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Contemporary sources

‘ Cox 1978. The Great Drought of 1976
§ ?‘75"% 0"0“5‘” Doornkamp et al. 1980. Atlas of Drought

nd?n'lro?pzctcvé' FOVIEW L

"-‘*“- L in Britain 1975-76.

Rodda and Marsh 2011. The 1975-76
Drought: a contemporary and
retrospective review.
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How did it feel?

“‘l.llh"“" 1.1
VLA IE, S Comnon shurexd
vpoenence unhike any other in
Bt sance the blinz, What we
carnt it may be of some vadue il
nother such dry spell has us. [ we
A sin.x:nl\m|z.|\nu|xl--|(|v.¢||
hope will be useful to havean
munediate record of what the
drought was like, before we began to
forget i or betore which s more
probable we begin to embroades
T o memonies into myths!

Evelyn Cox, 1978

Attitudes towards water suffered an abrupt change during
the summer of 1976. Weeks without rain and periods of
unrelenting sunshine resulted in a yellow and brown
countryside, empty streams, a rash of notices about the
need to save water, restrictions and, in a few areas, shut-offs
and standpipes. For the inhabitants of a major part of

England and Wales the drought emphasised the

considerable value of the wholesome and copious supply of

piped water which has been the prerogative of almost the

entire population of the United Kingdom for most of the 20th

Century and which is normally taken for granted.

John Rodda, 1978
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Outflows from England & Wales

Period of record: 1961-2026
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The great Drought??

Low river flows across winter 75 into
76

Ely Ouse — Essex transfer stopped
June 76

Ely Ouse dry in July

July 76 Hosepipe bans across
southern Britain

Ladybird plague

Night time rota cuts for 100,000
people in south Wales from July 76

Extended to 1 million people in
August

Early August 76: 140 days supply left in
Graftham

End August 76: 20 to 50 days supply in
Devon

24 August Minister for drought appointed

Standpipes installed in Devon and South
Yorkshire

Standpipes used mid September 76 for
80,000 people in east Devon

October 76 — backpumping to fill Grafham



"o, 4’ kot
] AL

b S8 T
{

Thank you.

10N

informat

For more
please contact

.ac.uk

@ceh

gwatts
ceh

.uk

ac

@uk_ceh

-—
)
C

WY
o
—
>

O

Decoded



mailto:enquiries@ceh.ac.uk
mailto:enquiries@ceh.ac.uk

1976 to 2026 - What’s Changed?

Dr Anna Murgatroyd

Newcastle University

2= Newcastle
®? University
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Features

June brings more rainfall than all of
spring to parts of UK

Is another heatwave on the
way?

June brings more rainfall than
all of spring to parts of UK

[

RICHARD BAKER/ GETTY

https://www.bbc.co.uk/weather/

Recent heavy rain has followed the heatwave across much of the UK


https://www.bbc.co.uk/weather/

Credit: Leonard et al.
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Water Industry Act 1991

1991 CHAPTER 56

An Act to consolidate enactments relating to the supply of water and the provision of sewerage services, with amendments to give
effect to recommendations of the Law Commission,
[25th July 1991]

https://www.legislation.gov.uk/ukpga/1991/56/



https://www.legislation.gov.uk/ukpga/1991/56/

Final Water Resowr<es Managemnent
2024

Main Document

Qur Water Resources
Management Plan 2024

Yorkshire Water
Water
Resources
Mﬂﬂﬂg&ﬂ'ﬁl‘lt
Plan 2024

Joreuary 205

(BEC

4 ESSEX & SUFFOLK
. WATER
WATER RESOURCES Water Resources

Management Flan 2024

St L Water
Water Resources
Management Plan 2024

)

Carmbnndge Wames

Cambdridye Waber
Final Water Resources
Management Plan 2024

W T

WATER (”—'v
RESOURCES =
MANAGEMENT

PLAN 2024 “wa :

Lo Talee Y-

Final Draft Water Resources
Management Plan 2024
Technical Report



https://www.legislation.gov.uk/ukpga/1991/56/

A Well-Adapted UK

The Fourth Independent Assessment of UK Climate Risk (CCRA4-|A)

5.0
4.5
4.0
3.5
3.0
2.5

1.0

0.5

Global average temperature change (°C)

0.0

—

2.0 /
1.5

1970 1980 1990 2000 2010 2020 2030 2040 2050 2060 2070 2080 2090 2100

Observed climate change
Current policies (central estimate)
More ambitious policies

® 4°C warming by 2100

Credit: Climate Change Committee, Met Office

Human-induced warming
Current policies (upper estimate)
2°C warming by 2050

Global temperatures have risen since
1970.

Under current emissions scenarios,
temperatures are projected to increase
further to around 2°C of warming by
2050.

Itis possible that under current
emissions warming could reach 4°C by
2100.



A Well-Adapted UK
The Fourth Independent Assessment of UK Climate Risk (CCRA4-IA)
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E N * UK winter rainfall shows a long-term
g hU' ﬂﬂ‘ﬁ increase since 1970.
* UK summer rainfall shows large
year-to-year variability from 1970-2020.
| * Projections for 2050 and 2100 show
Yo o) summerrantal drier average and extreme summers
350 under higher warming scenarios.
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Long-term frend Average year ¢ Extreme year

Credit: Climate Change Committee, Hollis et al, MET Office



A Well-Adapted UK
The Fourth Independent Assessment of UK Climate Risk (CCRA4-IA)

Projected @ {2°C warming) m (4°C warming)

changesin F

river flows # 3

| * Under 2°C global warming level by
2050, most regions experience
moderate reductions in low flow river
volumes, with the largest declines in
southern and eastern England.

* Under 4°C global warming level by
2100, reductions intensify
significantly, with major decreases
across England and parts of Wales,
indicating much drier river conditions
during droughts.

oy
Percentage change (%) o0 30 40 50 £0 20 80 100
Credit: Climate Change Committee



Credit: Murgatroyd et al.

WREW:

Water Resources model for England and Wales
to enable strategic analysis of the drought
resilience of water supply infrastructure
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Strategic analysis of the drought resilience of water supply systems
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Visit this
Reanalysis-based storylines for 1976 boster Ll
Translating the weather of 1976 into a modern climate to consider how much hotter or drier or

wetter it would be if the same weather patterns occurred again now

Approach: use the 20" Century Reanalysis to produce a pair of reconstructions @‘
for the weather of 1976, one using observed SSTs and one with modern SSTs. ; iﬁ 5/
o &0 o
% )
Reanalyis temperatures Reanalyis temperatures ‘/l
in summer 1976 r| St
\;;\u\;y P! \,
Outcome: JE RN
warmer summer  “| ')
with longer S
: - J
heatwaves “:.,}"AN
Duration dmere:ce (days)

- e
5 10 15 20 25 30 35 40

0 0.5 1 1.5 2 25 0

University of

T ) gyNewcastle i YKCEH B i

Credit: Ed Hawkins, James Carruthers, Hunter Quintal Biodiversity \CI VUm’versity e



Reanalysis-based storylines for 1976 Vz;gf@

today!
Credit: Chan et al.

How do our o Derwent at Buttercrambe (27041)
hydrological -
systems respond 9
if the same z 30
&=
weather patterns 8
occurred again @ 10
now? i
5 3
Modelled Changes to Q95 r\/ﬂ W;.,,. & 3.0/ Stringside at Whitebridge (33029)
(low flows) b g M
51.0 *J} \
Projected Change §
in River Flow (%g) 50.3
® -100to-25 p— S
® -25to-10 0 g 0.1
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Credit: Smith, Murgatroyd et al. o



Visit this
National Scale Level of Service for August 1976 oyt Ly
— comparing historic to predicted modern conditions
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LoS Difference

0
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1976 system Current system Difference
2021 demands Environment
W Agency

Credit: Water Resources Modelling team, Environment Agency



Credit: Water Resources Modelling team, Environment Agency VI’)S;)’;;Z;S ];E[

/ : today!
Historical Lo5 - aggregated to WREZ scale

e ——— . -
& The present-day supply system is more resilient to a repeat 1976 event -
WREW - max Los (histarical) improving from system failure (LoS4) to Temporary Use Bans (LoS2)

| | |

WREW - max LoS per replicate %, Dirier 8% Supply Deficit
{ranked by flow) S0 ap 3 20 10 0 20 15 10 5 1]

i Testing the present-day London supply system
. against alternative realisations of the 1976 drought
reveal:

L1

el

5

1iF

b
L

Lol » System failure (LoS4) occurs when River Thames

o PE—— ] | = _'__ "-,__ — flows are ~224% lower, equivalent to ~ =140 Ml/d
1., v less supply to London.
F s
o = e e e |:> Non-essential Use Bans (LoS3) occur when River
" L Thames flows are ~=16% lower, equivalent to ~ =80
MLl/d less supply to London.
40 g
T
S0 : . g . 8
Max Lo5 L oo 1400 1600 1500 £000
Mean Seasonal Mean Supply (Mird) c
— Frow (i @ Environment
o1 25 W Agency




Credit: Jim Hall

A system under stress: The trilemma

Charges to water users

Affordability

Security of Environmental
Supply ) impacts
Impacts of climate change Deterioration of the
and droughts freshwater environment
Growing demand Carbon emissions

Leakage



NATIONAL
INFRASTRUCTURE
COMMISSION

Preparing for a drier future
England’s water infrastructure needs

'_*" 4
. W

The National Framework
for Water Resources 2025

Water for growth, water for nature,
water for a resilient future
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A Well-Adapted UK
The Fourth Independent Assessment of UK Climate Risk (CCRA4-|A)

Annual cost of climate change impacts

(£ billions)

(@)

N

w

N

—_

Present day
m Current adaptation

2030s

2050s
Additional adaptation

Cost-effective adaptation
packages at a national-scale
can significantly reduce the
impacts of water scarcity on

private water supplyin
industry, power, and
agriculture sectors in the UK.

