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Scotland’s land and water resources are increasingly vulnerable

to periods of droughts

» Increasing risk of reduced climatic water

balance in future 2020-2049
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Rivington and Jabloun, 2023 D2 1a-Climate-trends-summary-report-FINAL-6-12-22 pdf (hutton.ac.uk)

»  Previous analyses limited by lack of data on reported abstraction

volumes

Need for detailed abstraction return values for all sectors

> Abstractions are forecasted to exacerbate
these impacts
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Daily and annual abstraction licence limit
(Visser Quinn et al., 2021, Climate Risk Management)
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How abstractions by different water sectors may exacerbate
the future impacts of droughts in Scotland?

Objective 1 Forming a detailed licensed reported abstraction database

o Daily licensed Sectoral abstractions

SEPA 2015-2023

o Daily licensed Public water supply
abstractions

Scottish Water 2017-2022 catchment
scale

e SEPA abstraction locations %
CISEPA catchment boundary
Clabstraction‘datasets
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Objective 2 Develop future water abstraction scenarios for the period

2015 to 2050.

Step 1: Forming a representative
Abstraction Dataset

Aggregated SEPA sectoral consumptive

abstractions annually.

e C(Calculated average daily time series over 8 years
for SEPA data.

e Calculated average daily time series over 5 years
for Scottish Water data.

 Combined both datasets - generate a total

aggregated daily abstraction time series

representing an average year

Step 2: Developing Future
Scenarios

* Applied percentage increases to the

Representative Abstraction Dataset

* No change, +5%, +10%, +15%, ..

to +100% (worst-case)
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o Using a compiled daily water
abstractions database 2015-2023

Objective 3 Designing a drought profiling framework

“  catchment.ld

o eFLaG historical and future flow

projections upto 2050
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(Hannaford et al., 2022, ESSD)

Date SW_drinking_water SEPA_abs Total_abs percent_SW

2018-06-30 26 | 9299.0 1958.3 11257.3 82.6 174
2018-06-30 90 9292.0 0.0 9292.0 100.0 0.0
2018-06-30 96 9064.0 0.0 9064.0 100.0 0.0
2018-06-30 102 8919.0 0.0 8919.0 100.0 0.0
2018-06-30 1596 7895.0 0.0 7895.0 100.0 0.0
2018-06-30 79 7585.0 657416.8 665001.8 1.1 98.9
2018-06-30 536 74299 1712.0 91419 81.3 18.7
2018-06-30 13 7355.0 44406121 4447967 1 0.2 99.8
2018-06-30 18 6184.0 57654.3 63838.3 9.7 90.3
2018-06-30 3659 5982.0 0.0 5982.0 100.0 0.0
2018-06-30 74 5686.0 115.0 5801.0 98.0 2.0
2018-06-30 77 5565.0 0.0 5565.0 100.0 0.0
2018-06-30 104 42540 23385.0 27649.0 154 84.6
2018-06-30 1954 4187.0 0.0 4187.0 100.0 0.0
2018-06-30 80 4153.0 27194 68724 60.4 39.6

® eFLaG NRFA station
[ JSEPA catchments
[Jabstraction+eFLaG datasets
[labstraction fiatasets g{& o

02040 80
m Km

23 catchments for uf
which both 1Y
abstraction data and 4
eFLaG projections

available
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Raw abstraction
data (SEPA + SW)

eFLaG daily river flow (historical and future)
projections from G2G model

:

'

v
Daily abstraction time series 5-day average flow Maonthly Q95 threshold
(historical and future) Converted to a daily as a daily flow volume,
Actual water use volume, Vacru flow volume, V Ve fm=2..121

Volume of water available
following abstraction
Vav = V- Vocruar

v

Flow deficit
Available flow volume
less than Vit
Vawv < Vg

v

Low flow event summaries
A distinct continuous period
of flow deficit

!

Per low flow event

identifier

Unigue drought

Duration, no. of
days, n

Flow deficit, sum of flow

deficit over n days, D

!

