly 
optimistic due to methodological constraints 
(e.g. mathematical optimisation & simplified 
conceptualisation). Additionally, modern Level of Service 
(LoS) determination using reservoir control curves 
generally indicates lower restriction levels than 1976 
methods.

• Modelling alternative realisations of the 1976 event 
shows that ~16% and ~24% lower flows on the River 
Thames would trigger level 3 and level 4 restrictions in 
London, respectively. An additional ~150-400 Ml/d of 
supply would be needed to prevent system failure (Level 
4 restrictions). The scale of vulnerability of the present-
day system to climatic uncertainty demonstrates the 
need for new large-scale water supply options and 
ambitious demand management.

• Model outputs have been validated against both 
observed and benchmark datasets, with good 
agreement. 

4. How Has The Supply System Changed?

We use a national scale water resources system simulation model 
(Water Resources Model of England and Wales – WREW, Dobson et al., 
2020) to simulate LoS. The table below defines the LoS restrictions:

The WREW model :
• Covers 91 out of 128 WRZs
• Represents >90% demand

References:
AtkinsRéalis; Petch, L., Wade, S.D., Parker, J. (2025) Stochastic Weather Generation: National Stochastic Dataset. Prepared for the Environment Agency.
Dobson, B., Coxon, G., Freer, J., Gavin, H., Mortazavi-Naeini, M., & Hall, J. W. (2020). The spatial dynamics of droughts and water scarcity in England and Wales. Water Resources Research, 56, p.e2020WR027187.
Durant, M.J. and Counsell, C.J. (2018). Inventory of reservoirs amounting to 90% of total UK storage. NERC Environmental Information Data Centre.
Durant, M.J. and Counsell, C.J. (2020). Historic droughts inventory of drought references to water resources 1890-2015. [Data Collection]. Colchester, Essex: UK Data Service. 

Modern Predicted Level of Service (LoS) for the 1976 Drought 

Modelling the impact of a 1976 drought equivalent climate 
on England’s current water resources

5. Model Validation

A comparison of total reservoir storage capacity between 1976 and present day, for 
the five Water Resources Regions in England (left). A map showing the locations of 
reservoirs within the five Water Resources Regions in England and whether they 
were constructed before or after 1976 (right).

Comparing Reservoir Storage from 1976 to Present Day

Selected reservoir storage time series used to validate 
WREW simulations, showing agreement between 
modelled, water company, and observed 1976 data across 
key reservoirs. Location shown in red on inset map (left). 
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Level of Service (LoS) Description
1 Voluntary Reductions
2 Temporary Use Ban (TUBs)
3 Non-essential Use Ban (NEUBs)
4 Emergency Drought Order



Physically Based Modelling 
of the 1976 Drought

Introduction
• 1976 is a benchmark drought in 

hydrological science.
• Physics-based modelling allows us 

to robustly alter simulation 
parameters and drivers, such as 
rainfall.

• SHETRAN has been used for many 
hydrological impact studies in the 
past, including climate change.

Methodology
• 555 autocalibrated catchment 

simulations.
NSE: 0.70-0.96, mean 0.82.

• Historical weather swapped for 
analogous climate data.

• Perturbed with 2°C of warming 
to explore how
the drought could present
if it occurred again in 
the near future.

Ben Smith | Ben.Smith4@newcastle.ac.uk
Research Associate in Hydrology
With Anna Murgatroyd & Ellie McGrady 

Expectations
• A 2°C climate will have warmer, wetter 

winters and hotter, drier summers.
• Previous modelling suggests lower low flows 

and higher high flows, with the southeast 
generally drier.

• “If the 1976 drought occurred in 2030, it 
would be more severe across Britain”.

Initial Findings
• Modelled droughts over the 1976 summer period 

differ from long term UKCP18 projections (above).
• Droughts intensify in the southwest of England and Wales.
• Droughts lessen in Scotland and southeast England.

Counterfactual Meteorology
Relative to factual  simulations.

Next Steps
• Identify the drivers of flow responses.
• Investigate flow dynamics in ‘wetting’ catchments.
• Couple flows to a water resources model (WREW).

Previous modelling of low (Q95) and peak flows. Smith et al., 2024 - Physically Based 
Modelling of UK River Flows Under Climate Change
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A Dry Topic? Learning from the past 
through archival histories of ’76 and 
creative community workshops

Notice by Yorkshire 
Water Authority in The 
Yorkshire Post, 3rd 
September 1976

• The voluntary savings campaign 
launched by the Regional Water 
Authorities (RWAs) and the National 
Water Council appealed to the sense 
of civic duty of citizens.