Credit: Climate Change Committee and WSP



River Teme, 2022 I
Credit: Environment Agency Image Library/ Simon Derry

Looking
forward...

e Continued investmentin
water security under climate
change

* Regulatory alliances aiming to
progress strategic schemes to
improve our resilience to
drought

 Collaboration and
cooperation across
companies and regulators to
identify the most efficient
solutions

Dr Anna Murgatroyd
Newcastle University
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The Water

Supply
Challenge

Helen Wakeham — Director of Water,
Environment Agency, England

Environment
LW Agency




The summer that changed everything - 1976
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T h e s ca I e Of th e c h a I I e n g e National Supp(l\\l/v:r'\\:PDzir)nand baseline

20000
15000

* National Framework for Water Resources: we face a | ¢, 1
public water supply deficit of ~ 5 billion litres per | =

0

day by 2055 driven by:
. L A M I AR A AN T A

DT AT DT AT AT AT AR DT DT A A A A

= Total WAFU === Distribution Input + Target Headroom

National Supply Demand Balance
baseline (WRMP24)

Drought

'f y ‘a’, ¢ . : “ ~ ‘, _(' -\: £ : '
N\ o R v R “ ' -\- -
Climate Population Environmental z-
Change and Business Needs ili :
Growth i ]
D A S S I L

Resilience
¥ AV o N o P AP o o™ P AN o
VPP PP PR H

INnCcreases
BN PN SRS SRS PSSR AR SRS SRS g

* Regional variation but widespread water stress

« Non-public water supply sectors could face ~1 billion
I/d deficit by 2055 — risks to food, energy and data.

Environment
W Agency

34

*https://www.gov.uk/government/publications/national-framework-for-water-resources-2025-water-for-growth-nature-and-a-resilient-future



England — Perceptions vs growing reality of
drought and water scarcity
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England is drier than most think

Average annual rainfall in England is 800-

900mm but... driest in east and south-east.

London average is ~600mm, drier than -
* Most major cities in Texas
* The major cities in Australia
 Many European capitals

This is difficult to convey — especially

during wet winters — which are getting
wetter!

2 Met Office

Rainfall Amount
Annual Average
1991-2020

© Crown copyright »

Map showing the 30-year (1991 — 2020) avera ge annua I
rainfall amounts across the UK. MetOffice, Crown copyright.

Environment
W Agency



Last year was not an anomaly
2025 Drought Climate crisis and “Weather

) | Whiplash”

 Volatile swings from flooding to

(N drought!
Driest spring in Hosepipe Nationally « Wet winter of 25/26 immediately
192 years s significant proceeded by dry spring in 2026.
* Record temperatures — 2025, hottest
May temperature in 2026
h * Driest April-May on record in 2026
across 8 hydrological areas across
Significant Other sectors East and SE England
e Ee:gvr'i'gu'.?;?;“’gﬁﬁ . Avery wet start to June 2026!
response navigation

Environment
W Agency



How is the EA responding to these challenges?

Continued
Water rights
allocation
role crucial
to ensure
sustainable
catchments

J

Driving Ensuring Robust Supporting
investment focus on planning holistic
in new substantial, frameworks - nature based
supplies, sustained WRMP29 and solutions for
including reductions in Drought sustainable
less climate water Plans - water
dependent demand - strengthening management
desalination water used further with
and water and water water reform
recycling leaked
VAN /L /L J

Research
coordination
on drought —

to improve

monitoring,
forecasting
and
resilience.

J

a8 Engaging internationally for best practice on water resources/drought management

Environment
W Agency




Solutions — new water supplies

Solutions in the RAPID programme

@ Cheddar 2 reservoir and transfer

@ Broad Dak reservoir

@ Fens reservair

@ Uincolnshire reservoir

@ Mendip Quarry reservair

() New Arlington resenvair

@ North Suffolk reservoir

@ Rudyard reservoir and transfer

() South East Strategic reservoir Option

() West Midlands raw water storage
TESeVOr

@ Bacton desalination
@ Mablethorpe desalination

@ London water recycling (Teddington
DRA and Beckton)

@ Hampshire transfer and water recycling

© Minworth water recycling

@ Poote water recycling and transfer

) Severn Trent sources and transfer

@ Grand Union Canal transfer

@ Xielder SRO transter

@ Lower Thames to West London
Reservoirs transfer

@ Peterborough 1o Grafham transfer

@ Severn to Thames transfer A

(@ South Yorkshire sources and transfer

() Thames to Affinity transfer o it :

@) Thames to Southern transfer
() North West source and transfer

() Nottinghamshire mine water treatment
and transfer

@ Aytesford and Ford water recycling

(D Sandown water recycling

[ Colchester water recycling

(@ Lowestoft water recycling --

() Sittingbourne water recycling &

- * Strategic water resources
planned

A » Forecast deficit requires

RN immediate delivery of new
b e supplies
¢ * Moving towards less climate

dependent options - water
recycling and desalination

* Supply options take time — these
aren’'t expected to be operational
until the mid 2030s onwards

Summary of supply options in EA’s water resources plan summary report:
https://www.gov.uk/government/publications/a-review-of-englands-draft-
regional-and-water-resources-management-plans/a-summary-of-englands-
draft-regional-and-water-resources-management-plans

Environment
A Agency



Solutions —

water demand

Improved spatial planning

Water efficiency — smart
metering and
Interventions

Water demand policies
Leakage reduction

million litres per day)

Total forecast benefit (

6000

5000

4000

3000

2000

1000

o, A
© N D D D D S M A o 2 > ®

Yo L S DD o) “.’)‘b W b‘

SR R P XS N S -1 b( 93' Y ‘b’ 0_»' 0’ '»’ ‘V Nl bP" ‘o' Q)' J\ ‘b’ °
O DYDY YD F X WP > X v
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Preferred options in latest water resources plans across England

©
o
b‘b

| Water Efficiency options m Leakage options H Production Options B Resource Options

Water efficiency and leakage options ~70% of the solutions in short
term, and > 60% throughout next 25 years.

Almost 20% assumed to be addressed by government water demand policies

(Water label, building regulations and standards).

Environment
W Agency




The gaps and areas for focus

Earlier action before Collaboration Greater public
forecasted weather across sectors awareness

Asset health focus Better planning for
severe drought

Environment
W Agency

M



The opportunity

* Momentum from society’s increased
attention on water and its value o

* New infrastructure — more supplies and
connectivity

* Technology and Innovation — satellites ...
and smart water meters

* Prioritising the natural buffers we have

* Forward-looking planning and
coordination

CCCCCCCCCCCCCCCCCCC

Environment

A more resilient relationship with water -~
) WV Agency



Conclusion

If future generations are to
Inherit a secure water
future, then the time to
build 1t 1s now.