Filter for low flow
events, where n is
=>30 days

Extract drought events

{no. of events/total

Frequency

no. of years)

Duration
Mean no of days

Data

Drought

Drought

preparation

extraction

metrics
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Drought profiling framework

Adapted from Visser Quinn et al., 2021, Climate Risk
Management)

Scenarios analysed

Scenario 1: Baseline (2015-2018): G2G model runs driven by

observations and total aggregated abstractions

Scenario 2: Baseline (2015-2023): G2G model runs driven by

RCM, and total aggregated abstractions

Scenario 3: Future (2024-2050): G2G model runs driven by RCM
with 0, 5, 10, 15, 20, ... 100 % increase on total aggregated

abstractions




Sectoral average abstraction volumes for the years with
complete data (2017, 2018, 2020, 2021 and 2022)

Hydropower

Drinking Water (Scottish Water)
Fisheries

Distilleries

Navigation (including canals)
Other Industrial or Commercial
Agricultural Irrigation

Mining and Quarrying

Golf

Drinking Water (Private)
Agriculture (other than Irrigation)
Pumping Test

10° 107 10*
Average Annual Water Abstraction (Mm?®/year)

Use type © Consumptive 4 Non-consumptive
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Regional distributions of reported abstraction in volume
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Evaluation of drought frequency Baseline Frequency (2015-2023)

G2G model driven G2G model Return period (years)
and duration — Baseline period by observed ¢ driven by RCM %gg s
% . 0-1:20

using RCM and observations

121
1:5-1:2
1:2-1:1
Pbias - RCM driven simulations against g 124
observations driven ?
& £ LoD oy 0-1 events/year
‘ ‘%F Drought ' (;, & Upto 0.05-1 events/year
¢
G2G model bias (1990-2018) (%) frequency ~
8o
3 Missing
-10to -5 G2G model driven G2G model Baseline Duration (2015-2023)
-5t00 by observed @ driven by RCM g’z average drought event duration (days)
Oto 5 climate $ ,%: ’ ‘%
5t0 10 Missing
: ;2 0-10
10-20
20-30
g ! 30-40
: 40-50
? &:\# 50-70
.‘é.
y 0-10 days
Average -
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Future drought prediction across 12 RCM (RCP 8.5) scenarios

Drought frequency

Drought duration

Drought frequency (2015-2023)
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Drought frequency — Baseline and future 0
. . . . [T
Increase in mean, min. and max. drought frequency in future scenar/os> The James
Hutton
Institute

Baseline (2015-2023)

G2G model
driven by RCM

No droughts - 1 in 10 years

Future (2024-2050)

No increase in & 50% increase in & 100% increase in P
baseline % baseline ; ‘%’ baseline . g}}
abstractions " abstractions , abstractions

Future Frequency (2024-2050)
Return period (years)

Missing
0-1:20

1in 20 years-1in5 years

No change to slight increase with increasing abstractions
11



Drought durations — Baseline and future

Increase in mean, min. and max. drought duration in future scenarios

Baseline (2015-2023)

G2G model
driven by RCM | %’

Median drought durations
0 to 10 days

>
Future (2024-2050)
No increase in & 50% increase in & 100% increase in &
baseline . %{ baseline ) %l’ baseline %{«
abstractions abstractions abstractions °
A g
ﬂ'{ 3 “": Future Duration (2024-2050)
5’ average drought event duration (days)
Missing
0-10
10-20
20-30
30-40
40-50
50-70
35 - 54 days 35 - 60 days 35 - 68 days
>

Increase in median drought durations with increasing abstractions
12



Conclusions and Implications

Identifying drought hotspots using water usage data returns and
looking at future demand.

Drought metrics are projected to increase between 2024-2050.

More frequent (up to 1/5 years) and of longer duration (up to 50

days) in eastern catchments.

Spey, Dee, Don, Deveron, and Tweed, as well as in the

southwestern Clyde catchment are the drought hotspots.

Likely future change in abstraction volumes, lead to noticeable

changes in drought metrics

Impact of increasing future abstractions is more evident in

drought durations.

Projected increase in droughts is primarily due to the hydrological

model's predictions of reduced future flows.