• Although appeals were often aimed at 
a male coded ‘householder’, the 
regular labour of water-saving was 
regarded as a task predominantly for 
women in the home

• The campaigns tended to imagine the 
consumer as a rational actor

“Use Washing 
Machines Less Often
Ask your Mum to wait 
until she has a full 
load of washing 
before using her 
machine. If she is 
used to washing two 
or three times a 
week, she should try 
to cut down to once or 
twice a week 
minimum”

Turn Taps Off Tightly
Make it your personal 
job to go around the 
house making sure 
that all taps are 
turned right off. If a 
tap keeps on dripping
ask Dad to call the 
plumber – now”

Thames Water Authority 
‘I’m a water saver’ Leaflet 
for schoolchildren – The 
National Archives: FV 
39/11

Creative Community Workshops

How did the voluntary savings 
campaign characterise domestic 
consumers?

This doctoral project seeks to 
1. understand what archival sources 

can tell us about the expected role of 
households during the 1976 drought 
and how domestic users coped with 
water restrictions and the threat of 
water rationing, with a focus on 
Yorkshire.

2. explore to what extent we can use 
these archival histories creatively in 
community engagement settings to 
learn from the past to prepare for 
future severe and extreme droughts

Summary of doctoral project

• There was the assumption that female 
labour would provide the flexibility to 
cope with interruptions to supply to 
domestic consumers

Nathalie Holloway
n.j.holloway-
2022@hull.ac.uk

Supervisors
Prof. Briony McDonagh
Dr Gill Hughes
Dr Ed Brookes

• Workshops have so far been 
conducted in five locations across 
Yorkshire (Hull, Hebden Bridge, 
Riddlesden, Richmond, and Goole)

Notice by Anglian Water Authority in The Lincolnshire Echo, 5th

August 1976

• Following pilot engagement activities, 
the chosen creative methods were 
collage or creative writing

• The creative activity was used as a 
stimulus to encourage critical 
reflections on how households would 
cope with a drought requiring severe 
restrictions now

Collage produced at a workshop in 
Riddlesden. June 2026.

Community workshop in Goole. May 2026.



The changing probability of hot and dry summers in England

© Crown copyright | Met Office and the Met Office logo are registered trademarks

1 Met Office FitzRoy Road, Exeter, Devon, EX1 3PB, United Kingdom

Email: isabel.rushby@metoffice.gov.uk

LinkedIn: https://www.linkedin.com/in/isabel-rushby-b27919152/

Isabel Rushby1, Philip Sansom1, Joe Osborne1, Richard Davis2, Julie Morris2

2 Environment Agency Horizon House, Deanery Road, Bristol BS1 5AH

• A 2018-like event (in terms of summer-average temperature and rainfall) is 10 times more

likely to occur in 2024 than it was in 1961.

• A 2018-like event now has a return period of 43 years, expected to become 37 years in 2034.

• However, the probability of some particularly dry summers has decreased in recent years, due

to the slight observed increase in summer precipitation, although this trend is expected to

reverse in coming decades as summers become drier, as well as hotter.

The findings of this study will support the Environment Agency to understand the changing probability of a range of historical hot-

dry events, in order to assess and better plan for present-day challenges in drought management.

The probability of hot-dry conditions has increased over recent years

and will continue to do so, driven primarily by the temperature trend.

Observations 
and climate 
model data

Trends fit to 
temperature and 

rainfall time 
series

Statistical 
multivariate 

extreme value 
analysis; 

conditional 
extremes 
models

Changing 
probabilities of 

observed hot-dry 
summers in both 

historical and 
future years

Results

Method

Background

• Extreme hot days and heatwaves can significantly increase water demand, placing additional stress

on water resources and the environment, particularly during drought events.

• The UK climate projections suggest that summers in England will be both hotter and drier in the

future, but summers have recently become hotter and slightly wetter.

• Even without significant changes in the probability of dry summers over past decades in the UK, the

increasing temperature trend is impacting the joint probability of hot and dry summers. This affects

the probability of certain hydrological conditions, such as the drought conditions seen in 2022,

occurring.

• The changing probability of the historical hot-dry events of 1976 and 2022 have been studied

before, however there are other hot-dry summers (for example, 2003 and 2006) which historically

have been notable events with short term impacts.

• For water resource planning, it is useful to understand whether summers at least as hot and dry as

these challenging events are more likely to occur due to climate change.

Research questions

1. How have the joint probabilities of events at least as hot and dry as key historical summers (1976, 1983, 1995, 2003, 2006,

2018, and 2022) changed?

2. How are these probabilities expected to change over the next ten years?

JJA = June-July-August