Environment Agency, 2023
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Water resources planning

with 50 years of climate change

Dr Geoff Darch
17th June 2026



Agenda love evexy dropoo

anglian

Historical context Extreme drought Recent experience,
ina 1.5°C world

Future projections Adaptation: Summary
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Drought in the east of England lo"“”@"?”ff Q

anglianv
}
' .
» P-dcit gt 0%
w P-dcit gt -5% and le 0%
- P-deit 3t -10% and e -5%
P-deit gt -20% and be -10%
= P-deit gt -30% and le -20°%
: = B-deit gt -30% and le-30%
w P-doit 8t -50% and le-40%
> » P-dcit gt -80% and le-50%
.. m P-dait Su -70% and le-60%
1942/44 24mths 1974/76 24mths 1990/92-24mths 1995/97-24mths , 2010/12-24mihs
— __(f\ . (\ - r’\ r.’,\ -“})-"/\/ {

Maps of 24-month precipitation deficit (as a percentage of expected long-term average)
for each period preceding the drought end dates assumed

Source: Lister, D., Osborn, T., Jones, P., and Darch, G. 2018. Observed droughts in the greater Anglian region since 1920. CRU Research Publication 22.
Climatic Research Unit, UEA, Norwich. https://www.uea.ac.uk/groups-and-centres/climatic-research-unit/cru-publications
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Drivers of drought in the east of England (OWU@WWOPOQ

anglian

1.8
1.0
08
0.0
05
1.0
18
05
0.0
0.8
1.0
1.5
8
1.0
0.5
0.0EA /
0.5
q.0F-"
43
20
10
0
10

Monthly time-series of SST, NAO, EAI, areal
precipitation in the AW region (as percentage
anomalies) and a fluvial index, all smoothed with a
36-month filter during the period 1900-1990.
Notable AW drought periods (in current focus) are
shaded light grey.
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Source: Lister, D., Osborn, T., Jones, P., and Darch, G. 2018. Observed droughts in the greater Anglian region since 1920. CRU Research Publication 22.
Climatic Research Unit, UEA, Norwich. https://www.uea.ac.uk/groups-and-centres/climatic-research-unit/cru-publications
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Drivers of drought in the east of England S;,’gﬁ;‘:,@”‘“’io

2
x NAO index and EA index for each SEAS5 winter together with
2 0 A the rainfall anomalies over East Anglia associated with each
= » R e winter (colours). Selected dry winters in the observations are
2011\ / EO_ 1953 j shown by the black dots and the year labels.
. L. ¥ »
2 2006 '1976/ 2005
' % -
: &
2 0 2
NAO Index
Standardized anom. ' .
(AW region) 4240123

Source: Chan, W. C. H., Arnell, N. W., Darch, G., Facer-Childs, K., Shepherd, T. G., and Tanguy, M. 2024. Added value of seasonal hindcasts to create UK
hydrological drought storylines, Nat. Hazards Earth Syst. Sci., https://doi.org/10.5194/nhess-24-1065-2024
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System resilience to drought

Key
3 Groundwater source
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The east and north of the region is
underlain by large aquifers,
notably chalk but also limestone
and sandstone, which naturally
recharge in winter
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Extreme drought




Pre-2005

e Worst
drought
on record

e Extend
historical
record

)

e 1in 100-
year +

¢ Stochastic
WGs

e Long
historical
rainfall-
runoff
modelling

Evolution of planning approach to drought

- MQ

e 1in 200
year

e Improved
WG

e Met. EVA

e Drought
narratives
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e 1in 500
year

e Advanced
WG

e System RP
e Storylines




Estimating extreme drought using stochastics

800 -

g

Rusintall Total {mim)
o
[=
=]

14 months ending August

8

WRMP24 data
EA National data
AME data

Stochastic update vO6
HadlUK v1.3.1 1836-2024

RP central RP lower RP upper
estimate estimate estimate

WRMP24 data 215.0 133.0 434.0
EA Mational
data 167.0 115.0 290.0
AME data 7712.0 397.0 2101.0
Stochastic
update v06 757.0 402.0 2001.0

16

10-4
Probabalsty

10-1

100

Source: AtkinsRéalis (2026). Environment Stochastic Rainfall Update for Water Resources Planning, Prepared for Water Resources East.



How else might we estimate extreme drought? S;,’gﬁ;i,@mic

Hydro-climatic reconstructions using:

e Atmospheric pressure records

* Tree-ring data (Thurgood et al., in preparation)
* Documentary sources

What emerging evidence suggests:

 There have been more extreme droughts than recorded
in meteorological and hydrological observations

* Great Tudor Drought in NW Europe inc. England 1540-41

* Major drought in 943 (at the start of a drier climatic
period)

Thurgood, J. et al. Assessment of whether tree-ring hydroclimate reconstructions are useful for characterising extreme drought in East Anglia
(England), in preparation.



Cluster 1

Cluster 2

Storylines of extreme drought

Cluster 1 Cluster 2 Clustar 3 Clustar 4

1
i

. High (>87)

1 Above Normal (72-87)
Normal (28-72)

1 Below Normal (13-28)

M Low (<13)

Source: Chan, W. C. H., Arnell, N. W., Darch, G., Facer-Childs, K., Shepherd, T. G., and Tanguy, M. 2024. Added value of seasonal hindcasts to create UK
hydrological drought storylines, Nat. Hazards Earth Syst. Sci., https://doi.org/10.5194/nhess-24-1065-2024
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Recent experience,
ina 1.5°C world




Rainfall anomaly (mm vs 19912020 mean)
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Recent experience

2022 was a potential harbinger of future summers:

* The highest ever temperature recorded in the UK:
Coningsby, Lincolnshire at 40.3°C on 19 July 2022

* Record soil moisture deficits (exceeded in 2025)

* Wildfires destroyed homes in the east of England

* Impacts on agriculture and the natural environment

Recent impacts on water resources and water supply
systems include: Re‘:s;’t’::)'cle and
e Record numbers of water main bursts pre ery drop )

Significant increases in peak demand for water, although e s J
moderated by the rollout of smart meters It's do.or dFY: N ;- b

- - s ‘L [‘
Local supply issues e.g. associated with firefighting "
Save water now. EETFSERE. /!

Raw water quality impacts



Water quality impacts

Nitrate concentrations in Grafham Water (below)
have affected the ability to refill the reservoir (right)

Higher nitrate levels and reduced
ability to recover following the hot,
dry summers of 2022 and 2025
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Future projections & storylines,
in 2°C+ worlds
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EM 15 OBS

Aridity index (P/PET)

0.5

Source: Reyniers, N., Osborn, T. J., Addor, N., and Darch, G. 2023. Projected changes in droughts and extreme droughts in Great
Britain strongly influenced by the choice of drought index, Hydrol. Earth Syst. Sci., https://doi.org/10.5194/hess-27-1151-2023
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The frequency of extreme droughts increases for large parts of the UK as global mean
temperature warms to 2 and 4°C above pre-industrial levels.

% of UK region extremely dry in ensemble member 1

12 ensemble members used to

characterise model uncertainty

100 4 ) —
50 4 +2°C +4°C
eo4 SPI
40
20 4 , f
0 t . | 1 ' k e A s J 1 : ‘ h o
100 e —————————————————————) — -
80 4 ' |
s{ SPEI - | \ ’/
40 1 = , w 5 A A
20 - ' ' K
0 i l —_ ',!

2000

Increasing widespread extreme drought

Including potential evaporation makes large difference in projections

2050 —

Longer multi-year droughts

2075

Large regional differences
in projected change | -

Source: Reyniers, N., Addor, N., Darch, G., He, Y., Zha, Q., and Osborn, T. 2021. Understanding changes in meteorological drought in regional UK Climate
Projections (UKCP18), EGU General Assembly 2021, online, 19-30 Apr 2021, EGU21-8713, https://doi.org/10.5194/egusphere-egu21-8713
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Storylines of climate change louee"e@dmpg
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Source: Chan, W. C. H., Arnell, N. W., Darch, G., Facer-Childs, K., Shepherd, T. G., Tanguy, M. and van der Wiel, K. 2023. Current and future risk of
unprecedented hydrological droughts in Great Britain, Journal of Hydrology, 625, 130074, https://doi.org/10.1016/j.jhydrol.2023.130074
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Adaptation:
resilience to changing droughts
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Smart metering

New initiatives include:
 Compulsory metering

Smart meter data Smart meter data
will help identify will help us engage ° Seasonal tanff trial
customer and with our customers

enabling water * Non-household tariff trial
efficiency programmes

distribution
loss leakage

Water Savings

Future initiatives could include:
e Drought tariff

* Non-household water credit
Customer leakage

Leakage efficiencies reduction will form Water Efﬁcienc',r market
part of the water

efficiency programmes



Water reuse and advanced water recycling

love evexy
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St
) o o o Re-using water
weier B (3 ] e for non-potable
ater 2 oA 4
purposes: a review

of opportunities

(1A%

:J " | m & ‘3

L

* Constructing advanced water recycling facility in Colchester

* Encouraging reuse for non-potable purposes, including reuse
of final effluent for green hydrogen production

https://www.anglianwater.co.uk/corporate/strategies-and-plans/non-
potable-water-reuse-a-review-of-opportunities/
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* Proposing to build two new reservoirs,
with a total additional 100 million
cubic metres of usable storage

t "« Fens Reservoir, north of Chatteris,

- Cambridgeshire, with output shared
between Anglian Water and
Cambridge Water

* Lincolnshire Reservoir, south of

-

- Sleaford

et

e

-
S
5

- )
-

-




Desalination

* Developing designs for two
desalination plants, in Lincolnshire
and Norfolk

* Likely to be used for potable and
non-potable uses (e.g. green
hydrogen production)
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Water sbstracted
from the sea

Treatment works

¥a i

@

Treated water °

reservolr Getting water
to you
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Drought is a recurrent feature of the English climate and water supply systems have been
designed to be resilient to historical, c. 1 in 200-year droughts

The meteorological drivers of drought are becoming better understood, but climate change will
alter weather patters and exacerbate the risk of drought

Resilience to extreme, c. 1 in 500-year drought depends on assessments that draw on a wider
variety of techniques including proxies, reanalysis datasets, large ensembles and storylines

Demand management is already helping manage peak demand, and will become more
sophisticated as smart meter rollout nears completion

Supply-side options will take advantage of generally wetter winters (reservoirs), existing sources
(reuse and recycling) or proximity to the coast (desalination), increasing drought resilience



Derwent Valley Reservoirs, July 2025 (49% full)

Science to support drought
preparedness

From next season to the next century

Jamie Hannaford, Head of Water Resources & Drought (and co-authors listed at end)
UK Centre for Ecology & Hydrology




Next season: drought planning timescale. We are in a drought in
summer 2025 (or 1976) : status reports and forecasts needed to
establish severity, to help plan drought mitigation measures

e. How often will

ow WI|| climate

.....