Farming

Hutton report warns of drought threat
to Scottish crops and livestock

‘Water scarcity events in Scotland forecast to double by 2050.

by Keith Findlay 1y 242024, 600am

® comment 0
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Future predictions of water scarcity
in Scotland: impact on distilleries
and agricultural abstractors

Policy Brief

Miriam Glendell, Kirsty Blackstock, Kerr Adams, Jack Brickell,
Jean-Christophe Comte, Zisis Gagkas, Josie Geris, David Haro,
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Drought: a clear risk to business resilience in Scotland

Shaini Naha snd Dr Korr Adams, The lames Hutton Insbitule

Climate change may doubie the number of droughts in
Scotland by 2050, potentially impacting key Scottish
Indusiries. This slriking warning was 1ssued by a recent
study that examined how climate change was affecting
water avallability In Scotland. especially for the farming and
distiling sectors

The research, commissioned by Scotland’s Centre of
Experlise for Walers (CREW), and led by researchers from
the James Hutton Institute, the Brrtish Geological Survey,
the University of Aberdeen and SAC Consulting, found that
desplte the wet and cool Scoltish summer we experienced
n 2024, Scotland's climate 1 changing, Thes 15 evidenced
by more frequent events W the Scottish
agricultural sector. such as Storm Babet in 2023, heavy
winter snowfall in 2017, and prolonged drought conditions iIn
the summers of 2018 and 2021.

The new research suggests that further reductions i ranfall
can be expected In summer and

Scotiand may also decrease in the future, and abstractions
from the groundwater systems are likely to become more
vulnerable 1o drought.
Drought conditions can lead 10 an imbalance belween the
supply and gamand of water, 3lso detined as temporary
water shortage or prolonged water scarcity. As a part of this
research, we held focus groups with farmers and distillers
1o understand what water scarcily would measn for their
sector. Feedback indicates that water scarcity Is aiready
an Increasing Issue for both the agricuitural and distilling
sectors. Al critical times of the year, even short periods of
water shortage could lead to arable, vegetable and frull crop
tallure, iImpact livestock health, and result 1n unplanned haits
to the distilling process.
Although farmers already recognise drought as a risk fo their
business, a smaller proportion had taken action fo address
the 1ssue, In comparisen to the distilling sector. Adaptation
sirategies available vary by

early autumn, especially In key “Fl‘fﬂlef miudions in mmﬁ’u can h agncultural system. For example,

crop growing areas In easlern

Ivestock farmers have tested new

Scotland. A prolenged penca  €xpected in summier and early Guiumn.”  grass types that can survwe better

of abnormally low raintall,

known as meteorological drought, can then evolve Into both
agricultural and hydrological drought.

BAorcullural (soll moisture) drousht occurs when croos are

i dry conditions. Farmers who
grow arable crops and grass for silage recognised the benefits
of effective soil management to better retain soll molsture.
Farmers who absiract surface and groundwaters for vegetable

Government
t



Sectors Most Vulnerable to Future Droughts & —~—

57°N

Reported abstraction for
Consumptive Sectors

6°W

The James
Drought Frequency Hutton
Future (2024-2050) ’ Institute
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Helps improving understanding of water abstraction Ut.ton
() This is a preprint article, it offers immediate access but has not been peer reviewed. Instltute
pressures in Scotland.
Open PDF in Browser ﬂr Add Pz
Detailed assessment on water resources availability in
smaller river catchments need to be developed. Using Reported Water Use Data to Map Future Water

Scarcity in Scotland

24 Pages . Posted: 11 Apr 2025

Holistic adaptation options for water resources

SHAINI NAHA

The James Hutton Institute
management in future. David Haro Monteagudo

University of Aberdeen

Tiffany Lau
Accurate metering (especially for agriculture). afAlation not provided to SSRN

Naha, Shaini and Monteagudo, David Haro and Lau, Tiffany and MacCarthy,
Development of farm- and catchment-scale Brian and Glendell, M., Using Reported Water Use Data to Map Future Water
Scarcity in Scotland. Submitted to Journal of Hydrology.
adaptation tools.
Available at
SSRN: or
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Opportunities for further work

Looking at individual water use sectors and specific regions, considering

population growth forecast.

Information on future demand in current and emerging sectors, for example

hydrogen production, would be valuable.
Looking at seasonality of drought occurrence and water scarcity in Scotland.

Further work could link this analysis to an improved understanding of

groundwater availability.
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