-



¢ House of Lords Inquiry on
i}y  drought preparedness
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House of Lords Inquiry into drought preparedness: hitps://committees.parliament.uk/work/9406/drought-preparedness/
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Next season - Question 3: How comprehensive and responsive
is drought monitoring in England? Could early-warning
systems be more effective?




Next season - Question 3: How comprehensive and responsive
is drought monitoring in England? Could early-warning
systems be more effective?




¥ UKCEH

How effective is current monitoring and early warning?

“We are actively promoting the use of the
Portal via our drought teams and its
referenced in our NRW drought plan... as a
source for looking (at the) water situation”
Water Resources lead, Natural Resources
Wales

“‘we use the portal...when water resources are
tight. We manage increasing restrictions, and
justifying that is backed up by stats from the
Portal”

Principal Hydrologist, Canal and Rivers
Trust

“l used the Portal during the 2018 drought. It
Interactive, near-real-time monitoring since 2020: was useful in showing how serious the

UK Water Resources Portal: https://ukwrp.ceh.ac.uk/ situation was compared to the past. Data was
used alongside other evidence on drought

permit applications....”
Senior hydrologist, Yorkshire Water

The short version: current UK monitoring is world-leading, but we need to preserve it

(“you can’t manage what you don’t measure”)



https://ukwrp.ceh.ac.uk/
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How effective is current monitoring and early warning?
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Interactive, near-real-time monitoring since 2020:
UK Water Resources Portal: https://ukwrp.ceh.ac.uk/

The short version: current UK monitoring is world-leading, but we need to preserve it

(“you can’t manage what you don’t measure”)

“We are actively promoting the use of the
Portal via our drought teams and its
referenced in our NRW drought plan... as a
source for looking (at the) water situation”
Water Resources lead, Natural Resources
Wales

“‘we use the portal...when water resources are
tight. We manage increasing restrictions, and
justifying that is backed up by stats from the
Portal”

Principal Hydrologist, Canal and Rivers
Trust

“l used the Portal during the 2018 drought. It
was useful in showing how serious the
situation was compared to the past. Data was
used alongside other evidence on drought
permit applications....”

Senior hydrologist, Yorkshire Water
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#2UKCEH  Gaps/Opportunities: what are we missing?
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COSMOS-UK soil moisture in 2025. A revolution in soil moisture observing — but still only ~40 sites

Filling the

Filling the gaps:
gaps: from

with models

(Grid2Grid subsurface space
anomalies on Outlooks (vegetation indices from
Portal, end Nov 2025) MODIS)

Burak Bulut

Models and earth observation are
’ powerful tools we need to make ready
R A : - for prime time (complementing not

Vicky Bell, Mark Rhodes Smith SRR — - replacing in-situ observations!)




o For further information contact Jonathan Evans (jge@ceh.ac.uk)
¥ UKCEH or visit the FDRI website

Observations: future directions
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FDRI will bring integrated observations of the terrestrial water cycle —

a testbed for how to integrate observations during droughts
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Forecasting: UK Hydrological Outlook

One of the world's first operational seasonal
hydrological forecasting system — initiated in 2013

Interactive Outlook Portal

UK Centre f S
Ecology & Hydrology UK Hydrological Outlooks Portal ~ Home
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#:UKCEH Gaps/Opportunities: impacts, the missing piece

House of Lords Summary: “Understanding the problem through better impact data and drought
monitoring. Our understanding and response to drought is being undermined by a lack of data. We call on the
Government to conduct a full environmental and economic assessment of drought to weigh the cost of inaction
against the value of resilience. This should be supported by improved data collection and presentation, especially
related to enhanced early warning systems”

Water quality Crop losses &+

Wildfirese®

Livestock " Waterresources - &

Atlas of the 1975 — 1976 drought. John Doornkamp et al. 1980



#RUKCEH Gaps/Opportunities: impacts, the missing piece @'H'S
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“The dual climate and biodiversity crises need new techniques to §

enable better resilience...Your emerging ability to forecast the -

impacts of drought will enable us to proactively anticipate,

mitigate and reduce risk to nature recovery (Jane Wilson, ®
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https://egusphere.copernicus.org/preprints/2025/egusphere-2025-3176/
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#zukceH  What do we know?
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Future summer low flows in the eFLaG projections
based on UKCP18, 1980 — 2080 (Parry et al. 2024)

All projections indicate worsening drought and diminishing low flows.

But how low will they go?




1 UKCEH What we don’t know...

Clmate model uncertainties Hydrological model uncertainties
_— Transient flows
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Comparing GB summer river flow changes The Hydroprojections portal (in progess):
from UKCP18 (green) with other climate models from Bringing together all UKCP18 community
Euro-CORDEX (blue) Alison Kay et al. 2025 Hydrological model runs
Poster today.... _ _ _
I e m—  Hydro-JULES Gamminiy model ntercomparison 2020

droughts across Great Britain

"':.ldh:u-ll_.lLEE.

We need to bring all these different projections together to help decision makers explore

the full range of uncertainties (and others not shown here!)



https://link.springer.com/article/10.1007/s10113-025-02426-5

#:UKCEH  (And: have droughts actually become more severe...?)
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Have river flow droughts become more severe? A review of the

evidence from the UK - a data-rich, temperate environment

Juwwie Masmaloed' ~, Stephen Turser’, Assalys Chevaturt', Wik Chan', Lacy J. Barker’, Malike Tangwy' ',

Shmon Parry' . and Stuart Alkn’

Water and Climate Science, UK Ceatey for Ecology & Mydoology, Wallagfond, UK

“Ieinh Clissate Analyvin and Resean® UsitS (ICARLUS L Maynooth Usivenity. Maymooth, Co. Kildare, relasd

"Ervalsation Soction, Esropean Contre for Moduan - Sanpe Weasher Fospcasts (DCNMWT), Readog, UK

! Scaemmt's Crowp,. Esvevsenest Agescy. Ipewich, UK

Hannaford et al. 2025. HESS

CarbonBrief BES = 57% HBS = 41%

Trends in low flow indicators, 1965 — 2022

A mixed picture. Little compelling evidence of worsening hydrological
drought...

LIART PORTY

Guest post: Is climate change making UK

droughts worse? Poster tod
oster today....

000000 4

The 1976 Drought Revisited:
50 years on, does it remain the benchmark?

https://www.carbonbrief.org/quest-post-is-climate-change-making-uk-droughts-worse
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#:uUkcen But recent droughts are a ‘wake-up call’
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Recent droughts ‘feel like something different’...

Spring/summer river flows in 2022 and 2025
(Lucy Barker et al. 2024; UKCEH, 2025)

Theee major Sres which scorched parts of Scotland and Wales in 2008
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More of this: Flash Droughts and a growing

role of Atmospheric Evaporative Demand (AED)
(Ivan Noguera et al. 2025)

...but rising temperatures ARE making droughts

worse and this will continue in future!
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#:UKCEH Opportunities: we need to go large...

. CANARI

Wide range of possible hydrological trends in historical
climate from the CANARI Ensemble (Wilson Chan)
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CANARI - UK’s first Large Ensemble
designed to explore the effect of climate
variability on floods & droughts and
dry-to-wet/wet-to-dry extremes)

modelling

Clisate variability concrals pmerging hydrological brech sccom
Grean Brirain

canari.ac.uk
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Wilson Chan et al. 2025

CANARI is a step-change in UK hydroclimate
modelling: understanding a much wider range of River flow projections  Groundwater projections

variability

‘Hydrological variability is large and
under-sampled’ and the past is just one
realisation...


canari.ac.uk
https://www.sciencedirect.com/science/article/pii/S0022169425007528
https://www.sciencedirect.com/science/article/pii/S0022169425007528
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#:UKCEH  How can this help in water resources planning?  =..i755

Water
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(WA -V

a) Welland at Barrowden (31007)

Wilson Chan,
Journal of Hydrology

1084 P 2023:
% Using Large
7% Ensembles

to find plausible
droughts worse than
observed,

s
Feview of stochastic and other

approaches in waler resources

Max. intensity
3

planning 25 :
O Observed (1965-2015) now and in future

Chiafl Scientst s Group repot 4 Simulated (present day)

R 0 x @ Worse than observed

e B CRHA

c¢) Bedford Ouse at Offord (33026)
Review of stochastic approaches

to planning — highlighted utility, but also ..but also hlghllghted potential for other approaches
shortcomings, and challenges of rigorously Such as bottom- -up methods based on Large Ensembles and
- ’ physically-based ‘storylines’
defining 1/500 year drought...
Poster today....

i inty: i i Storylines to understand hydrological
Planning under deep uncertainty: Large Ensembles include a wider e chg"ngew al UKCEH WHAT
range of extremes for stress-testing. Storylines enable us to test

mmm:n::‘mumlww mh. : +
our systems to the types of droughts that we are vulnerable to ‘ | l F’T




i UKCEH

Conclusion: Scientists and water planners need to come together to co-design next-generation
approaches to improve drought preparedness on both timescales

c@ ENTRE
Co-Centre for Climate + Biodiversity & Water C|lmClte
Ireland — UK investment of £30m 2024 - 2030 BlOdl\IerSItY

https://www.ukri.org/news/joint-funding-for-new-co-centres-on-climate-and-sustainable-food/ ('] er

WA/ DWr Cymru
'V Welsh Water
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[next season] How comprehensive and responsive is
drought monitoring in England? Could early-warning
systems be more effective?

Drought monitoring is very effective and the UK’s systems are
world-leading (and we need to keep them that way)

But there are gaps and opportunities for imrprovement and we
also need to work together to maximise the benefits from
existing systems and design new ones that meets the needs of
a wide range of users.

Haweswater, May 2025. Katie Muchan

'y
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[next century] How will climate change affect drought risk
(including severity, frequency and type) and impacts of
drought?

We know climate change will worsen droughts, but there are
significant uncertainties as to how big this problem will be.

Powerful new datasets and tools are becoming available that
will help planning in this ‘deep uncertainty’ setting. We need
to work together to demonstrate their potential and pave the
way for ‘next generation’ planning approaches.



Thank you

UKCEH staff contributing
to House of Lords submission:

Lucy Barker, Wilson Chan, Amulya Chevuturi,
Jonathan Evans, Katie Facer-Childs, Matt Fry, Alison
Kay, Rosanna Lane, Gareth Old, Steve Turner, Phil
Vincent, Glenn Watts

Also: Burak Bulut, Rachal Armitage, Eugene Magee,
Magdalena Szczykulska, Gemma Nash

Funding:

National Capability (NC UK)
CANARI

HydroJULES

Climate+ Co-Centre

IRIS

i UKCEH

Our planet. Decoded.
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Getting into hot water:
drought & heatwave
impacts on river temperature

David M. Hannah', J.C. White', I.A. Malcolm?, F.L. Jacksonz,i
K. Khamis?, S.J. Dugdale3, S. Krause', G. Garner’, V. Ouellet’,
M. Finney', D. Eardly’, Env. Agency, ETH-Zurich & collaborators

Birmingham Institute for Sustainability & Climate Action and
Geography, Earth & Env. Sciences, University of Birmingham, UK

2Scottish Government’s Marine Directorate; 3University of Nottingham

d.m.hannah@bham.ac.uk www.bham.ac.uk/bisca ~
Un@
'8 UNIVERSITYOF p Birmingham Institute Unesco
for Sustainabili )
%) BIRMINGHAM | [ (o sustanatity

https://www.linkedin.com/in/david-m-hannah-63069914/




Summary

River water temperature exerts a fundamental control on freshwater ecosystem structure, function and services with
cascading impacts on people, yet the processes governing extreme thermal conditions remain only partially resolved
across spatial and temporal scales. Recent droughts have highlighted the tendency for low flow conditions to coincide
with elevated river heating - producing significant thermal stress on ecosystems and for socio-economic activities.
Process-based studies in temperate environments demonstrate that these river temperature extremes emerge from
interacting controls: including non advective energy fluxes, reach scale habitat and hydraulic characteristics (such as
residence time and riparian shading) and advective influences associated with fluctuating water source contributions
(e.g. surface-groundwater interaction)s. Critically, the relative importance of these controls varies with catchment
context, river network position and antecedent hydroclimatic conditions. There is also growing recognition that sustained
periods of anomalously warm river temperatures, termed ‘riverine heatwaves’, represent an emergent and escalating
climate risk. These events integrate atmospheric forcing, hydrological drought and internal river processes, but remain
poorly captured by existing monitoring strategies and models.

This talk synthesises insights from drought-focused river temperature studies with the emerging riverine heatwave
concept to develop an integrated perspective on extreme thermal conditions. We show how drought-driven mechanisms
can propagate and persist across river networks, amplifying ecological impacts and risks to human systems. This
demonstrates the urgent need for a process-informed framework to strengthen prediction, attribution and management
of thermal extremes. The contribution emphasises the importance of interdisciplinary, multi-scale approaches to
understand and mitigate intensifying thermal pressures on river ecosystems under climate and hydrological change.

For further details, please contact David at: d.m.hannah@bham.ac.uk
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Prof. Rachel Stubbington

rachel.stubbington@ntu.ac.uk
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* Drought is natural
 Climatic and human drivers'

 This talk: climatic drought in context of
pressures e.g. abstraction

“...we need to
rethink the concept of

drought to include the
human role”
Van Loon et al. 2016. Nat. Geosci. 9: 89-91. (Van LOOH ct al. 20 1 6)




* Drought is natural

e Climatic and human drivers’

 This talk: climatic drought in context of
pressures e.g. abstraction

)N

 Ecological definitions emphasize
persistent impacts on organism- to-
ecosystem-scale structure/function

* But in rivers, recovery is typically rapid

Pre-
drought

» Eco- drought is better defined based on  state

severe impacts?

"Van Loon et al. 2016. Nat. Geosci. 9: 89-91.

2Smith 2011. J. Ecol. 9: 656—663.

Eco- response

»

atural or human-caunsed?

Drought New state #1

New state #2
Threshold of

state change

Recovery Post-
drought
state

f tTime .

Starts
Breaks



How does hydrological drought | ..reduceddepth, width
unfold in rivers and streams? “agptal o JJ%J 4 “..

lr—'H

To a river, drought is typically prolonged
and notably low flows and drying...

A typical sequence’ as depths and/or

flow speeds decline: . ;
s e s rying of usually

» Marginal vegetation isolated U L peren ATTTITEYS |
. . g.ﬁ& o,
 Fast-flowing, gravelly riffles lost S e

ﬂ
« Connected water/pools/ surface i Wi i* AT

water/subsurface water lost — xmlonger (Irler (Irv
Habitat diversity, extent & tivity | “ o Dhasesin
abitat diversity, extent & connectivity S MI | rarv str 0 a ms.
decline, especially in natural systems ¥ AT

Boulton 2009. Freshwater Biol. 48: 1173—-1185.



Droughts have short-term(?) negauve effects on
freshwater biodiversity

* Richness! and abundance of sensitive |
species decrease as flow declines

* Low flows may disrupt life cycles of fish
including salmon — and cause fish Kkills

As flow declines, water crowfoot is
outcompeted. As a result, insects including
: rlverflles decllne whereas mldge Iarval thrive

Lo N

* |f rivers stop flowing or dry, aquatic

animals die

'Species richness i.e. the number of species



Droughts have short-term(?) negauve effects on
freshwater biodiversity T PO Tim Fleod

* Richness! and abundance of sensitive |
species decrease as flow declines

* Low flows may disrupt life cycles of fish
including salmon — and cause fish Kkills

As flow declines, water crowfoot is
outcompeted. As a result, insects including
' riverflies decline whereas midge larval thrive

If rvers stqp flowing or dry, aquatic _ S E—
animals die - protected white-

clawed crayfish |
from a chalk stream

« Community-level recovery appears to
occur in weeks to 1-3 years

* Loss of some species may be long-
term or permanent

Species richness i.e. the number of species Photo: Alastair Drives : 2 Wb



Do river communities real/ly

0
recover quickly from drought?|;
@ ____________________________ Threshold of
Research suggesting rapid post- tu state change
drought recovery: drOSE:SE » S géjliéht
* lacks pre-drought data t tTime
* is based on data from 1 or few years £ §
- considers 1 or few sites 2 m =L o

We' used Environment Agency aquatic
invertebrate community + flow data to  £..  edeeees
study large-scale (chalk-wide), long-

term (30 years) patterns... \
o

. 2000 2010

'Ro Sarremejane (NTU), Judy England, Stu Allen (EA), Glenn Watts (CEH) : Sarremejane et al., accepted Freshwater Biol.

Streamflow (m3/s)

-
o
o




Based on 359 chalk-stream sites across 30
years:

« Communities at 47% of sites experienced
persistent drought-associated shifts in
composition : -

— o — o — T TV ]

Sarremejane et al., accepted, Freshwater Biol.

@ Drought
Non-drought

2008
® 2006
2007 @

Each circle represents
the species composition
of a sampled community



A pollution-tolerant
hoglouse
T~

Based on 359 chalk-stream sites across 30
years:

« Communities at 47% of sites experienced
persistent drought-associated shifts in

composition
A pollution-sensitive

 Pollution-sensitive species characterized post- juvenile mayfly

drought, ‘shifted’ communities 9

» Did drought enable these species to colonize -
after long-term water quality improvement?

Photos: Cyril Bennett -
Sarremejane et al., accepted, Freshwater Biol. via SmartRivers library



Beyond biodiversity: changes to ecosystem

Ecosystem functioning:

. _ i Normal food
* Species loss and taxonomic shifts web 00 ® Frdators
may not affect ecosystem function

due to functional redundancy OOconmvneOoOLMERGOO

 But ecological (e.g. food web) simplification i
- Deadleavesetc.
may precede collapse:

: . . Drought-
 Shifts to species-poor, function-poor states el @ Predator

Consequences for ecosystem services e.q.
PAUET y 9 fwr 0O0OOOO®
* Fisheries consumers

» Recreation S N

» Water quality regulation Ledger et al. 2013 Nat. Clim. Change 3: 223-227.




Droughts with greater impacts:

 Duration: are longer’
_ | —Severity
« Magnitude: are more intense' | .,

_

Community
change

S

T Magnitude

Drought duration
8

—_
o

Reco;lered Shifted
'Sarremejane et al., accepted, Freshwater Biol.; 2?Sarremejane et al. (2021) Glob Change Biol 27: 4024—-4039



Droughts with greater impacts:

 Duration: are longer’
—Severity

« Magnitude: are more intense’

_

* Frequency: are less frequent? (?)

Community
change

Frequency (15-yr)

'Sarremejane et al., accepted, Freshwater Biol.; 2?Sarremejane et al. (2021) Glob Change Biol 27: 4024—4039



Droughts with greater impacts:

 Duration: are longer’
—Severity

« Magnitude: are more intense’

_

* Frequency: are less frequent? (?)

Recovery rate

« Rate of onset: start more quickly

« Rate of termination: are ended by large floods’ Post-drought change in

flow

* Timing: start earlier and include summer

'Sarremejane et al., accepted, Freshwater Biol.; 2?Sarremejane et al. (2021) Glob Change Biol 27: 4024—4039



Droughts with greater impacts:

 Duration: are longer’

fhath agaler

: _ —Severity
« Magnitude: are more intense’ e

25

* Frequency: are less frequent? (?)
« Rate of onset: start more quickly
« Rate of termination: are ended by large floods’

» Timing: start earlier and include summer

« Spatial extent: are more widespread? S s
'Sarremejane et al., accepted, Freshwater Biol.; 2?Sarremejane et al. (2021) Glob Change Biol 27: 4024—4039



How will biodiversity respond « future drought?

Hotter drought:t water temperature and
l oxygen may Kkill sensitive species...

...fish first, releasing prey #-from control

Faster onset may limit refuge use, then
Increased severity reduces survival therein

An increase in drought frequency could

interrupt recovery m
An increase in droughts broken by floods @ - @9

could displace colonists from refuges
Short, sharp, hot, fast-onset ‘flash’ drought? # £ 3 AR



Almost all UK eco- studies: chalk streams

Droughts unfold differently depending on
water source:

 Groundwater-fed rivers are vulnerable Phbtos Envirol IR Ehey
to dry winters that limit aquifer recharge

» Surface-fed systems are flashier:
vulnerable to short, sharp, summer
droughts and drought—flood transitions’

Impacts could be greater in surface-fed

systems, especially small ones that dry

Photo: Richard Webb
1Arm|tage. .. Hannaford et al. 2026. EGUSphere 3154 QRIS wikimedia.org/wiki/File:Confluence,_Allt_Creagach_£. geograph.org:tik_« 6591.jpg



Based on 2500 invertebrate samples
from 179 chalk-stream sites:

* Poor water quality (higher nutrients and
less oxygen): greater drought-associated
declines in biodiversity

* Abstracted sites: greater drought-
associated declines; slower recovery...

* ... and the opposite at sites with above-
natural flows

1Sarremejane et al. (2024) J. Appl. Ecol. 61: 2616-2627

Species richness

Species richness
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Months since drought
ended



Human modification of habitat naturalness
alters ‘drought’ iImpacts N

Habitat naturalness influences diversity and R —— pécted Chess .
availability of drought refuges — how? abe T SN

Based on invertebrate communities
sampled post-drying in 3 less- to more-
natural chalk streams:

« Community recovery was slower at

C ‘_"7' P
Az <% Ko &
. e 3\ 4(. \ -‘.~ :,»

* sites isolated by artificial barriers .:The le.ast-mmpacféﬁ Mlmram
(which may also prevent fish 3 RN
movement)

* fine-sediment-impacted sites

'Gething et al. in prep. s Db R B



 Manage water resources: protect flows

* Restore rivers to:
* Improve water quality
* physical habitat quality:

maintain and enhance refuges

Increase connectIVIty 1. Headwater management = 6. Woodland/tree planting
] 2. Beaver dams /. Floodplain restoration
« Catchment-wide nature-based L 3. Run-off management 8. Land / soil management
solutions : 4. Leaky barriers 9. River restoration
5. Peatland management 10. SUDS

+ monitoring of ecological impacts and recovery Image: Judy England



* Thanks to my coauthors, especially
Judy England and Romain
Sarremejane

* Our work is funded by the
Environment Agency and NTU

Supporting literature:

@W[RE; WATER

Fotus Article ) Dpen Access E::I {i}

The effects of drought on biodiversity in UK river ecosystems:
Drying rivers in a wet country

Rachel Stubbington &8 Judy England. Romain Sarremejane, Glenn Watts, Paul | Wood

First published; 08 July 2024 | https.idoi.orgM 01002 wat2, 1745 ~* WIEW METRICS

Receherd: 33 Februgry 2024 | Accephed: 8 huly 2004
D0 T T L 165 2 14771

Journal e Applied Ecolagy

RESEARCH ARTICLE g

Human impacts mediate freshwater invertebrate community
responses to and recovery from drought

Romain Sarremejane' @ | Judy England® | Mike Dunbar® | Rosalind Brown® |
Marc Naura’ | Rachel Stubbington® ©

G: The ecological effects of drought on
England’s rivers

Prof. Rachel Stubbington, Nottingham Trent University
Overview

Summary

This review considers the ecological effects of drought—which may manifest instream as
conditions from low flows to long dry phases—in England’s rivers and streams. The
TeVHEW:

Contact

StubbmgtunR D|mm‘rJ Englar_lq13nd Watts G. 2022.

Chalk streams
of the future:

The effects of climate (hangg{m' biodiversity
in England’s iconic river ecosystems

Rachel Stubbington / Nottingham Trent University (NTU) / rachel.stubbington@ntu.ac.uk
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Temporary Use Bans — A Reality Check

Andy Ball - HR Wallingford
Tom Nelson — Artesia

UKWIR’s project lead was Oluseyi Onifade and UKWIR’s project
manager was Paul Henderson



1976 and 2025

1976 was preceded by
dry weather, 2025 was
not.

Baker, L, University of Reading
https://blogs.reading.ac.uk/weather-and-
climate-at-reading/2025/how-does-the-uk-
summer-so-far-compare-to-the-extreme-hot-
dry-summer-of-1976/

1976

2025

6-month SPI

18-month SPI




1976 and 2025

2-metre temperature anomaly

Spring
1976

Spring
2025

Spring of 1976 was
not hot, 2025 was
much warmer
across the whole
of Europe

Summer of 1976
was hot, 16 days of
>30°¢

Baker, L, University of Reading
https://blogs.reading.ac.uk/weat
her-and-climate-at-
reading/2025/how-does-the-uk-
summer-so-far-compare-to-the-
extreme-hot-dry-summer-of-
1976/

Baker (2026), Weather (submitted)

Tmean (degC)
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TUBs are a key tool to managing water
resources during a drought. They are included
in levels of service.

All water companies in England did some
communication campaigns.

Four companies applied for TUBs.
TUBs were not for every WRZ.

Drought permits and orders were issued to
allow changes in abstraction.

Some companies got close to NEUBs.

Southern Water



UKWIR commissioned an urgent piece of work, whilst the restrictions were still in
place, to understand what impacts communication campaigns and TUBs had on

demand: Review of the impacts of early implementation of Communications
Campaigns and Temporary Use Bans in 2025 (Summary report).
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Timing of TUBs

In 2022, all four TUBs started in TUB start date against national maximum temperature

August. Horizontal dashed ine shows 20-C.

In 2025, all TUBs started in July, _ 2022 |
capturing more of the summer HZE

drought. S

However, there was a hot period - , , _ .
before any TUBs in 2025, and % saizio cizizia i it azk ml
three major temperature and g

demand peaks. E

High consumption during these = 10

earlier periods will have T Ao 5025 stz et Fozs ey

increased stress on resources,
even if they pre-dated drought
triggers.




Data was collected from four
companies with a TUB in 2025, and
two without.

Companies provided data at DI,
DMA, and individual household level.
This combination of regions and
scales allowed a more granular

analysis, representing both different
areas and property types.

Statistical techniques were applied to
all datasets to quantify the impacts of
TUBs, as well as other drivers of
demand.

e Mix HH,
NHH, leakage

e Daily
consistent
datasets

*|long time
series

e Homogenous
across
companies

e Contains
mostly HH,
but some
NHH and
leakage too

e High
temporal
resolution

e Shorter time
series

eless
consistent
across
companies

®Direct HH
readings

* Might include
some CSL

* Heterogeneo
us quality of
data across
companies

e \/arious time
series length,
but generally
shorter than
Dl and DMA




Application of temporal
decomposition — DI

An example plot for one WRZ is
provided here. As it is applied to
normalised DI, the components can
be interpreted directly:
We observe a realistic impact of
weather and freezing spells.
COVID-19 results in increased DI,
as do holiday periods.
There are some trends due to
HH/NHH proportion, meter
penetration, and other
uncaptured structural trends.

Normalised DI
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Relationship between temperature
and DI

DI iS relatively Stable for Average normalised DI against maximum daily temperature - all companies

temperatures below a certain
threshold.

Above this threshold, DI increases
in line with temperature.

1.2 4

Tub i effect?

— FALSE

TUBs seem to mitigate some of
this increase, having a seemingly
larger effect as temperature

Increases. 10 __,,._.___\_/

1.3 1

— THLAE

Mormalised DI

This threshold temperature is
important in both deciding how to 0 10 o Er;’gum © 30 40
apply TUBs, and how to include g

them in plans.




DMA data

Considered effects
Weather

Seasonal effect

Weekends and holidays

% meter penetration
Customer cohort

COVID-19

Consumer price index

MNF as a proxy for leakage
Offset by number of properties
TUBs

Interaction terms

Model development

DMA sample selection
- Temporal data coverage
- Initial model performance
- Diversity in DMA sizes

DMA analysis
- Covariate and proxies
- AlC-based model selection
- Linear models and GAMs

Estimation

Estimation of historical TUBs
- Predict total flow (TUB) with TUBs
- Predict total flow (NT) with no TUBs

, flow(TUB) - flow(NT)
0 = 0
Yo change in flow flow(NT) X 100%

TUB impacts as function of
- Weather — max temperature
- ACORN modal class
- Average garden size



Application of temporal
decomposition — HH

There are some key differences
between the DI and HH analysis:
HH analysis is a more ‘direct’
measurement (no NHH, limited
leakage), at property level.
Data sets are much bigger (there are
thousands of properties).

BUT
The data quality is more
heterogeneous.
Data is not representative of
company level (i.e. all unmeasured
IHM in one company).

Mormalised Consumption
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Relationship between temperature
and household consumption

PHC against max daily temp using smart (AMI| and AMR) data - no TUBs

Detached Semi-Detached

Household consumption is relatively 600

600 -
stable for temperatures below a certain 500 4 / 5004
threshold, for all property types and 400 —_____.__—_// 400 _//
3004 __,_...-----""""-'.'il

— although the effect seems stronger in

detached properties. This is likely to 6004 600

relate to garden size. 500 4 500 1 J
<0 1 e 400 e

Flats and maisonettes show a slightly 300 - 3004 F

different profile. Measured properties so 2001 200 T —

no change with temperature, while 4 T 20 x z i a0 20

unmeasured properties see an increase Max temperature (°C)

as temperature increases.

measured and unmeasured properties. . 3001
o : : T 2001 200- -
A similar pattern is seen in detached, 3 . . . : v , , : Billing type
. ; o ] 10 20 30 0 10 20 an ;

semi-detached, and terraced properties 5 — Measured
= Terraced Flat or Malscnetle
£ = Linmeasured
i




Results — some warnings

The results are complex and need to be interpreted and used carefully.
If you plan to use them, we suggest you review the information provided in the
report.

The results are very specific, it is difficult to infer what would have happened in
1976, but we draw some broad conclusions.

Distribution Input data should be used to answer the question “how much water
was saved by the TUBs implemented in 2025 in each Water Resource Zone?”,
while District Meter Area and Household analysis give additional context around
where this water was saved and behaviour by different customer groups.




At a Dl level...

We have derived the estimation of the impact of TUBs on DI for all WRZs
affected by TUBs in 2025.

Based on this we could estimate the impact on companies (considering only
the WRZs where TUBs were in place in 2025)

Effect of 2022 TUB Uncertainty Effect of 2025 TUB Uncertainty

Company B -0.3% +1.6% -4.5% +1.4%
Company C +0.3% +1.5% -2.4% +1.50%

Company D -1.9% +1.5% -3.0% +1.70%

Company F -2.2% +1.5% -1.7% +1.5%



At a DMA level...
The DMAs used are not representative of each company, they are samples

Savings vary with temperature
So the more hot days there are, the larger the savings

Conditional TUB impact X Likelihood of conditions = Estimated
TUB impact
Max temp Mean % Max temp TUB TUB TUB
(°C) change (°C) 2022 2023 2025 TUB TUB TUB
<17.5 -1.01% <17.5 61% 8% 39% 2022 2023 2025
17.5~22.5 -2.09% 17.5~225 | 31% 52% =1 -1.23% -2.01%
22.5~275 -3.15% 22.5~275 6% 4% 9%
275~325] -4.20%) 27.5~325 | 2%




Estimated change in flow from TUBs by property type

Flatin large block 4

At a HH level...
Savings from unmeasured Flat in small block -

households are greater than .
measured households.

Terraced 4

——
—
—
By —
|
—

Savings again vary by
temperature
The savings vary by property ————

type

Property type

Medium Detached -

B &% -4.% 2% U:’JE»
Change in flow (%)




Results

The extensive data sets and analysis show that the impact of TUBs follows a more complicated behavioural
response than previously considered:

* The savings from TUBs vary depending on temperature, location and property type, interestingly rainfall
is not a big factor.

« Savings on unmetered properties were greater than measured properties in the studied samples.

« The largest impacts are in larger detached houses, during very hot days, which in 2025 were mainly in
early summer.

« The smallest impacts are on smaller properties, when the temperature is milder.

« Savings from TUBs are impacted by the number of hot days above a threshold (>20 degrees, although
the threshold varies by region).

« This project demonstrates that estimating the savings from TUBs is more complicated than previously
understood.

» A simple number or percentage is therefore insufficient to estimate the savings from TUBs




Conclusions

» TUBs are a useful tool for managing demand in a drought.

 Their impact will vary depending on a range of measurable factors which
have been presented and analysed in this project, including property type,
demographics and weather.

* The impact of TUBs should no longer be defined as a single percentage
value.

- Communication campaigns are a necessary pre-cursor to TUB
Implementation. However, it is challenging to measure their direct impact
In reducing water use.




So what?

* We will have more droughts

* Companies are investing in additional water supply resilience, but
TUBs will still be needed

* Companies can use this data to prioritise investment, campaigns
and research

* We need to be wary about over-stating the benefits of TUBs - they
are a key tool in drought

* More research could be undertaken:
* |sthere TUBs fatigue?
* Who ignores TUBs?
* What will TUBs impacts be in a hotter UK?




So looking back to 1976....

Restrictions were more severe in some parts of the UK than TUBs.
Things have changed a lot since 1976:

- Many more flats, apartments and maisonettes — TUBs have less of an impact on
consumption in these property types

« Much more metering — TUBs have less of an impact on measured properties

« Generally hotter — TUBs have more of an impact in hotter weather, and rain has much
less impact

* Increase in affluence — possible increase in non-essential use (garden watering etc)
« Leakage has gone down — leakage not affected by TUBs

 Less industrial demand — not affected by TUBs




1976 and All This

Changing social attitudes
& expectations of drought
in England

Kevin Collins
Engineering and Innovation, STEM

Drought hydrology: 50 years since 1976
17 June 2026 ICE London

The Open
University



1976: ‘The past is a foreign country. They do things

differently there’ ey o5

Trade Unions: 12 million members

Ford Fiesta launched ]
Inflation: 16%

Selby coalfield opens

Concorde 15t commercial flight

Formula One James Hunt
Queen Bohemian Rhapsody

ABBA Mamma Mia and Dancing Queen Apple Computer

4



1976 Drought — Public Compliance

Previous national - N : ”
o8 Post-war Social Contract

emergencies: generation

freezes, floods,

droughts

/ Media / Fines

National event —
High Levels of
Compliance

— J \ Friction in holiday

Stand-pipes
/ Restrictions areas |
neighbouring
Significant J authorities
impacts Substantial

iInconvenience




Since 1976...population increase and urbanisation

Increasing population, increasingly urban

UK Population 1971 - 2025 UK Urban population (% of total population)
80,000,000 1960-2023
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(Office of National Statistics Census Data 1971-2021)  (World Bank data, 2026)




Since 1976... non-UK born population

Non-UK countries of birth forresident population Non-UK born residents (%)
UK
1000
800
2 600
i “ ‘ ‘ ‘l
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. || i ” ll I||| ||I| I ||II ol
S & & & SR & & London: 300
& N %{;fﬂ &6‘ S@G @5\ ,é}"-‘o @% & ondon:
T e ¢ languages
(GLA, 2025)
Country
m 1571 1961 m1991 m2001 m2011 m2021

(Office of National Statistics Census Data 1971-2021) (Office of National Statistics, 2022)




Urbanisation affecting behaviours?

“Extinction of nature experience” (Pyle, 1978)

75% of direct nature interactions by 32% of the
population (Cox et al,, 2017)

Less care, belonging, sense of place,
stewardship (Bashan et al, 2021; Oh et all,,
2020)

Time in nature: age, education, income,
gender, location (Oh et al,, 2021; Gov UK,
2025b)

Childhood nature experiences shape lifelong
attitudes (Stanley, 2022)

Gen Z environment behaviours: income,
information access, and convenience
(Andruszkiewicz et al,, 2023)




UK [ Non-UK Born Behaviours and Information Sources

No differences in water conservation behaviours UK/ Non-UK born (Gatz-Kerro et al., 2026)
Sources of Information (%)

Social NGOs; religious; word of | Total
Media mouth; not looking

18.9 16.2 100

[!I{Im 58 27.6 8 0.6 5.7 100

Trust in information about environmental issues (%)

Professionals | Peers and Religious Total
in Envt. Friends institutions
Sector

13.4 4.6 6.7 100

m 38.4 29.2 22.2 5.9 1.1 3.2 100




Behaviours: 2004-6 drought

Comparison Anglian region and Southern Water region (Dessai and Sims, 2010)

TRUST
PRIMARY CAUSE Most: Environment Agency via media
Lack of rain Less: Government /| water companies
\ UNDERSTANDING Least: Friends and tabloid newspapers
Situation serious so
change practices
\ BEHAVIOURS

RESPONSIBILITY

/» If changed, continued after
Not individuals / the drought.

small impact.

FUTURE SCENARIOS AFTER
Accept restrictions rather No significant difference between
than pay more the regions outside drought

periods.




Demand: South West Water 2022-23 Drought

WRMPI9 | Actual | Diff. | ...
22[23 | 22/23 | mI/d °

Measured Non-

Fold 140 156 15 n .
Househo ~unmeasured
customers are not
Unmeasured Non- S . s - switching to
Household . . measured bills due
to their water use
behaviour.”
x::::;zf' . 213 232 19 9
(South West Water 2024:14)
Unmeasured 82 120 37 46

Household

Data from (South West Water, 2024). All figures rounded




Metering - equity and fairness

Per capita use 135-150 I/day since 2005
60% households nhow metered

1 Metering reduces water use 22%

% Equity issues for low income
households

.41 Resistance from larger households

Ongoing tensions: fairness of usage

(Ornaghi and Tonin, 2021)




Reasons for not changing behaviours?

Governance
Supply-driven design and legislation prioritise
drinking water quality and quantity.

| Public anger:

> Standard of Living illegal discharges into
Water as essential to quality of life waterways
2 Experience . Iea.kage rates,
Consumers shielded from the consequences financial engineering
of drought (Bryan et al,, 2019) and debt-piling,

. failing regulation
<& Perception
Past experiences, family influence, and media (Jaffer, 2025)

Public Acceptance
Fairness < equity < trust < legitimacy




Trust and legitimacy over time

2005

Water
companies
had failed in
their ‘attempts
to gain,
maintain and
repair’ (p340)
their
legitimacy

(Ogden & Clark,
2005)

2012 Drought

Lack of
legitimacy and
trust of water
companies
limited
effectiveness
of public
responses to
drought

(Russel-Verma,
2013)

2018 Heatwave

Willingness to
act depends
on belief water
company is
‘also doing its
part’ to reduce
water

(Larbey &
Weitkamp, 2020)

After 2022 drought

A47% :
shareholders
first

27% : water
provider acting
for the
environment

25% : water
provider acts for
customers

(OFWAT, 2023)




Value for Money and Trust Levels 2025

Value For Money Water Services & Trust Levels

2025
a0
40 trust
20 level In
0 last 10
S S S S S S S N S S S W G G G |
& 58 P O O R C B Y 2 A y eqrs
L*) L L®) P L L= "'o,':\-\ . [ %, LS L%, L*,
FF I PP FLEFL LR P P9
& T S F D E LN OSSO
P A PF L T ST EN F PSS E R
& x}h? *'::-& m& vy %ﬂ& N E{? SN # ‘“:fj { ‘*Q‘r-ﬁ
& © ij' -::F‘\} RS aF QO &
{Q‘;_':-EJ \k

(After CCW, 2025)




Media framing of drought

Daily Star

Spy on
Neighbours
Over Hosepipe
Ban

Grass up a
Granny

4 August 2022

Daily Mirror

The Times NATIONAL WATER
Clean It Up Campaign CRISIS
18 February 2023 DRY ALERT

Daily Star

Let’s Enjoy it Folks
Costa Bravo

16 June 2025

Emergency Plans to
Tackle Drought After
50 year low

13 August 2025

Daily Star

Yet Another Heatwave

School Jollydays!

14 July 2025

As firms waste 107m
litres a day...

It's 35 C and water
chiefs moan about
kids" pools being
filled up

PADDLING
FOOLS!

27 May 2026



Improving Drought Communications

1 Language Explain and expand on definitions
Use the word drought where appropriate
2 Routes Two-way system: multiple routes of communication

3 | Availability

Materials openly and publicly available

4 Trust Communications from trusted, verified sources
) Design Accessibility, language and statistics according to
audience
Narratives, being emotive, and empowering action
6 Delivery Variety, but simple / short methods are preferred
7 Timing Continual reporting between, in and recovery

Flood-drought continuum and climate change risks and
resilience

After Facer-Childs et al., (2025)




Drought Messaging

Needs to have a

e sense of urgency

e Dbeliefinthe need for action
e serious, urgent tone of voice
e ‘why’ factor

e water-saving tips / activities

(CCW, 2023)




Trust: filter for behaviours

Governance

|

Environmental , ,
Water —_— Communication

— uolit
Resources Q Y & Messaging
Trust /
Public/
Individual

l

Drought Behaviours




Trust: filter for behaviours

Governance

|

Environmental
Water . :
— Quolity Communication

Resources & Messaging

Drought Behaviours




New Vision: White Paper 2026

Efficiency focus
Opportunity to reset

i GOV-UK
BUt: Home * Environment > Water management
Droughts? e management
Timetable? |
Practice? Policy paper

A new vision for water: white paper
Increasing bills.

26% 2025-26 (Water UK, 2025)
5.4% 2026-27 (Water UK, 2026)

This white paper sets out the government's plans to reform
the water sector and the wider water system.

More ‘water poverty'?

From: Department for Environment, Food & Rural Affairs
Published 20 January 2026




Beware Jevons' Paradox...

Increased
water bills

Restrictions

v

Drought
Network investment, 4+
leakage reduction,
treatment upgrades,
Nnew reservoirs,

desalination v

l Why are there
restrictions when
paying higher
bills?

More water available!l » Use more water!

Reduced Trust




What if focus on trust, identity and responsibility?

A system to.. improve drought resilience and adaptation by
developing collective trust, identity and responsibility for water use in
order to deliver more sustainable water futures.

Reimagine the role of the public:
stakeholder 3§ Water managers:

audience 3¢ )  cO govemors of
water systems

consumer 3¢ and droughts

customer

Communications which focus on individual’s role,
skills and capabilities to act in their own contexts

Rewards? (CCW, 2025b) '



Concluding remarks

1976: compliance high
1976+ demand 135-150 | / day per capita

Drought: demand spikes major challenge, esp. unmetered
Attitudes: vary, individual actions insignificant

Communication: improving, but trust is fundamental

Trust: Can my children swim safely here? Are leakages minimised?

Water managers: as co-governors of water systems and droughts A
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/3 The 1976 drought in Europe

Panel Discussion

Jamie Hannaford (UKCEH), Stuart Allen (EA), Yves Tramblay (IRD France),
Karin van der Viel (KNMI, Netherlands), Kerstin Stahl (U. Freiburg, Germany)

With thanks to Giovanni Bernadi (UKCEH) for editing
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Development of regional river flow anomalies through winter 1975 - autumn 1976
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"Panel Discussion” on international perspectives of 1976
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Discussion

Opportunity for questions and reflections

Where were you in 19767
What do you think has changed the most?
How should we tackle future challenges?
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